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Abstract

Colorectal cancer (CRC) is among the most common cancers in Finland. Prognostic factors are
important for predicting disease outcome and adjusting optimal treatment. The currently used
prognostic methods for CRC have their limitations and consequently several biomarkers have
been studied to find potential prognostic markers, but none have been adapted for routine use so
far. In the present study, the relationships between the components of the immune system and
other factors modulating tumor growth were assessed and their suitability to be used for use as
prognostic tools in CRC were studied.

The study material consisted of blood samples and surgical specimens collected from 148 CRC
patients operated on in Oulu University Hospital and blood samples of 86 healthy controls.
Concentrations of endostatin and 27 cytokines were measured from preoperative serum samples
and control samples. Immunohistochemical methods were used for collagen XVIII and
inflammatory cell analyses.

The levels of several cytokines were altered in CRC patients compared to the controls. The
serum cytokine profile achieved an excellent accuracy in discriminating CRC patients from
healthy controls. Advanced CRCs were associated with elevated cytokine levels and a
metastasized disease was linked to an orientation towards Th2 cytokine milieu. The presence of
systemic inflammation, depicted by a modified Glasgow Prognostic Score (mGPS), correlated to
CRC progression. The serum endostatin levels were elevated in CRC and correlated with invasion
through muscular layer and systemic inflammation, but not with densities of local inflammatory
cells. Collagen XVIII was expressed in tumor stroma and in the muscle layer of bowel wall. The
serum cytokines and tumor infiltrating immune cells showed relatively weak associations.

In conclusion, CRC is associated with significant alterations in serum cytokine milieu, which
underlines the relevance of studying several cytokines and their relative alterations. The serum
cytokine profile is a promising tool for discriminating CRC patients from healthy controls, but its
clinical value needs to be validated. The elevated endostatin levels may result from invasion-
related cleavage of collagen XVIII in the bowel wall, but further studies are needed to determine
the value of endostatin in CRC prognosis.

Keywords: chemokine, colorectal cancer, cytokine, endostatin, inflammation,
prognosis, serum, tumor immunology
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Tiivistelmä

Paksu- ja peräsuolisyöpä (kolorektaalisyöpä) on yleisimpiä syöpämuotoja Suomessa. Sen ennus-
tetta kuvaavat mittarit ovat tärkeitä taudin etenemisen ennustamisessa ja hoidon suunnittelussa.
Käytössä olevat kolorektaalisyövän ennusteen arvioinnin menetelmät eivät ole riittäviä. Uusia
merkkiaineita onkin kehitetty ja testattu, mutta rutiinikäyttöön soveltuvia menetelmiä ei ole vielä
löydetty. Tässä tutkimuksessa selvitettiin immuunijärjestelmän ja muiden kasvaimen kasvua sää-
televien tekijöiden keskinäisiä yhteyksiä ja niiden merkitystä kolorektaalisyövän ennusteen arvi-
oinnissa.

Tutkimusmateriaali koostui Oulun yliopistollisessa sairaalassa leikattujen kolorektaalisyöpä-
potilaiden (n = 148) leikkaus- ja verinäytteistä ja terveiden verrokkihenkilöiden (n = 86) veri-
näytteistä. Endostatiinin ja 27 sytokiinin pitoisuudet mitattiin seeruminäytteistä. Kollageeni
XVIII:n ja tulehdussolujen analysoimiseen käytettiin immunohistokemiallisia menetelmiä.

Useiden sytokiinien pitoisuudet olivat korkeammat potilailla kuin verrokeilla, mutta osassa
sytokiineista pitoisuudet olivat alentuneet. Seerumin sytokiiniprofiili erotteli luotettavasti poti-
laat verrokeista. Pidemmälle edenneeseen tautiin liittyi sytokiinien korkeampia pitoisuuksia ja
etäpesäkkeitä muodostanut tauti oli yhteydessä Th1-tyypin sytokiinien esiintymiseen. Systeemi-
nen tulehdusreaktio oli yhteydessä syövän etenemiseen. Endostatiinipitoisuudet olivat kohonneet
potilailla ja olivat yhteydessä kasvaimen invaasioon suolen seinämän lihaskerroksen läpi.
Endostatiinipitoisuudet korreloivat myös systeemisen tulehdusreaktion kanssa, mutta eivät liitty-
neet paikallisten tulehdussolujen määrään. Kollageeni XVIII ilmentyi kasvaimen stroomassa ja
suolen seinämän lihaskerroksessa. Sytokiineilla ja kasvaimen paikallisilla tulehdussoluilla todet-
tiin olevan vain vähän keskinäisiä yhteyksiä.

Kolorektaalisyöpään liittyy useita erisuuntaisia muutoksia seerumin sytokiinipitoisuuksissa,
joten on olennaista tutkia eri sytokiinien suhteellisia muutoksia. Seerumin sytokiiniprofiili on
lupaava potilaita ja verrokeita erotteleva mittari, jolla voi olla diagnostista arvoa. Kohonneet
endostatiinipitoisuudet potilailla voivat johtua kasvaimen invaasioon liittyvästä kollageeni
XVIII:n hajoamisesta suolen seinämässä, mutta lisätutkimuksia tarvitaan endostatiinin ennustet-
ta kuvaavan arvon määrittämiseksi.

Asiasanat: endostatiini, ennuste, kasvainimmunologia, kemokiini, kolorektaalisyöpä,
seerumi, sytokiini, tulehdus
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1 Introduction 

Colorectal cancer (CRC) is one of the most common cancers and leading causes 

of cancer-related deaths in Western countries (Siegel et al. 2015). In Finland, 

more than 3,000 cases are diagnosed and almost 1,200 die from CRC annually 

(Finnish Cancer Registry 2013). The overall survival of CRC is relatively poor; in 

patients operated in the 1990s, the five-year survival was 65% (O'Connell et al. 
2004). TNM staging is the most commonly used classification system for CRC 

(Sobin et al. 2009) and for the present it is also the most reliable prognostic factor 

(Puppa et al. 2010). However, the disease outcome may vary considerably within 

the same stage and thus the prognostic information of TNM staging is limited 

(Nagtegaal et al. 2011). Therefore, there is a need for additional prognostic 

markers and also serum markers that could enable the early diagnosis of CRC 

would be valuable. The potential of several serum markers have been studied, but 

none have been adapted for clinical use (Sturgeon et al. 2008). 

Cytokines play a key role in tumor growth and progression, as well as in the 

host-protecting actions. The elevated serum levels of several cytokines e.g. 
interleukin (IL)-6 (Knupfer & Preiss 2010), IL-8 (Ueda et al. 1994), vascular 

endothelial growth factor (VEGF) (De Vita et al. 2004) and platelet-derived 

growth factor (PDGF) (Belizon et al. 2009) have been shown in CRC. Certain 

cytokines e.g. IL-6, IL-8 and VEGF are also evaluated to have a prognostic value 

in CRC (De Vita et al. 2004, Knupfer & Preiss 2010, Xia et al. 2015). The 

cytokine interactions are highly complex and thus it seems plausible that 

analyzing several cytokines and cytokine patterns at a time would provide more 

valuable information. 

Angiogenesis regulatory proteins represent a potential group of biomarkers 

for CRC, as they modify the tumor growth and invasion (Seppinen & 

Pihlajaniemi 2011, Sund & Kalluri 2009). Endostatin is an angiogenesis inhibitor 

cleaved from its precursor molecule collagen XVIII (Nyberg et al. 2005). 

Elevated serum endostatin levels have been described in CRC patients and the 

higher concentrations are also associated with an advanced stage and worse 

prognosis of CRC (Li et al. 2012).  

At the present, the immune system has been acknowledged as an essential 

contributor to cancer development (Hanahan & Weinberg 2011, Mantovani et al. 
2008). The dual role of the immune system in cancer involves host-protecting and 

tumor-promoting actions (Dunn et al. 2002, Schreiber et al. 2011) and 

accordingly, an increased local inflammatory cell infiltration in CRC has been 
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reported to associate with improved disease outcome (Roxburgh & McMillan 

2012). On the other hand, a chronic systemic inflammatory response in CRC 

patients is established as a predictor of a poor outcome (Roxburgh & McMillan 

2010). Modified Glasgow Prognostic Score (mGPS) is one of the prognostic 

scores based on systemic inflammatory response (McMillan 2013), being 

increasingly reported to have prognostic value in CRC (Park et al. 2015). 

However, none of the developed scores defining either the local or the systemic 

immune response are currently utilized in practice. 

The aims of this study were to characterize the cytokine and endostatin level 

alterations, as well as the immune response involved in CRC and to evaluate 

potential biomarkers for CRC diagnostics and prognosis. The detailed interests of 

this work included the serum cytokine level alterations in a series of 148 CRC 

patients and 86 healthy controls and their relation to clinicopathological 

parameters (I), the association between the systemic inflammatory response and 

tumor characteristics in CRC patients (II), the changes in serum levels of 

endostatin in CRC patients and their association with local and systemic 

inflammatory response, as well as with the basic tumor parameters (III), the 

expression patterns of collagen XVIII in CRC tissue (III) and the relationship 

between the local inflammatory cell infiltrate and serum cytokine levels in CRC 

patients (IV).  
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2 Review of the literature 

2.1 Colorectal cancer epidemiology and risk factors 

CRC is among the most common malignancies and leading causes of cancer-

related deaths in developed countries (Siegel et al. 2015). CRC is evaluated as the 

third most common cancer overall and it accounts for nearly 10% of all cancers, 

over 1.4 million new cases being diagnosed globally in 2012. The CRC mortality 

was approximately 609,000 in 2012, making it the fourth most common cause of 

cancer-related deaths. CRC is the third most common cancer in men and the 

second in women, about 750,000 and 610,000 new cases were diagnosed in 2012, 

respectively. There are significant global variations in the incidence of CRC, 

nearly 55% of all CRC cases occurring in developed countries. The highest 

incidence rates are found in Australia and New Zealand and the lowest in Western 

Africa (Ferlay et al. 2015). In Finland, CRC is the third most common cancer in 

men and the second most common in women and more than 3,000 new cases 

were diagnosed in 2013. Altogether, in 2013, CRC caused almost 1,200 deaths in 

Finland (Finnish Cancer Registry 2013).  

Most cases of CRC (60–80%) arise sporadically (Arvelo et al. 2015). Risk 

factors for CRC include environmental factors such as diet with high caloric 

foods and large amount of red meat, low intake of fiber, obesity, diabetes mellitus, 

lack of regular exercise, excessive alcohol consumption, smoking and taking 

certain medicines and dietary supplements. Also, increasing age, male sex and 

previous colorectal polyps or cancer increases the risk of CRC (Cunningham et 
al. 2010, Doyle 2007). Inflammatory bowel diseases (IBDs) are major risk factors 

of CRC and the risk of developing CRC increases with the duration of illness and 

extent of inflammation (Eaden et al. 2001, von Roon et al. 2007). The relative 

risk of CRC for patients with Crohn’s disease is 2.44 (von Roon et al. 2007) and 

the overall CRC prevalence for patients with ulcerative colitis 3.7% (Eaden et al. 
2001). On the contrary, the use of non-steroidal anti-inflammatory drugs 

(NSAIDs) has been shown to decrease the risk of CRC development (Burn et al. 
2011, Din et al. 2010, Rothwell et al. 2010). The variation of CRC incidence in 

different areas of the world suggests that the genetic heritage of different 

populations and their local dietary habits may affect the disease risk (Ferlay et al. 
2015). Approximately only 5–6% of CRC cases arise from genetic predisposition 

(Jasperson et al. 2010). Syndromes causing the inherited CRC include familial 
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adenomatous polyposis (FAP), hereditary non-polyposis colorectal carcinoma 

(HNPCC, Lynch syndrome), MUTYH-associated polyposis and certain 

hamartomatous diseases. These syndromes are well defined and associated with a 

high risk of CRC. In addition, 20–40% of CRCs exhibit a family history of the 

disease, with no associated gene identified. Studies have shown that the risk of 

disease is two or three times higher when a family member has suffered from 

sporadic CRC (Arvelo et al. 2015, Jasperson et al. 2010). 

2.2 Histological classification of colorectal cancer 

Nearly all CRCs are adenocarcinomas. The most common types are usual-type 

adenocarcinoma developed from adenomatous polyps and serrated 

adenocarcinoma evolved from serrated polyps (Hamilton et al. 2010, Mäkinen 

2007). Both types are able to differentiate into mucin producing subtypes: 

Mucinous adenocarcinoma and Signet ring cell carcinoma. Mucinous 

adenocarcinomas are characterized by substantial extracellular mucin production, 

which account for more than 50% of the lesion. Tumors with less than 50% of 

extracellular mucin are designated as adenocarcinomas with mucinous component 

(Hamilton et al. 2010, Treanor & Quirke 2007). Signet ring cell carcinoma is rare 

and an aggressive cancer type with a poor prognosis. At least 50% of the tumor 

cells in signet ring cell carcinoma produce intracellular mucin (Ponz de Leon & 

Di Gregorio 2001, Treanor & Quirke 2007). Other rare subtypes of CRC include 

medullary adenocarcinoma, micropapillary adenocarcinoma, cribriform comedo-

type adenocarcinoma, adenosquamous carcinoma, spindle cell carcinoma, 

squamous cell carcinoma and undifferentiated carcinoma (Hamilton et al. 2010). 

The classification of colorectal carcinomas into different histological subtypes is 

presented in Table 1. 
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Table 1. Histological subtypes of CRC. 

Histological classification Occurrence and main features 

Adenocarcinomas  

Usual type, not otherwise specified (NOS) Most common, glandular differentiation 

Serrated adenocarcinoma Epithelial serrations 

Mucinous adenocarcinoma ≥50% of the tumor secretes extracellular mucin 

Signet ring cell carcinoma Rare, ≥50% of the tumor is composed of 

intracellular mucin 

Medullary adenocarcinoma Rare, sheets of tumor cells, prominent infiltration of 

lymphocytes 

Micropapillary adenocarcinoma Rare, tumor cell growth in papillary structures 

Cribriform comedo-type adenocarcinoma Rare, large cribriform glands with necrosis in central 

areas 

Adenosquamous carcinoma Rare, both glandular and squamous differentiation 

Spindle cell carcinoma Rare, presence of spindle cell component 

Squamous cell carcinoma Rare, presence of squamous cell component 

Undifferentiated carcinoma Rare, no evidence of differentiation 

Adapted from Hamilton et al. 2010. 

2.3 Development and progression of colorectal cancer  

Hanahan and Weinberg have originally proposed the six hallmarks of cancer: 

sustained proliferative signaling, insensitivity to growth suppressors, evading 

apoptosis, enabling limitless replicative potential, sustained angiogenesis and 

activation of invasion and metastasis (Hanahan & Weinberg 2000). Today, 

increasing evidence suggests two emerging hallmarks of cancer development: 

One allows the deregulation of cellular metabolism and the other enables the 

cancer cells to avoid immune destruction (Hanahan & Weinberg 2011). 

The background of cancer development is either hereditary or somatic 

mutation representing sporadic cancer, most cases of CRC being sporadic (Saif & 

Chu 2010). The progression from normal to malignant cell is slow. The epithelial 

stem cells located at the crypt base proliferate, differentiate and migrate upwards 

to the luminal surface. If one of these cells acquires a gene alteration it takes time 

that this clone extends to replace all the stem cells located in the crypt. Cancer 

develops when the clones of these altered cells survive and start to proliferate 

inappropriately. Gradually these cell clones achieve a growth advantage over 

normal cells and gain favorable circumstances for the occurrence of additional 

alterations (Fearon & Vogelstein 1990, Pino & Chung 2010, Vogelstein & Kinzler 

1993). 
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2.3.1 Oncogenes and tumor suppressor genes  

The relevant gene alterations for cancer initiation mainly occur in proto-

oncogenes and/or tumor suppressor genes. In the result of activating mutation, 

proto-oncogenes that normally regulate cell growth and differentiation, can be 

transformed into oncogenes. Mechanisms of oncogene activation include point 

mutations and deletions, as well as gene amplifications and chromosomal 

rearrangement. The activation of proto-oncogene typically requires a mutation of 

only one allele and this leads to e.g. accelerated cell proliferation (gain-of-

function mutation). Oncogenes encode proteins, such as transcription factors, 

growth factors, growth factor receptors, signal transducers, apoptosis regulators 

and chromatin remodelers, which control cell proliferation and apoptosis (Croce 

2008). Common oncogenes associated with CRC carcinogenesis include KRAS 

and BRAF, but the mutations in KRAS and BRAF genes are rarely found in the 

same tumor (Mäkinen 2007, Markowitz & Bertagnolli 2009). 
KRAS is a member of the RAS superfamily of proteins that have a crucial 

role in transmitting extracellular growth signals into intracellular signal 

transduction cascades. In response to growth factors, cytokines and hormones, 

RAS proteins activate the MAPK/ERK signaling cascade, which mainly regulates 

cell growth, proliferation, differentiation and apoptosis. In CRC, mutations in 

KRAS gene occur in 30–40% of all cases (Markowitz & Bertagnolli 2009, Saif & 

Chu 2010). The RAF serine/threonine protein kinases are key mediators of the 

MAPK signaling pathway downstream of RAS. Of the three known isoforms of 

RAF, only BRAF is known to be an oncogene. Mutations resulting in constitutive 

BRAF activation have been identified in several cancers including CRC (Chan et 
al. 2003, Markowitz & Bertagnolli 2009).  

Tumor suppressor genes can be defined as gatekeepers including e.g. 

adenomatous polyposis coli (APC) gene and caretakers including mismatch repair 

(MMR) genes (e.g. MLH1, MSH2, MSH6). The gatekeeper genes directly 

regulate tumor growth by inhibiting proliferation or inducing apoptosis, while the 

caretaker genes maintain the integrity of genome by the DNA repair system 

(Kinzler & Vogelstein 1997, Markowitz & Bertagnolli 2009). Unlike with the 

proto-oncogenes, the loss of only one allele does not lead to the disorder of 

normal tumor suppressor gene functions, but the inactivation of both alleles result 

in loss-of-function mutation (Knudson 1971). 
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2.3.2 Genetic and epigenetic alterations 

The mechanisms leading to gene alterations can be either genetic or epigenetic. 

The genetic alterations include mutations resulting in DNA sequence changes. For 

example, in some types of CRC, the MMR system is deficient due to mutations in 

MMR genes, leading to microsatellite instability (MSI) (Arvelo et al. 2015, Jia & 

Guo 2013). Another type of genomic instability is chromosomal instability (CIN), 

characterized by imbalances in chromosome number and loss of heterozygosity 

(LOH) (Pino & Chung 2010). The epigenetic alterations, including DNA 

methylation, are defined as changes in gene expression without DNA sequence 

changes and are involved in e.g. oncogene activation and tumor suppressor gene 

inactivation. The cancer-related DNA methylation commonly occurs in CpG 

dinucleotide sequence-rich areas called CpG islands located in the gene promoter 

region. The hypermethylation of these promoter areas leads to the silencing of the 

gene transcription, the process being also called as epigenetic silencing. A group 

of CRCs represent this CpG island methylator phenotype (CIMP). The 

hypermethylation of MLH1 is also the major cause of MSI in sporadic CRCs 

(Arvelo et al. 2015, Issa 2004, Jia & Guo 2013, Leggett & Whitehall 2010). 

Consequently, the genomic and epigenetic instabilities (MSI, CIN, CIMP) cause 

the accumulation of genetic alterations that enable the tumors to gain features, 

described as hallmarks of cancer (Hanahan & Weinberg 2011) that drive their 

development into malignant lesions.  

2.3.3 Precursor lesions 

There are two main categories of morphologically different precursors of CRC; 

most CRCs develop from adenomatous polyps and serrated polyps are the second 

most common group (Mäkinen 2007, Ponz de Leon & Di Gregorio 2001). The 

earliest neoplastic lesions in the colon are small groups of aberrant crypts 

(aberrant crypt foci, ACF) divided into three subtypes: hyperplastic (heteroplastic) 

ACF (H-ACF), serrated ACF (S-ACF) and dysplastic ACF (D-ACF) (Mäkinen 

2007, Snover 2011). 

Adenomas are premalignant epithelial lesions with glandular origin, most of 

them being polypoid. Adenomas are classified based on their growth pattern into 

tubular, villous and tubulovillous adenomas. Tubular adenomas are the most 

common adenomatous polyps, but they grow slowly and their malignant potential 

is relatively low compared to villous and tubulovillous adenomas. Tubular 
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adenomas are usually protruding and pedunculated and the luminal surface of the 

polyp is mainly occupied by dysplastic glandular structures. Villous adenomas 

appear hairy-looking and are typically sessile. Dysplastic glandular structures 

occupy also the luminal surface of villous adenomas. Tubulovillous adenomas 

comprise both tubular and villous structures (Ponz de Leon & Di Gregorio 2001). 

Serrated polyps are a group of polyps including hyperplastic polyps, sessile 

serrated adenomas (SSA), SSA with cytological dysplasia and traditional serrated 

adenomas (TSA). The formation of these sawtooth-like infoldings of the 

epithelium is thought to result from decreased apoptosis and delayed migration of 

the cells from crypt base to surface (Hamilton et al. 2010, Mäkinen 2007). 

Hyperplastic polyps account for 80–90% of all serrated polyps. The three 

recognized subtypes; microvesicular, goblet cell rich and mucin poor variants are 

usually located in the distal colon and rectum. SSAs comprise 5–25% of serrated 

polyps and are described as morphological intermediates between hyperplastic 

polyps and TSA. They are distributed throughout the colon and rectum, but have a 

tendency towards proximal location. SSA with cytological dysplasia and TSA 

represent the rarest type of serrated polyps. SSA with cytological dysplasia 

consists of large polyps comprising both hyperplastic and adenomatous 

components and is associated with a high risk of malignancy (Mäkinen 2007, 

Snover 2011). 

2.3.4 Molecular and morphological pathways of CRC development 

In 1990, Fearon and Vogelstein proposed a multistep model for CRC, known as 

adenoma-carcinoma sequence (Fearon & Vogelstein 1990). Today it is well 

established that CRC can develop via several different pathways. In addition to 

traditional adenoma-carcinoma pathway, which accounts for the majority of 

CRCs, approximately 15% of CRCs develop via serrated pathway (Bettington et 
al. 2013, Kedrin & Gala 2015, Mäkinen 2007, Snover 2011). 

Adenoma-carcinoma sequence 

The adenoma-carcinoma sequence, also called as suppressor pathway, represents 

the CIN pathway. It describes the carcinogenesis from normal epithelium to the 

precursor lesion adenoma and finally to the carcinoma (Fig. 1). This pathway 

represents the development of the most sporadic CRCs (Arvelo et al. 2015, 

Fearon 2011). One mutation known to occur early in the adenoma-carcinoma 
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sequence is the inactivation of the APC gene by somatic mutation. This leads to 

the activation of the Wnt signaling pathway since the APC protein is no longer 

capable of forming a complex with β-catenin. A decreased degradation of β-

catenin then causes its abnormal intracellular accumulation with subsequent 

constitutive activation of Wnt target genes that participate in tumor development. 

Loss of the APC gene is then followed by the activating mutation of oncogene 

KRAS in the early adenoma and finally the inactivation by the mutation of tumor 

suppressor gene TP53 in advanced adenoma leads to the development of CIN and 

transition to carcinoma (Fearon 2011, Leslie et al. 2002, Pino & Chung 2010, Saif 

& Chu 2010). 

Serrated pathway 

The serrated pathway is characterized by CIMP and MSI (Mäkinen 2007, Snover 

2011). It defines the development of serrated adenocarcinoma from the precursor 

SSAs or TSAs. An early alteration in the serrated route is the activation of 

oncogene BRAF leading to the formation of SSAs (Fig. 1). This pathway yields 

microsatellite stable (MSS) or MSI low (MSI-L) tumors and MSI high (MSI-H) 

tumors, the MSI-H tumors being more common. The MSI-H tumors frequently 

exhibit CIMP and the epigenetic silencing of the MMR gene MLH1 causes the 

MSI-H phenotype (Arvelo et al. 2015, Bettington et al. 2013, Kedrin & Gala 

2015, Leggett & Whitehall 2010). Alternatively, some hyperplastic polyps and 

TSAs are characterized by frequent KRAS mutation (Bettington et al. 2013, 

Mäkinen 2007), which is also found in serrated adenocarcinomas (Stefanius et al. 
2011). In conclusion, BRAF mutations are very common in SSAs (75–82%), 

whereas KRAS mutations are frequent in TSAs (80%) and rare in SSAs (up to 

10%) (Mäkinen 2007). 



28 

Fig. 1. Main developmental pathways of colorectal carcinoma: Conventional adenoma-

carcinoma sequence and the serrated pathway (modified from Fearon & Vogelstein 

1990, Kedrin & Gala 2015, Mäkinen 2007). 

2.3.5 Tumor microenvironment 

Tumors are complex tissues comprising not only the tumor cells, but also the 

tumor microenvironment, which provide the growing tumor nutrients and growth 

factors and also contribute to conquer space for the tumor to expand and to escape 

the host immune response. At the invasive front of the tumor, the tumor-host 

interactions are typical and the tumor invasion and dissemination of tumor cells 

occur (Zlobec & Lugli 2009). The tumor-associated environment is composed of 

the extracellular matrix (ECM) and normal cells e.g. fibroblasts, vascular and 

lymphatic endothelial cells, pericytes and smooth muscle cells, as well as both 

cells of innate and adaptive immunity, all of which interact with each other and 

with the malignant cells (Fridman et al. 2013, Hanahan & Weinberg 2011, Pietras 

& Östman 2010). For example, cancer-associated fibroblasts (CAFs) are able to 

promote the tumor cell proliferation through paracrine signals mediated by 

various cytokines and hormones. Tumors can also evade apoptosis with the help 

of survival signals supplied by stromal cells (Pietras & Östman 2010). The 

immune cells and the cytokines they produce are significant constituents of the 

local tumor environment and they are present in all tumors in each stage of their 
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development (de Visser et al. 2006). All in all, the tumor microenvironment is a 

constitutive part of cancer initiation, growth and progression, but also an 

important regulator of host-protecting actions. 

2.3.6 Invasion and metastasis  

The ability of cancer cells to invade the neighboring tissue and form local or 

distant metastases is described as a hallmark of cancer (Hanahan & Weinberg 

2011). Malignant cells acquire capabilities of invading the surrounding tissue and 

seeding metastases through lymphatic or blood vessels. To enable these processes, 

the tumor cells need to go through an extensive remodeling of the ECM (Pietras 

& Östman 2010). Matrix metalloproteinases (MMPs) have a crucial role in ECM 

degradation and thus in cancer cell migration from the primary site and eventually 

mediating tumor invasion. In CRC, the expression of MMPs including MMP-1, -

2, -7, -9 and -13 correlate with worse disease outcome, while MMP-12 is 

associated with the protective role (Said et al. 2014). 

Epithelial mesenchymal transition (EMT) is a process that allows cells to 

attain a mesenchymal phenotype, which is characterized by enhanced migratory 

capacity, invasiveness, increased capability to resist apoptosis and the increased 

production of ECM components. Eventually, the completion of EMT results in the 

degradation of basement membrane and formation of cells with the mesenchymal 

phenotype. These cells present at the invasive front are thought to be entering the 

invasion and metastasis phases of cancer progression (Zlobec & Lugli 2009, 

Zlobec & Lugli 2010). In CRC, the tumor cells that have gone through EMT 

represent tumor budding, defined as single cells or small cell clusters of de-

differentiated cells at the invasive front of the tumor. The tumor budding 

characterizes an aggressive tumor, which is able to disseminate and metastasize 

(Zlobec & Lugli 2010). 

2.3.7 Angiogenesis 

A growing tumor needs a vascular network to acquire nutrients and oxygen and to 

metastasize to distant organs (Hanahan & Weinberg 2011, Liekens et al. 2001). 

Angiogenesis is a complex process that requires a sum of activities exerted by 

proangiogenic and antiangiogenic factors. Under physiological conditions, there 

is a local balance between the endogenous stimulators and inhibitors of 



30 

angiogenesis. In a pathological state, such as tumor growth, this balance is 

disrupted (Jain 2005, Naldini & Carraro 2005). 

 The formation of new capillaries from pre-existing vessels requires an 

establishment of a suitable microenvironment involving different cells, soluble 

factors and ECM components. The first step includes the release of proteases 

from the endothelial cells followed by the degradation of basement membrane of 

the blood vessel. The endothelial cells then migrate to the interstitial space, 

proliferate and differentiate into mature vessels (Kerbel & Folkman 2002, 

Liekens et al. 2001). Several cell types and mediators are involved in the 

angiogenic process. For example, inflammatory cells present in the tumor 

microenvironment secrete pro- and anti-inflammatory cytokines, which control 

the endothelial cell proliferation, their survival and apoptosis, as well as their 

migration and activation (Naldini & Carraro 2005, Ribatti & Crivellato 2009). In 

general, pro-inflammatory mediators promote angiogenesis and anti-

inflammatory cytokines mediate anti-angiogenic actions, but there are exceptions. 

In fact, some of the pro-inflammatory cytokines are reported to be associated with 

anti-angiogenic activities (Naldini et al. 2003). 

Endogenous inhibitors of angiogenesis are proteins or fragments of proteins 

that are able to inhibit the formation of new blood vessels and which the body is 

able to produce itself (Nyberg et al. 2005). Many of them are fragments of larger 

ECM molecules and are released in the context of ECM and vascular basement 

membrane degradation. Also proteins of the immune system, such as growth 

factors and cytokines, act as angiogenesis inhibitors. Most of these inhibitors act 

by blocking the cell cycle progression and inducing the intrinsic and/or extrinsic 

apoptosis pathways, but it is uncertain how these inhibitors overcome the effects 

of angiogenic stimulators (Ribatti & Crivellato 2009, Tabruyn & Griffioen 2007). 

2.3.8 Endostatin 

Endostatin is one of the most active natural inhibitors of angiogenesis. It is a 20-

22 kDa proteolytic fragment of type XVIII collagen. Since collagen XVIII 

consists of three polypeptide chains it can generate three endostatin molecules 

(Digtyar et al. 2007, Nyberg et al. 2005). Endostatin is known to inhibit the 

endothelial cell proliferation (O’Reilly et al. 1997) and migration (Yamaguchi et 
al. 1999), as well as induce their apoptosis (Dhanabal et al. 1999). It also exerts 

indirect effects on angiogenesis, including the inhibition of MMP-2 activity, 

disruption of MAPK/ERK signaling through inhibition of kinases of the RAS and 
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RAF family and blockade of VEGF-mediated signaling pathways by interacting 

with the VEGF receptor of epithelial cells (Digtyar et al. 2007, Ribatti & 

Crivellato 2009, Tabruyn & Griffioen 2007). Elevated serum levels of endostatin 

in CRC patients have been previously reported (Feldman et al. 2001a, Li et al. 
2012). 

2.4 Inflammation and immune response in colorectal cancer 

It was noticed already in the 1900s that the immune system could repress tumor 

growth (Ehrlich 1909). However, the cancer immunosurveillance hypothesis was 

not proposed by Burnet and Thomas until the late 1950s (Burnet 1957). This 

theory comprised the idea that lymphocytes are able to recognize and eliminate 

developing transformed cells (Burnet 1970). Alternatively, as early as in the 

1860s Virchow noted the presence of leukocytes in tumor tissues and suggested a 

connection between chronic inflammation and cancer (Balkwill & Mantovani 

2001). Today the link between inflammation and cancer is well-established and it 

is acknowledged that the immune system can have anti-tumor effects (Dunn et al. 
2002), but also promote tumor development and progression (Hanahan & 

Weinberg 2011, Lin & Karin 2007, Mantovani et al. 2008). Further studies have 

led to the establishment of a cancer immunoediting hypothesis, which refines the 

immunosurveillance theory and integrates the dual role of immune system in 

cancer: the host-protecting and the tumor-promoting actions (Dunn et al. 2002, 

Schreiber et al. 2011). 

2.4.1 Fundamentals of the immune system 

The human defense system can be characterized by three main components: 

anatomical and physiological barriers, innate immune system and adaptive 

immune system (Turvey & Broide 2010). The innate and the adaptive immunity 

collaborate to eliminate invading pathogens or foreign molecules and actually, the 

adaptive immune system is dependent on the innate immunity cells such as 

antigen presenting dendritic cells (DC) (Hoebe et al. 2004, Iwasaki & Medzhitov 

2015). The innate immune system responds immediately and non-specifically 

against the inflammatory trigger by involving e.g. macrophages, DCs, natural 

killer (NK) cells, natural killer T (NKT) cells, as well as granulocytes including 

neutrophils, eosinophils and basophils, while the adaptive immune system 

mediates antigen-specific immune responses and it involves B- and T-
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lymphocytes (Turvey & Broide 2010). Generally, the acute inflammatory 

response mediated by innate immunity, is the first reaction against infection or 

tissue injury. In case the acute inflammation fails to eliminate the inflammatory 

trigger, the inflammation becomes persistent and the chronic inflammatory 

response ensues. The chronic inflammation involves an increased numbers of 

macrophages as well as lymphocytes and the adaptive immunity processes 

commence (Medzhitov 2008). The activation of the adaptive immunity is slow, as 

it is based on the clonal expansion of the antigen-specific T and B cells. The time 

delay is even five days from the first exposure to a pathogen (Turvey & Broide 

2010).  

T-lymphocytes are classified into two variants: The ones with CD4 molecule 

on their surface and the ones with CD8 molecule. CD8+ cells are defined as 

cytotoxic T cells and CD4+ cells as T helper (Th) cells. Naïve CD4+ T cells can 

further differentiate into several types of Th cells, defined by their cytokine 

production, the major lineages being Th1, Th2, Th17 and Treg cells. Additionally, 

other Th cell lineages may exist, but their characterization is yet unclear (Zhu & 

Paul 2010, Zhu et al. 2010). CD4+ T cells are essential in mediating the adaptive 

immune responses, as they contribute to recruiting and activating other immune 

cells, including CD8+ T cells, macrophages, mast cells and granulocytes and they 

also help B cell maturation into plasma cells (Zhu & Paul 2010). 

2.4.2 Cytokines 

Cytokines are signaling molecules that mediate both stimulatory and inhibitory 

signals between cells. They regulate cell growth, differentiation and activation, as 

well as inflammation. Importantly, as cytokines control the differentiation and 

activation of leukocytes, they determine the nature of immune responses (Callard 

et al. 1999, Commins et al. 2010). A simplified principle is that the cells that 

initially recognize the infection produce a set of cytokines to cause the production 

of another set of cytokines by lymphocytes, which in turn activate the effector 

immune responses (Iwasaki & Medzhitov 2015). Cytokines are produced by 

immune cells and several non-immune cell types, such as fibroblasts, endothelial 

cells and both normal and malignant epithelial cells and generally, almost every 

cell of the body produces and responds to some type of cytokine (Balkwill 2004, 

Callard et al. 1999). The network of cytokine interactions is extremely complex; 

many cytokines are produced by more than one cell type and each cytokine can 

mediate their effects on several types of target cells. Most cells also produce 
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several different cytokines (Callard et al. 1999). Cytokines mediate their effects 

by binding to specific receptors on the target cell surface and thus triggering 

intricate intracellular signaling pathways leading to gene expression demanded 

for the certain cellular response. The expression of cytokine receptors on the cell 

surfaces, as well as the whole cytokine production, is highly controlled by both 

negative and positive feedback by cytokines themselves (Callard et al. 1999, 

Commins et al. 2010). 

Cytokine classification 

Cytokines can be grouped on the basis of their function into chemokines, pro- and 

anti-inflammatory cytokines, interferons and growth factors and also the 

definition of Th1 and Th2 cytokines is of importance. The classification and 

selected illustrating cytokines, as well as their main functions, are presented in 

Table 2.  Th1 type cytokines produced by the Th1 cells include e.g. IL-2, IL-12, 

IL-15 and Interferon gamma (IFN-γ). These cytokines mediate inflammation-

promoting effects, i.e. activating CD8+ T cells, and are thought to play an 

important role in inhibiting and eliminating tumor cells (Cui & Florholmen 2008, 

Zamarron & Chen 2011). The Th2 type cytokines e.g. IL-4, IL-5, IL-10 and IL-13 

produced by the Th2 cells are shown to suppress the tumor specific immune 

responses, as well as promote angiogenesis, and thus favoring tumor growth (Cui 

& Florholmen 2008, Ellyard et al. 2007). The development of CRC is reported to 

be associated with the imbalanced Th1/Th2 cytokine profile as the Th1 cytokine 

production is thought to turn into the secretion of Th2 cytokines during the 

colorectal adenoma-carcinoma sequence (Cui & Florholmen 2008). 
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Table 2. Cytokine classification. 

Cytokine group Representative members Main function 

Chemokines  Chemotactic functions for 

leukocytes: 

 MIP-1β (CCL4) Th1 cells, monocytes, basophils 

 MCP-1 (CCL2) T cells, monocytes, basophils 

 Eotaxin (CCL11) Th2 cells, eosinophils, basophils  

 IL-8 (CXCL8) Neutrophils 

 IP-10 (CXCL10) Th1 cells, NK cells 

Th1 cytokines   

 IL-12 Th1 cell differentiation, IFN-γ 

production 

Th2 cytokines   

 IL-4 B cell and Th2 cell growth and 

differentiation 

Proinflammatory cytokines   

 IL-6 B cell activation, T cell activation 

 Th1 cytokines Inflammatory response activation, 

innate immunity induction 

Anti-inflammatory cytokines   

 IL-1ra IL-1 receptor antagonist 

 Th2 cytokines Inflammatory response 

suppression, inhibition of 

proinflammatory cytokine 

production, adaptive immunity 

induction 

Interferons   

 IFN-γ Macrophage activation, Th2 cell 

suppression 

Growth factors   

 IL-7 Leukocyte differentiation 

 IL-9 Leukocyte differentiation 

 PDGF-BB Cell growth and differentiation, 

angiogenic 
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Chemokines 

Chemokines are chemotactic cytokines that have an important role in promoting 

the leukocyte recruitment from circulation to local sites of inflammation. The 

chemokine actions are induced by inflammatory cytokines and growth factors, as 

well as by pathogenic stimulus (Balkwill 2004, Wang et al. 2009). Chemokines 

are also thought to be responsible for attracting the immune cells into the tumor 

microenvironment. In addition to immune cells, chemokines regulate several 

nonimmune cells important for tumor development and progression; they are able 

to e.g. modulate the tumor growth indirectly via stromal cells in the tumor 

microenvironment by inducing their production and release of growth and 

angiogenic factors. They also directly induce the growth of tumors by enhancing 

the cancer cell proliferation and inhibiting their apoptosis. In addition, 

chemokines have a role in the tumor metastasis, as they can direct the tumor cell 

migration (Chow & Luster 2014).  

Cytokines in colorectal cancer 

Altogether, cytokines play an essential role in tumor growth and progression, as 

well as in the host-protecting actions. The development of CRC is associated with 

alterations in cytokine production. For example, the serum levels of IL-6 

(Knupfer & Preiss 2010), IL-8 (Ueda et al. 1994), VEGF (De Vita et al. 2004) 

and PDGF (Belizon et al. 2009) have been shown to be elevated in CRC patients 

when compared to healthy controls. Elevated serum IL-6 and IL-8 levels have 

also been associated with advanced stage and poor prognosis, as well as the 

occurrence of metastases in CRC patients (Knupfer & Preiss 2010, Xia et al. 
2015). Certain cytokines, e.g. IL-6, IL-8 and VEGF are also suggested to have a 

clinical value in CRC prognosis (De Vita et al. 2004, Knupfer & Preiss 2010, Xia 

et al. 2015). Locally, IL-6 is a pleiotropic proinflammatory cytokine, which is 

thought to promote tumor growth, accelerate invasiveness and enhance 

angiogenesis in CRC (Knupfer & Preiss 2010).  

Until recently, the studies on serum cytokines have only focused on the 

concentrations of one or few cytokines at a time. However, as the cytokine 

interactions are highly intricate, studying the alterations in cytokine patterns 

rather than single cytokines could provide more precise information about the 

effects on the immune system function and cancer-associated inflammatory 

reactions. Thus, analyzing a set of cytokines and studying their relative alterations 
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have raised interest since development of multiplex array technology capable of 

quantifying several cytokines in one sample (Zhou et al. 2010). 

2.4.3 Tumor-infiltrating leukocytes 

Leukocyte infiltration to the tumor microenvironment is characteristic of most, if 

not all, cancers (Mantovani et al. 2008). In CRC, the leukocyte infiltrate is 

present as early as in benign adenomas and it increases significantly in CRC 

tissues (Erreni et al. 2011). The tumor-infiltrating immune cells include T 

lymphocytes, macrophages, neutrophils, eosinophils, mast cells, NK cells and 

DCs, T cells and macrophages being most prominent. These inflammatory cells 

can localize in the tumor stroma or at the periphery of the tumor (Balkwill & 

Mantovani 2001, Erreni et al. 2011). 

The increased numbers of tumor-infiltrating lymphocytes (TILs) are reported 

to be beneficial for the patient outcome in CRC. This indicates that the adaptive 

immunity may promote the survival of CRC patients (Erreni et al. 2011, Galon et 
al. 2006, Pages et al. 2005). Instead, the tumor-associated macrophages (TAMs) 

have a controversial role in CRC. TAMs can polarize into two different 

phenotypes, M1 and M2, depending on the signals released by the tumor 

microenvironment. The classically activated M1 macrophages are featured with 

the production of a set of proinflammatory cytokines (e.g. IL-12) and they are 

considered to elicit the anti-tumor immune responses, while the alternatively 

activated M2 macrophages express several anti-inflammatory cytokines (e.g. IL-

10) and thus provide an immunosuppressive milieu that promotes the tumor 

growth. M2 TAMs are generally thought to promote tumor growth by means of 

enhancing proliferation, angiogenesis and metastasis by releasing growth factors, 

vascular growth factors and MMPs. By producing several different cytokines 

TAMs are able to recruit and activate numbers of immune cells in the tumor 

microenvironment (Baay et al. 2011, Galdiero et al. 2013, Hao et al. 2012, 

Mantovani et al. 2002). It has been shown that the increased infiltration of TAMs 

at the invasive front of CRC has an association with improved survival (Ålgars et 
al. 2012, Klintrup et al. 2005) and on the contrary, the intratumoral TAMs are 

shown to be associated with the progression of CRC (Kang et al. 2010). These 

observations suggest that the polarization of TAMs differ in different tumor 

locations. 
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2.4.4 Host-protecting inflammation 

The cancer immunosurveillance hypothesis is based on the observation that the 

immune system is capable of recognizing and eliminating cancer cells. The key 

element resulting in the development of this concept was the establishment of the 

existence of tumor-specific antigens, the distinctive structures on tumor cells that 

enable the recognition by the immune system. A logical conclusion from the 

immunosurveillance hypothesis was that humans with immunosuppressed or 

immunodeficient conditions should have higher incidence of cancer. Indeed, the 

early studies of individuals with such conditions showed that they actually had 

notably higher risk for cancer development and the later research proved that 

some of the risk was caused by virus-initiated cancer development (Dunn et al. 
2002). To date, it has been reported that the organ transplant recipients having 

immunosuppressive medication have an elevated risk of cancer development 

(Engels et al. 2011). Additionally, also the observation that the increased 

inflammatory cell infiltration is associated with improved clinical outcome in 

CRC (Fridman et al. 2012, Roxburgh & McMillan 2012), as well as in several 

other cancer types, including e.g. melanoma, head and neck, bladder and breast 

cancer (Fridman et al. 2012), supports the immunosurveillance hypothesis. 

However, the studies on TAMs have shown that the macrophage infiltration in 

tumors can be accompanied either with poor or improved survival, depending on 

their localization and polarization (Ålgars et al. 2012, Boström et al. 2015, 

Klintrup et al. 2005). 
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2.4.5 Cancer immunoediting 

Further studies on tumor-host interactions have resulted in observation that the 

immune system not only protects the host against cancer but also modulates the 

immunogenicity of the tumor. Immune cells and malignant cells interact in the 

tumor microenvironment resulting in the destruction of the tumor by means of 

immunosurveillance or alternatively, tumor progression. It seems that the immune 

system is able to promote or select the less immunogenic tumor cell variants and 

thus enables the tumor to escape the recognition by immune system and 

consequent elimination. As a consequence, the cancer immunoediting hypothesis 

was developed to improve the immunosurveillance hypothesis (Dunn et al. 2002, 

Dunn et al. 2004). 

The cancer immunoediting concept is an extrinsic tumor suppressor 

mechanism that acts on already transformed cells when the intrinsic suppression 

(e.g. repair, apoptosis) has failed. It is described to include three sequential 

phases: elimination, equilibrium and escape (Schreiber et al. 2011). The 

elimination phase comprises the original concept of immunosurveillance: innate 

and adaptive immune system cooperate to eliminate developing tumors before 

they even become clinically visible. The whole editing process can complete in 

this phase if the tumor is successfully destructed and in this case, the host will 

remain free of cancer. In the equilibrium process, any tumor cell variant that has 

survived the elimination may attain equilibrium with the host immune system. In 

this phase, tumor growth is suppressed by function of adaptive immunity and the 

outgrowth of tumors may be restrained even for the lifetime of the host. However, 

editing of cancer cell immunogenicity may also occur in the equilibrium phase; 

the tumor cell variants with capabilities to survive the host immune control are 

selected. These tumor cells may then enter the subsequent escape process, in 

which the immune system no longer controls their outgrowth and a clinically 

apparent tumor will arise (Dunn et al. 2002, Schreiber et al. 2011). 
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Fig. 2. Cancer immunoediting (modified from Schreiber et al. 2011). 
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2.4.6 Tumor-promoting inflammation 

Certain types of inflammation can promote the tumor development and 

progression (Balkwill & Mantovani 2001, Mantovani et al. 2008).  Tumor-

promoting inflammation is thought to be an enabling characteristics of cancer, 

which facilitates the changes required for the acquisition of hallmark features of 

cancer, including the emerging hallmark, avoiding immune destruction (Hanahan 

& Weinberg 2011). The presence of immune cells and inflammatory mediators 

(e.g. cytokines, prostaglandins) in the local tumor environment, tissue remodeling 

and angiogenesis, as well as tissue repair, are stated as the hallmarks of cancer-

related inflammation (Mantovani et al. 2008). The molecular inflammatory 

mediators form a connection between cancer and tumor-promoting inflammation 

and their increased expression is thought to result from either intrinsic or extrinsic 

pathway activation. The intrinsic pathway is activated by genetic alterations (e.g. 
oncogenes) that cause inflammation and neoplasia, while the extrinsic pathway is 

driven by inflammatory cells associated with chronic infectious or inflammatory 

conditions that increase cancer risk (e.g. Helicobacter pylori infection, IBD) 

(Allavena et al. 2008, Erreni et al. 2011, Mantovani et al. 2008). Both pathways 

lead to the activation of transcription factors such as nuclear factor-κB (NF-κB), 

signal transducer and activator of transcription 3 (STAT3) and hypoxia-inducible 

factor 1α (HIF1α) in tumor cells. These factors are downstream mediators of 

several cytokines and other inflammatory mediators and thereby induce the tumor 

cell production of e.g. inflammatory cytokines and cyclooxygenase 2 (COX2), 

which then leads to the production of prostaglandins. These mediators then recruit 

and activate numbers of leukocytes in the local tumor environment and are able to 

activate the transcription factors not only in tumor cells, but also in inflammatory 

cells and stromal cells, leading to increased production of inflammatory mediators 

and construction of an inflammatory microenvironment that elicits several tumor-

promoting effects (Mantovani et al. 2008, Terzic et al. 2010). A constitutive 

activation of NF-κB has been reported in CRC (Sakamoto et al. 2009). 

Chronic inflammation is featured by a continual active immune response and 

destruction of tissue. It promotes the cancer development by inducing DNA 

damage, chromosomal instability and epigenetic alterations that lead to 

exceptional gene expression and it also increases proliferative signals through 

cytokines and other mediators, inhibits apoptosis and stimulates angiogenesis 

(Chai et al. 2015, Kraus & Arber 2009, Kundu & Surh 2008). Convincing 

evidence now supports the Virchow’s hypothesis that cancer can arise from 
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chronic inflammation (Balkwill & Mantovani 2001) and to date, approximately 

20% of all cancers are associated with the chronic infection and inflammation 

(Chai et al. 2015). The association of e.g. Helicobacter pylori infection with 

gastric cancer (Talley et al. 1991) and hepatitis viruses B and C with 

hepatocellular cancer (Ben Ari et al. 2015) represent the well-known examples of 

infections that induce inflammation and are directly linked to cancer. It is also 

acknowledged that the patients with chronic IBDs, such as ulcerative colitis 

(Eaden et al. 2001) and Crohn’s disease (von Roon et al. 2007) are at higher risk 

of developing CRC. On the contrary, the use of NSAIDs has been shown to 

prevent CRC development (Burn et al. 2011, Din et al. 2010, Rothwell et al. 
2010). 

2.5 Colorectal cancer prognosis and prognostic factors  

2.5.1 Prognosis of colorectal cancer 

The overall survival in CRC is relatively poor: the 5-year overall survival of CRC 

patients operated on in the 1990s was 65%. Survival rates correlated to disease 

progression and ranged between approximately 90% for stage I tumors and 8% 

for stage IV tumors (O'Connell et al. 2004). The most commonly used 

classification system for CRC is the American Joint Committee on Cancer/Union 

Internationale Contre le Cancer (AJCC/UICC) TNM staging system (Sobin et al. 
2009). The tumor staging provides an estimation of the degree of tumor 

progression at the time of operative treatment and, at present, it is the most 

reliable predictor of prognosis in CRC (Puppa et al. 2010). However, the TNM 

staging provides limited prognostic information as the clinical outcome may vary 

notably among patients within the same histological stage (Nagtegaal et al. 2011). 

For example, stage I/II CRCs are reported with relapse, rapid progression of the 

tumor and patient death, even though the complete surgical resection was 

conducted and there were no signs of metastases (Mlecnik et al. 2011). The fault 

of the current system used for the routine prognostication and treatment 

guidelines for CRC is that it relies on the hypothesis that the disease progression 

is determined by tumor characteristics only and does not take the host immune 

response into account (Galon et al. 2014). Therefore, there is a need for improved 

prognostic tools that have better capability of providing prognostic information, 

identify the high-risk patients and predict patients who will benefit from adjuvant 
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therapies. Growing evidence has shown that analyzing the tumor inflammatory 

cell infiltrates has prognostic value and that it may add the significance of the 

current system (Galon et al. 2012). Additionally, markers of systemic 

inflammatory response have been shown to predict the outcome of the disease 

(McMillan 2013). 

2.5.2 TNM Stage and WHO Grade 

The AJCC/UICC continuously updates the staging system based on published 

data. Seventh edition is the latest of the TNM classification (Sobin et al. 2009). In 

these studies, the staging was performed according to TNM6 (Tables 3 and 4, 

Sobin & Wittekind 2002). However, the differences between TNM6 and TNM7 

are relatively minor. The TNM staging classifies the extent of the cancer 

according to invasion of the primary tumor through the bowel wall (T), the 

presence of regional lymph node metastases (N) and the presence of distant 

metastases (M).  
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Table 3. TNM6 Classification.  

TNM6 Classification 

Primary tumor (T)  

Primary tumor cannot be assessed TX 

No evidence of primary tumor T0 

Carcinoma in situ Tis 

Invasion to submucosa T1 

Invasion to muscularis propria T2 

Invasion to subserosa/nonperitonealized 

pericolic or perirectal tissues 

T3 

Invasion to other organs or structures and/or 

perforation of visceral peritoneum 

T4 

Regional lymph node metastases (N)  

Regional lymph nodes cannot be assessed NX 

No regional lymph nodes N0 

1–3 regional lymph node metastases N1 

4 or more regional lymph node metastases N2 

Distant metastases (M)  

Distant metastases cannot be assessed MX 

No distant metastases M0 

Distant metastasis M1 

Adapted from Sobin & Wittekind 2002.  

Table 4. TNM Stage. 

Stage TNM6 

0 Tis, N0, M0 

I T1–2, N0, M0 

II T3–4, N0, M0 

IIA T3, N0, M0 

IIB T4, N0, M0 

II T1–4, N1-2, M0 

IIIA T1–2, N1, M0 

IIIB T3–4, N1, M0 

IIIC T1–4, N2, M0 

IV T1–4, N0-2, M1 

Adapted from Sobin & Wittekind 2002.  

Colorectal adenocarcinomas are classified according to the percentage of gland 

formation. The most commonly used histological grading system is the WHO 

classification, which divides the adenocarcinomas into well, moderately and 

poorly differentiated and undifferentiated (Grades 1–4, Table 5, Hamilton et al. 
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2010). The prognostic value of WHO grade is limited and also other grading 

criteria have been developed (Compton et al. 2000). 

Table 5. WHO Grade.  

Definition of differentiation Percentage of gland formation Grade 

Well differentiated >95% 1 

Moderately differentiated 50–95% 2 

Poorly differentiated <50% 3 

Undifferentiated No evidence of differentiation 4 

Adapted from Hamilton et al. 2010. 

2.5.3 Local inflammatory response 

Consistent evidence shows that the cancer progression and survival are not only 

determined by tumor characteristics but also interactions between the tumor and 

the host. The presence of inflammatory cells in tumors is a common phenomenon 

and it is generally thought that this reflects an effective immune response of the 

host. Numerous studies have evaluated the local inflammatory response in and 

around colorectal tumors and, to date, it is apparent that the increased 

inflammatory cell numbers or densities in intratumoral or peritumoral locations 

are associated with improved outcome in CRC, regardless of the stage (Roxburgh 

& McMillan 2012). On the contrary to other inflammatory cells, the intratumoral 

TAMs are shown to be associated with CRC progression (Kang et al. 2010). 

By now, the evidence is strongest for overall lymphocyte or inflammatory 

cell infiltrate at the invasive margin (IM) (Jass 1987, Klintrup et al. 2005, 

Richards et al. 2012a, Richards et al. 2012b, Roxburgh et al. 2009b, Roxburgh & 

McMillan 2012, Väyrynen et al. 2013). Several studies have then focused on the 

roles of individual cell types, mostly T lymphocytes and their different subsets 

(e.g. CD3+, CD4+, CD8+, CD45RO+, FOXP3+) (Galon et al. 2006, Naito et al. 
1998, Pages et al. 2005, Pages et al. 2009, Richards et al. 2014, Roxburgh & 

McMillan 2012, Roxburgh et al. 2013, Väyrynen et al. 2013) and macrophages 

(CD68+) (Forssell et al. 2007, Kang et al. 2010, Klintrup et al. 2005, Roxburgh & 

McMillan 2012) in the prediction of CRC outcome.  

Several analysis methods based on local immune cell density, type and 

location have been developed. An international effort has been made to validate a 

potential prognostic and predictive tool. For example, Immunoscore is a scoring 

system based on counting of two lymphocyte populations (CD3+/CD45RO+, 
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CD3+/CD8+, CD8+/CD45RO+) both in the center of tumor (CT) and the IM, being 

a creditable effort to combine the immune cell infiltration with the classification 

of cancer (Galon et al. 2012, Galon et al. 2014). Klintrup-Mäkinen (K-M) score is 

an overall inflammatory reaction grading system including all inflammatory cell 

types and assessing the inflammatory cell infiltration only at the invasive margin. 

It has been accredited as one of the most promising assessments for tumor 

inflammatory infiltrates (Roxburgh & McMillan 2012) having a prognostic value 

independent of stage (Klintrup et al. 2005, Richards et al. 2012a, Roxburgh et al. 
2009a, Roxburgh et al. 2009b). A recent study of Richards et al. indicates that the 

Immunoscore and the K-M score both show similar relationships to survival in 

CRC as they found that the increased T-cell infiltrate was consistently associated 

with improved survival (Richards et al. 2014). However, none of the proposed 

methods have been included in routine use in CRC prognostication. 

2.5.4 Systemic inflammatory response 

Tumor progression is driven also by intricate systemic processes (McAllister & 

Weinberg 2014). The presence of a chronic systemic inflammatory response in 

patients with cancer is established as a predictor of a poor outcome independent 

of tumor stage (McMillan 2013, Proctor et al. 2015, Roxburgh & McMillan 

2010). Prognostic scores based on systemic inflammatory response, such as 

Glasgow Prognostic Score (GPS), modified Glasgow Prognostic Score (mGPS) 

(McMillan 2013) and neutrophil:lymphocyte ratio (NLR) (Guthrie et al. 2013) 

have been repeatedly reported to have prognostic value in several cancers, 

including CRC. A recent report demonstrates that the mGPS together with the 

current TNM staging provides complimentary predictive information in CRC and 

the routine staging of both the tumor and the host would be of importance in 

patients with CRC (Park et al. 2015).  

The Glasgow Prognostic Scores are presented in Table 6. An elevated GPS or 

mGPS is related to a worsened prognosis. Acute phase proteins, especially C-

reactive protein (CRP) and albumin, are established markers of systemic 

inflammation in patients with cancer (Guthrie et al. 2013). The GPS system is 

originally based on the combination of elevated CRP concentrations and 

hypoalbuminaemia (Forrest et al. 2003) and after the subsequent studies, the 

mGPS scoring system was developed on basis of the observation that 

hypoalbuminaemia without elevated CRP levels was rare and that the low 

albumin levels on their own did not relate to a poor outcome (McMillan 2013). It 
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is also well-known that the systemic inflammation is associated with the altered 

levels of circulating leukocytes, particularly neutrophilia in relation to 

lymphocytopenia. The NLR is one of the available markers of systemic 

inflammatory response and it is derived from the neutrophil and lymphocyte 

counts of a full blood leukocyte count (Guthrie et al. 2013).  

Table 6. The Glasgow Prognostic Scores. 

Prognostic method Score 

Glasgow Prognostic Score (GPS)  

CRP ≥10 mg/l and albumin ≥35 g/l 0 

CRP >10 mg/l 1 

Albumin <35 g/l 1 

CRP >10 mg/l and albumin <35 g/l 2 

Modified Glasgow Prognostic Score (mGPS)  

CRP ≤10 mg/l and albumin ≥35 g/l 0 

CRP >10 mg/l 1 

CRP >10 mg/l and albumin <35 g/l 2 

Adapted from McMillan 2013. 

2.5.5 Cytokines and other serum markers 

Carcinoembryonic antigen (CEA) is the oldest but yet most commonly used 

serum marker in CRC patients. The CEA is mainly used in postoperative 

surveillance (Duffy et al. 2007, Sturgeon et al. 2008). Several serum markers 

have been evaluated to have prognostic value in CRC, but none have been 

adapted for routine clinical use (Sturgeon et al. 2008). Serum concentrations of 

several cytokines have been assessed in order to find prognostic and predictive 

markers or to develop diagnostic tools. Certain cytokines, such as IL-6 (Knupfer 

& Preiss 2010), IL-8 (Xia et al. 2015) and VEGF (De Vita et al. 2004) have been 

reported to have prognostic value in CRC, but their clinical value still needs to be 

confirmed. 
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3 Aims of the study 

The general aim of this study was to characterize the immune response involved 

in CRC and to evaluate the potential inflammatory biomarkers with a view to help 

develop new diagnostic and prognostic tools for CRC. Specific aims were the 

following: 

1. To evaluate the changes in the serum cytokine patterns in CRC patients 

compared to healthy controls and to determine characteristics with potential 

diagnostic value (I). 

2. To study whether the serum cytokine levels could provide information of 

CRC progression (I). 

3. To define the association of a systemic inflammatory response marker 

modified Glasgow Prognostic Score (mGPS) with clinical tumor parameters 

in CRC (II). 

4. To determine the levels of the angiogenesis inhibitor endostatin in serum of 

CRC patients and healthy controls and its association with basic tumor 

parameters (III). 

5. To assess the expression patterns of the source of endostatin, collagen XVIII 

in colorectal carcinomas and adjacent tissues (III). 

6. To evaluate the relationship of serum endostatin levels and local and systemic 

inflammation in CRC (III). 

7. To find out the relationships between tumor-infiltrating immune cells and 

serum cytokine levels and patterns and their clinical impact in CRC (IV). 
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4 Materials and methods 

An overview of the materials and methods used in these studies is presented on 

the following pages. The details are available in the original publications. The 

original articles are referred to by their Roman numerals. 

4.1 Study material and sampling 

These studies were prospectively introduced to all newly diagnosed colorectal 

cancer patients operated on in Oulu University Hospital between April 2006 and 

January 2010 (n=344). Blood samples and surgical specimens were collected 

from a total of 148 patients who had signed an informed consent to participate 

and were also eligible for the study. A series of 86 control blood samples were 

acquired from age- and sex-matched healthy voluntary blood donors (Finnish Red 

Cross, Oulu, Finland; n=36, age <65 years) and cataract surgery patients (Oulu 

University Hospital; n=50, age ≥65 years). Patients and controls with other 

malignant diseases, earlier or simultaneously diagnosed, were excluded from the 

studies. Due to the strict regulations in blood donation, the other exclusion criteria 

for the controls included e.g., the absence of acute infections, trauma or operation 

within the previous 4 months, organ transplantation and severe chronic diseases 

such as coronary artery disease, stroke or cancer. Clinical details of patients and 

controls were obtained from the clinical records and by a questionnaire. The study 

design was accepted by the Ethical Committee of Oulu University Hospital 

(58/2005, 184/2009). 

Preoperative staging of CRC was conducted by whole body computer 

tomography-scan and the local staging of rectal cancer was done by magnetic 

resonance imaging (MRI). 32 of 148 patients with T3 or T4 rectal tumors 

received preoperative radiotherapy or chemoradiotherapy (RT/CRT) and were 

excluded from the analyses in studies I, II and III to avoid confounding and to 

model the disease situation before diagnosis, since RT/CRT might affect the local 

tumor characteristics and reduce the inflammatory reaction of the tumors 

(Nagtegaal et al. 2002). Studies I and II were then based on 116 CRC patients and 

86 controls and study III on 113 patients and 84 controls. In study III, one of the 

samples was ignored having the endostatin value above the standard curve and 

four samples were excluded because the measured duplicates differed from each 

other by at least 20%. In study IV, One of the 148 cases was excluded from the 
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study due to insufficiency of the sample material and the total number of cases 

was then 147.  

Blood samples from patients and controls were obtained after 12 hours of 

fasting. The samples were centrifuged and serum was stored until further analysis 

at -70°C. A leukocyte differential count was conducted from the blood samples 

and utilized for NLR calculation. Serum CRP and albumin were utilized for 

assessment of mGPS. 

4.2 Clinical and pathological characteristics of study population 

The characteristics of CRC patients in study material are presented in Table 7. 

Table 7. Characteristics of CRC patients in studies I, II, III and IV. 

Study I, II III IV 

CRC patients (n) 116 113 147 

Age, mean (SD) 67.9 (11.2) 68.0 (11.3) 66.9 (11.2) 

Gender    

Male 58 (50%) 56 (49.6%) 79 (53.7%) 

Female 58 (50%) 57 (50.4%) 68 (46.3%) 

Preoperative RT/CRT    

Yes 0 (0%) 0 (0%) 31 (21.1%) 

No 116 (100%) 113 (100%) 116 (78.9%) 

Tumor location    

Proximal colon 49 (42.2%) 48(42.5%) 49 (33.3%) 

Distal colon 27 (23.3%) 27 (23.9%) 27 (18.4%) 

Rectum 40 (34.5%) 38 (33.6%) 71 (48.3%) 

WHO Grade    

Grade 1 16 (13.8%) 15 (13.3%) 20 (13.6%) 

Grade 2 86 (74.1%) 84 (74.3%) 108 (73.5%) 

Grade 3 14 (12.1%) 14 (12.4%) 19 (12.9%) 

TNM Stage    

Stage I 19 (16.5%) 18 (16.1%) 26 (17.8%) 

Stage II 46 (40.0%) 45 (40.2%) 55 (37.7%) 

Stage III 32 (27.8%) 31 (27.7%) 46 (31.5%) 

Stage IV 

 

18 (15.7%) 18 (16.1%) 19 (13.0%) 

For the histopathological analysis, samples from the surgical specimens were first 

fixed in 10% buffered formalin, embedded in paraffin and finally the cut 5 μm 

sections were stained with hematoxylin and eosin. The 6th edition of TNM-
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staging (TNM6, Sobin & Wittekind 2002) was used in staging and WHO 

classification in grading (Hamilton et al. 2010).  

4.3 Serum cytokine analysis (I, IV) 

The serum cytokine concentrations were analyzed with Bio-Plex Pro Human pre-

manufactured 27-Plex Cytokine Panel (Bio-Rad, Hercules, CA, USA). This 

cytokine panel included a total of 27 cytokines: IL-1β, IL-1ra, IL-2, IL-4, IL-5, 

IL-6, IL-7, IL-8 (CXCL8), IL-9, IL-10, IL-12 (p70), IL-13, IL-15, IL-17, IFN-γ, 

tumor necrosis factor-alpha (TNF-α), Interferon gamma-induced protein 10 kDa 

(IP-10, CXCL10), monocyte chemotactic protein-1 (MCP-1, CCL2), macrophage 

inflammatory protein-1α (MIP-1α, CCL3), macrophage inflammatory protein-1β 

(MIP-1β, CCL4), Regulated upon Activation, Normal T-cell Expressed, and 

Secreted (RANTES, CCL5), Eotaxin (CCL11), granulocyte colony-stimulating 

factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), 

fibroblast growth factor (FGF) basic, PDGF subtype BB (PDGF-BB), and 

vascular endothelial growth factor A (VEGF-A). The conditions of the assay were 

standardized and the assay kits were all from the same lot, which controls the 

variability within the assay. The serum samples were diluted 1:2 in the sample 

matrix and assay beads were incubated overnight with the samples. For each 

cytokine analyte, a minimum of 50 events (beads) were collected and the cytokine 

concentrations were calculated from standard curves based on the median 

fluorescence intensities. The concentrations were calculated by BioPlex Manager 

Software 4.1 (Bio-Rad).  

Finally, out of the original 27 analytes, 13 cytokines (IL-1ra, IL-4, IL-6, IL-7, 

IL-8, IL-9, IL-12, IFN-γ, IP-10, MCP-1, MIP-1β, Eotaxin and PDGF-BB) with 

three (1.5%) or fewer values outside the assay working range were included in 

these studies. The other 14 cytokines (IL-1β, IL-2, IL-5, IL-10, IL-13, IL-15, IL-

17, FGF basic, G-CSF, GM-CSF, MIP-1α, RANTES, TNF-α and VEGF) were 

excluded due to having 20 (10%) or more of the values below or above the assay 

working range. 

4.4 Serum endostatin assay (III) 

The serum endostatin concentrations were measured using the commercial 

Quantikine Human Endostatin Immunoassay (R&D Systems, Minneapolis, USA) 

according to the manufacturer’s instructions. A recombinantly produced human 
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endostatin (Rehn et al. 2001) was used as a control in the assay. The intensity of 

color in the samples was measured with a Victor3 plate reader (PerkinElmer, 

Waltham, MA, USA). All assays were conducted in duplicate and the mean 

values were calculated and used as the final concentration.  

4.5 Immunohistochemistry (III, IV) 

For immunohistochemical analyses, a tissue microarray (TMA) including both the 

IM and CT of the tumor was constructed as described earlier (Väyrynen et al. 
2013). Formalin-fixed paraffin-embedded 3.5 µm sections were followed through 

a deparaffinization in xylene and rehydration in a series of graded alcohols. The 

specimens were then treated with Tris-EDTA buffer (pH 9.0) in a microwave oven 

at 800 W for two minutes and at 150 W for 15 minutes and cooled down to room 

temperature. The endogenous peroxidase activity was blocked and the diluted 

primary antibodies were incubated on the sections in room temperature for 30 

minutes to overnight, depending on the antibody (IV, Supplementary Table 1). 

The antibody binding was detected by EnVision system (Dako, Copenhagen, 

Denmark) or NovoLink Polymer detection system (Leica Biosystems, Newcastle, 

UK). The used chromogen was 3,3’-Diaminobenzidine (DAB) and the sections 

were counterstained with hematoxylin. 

4.5.1 Collagen XVIII immunohistochemistry (III) 

The antibody used for collagen XVIII immunohistochemistry was rabbit 

polyclonal antibody QH48. The quantity of blood vessels surrounded by collagen 

XVIII expressing basement membrane was evaluated on a 4-tiered scale from the 

captured images of the invasive front and of the tumor stroma (Väyrynen et al. 
2012, Väyrynen et al. 2013). 

4.5.2 Inflammatory cell immunohistochemistry (III, IV) 

Eight inflammatory cell markers (IV, Supplementary Table 1) were used in these 

studies: CD1a (immature DCs), CD3 (T cells), CD8 (cytotoxic T cells), CD68 

(macrophages), CD83 (mature DCs), FoxP3 (regulatory T cells), Mast cell 

tryptase (mast cells) and Neutrophil elastase (Neutrophils).  
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4.6 Immune cell counting (IV) 

After capturing the images from CT and IM, the immune cell densities were 

counted using a computer-assisted cell counting method described earlier 

(Väyrynen et al. 2012). The automatic cell counting method is inadequate in 

segregating the intraepithelial (IEL) cells from the stroma cells and thus the IEL 

immune cells (CD3, CD8) were counted manually from the captured images 

(Väyrynen et al. 2013). All the analyses were performed blinded to the patient 

outcome. 

4.7 Statistical analyses (I-IV) 

Statistical analyses were conducted using statistical analysis software PASW 

Statistics 18 (IBM, Chicago, IL, USA) (I, II), IBM SPSS Statistics 19 (IBM, 

Chicago, IL, USA) (III) or IBM SPSS Statistics 22.0 (IBM, Chicago, IL, USA) 

(IV). Normally distributed continuous variables were presented as mean (standard 

deviation, SD) and other continuous variables as median (interquartile range). 

Statistical significances between the different study categories and individual 

variables were analyzed by Mann-Whitney U test, which compares two classes 

and Kruskal-Wallis test, which compares three or more classes. Pearson 

correlation coefficients (r) were used to determine the univariate correlations after 

a logarithmic transformation was applied to variables with positive skewness. 

Fisher’s exact test was performed to study the associations between the two 

categories. Multiple linear regression analysis was conducted to study the 

independent associations between variables (I, III). Kaplan-Meier curves and Cox 

proportional hazards regression models were used to model the differences of 

disease-free survival (DFS), cancer-specific survival (CSS) and overall survival 

(OS) for patient groups stratified on studied variables (III, IV). In all statistical 

analyses, a two-tailed, exact p value of <0.05 was considered statistically 

significant. 

A logistic regression model was generated to determine the potential of serum 

cytokine profile in discriminating CRC patients from healthy controls (I). 

Cytokine concentrations were logarithmically transformed to improve goodness 

of fit and the five most predictive cytokines were selected for the model using a 

backward stepwise method. The goodness of fit of the model was tested with 

Hosmer-Lemenshow statistic. Receiver operating characteristics (ROC) analysis 

was used for evaluating the discriminatory capacity of the serum cytokine profile, 
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serum endostatin levels (III) and tumor-infiltrating immune cells (IV). Cytoscape, 

a program for visualizing complex networks, was used for creating a 2D model 

demonstrating the relationships between serum cytokine levels and densities of 

tumor-infiltrating immune cells (IV). 
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5 Results and discussion 

On the following pages, only the most significant results of the original 

publications I–IV are presented and discussed. The references to the original 

publications are denoted with the Roman numerals and the numbers referring to 

tables and figures correspond to the numbers in the original publications. 

5.1 Critical assessment on materials and methods 

The study material for the serum measurements was obtained from CRC patients 

and age- and sex- matched healthy blood donors and cataract surgery patients. 

The exclusion criteria for both patients and controls included other diagnosed 

malignant diseases. Due to strict regulations in blood donation, also individuals 

having acute infections, trauma or operation during the preceding four months, 

chronic diseases or organ transplantation were excluded from the control group. 

However, it is known that conditions such as infection, obesity, 

atherosclerosis and malignancies other than CRC have an effect on cytokine 

expression (Lin & Karin 2007, Lumeng & Saltiel 2011, Papadakis 2004, 

Zernecke & Weber 2010). In original publication I, the study has its limitations as 

it lacks comparison groups of individuals with inflammatory or infectious 

diseases and other conditions related to alterations in cytokine levels. The logistic 

regression model was also specifically adapted to our material. Therefore, 

additional studies with independent study populations and comparison groups are 

needed to confirm our results and approach. Furthermore, also in original 

publication III, the possible confounding factors should be considered in future 

studies. For example, endostatin is reported to be elevated in overweight and 

obese individuals (Silha et al. 2005) and also the age seem to have an effect on 

endostatin levels (Bruserud et al. 2005), which is discussed below. 

In addition, there is only limited experience of the method used for cytokine 

measurements, the multiplex array. This should be considered with caution when 

applying this method for clinical research. Good correlations have been reported 

comparing the method sensitivity to ELISA, but the comparisons between parallel 

technologies are rare (Zhou et al. 2010). Also the sample type should be taken 

into account: The accordance between ELISA and multiplex array is reported to 

be good when using tissue culture supernatant samples, but it is much less robust 

when using serum or plasma samples (Prabhakar et al. 2004). 
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5.2 Serum cytokine levels are altered in CRC patients compared to 

healthy individuals (I) 

In original publication I, we determined the levels of 27 cytokines from a series of 

CRC patients and healthy controls and finally 13 cytokines were included in 

analyses. To our knowledge, this study is the most extensive analysis of the serum 

cytokine alterations in CRC as the previous studies on serum inflammatory 

markers have been restricted to the levels of one or few cytokines at a time. In 

univariate analyses, the levels of IL-6, IL-7, IL-8 and PDGF-BB were 

significantly increased and the levels of MCP-1 decreased in CRC patients 

compared to controls (I, Table 2). Previous studies have reported the increases in 

serum IL-6 (Knupfer & Preiss 2010), IL-8 (Ueda et al. 1994) and PDGF (Belizon 

et al. 2009) levels in CRC patients, but the higher IL-7 levels and lower MCP-1 

levels in CRC are novel findings in this study. The roles of IL-6 and IL-8 in CRC 

have been described earlier; IL-6 promotes the proliferation and invasiveness of 

colon cancer cells and enhances angiogenesis (Knupfer & Preiss 2010) and also 

IL-8 is suggested to play a multifactorial role in CRC progression (Rubie et al. 
2007, Xia et al. 2015). PDGF-BB is known to promote angiogenesis (Hellberg et 
al. 2010). Increased serum IL-7 levels are reported earlier in prostate cancer 

(Mengus et al. 2011) and the tumor tissues including CRC express IL-7, but no 

consensus has been reached regarding the influence of these values on tumor 

progression (Zarogoulidis et al. 2014). However, IL-7 has been considered to 

have a role in the generation of T and B lymphocytes as it has been shown to, e.g. 

give trophic and proliferative signals to thymocytes during thymopoiesis in 

thymus. IL-7 is not necessarily required for primary B cell development and it 

seems that it is demanded for B cell development postnatally (Mackall et al. 2011, 

Zarogoulidis et al. 2014). MCP-1 is a monocyte chemoattractant protein, which is 

suggested to be related to an increased accumulation of TAMs, as well as to 

advancing tumor stage (Bailey et al. 2007). In this study, we found that the serum 

MCP-1 concentrations increased by advancing stage (I, Table 4, not significant) 

and the CRC patients with distant metastases had significantly higher levels of 

MCP-1 (I, Supplementary Table 8), but interestingly, we observed the decreased 

levels of MCP-1 in CRC patients compared to controls.  

One of our study perspectives was defining the alterations in the levels of 

major Th1 (IL-12, IFN-γ) and Th2 (IL-4) cytokines, as it has been suggested that 

a shift towards Th2 response occurred during CRC development (Cui & 

Florholmen 2008). Our results showed a tendency towards increased levels of 
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both Th1- and Th2- type cytokines in CRC patients (I, Table 2), i.e. we could not 

clearly demonstrate the polarization of the systemic cytokine levels towards Th2. 

Nevertheless, a metastasized disease was linked to an orientation towards Th2 

cytokine milieu, as we found an increase in IL-4 levels in the absence of evident 

alterations in IL-12 and IFN-γ levels (I, Supplementary Table 8). These results 

suggest that the shift of Th1/Th2 balance towards Th2 is rather related to the 

progression of cancer than being typical for CRC. 

All in all, our results suggested increased cytokine levels in CRC. As the 

cytokine network is complex and generally several cytokines need to cooperate to 

attain the optimal effect (Commins et al. 2010), it seems more relevant to study 

the serum cytokine levels as a group. This allows the observation of relative 

changes in cytokine levels and, by implication, the shift in the balance of immune 

system appearing in CRC patients. In addition, as discussed earlier, cytokines are 

involved in many other conditions and consequently, it is unlikely that a single 

cytokine could suit as a diagnostic marker for CRC. 

5.3 The serum cytokine profile shows potential in separating CRC 

patients from healthy controls (I) 

The measurements covering the levels of several cytokines enabled the 

establishment of a logistic regression model to evaluate the potential of serum 

cytokine profile in discriminating CRC patients from healthy individuals. The 

model was restricted to the five most predictive cytokines chosen by backward 

stepwise method; high IL-8, high IL-6, low MCP-1, low IL-1ra and low IP-10 (I, 

Table 5). The ROC analysis for the model (I, Fig. 1) reached an area under the 

curve of 0.890, which indicates an excellent accuracy in separating CRC patients 

from healthy controls. This supports the potential value of analyzing the levels of 

these five cytokines as a tool in CRC diagnosis or screening. However, the 

clinical value needs to be proved due to the limitations of the study, as discussed 

above. 

5.4 Tumor stage and differentiation influence serum cytokine 

levels in CRC (I) 

The serum cytokine levels were compared to TNM stage and WHO grade of the 

tumor. We observed that advanced CRCs were associated with significantly 

higher levels of IL-1ra and IL-8 and also several other cytokines showed a 
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tendency towards higher concentrations in high-stage disease (I, Table 4). The 

levels of IL-1ra, IL-6 and IL-8 were significantly higher in patients with poorly 

differentiated tumors than in patients with well- or moderately-differentiated 

tumors (I, Table 3). The association of IL-1ra, IL-6 and IL-8 with the advanced 

stage and the correspondence of IL-6 with poor differentiation have also been 

described earlier in CRC (Kaminska et al. 2005). After the publication of our 

study, also others have reported the correlation of IL-6 and IL-8 in serum with the 

advancing stage (Kim et al. 2014, Xia et al. 2015). Since the poor differentiation 

is associated with the advanced stage (Derwinger et al. 2010) and these three 

cytokines also correspond to a more advanced stage and poor differentiation, the 

result could be confounded. The limited number of poorly differentiated CRC 

cases restricted the analysis of independent association of serum IL-1ra, IL-6 and 

IL-8 levels with stage and differentiation. The results of this study indicate the 

association of tumor stage on the levels of these cytokines, but the possibility of 

clinical use is yet to be confirmed. 

5.5 Elevated mGPS in CRC patients is associated with alterations 

in serum cytokine levels and several tumor-related and clinical 

parameters (I, II) 

The original publication II is a response to the comment of Dr. Guthrie and 

Professor McMillan (Guthrie & McMillan 2013) on the original article I. They 

pointed out our results in original publication I concerning the association of 

widespread alterations in serum cytokine levels with the presence of a systemic 

inflammatory response, which we did not discuss in detail. The higher serum 

levels of IL-1ra, IL-6, IL-7, IL-8, IL-9, IL-12, IFN-γ, IP-10, MCP-1, MIP-1B and 

PDGF-BB were significantly associated with elevated mGPS (I, Supplementary 

Table 9). On the grounds of these results, they highlighted that the tumor-based 

factors may have less effect on serum cytokine levels than the activation of the 

systemic inflammatory response. This is also consistent with the earlier 

observation that the curative surgery does not necessarily resolve the systemic 

inflammatory response (McMillan et al. 2003) i.e. factors other than the primary 

tumor are also involved in activation of the systemic inflammatory response. 

Based on the comments of Guthrie and McMillan, the connection of mGPS to 

tumor-related and clinical parameters such as T-, N- and M- stages, WHO- grade, 

tumor location, age, gender and BMI was investigated. The elevated mGPS was 

significantly associated with advanced T- stage, nodal involvement, presence of 



59 

metastases, poor differentiation and tumor location (II, Table 1), but not with age, 

gender or BMI. Since the elevated mGPS is linked to the parameters of aggressive 

tumor behavior and advanced stage, this study is in line with the established 

prognostic value of the systemic inflammatory response, as measured by the 

mGPS (Roxburgh & McMillan 2010). 

5.6 Serum endostatin levels are elevated in CRC patients (III) 

Angiogenesis regulatory proteins represent a potential group of diagnostic and 

prognostic biomarkers and targets for CRC therapy, as they are modifying the 

tumor growth and invasion (Seppinen & Pihlajaniemi 2011, Sund & Kalluri 

2009). In original article III, the preoperative serum endostatin levels were 

analyzed from 113 CRC patients and 84 healthy controls and a ROC analysis was 

applied to evaluate the potential of endostatin in discriminating CRC patients 

from controls. We found that the serum endostatin levels were significantly 

elevated in CRC patients compared with healthy controls (III, Fig. 1A, Table 2). 

Similar findings have been previously reported in CRC, as well as in other 

gastrointestinal cancers, i.e. gastric cancer and hepatocellular cancer (Feldman et 
al. 2001a, Li et al. 2012, Wang et al. 2015). However, according to our results, 

endostatin levels are unlikely to have a clinical value in CRC diagnosis or follow-

up, because the ROC analysis yielded a relative low AUC (0.618, data not shown) 

in discriminating the patients from the controls. It is also noteworthy that the 

endostatin levels were significantly higher in elderly compared with younger 

individuals (III, Table 3) and old age was as an important predictor of serum 

endostatin levels in the absence of CRC (III, Table 7). The association of age on 

the levels of circulating endostatin has been described earlier (Bruserud et al. 
2005), but the mechanism underlying the age-associated increase of endostatin 

levels remains unknown. One possible explanation could be the increase of 

cardiovascular diseases among the elderly and the elevated endostatin levels in 

these conditions (Carlsson et al. 2013, Mitsuma et al. 2007). 

5.7 Deeper tumor invasion and worse differentiation is associated 

with higher serum endostatin levels (III) 

High circulating endostatin levels have been found to be associated with 

advanced stage and worse prognosis in a variety of malignancies including CRC 

(Feldman et al. 2001a, Li et al. 2012), bladder cancer (Szarvas et al. 2012), 
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gastric cancer (Li et al. 2012, Wang et al. 2015), non-Hodgkin lymphoma (Bono 

et al. 2003) and soft tissue sarcoma (Feldman et al. 2001b). In study III, the 

serum endostatin levels were analyzed in relation to major clinicopathological 

parameters. The results are consistent with the previous reports, as the TNM stage 

I patients had significantly lower concentrations of serum endostatin compared 

with more advanced stages (III, Table 3). Deeper local invasion (T) was 

associated with a trend towards increased endostatin concentrations (III, Table 3). 

Invasion through the bowel wall (muscularis propria) (T1–2 vs T3–4) was 

associated with significantly higher endostatin levels (III, Fig. 1B, Table 3) and 

the regression analysis pointed out the invasion through the bowel wall as an 

important predictor of serum endostatin levels (III, Table 7). These results 

indicate that the higher serum endostatin levels are related to the depth of 

invasion and progression of CRC. Summaries of the observed alterations in serum 

cytokine and endostatin levels are presented in Tables 8 and 9.  

Several proteinases, such as MMPs -3, -7, -9, -13, -14 and -20, are known to 

cleave endostatin from collagen XVIII (Seppinen & Pihlajaniemi 2011). Both 

tumor cells and the local tumor-associated inflammatory cells are able to produce 

many of these enzymes (Kessenbrock et al. 2010). Consistent with a previous 

report from Li and co-workers we observed a positive association between the 

high serum endostatin levels and poor differentiation in CRC (III, Table 7) (Li et 
al. 2012). The expression of MMPs -7, -9, -13 and -14 has also been linked to the 

poor differentiation of colorectal tumors (Bi et al. 2013, Yang et al. 2012, Yang et 
al. 2013, Zhang et al. 2012), indicating the possible contribution of these enzymes 

to elevated endostatin levels in the poorly differentiated tumors. In our study, the 

correlations between the serum endostatin and the tumor-associated inflammatory 

cells were generally weak (III, Table 4), but yet it is not excluded that the 

subpopulations of inflammatory cells could represent a source of these proteolytic 

enzymes.  
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Table 8. Summary of differences in serum cytokine and endostatin levels in CRC 

patients compared to controls.  

Analyte Alteration in concentration 

IL-6 ↑ 

IL-7 ↑ 

IL-8 ↑ 

PDGF-BB ↑ 

MCP-1 ↓ 

Endostatin ↑ 

Table 9. Summary of alterations in serum cytokine and endostatin levels associated 

with pathological parameters. 

Parameter Alterations 

Advancing TNM Stage IL-1ra ↑, IL-8 ↑, endostatin ↑ 

Deeper local invasion (T) IL-6 ↑,  IL-8 ↑, MCP-1 ↑, endostatin ↑ 

Presence of distant metastases (M) IL-1ra ↑, IL-4 ↑, IL-6 ↑, IL-7 ↑, IL-8 ↑, MCP-1 ↑, 

PDGF-BB ↑ 

Worse differentiation (WHO Grade) IL-1ra ↑,  IL-6 ↑,  IL-8 ↑, endostatin ↑ 

Systemic inflammatory response (mGPS) IL-1ra ↑, IL-6 ↑, IL-7 ↑, IL-8 ↑, IL-9 ↑, IL-12 ↑,  

IFN-γ ↑, IP-10 ↑, MCP-1 ↑, MIP-1β↑, PDGF-BB ↑ 

5.8 The source of endostatin, collagen XVIII, is expressed in tumor 

stroma and muscle layer of the bowel wall (III) 

We next studied the expression patterns of collagen XVIII, the precursor molecule 

of endostatin, by immunohistochemical method.  In the tumor area, collagen 

XVIII expression was localized in the tumor stroma, mainly in endothelial cells of 

blood vessels and capillaries, whereas CRC cells did not express collagen XVIII 

(III, Fig. 1C). In some CRC cases, collagen XVIII was also expressed in the 

basement membrane (BM) structures surrounding invasive tumor cell islets (III, 

Fig. 1C) and in myofibroblasts in desmoplastic areas of tumor stroma (III, 

Fig. 1D). In the bowel wall, the most intense collagen XVIII staining was 

detected in the muscle layer (III, Fig. 1E) around muscle cells, localization 

corresponding to the basal laminae structures (III, Fig. 1F).   

As our results showed the expression of the endostatin precursor, collagen 

XVIII, in the muscle layer of the bowel wall and that the invasion through the 

bowel wall is associated with elevated serum endostatin levels, it is plausible to 

speculate that the increased concentrations of serum endostatin could result from 
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the degradation of collagen XVIII followed by endostatin release, when the 

cancer cells invade through the muscle layer of the bowel wall. 

5.9 Local immune cell infiltration has a negative correlation with 

serum endostatin levels (III) 

The linkage between tumor-associated inflammatory reactions and tumor 

angiogenesis is well-known (Mantovani et al. 2008). The angiogenesis inhibitor 

endostatin has been shown to modulate the tumor infiltration of inflammatory 

cells and the inflammatory reactions associated with cancer (Brideau et al. 2007). 

We evaluated the contribution of the circulating endostatin concentrations in CRC 

patients to local inflammatory cell densities in CRC tissue. Interestingly, a 

negative correlation was observed between the serum endostatin levels and 

densities of CD83+ mature DCs in invasive front, as well as mast cells and CD1a+ 

immature DCs in tumor stroma (III, Table 4). Also the multivariate analysis 

showed that the stromal immature DC count is negatively associated with the 

serum endostatin (III, Table 7).  

A previous report suggests that CD1a+ immature DCs and mast cells would 

be less relevant cell types in tumor-associated immune responses, as these cells 

clustered furthest from the other inflammatory cell types in hierarchical clustering 

and do not associate with the tumor stage (Väyrynen et al. 2013). Yet, the 

immature DCs and mast cells have been reported to promote angiogenesis 

(Fainaru et al. 2010, Maltby et al. 2009). Due to the limited experimental data in 

our study, it is not possible to draw any explicit conclusions, but possible 

explanations could be speculated. A decrease in microvessel density or perimeter 

caused by endostatin is one possible explanation for the reduced inflammatory 

cell infiltrate in tumors (Vlems et al. 2004), but since our results did not show any 

correlation between the endostatin levels and the other inflammatory cell types, it 

is possible that endostatin could have a specific effect on mast cells and DCs. 

Indeed, the effect of endostatin on mast cells has been reported earlier in the study 

of Brideau and co-workers, where they demonstrated that elevated endostatin 

levels reduced the number of mast cells and also inhibited mast cell migration and 

adhesion in murine model (Brideau et al. 2007). Hence, the negative correlations 

between the endostatin levels and the number of tumor-infiltrating DCs and mast 

cells could be explained by the angiogenesis inhibition by endostatin, leading to 

decreased number of these angiogenesis-related cell types. Alternatively, 

endostatin could have a direct inhibitory effect on mast cells and DCs. 
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5.10 Elevated serum endostatin levels correlate with systemic 

inflammation markers (III) 

The presence of a systemic inflammatory response in patients with cancer is 

established as a predictor of a poor outcome (McMillan 2013). The association 

between circulating endostatin levels and systemic inflammation has not been 

widely studied in cancer patients and thus we analyzed the serum endostatin 

levels in CRC patients in relation to common measures of the systemic 

inflammatory response; CRP, NLR, blood leukocyte counts and mGPS (Roxburgh 

& McMillan 2010). A positive correlation was found between the serum 

endostatin levels and CRP concentration, NLR, total leukocyte count and 

neutrophil count (III, Table 5) and the endostatin concentrations were elevated in 

patients with a moderate or high mGPS score in comparison to those with low 

mGPS (III, Table 6). The blood NLR was positively associated with the serum 

endostatin also in multivariate analysis (III, Table 7). 

These results show the correlation between endostatin levels and systemic 

inflammatory response, but the mechanisms of this linkage remain unknown. 

Systemic inflammatory response is associated with advanced stages of CRC (II). 

When tumor progresses, the tumor tissue degrades and replaces the normal bowel 

structure. Thus, the associations between endostatin, systemic inflammation and 

invasion through muscularis propria may be confounded. Endostatin may be 

released in to circulation from bowel wall, but alternatively, endostatin may be 

cleaved from nontumoral tissue when systemic inflammatory response is 

activated. Collagen XVIII is widely expressed in vascular and epithelial basement 

membranes, especially in liver in sinusoidal spaces and basement membrane 

zones (Musso et al. 1998, Saarela et al. 1998), from where endostatin could be 

released by soluble proteinases such as neutrophil elastase that is known to be 

increased in the serum of CRC patients (Ho et al. 2014). 

5.11 Relation between tumor-infiltrating immune cells and serum 

cytokine levels (IV) 

Increased tumoral inflammatory cell infiltration is associated with improved 

survival in CRC (Roxburgh & McMillan 2012) and thus the characterization of 

tumor-associated immune reactions is of importance in understanding cancer 

progression. Original publication IV focused on enlightening the 

interrelationships and the clinical value of tumor-infiltrating immune cells and 
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serum cytokines in CRC. We analyzed the levels of 13 cytokines and densities 

and distribution of eight tumor associated inflammatory cell types in CRC 

patients were studied. Significant correlations between the densities of different 

types of immune cells (IV, Supplementary Table 2) and between the different 

cytokines (IV, Supplementary Table 3) were evident, but the correlations between 

immune cells and cytokines were generally indistinct (IV, Supplementary 

Table 4). Consistently, in the graphical illustration, the immune cells clustered on 

the right and the cytokines formed a cluster on the left (IV, Fig. 2), indicating that 

the serum cytokines and the tumor-infiltrating immune cells represent relatively 

weak inter-entity correlations. These results suggest that the densities of tumor-

infiltrating inflammatory cells do not substantially contribute to the changes in 

serum cytokine milieu in CRC. In study I, the patients with distant metastases had 

elevated serum levels of IL-1Ra, IL-4, IL-6, IL-7, IL-8, MCP-1 (CCL2) and 

PDGF-BB (I, Supplementary Table 8), suggesting that the advancing tumor stage 

is associated with the serum levels of these cytokines. Furthermore, the density of 

the inflammatory cell infiltrate in CRC has been reported to decrease along with 

the advancing stage of the tumor (Väyrynen et al. 2013). 

Four significant correlations between serum cytokines and inflammatory cells 

were noted. High serum levels of IL-12 correlated with increased counts of 

peritumoral CD8+ cytotoxic T cells, intraepithelial CD3+ T cells and intratumoral 

neutrophils, while the elevated serum levels of MIP-1β (CCL4) were associated 

with high densities of peritumoral CD68+ macrophages (IV, Supplementary 

Table 4, Fig. 2). In addition, several significant negative correlations were found 

between the tumor-infiltrating immune cells and the serum cytokine levels (IV, 

Supplementary Table 4). IL-12 induces Th1 anti-tumor immune responses (Zhu & 

Paul 2010) and the association of elevated serum IL-12 levels with the increased 

densities of tumor-infiltrating CD8+ and CD3+ T cells, suggest that IL-12 

concentrations may contribute to or reflect the Th1 immune response against 

tumor. However, the correlations were relatively weak and did not allow 

interpretation whether IL-12 could have a prognostic value in CRC. 

CCL4 is a chemoattractant for e.g. macrophages and T cells (Maurer & von 

Stebut 2004). In addition to the correlation of high CCL4 levels with the 

increased density of CD68+ TAMs, we demonstrated the association of elevated 

serum levels of CCL4 with improved disease free survival (IV, Table 3) and also 

the multivariate survival models proved that the high serum CCL4 levels are 

associated with the improved DFS independent of clinical and pathological 
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parameters (IV, Table 4). These results suggest the potential of serum CCL4 as a 

relevant marker of favorable disease outcome. 

The Immunoscore include the computer-assisted determination of e.g. CD3+ 

and CD8+ T cell populations both in the CT and the IM of tumors (Galon et al. 
2014). Increasing evidence demonstrates the stage-independent prognostic 

significance of these T cell populations (Roxburgh & McMillan 2012), and also 

our results support the value of these biomarkers. We found associations of 

several types of immune cells with improved DFS, CSS or OS in univariate 

analyses. In particular, CD3+, CD8+ and FoxP3+ T cells, CD68+ macrophages in 

the IM as well as CD83+ DCs in the CT were associated with the improved 

disease outcome (IV, Table 2). In addition, the multivariate survival models 

indicated the independent association of the high density of intraepithelial CD3+ T 

cells with improved DFS as well as the association of higher density of 

intratumoral CD83+ cells and elevated serum levels of IFN-γ with the improved 

CSS and OS. Also high density of peritumoral CD3+ T cells associated with 

improved CSS (IV, Table 4). These results suggest that in addition to CCL4, CD3+ 

T cells, CD83+ DCs and serum IFN-γ represent relevant markers of disease 

outcome. 

5.12 Importance of this study in understanding the cancer biology 

It is necessary to study the mechanisms underlying the processes leading to 

malignant disease to understand the cancer development and progression, and 

also to develop new clinical approaches. These processes include, e.g. cell 

growth, cellular transformation, tumor invasion and the metastasis of cancer cells. 

The significance of immune cells and inflammatory mediators, such as cytokines, 

in the tumor microenvironment and cancer-related inflammation in general has 

emerged as one of the current research interest areas. The levels of several 

cytokines have been studied in several malignancies, including CRC. Our results 

on serum cytokine levels have provided further information on the role of 

inflammatory response associated with CRC. The study also highlights that the 

cancer-related inflammatory responses are highly intricate and thus, their analysis 

would benefit from systems biology methods. 

The findings of this study could be generalized to other cancer types, 

particularly to the carcinomas of the gastrointestinal and respiratory tract, where 

the environmental factors (e.g. microbiological and nutritional factors) may 

directly modify conditions and local immune responses at the tumor site. 
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Therefore, the approaches of this study could be extended to investigate the 

similarities and differences of host immune responses in other solid tumors.  
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6 Conclusions  

The present study on the inflammatory and invasion-related responses in CRC 

provides new information on CRC progression and potential biomarkers. The 

following conclusions were based on the results of this study: 

1. Extensive alterations in the serum cytokine environment occur in CRC. This 

work highlights the importance of studying relative alterations in cytokine 

levels instead of examining one or few cytokines at a time. The serum 

cytokine profile attains an excellent accuracy in discriminating CRC patients 

from healthy controls. This finding shows the potential of cytokine assays as 

a screening or diagnostic tool, but the clinical value needs to be confirmed.  

2. Advanced CRCs are associated with higher serum levels of IL-1ra, IL-6 and 

IL-8.  

3. Activation of systemic inflammatory response is associated with major serum 

cytokine alterations, as well as with poor differentiation and the advancing T 

stage of CRC, nodal involvement, presence of metastases and tumor location. 

Thus, the activation of systemic inflammatory response in patients with CRC, 

and not cytokines released locally from the tumor and adjacent tissues, may 

be more important determinant of serum cytokine levels. 

4. Serum endostatin levels are elevated in CRC and correlate with invasion 

through the bowel wall.  

5. Collagen XVIII is expressed in the muscle layer of bowel wall. Accordingly, 

increased endostatin levels in deeply invading CRC may result from 

invasion-related cleavage of endostatin from collagen XVIII in the muscle 

layer. 

6. Serum endostatin levels of CRC patients correlate with markers of systemic 

inflammation. The negative correlation between serum endostatin levels and 

the numbers of intratumoral mast cells and DCs reflects angiogenesis 

inhibition by endostatin. 

7. Serum cytokines and tumor-infiltrating immune cells represent relatively 

weak associations, suggesting that tumor-infiltrating immune cells are not the 

only factors that have an influence on the serum cytokine environment. 

Tumor-infiltrating CD3+ T cells, CD83+ dendritic cells and serum CCL4 and 

IFN-γ represent relevant markers of disease outcome. 
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