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ABSTRACT

Background: About 50% of patients with primary colorectal cancer (CRC) will develop
liver metastases (CLM). Currently, carcinoembryonic antigen (CEA) is the most common
tumour marker for CRC and CLM. However, the sensitivity and specificity of this marker
is not optimal, as almost 50% of patients have tumours that do not produce CEA.
Therefore there is a need for better markers for CRC and CLM.

Methods: The circulating levels of type IV collagen were measured in patients with
CLM, primary CRC and in healthy controls. The expression pattern of type IV collagen
was studied by immunofluorescence in CLM and normal liver tissue. The metastatic
volume of CLM in the liver was estimated from CT.

Results: In CLM tissuetype IV collagen is highly expressed in the areas of desmoplasia.
Patients with primary CRC (Dukes” A-C) did not show any increase in circulating type
IV collagen compared to healthy controls. However, patients with CLM have
significantly elevated levels of circulating type IV collagen when compared to patients
with primary CRC and healthy controls. The levels of type IV collagen decreased during
chemotherapy and increased at the time of disease progression. The circulating levels of
type IV collagen seem to reflect the tumour burden in the liver.

Conclusions: Type IV collagen has the potential to be used as tumour associated
biomarker for CLM. These results indicate the importance of interaction between cancer

cells and the stroma in the tumour microenvironment.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the world, with an estimated
1 million patients diagnosed yearlyAbout half of these patients already suffer from or

will develop colorectal liver metastases (CLM) from their primary tumour. Today the
only chance of lasting cure for patients with CLM is to perform radical surgical excision
of the metastases. The 5-year survival for liver-resected patients varies betweerf 35-50%
and is mainly dependent on patient selection. Chemotherapy can slow tumour progression
and prolong life expectancy with a few months. Untreated the survival is only 6-9 months
3.

Carcinoembryonic antigen (CEA) is a biomarker used for the diagnosis and
follow-up of patients with CRC as well as CLM. However, CEA is not specific for CRC
and is elevated in several other conditions such as benign liver disease, inflammatory
bowel disease, pancreatitis, other cancers and in smbRebkdoertelet al. reported that
CEA had a sensitivity of 59% in CRC recurreficd meta-analysis presented by Ten
al. reported that the sensitivity for detecting CRC recurrence using CEA was'.64%
Other biomarkers that have been studied as potential tumour markers are &rdb#ase
19-9, CA 242, CA72-4 and TPS% However, the sensitivity and the specificity of these
biological markers have not been optimal and their clinical usefulness is limited. Despite
the fact that the sensitivity and specificity is not optimal, CEA is the most commonly
used tumour marker for CRC and CLM, and is today mainly used as a surveillance tool
after surgery for CRC to detect recurrefiteAs indicated by previous studies there is a

need for better, more sensitive tumour markers for CLM.



A CLM is usually accompanied by areas of desmoplasia, and it is known that a
pronounced desmoplastic reaction in primary CRC is an independent marker for poor
prognosis-*. However, less is known about the importance of desmoplasia in CLM. The
desmoplastic areas contain multiple extracellular matrix (ECM) components, such as
fibrillar collagens (e.g. type | collagen), but also non-fibrillar collagens (e.g. type IV
collagen)'®. The desmoplastic areas together with the non-malignant cells of a cancer are
termed the tumour stroma. In the past decade it has become increasingly clear that the
stroma is important in tumour progression and can influence the behaviour of cancer cells
'8 Therefore, the interaction of cancer cells with the surrounding stroma has become an
important aspect of cancer biology, as well as a potential new target of therapy and
source of biomarkers.

Type IV collagen is the most abundant protein in basement membranes (BM) of
all tissues of the human body. A type IV collagen molecule consists of different
combinations of sixa-chains @1(1V)- a6(lV)), which form triple helical molecules
termed protomeres. In the BMs these type IV collagen protomeres form a sheet-like

structure, which gives structural stability to the BMDifferent combinations of.(1V)-

chains gives rise to specialized functions of the BMs in various tissues. Besides its role
as a structural protein in all BMs, type IV collagen also influences cell adhesion,
migration and differentiation of epithelial ceff It has also been shown that fragments
of type IV collagen, named arresten, tumstatin, canstatin and hexastatin, can act as
endogenous inhibitors of angiogene&di&

An earlier study has shown that circulating type IV collagen levels are elevated in

patients with CLM, but not in primary CRC alone and that the levels of type IV collagen



were related to the hepatic metastatic volifthélere the expression pattern of different
o(lIV)-chains in normal liver, and CLM tissues is studied. We have also measured the

circulating levels of type IV collagen before and during chemotherapy, and compared this

to the corresponding CEA levels.

MATERIALS AND METHODS

PATIENTS AND SAMPLE COLLECTION

Patients with CRC (n=32) and patients with CLM (n=15) were included in this study.
Samples from control patients were obtained (n=8) from patients undergoing elective
surgery for benign diseases. Patient characteristics are shdahlenl Plasma samples

from patients with CRC were collected prior to colorectal surgery and only included
patients with Dukes™ A-C. The staging of these patients were done by ultrasound, CT
(Computed Tomography), MRI (Magnetic Resonance Imaging) and intraoperative
palpation. 2 patients from this CRC group were excluded because of spread disease
discovered during surgery of the primary tumour. Plasma samples from patients with
CRC LM were collected before chemotherapy (“Pre”), during chemotherapy (2-4 months
into treatment) (“Post”) and at the time when disease progression was diagnosed
(“Progress”). These 15 patients were not eligible for liver resection and were treated
within a study by regional intraportal or intraarterial 5-Fluorouracil and intravenous
Leucovorin ?. Only patients with multiple samples available during treatment were
included. Two of the 15 patients were missing the progress-sample and for one patient

both the post- and the progress-samples were missing. Metastatic volume in the liver was



estimated based on findings on CT-scans. Patients were divided based on metastatic
burden in three groups; <25%, 25-50% and >50% of the liver parenchyma affected. The
time point of progression was set by two independent clinicians. Criterias for progression
of the disease were radiological finding of tumour progression, findings of extrahepatic
spread of the disease/ distant metastasis and clinical findings supporting tumour
progression. All samples were frozen and stored in -80°C. Normal liver tissue and CLM
tissue were obtained during surgery of patients with resectable CLM (n=10). Harvested
tissues of CLM included the tumour periphery with the contiguous normal liver
parenchyma. The tissue samples were snap frozen in liquid nitrogen and stored at -80°C
until analysis. This study was approved by the ethical committee of Umea University.

Informed consent was obtained from all patients.

ELISA ASSAY

Circulating levels of type IV collagen were measured using the serum Collagen IV EIA
kit (Argutus Medical, Dublin, Ireland). The samples were analysed in duplicates
according to the manufacturers’ protocol. This kit is based on a sandwich-ELISA using
two monoclonal antibodies (clones 4H12 and ID3) directed against the 7S and

collagenous domain of type IV collag&h

CEA ANALYSIS
Serum levels of CEA were analysed consecutively at an accredited laboratory. During

1998 - 2002 CEA was analysed by the AXSYM CEA method (Abbott) and during 2002-



2004 by the Immulite 2000 method (Siemens, formerly DPC). The methods agreed well

at transition from AxSYM to Immulite 2000.

IMMUNOHISTOCHEMISTRY
Hematoxylinand eosin (H&E) staining was performed according standard protocols on
frozen sections. Immunohistochemical staining was performedunnffzen sections

using methods earlier describ&dwith the primary antibodies and dilutions as follows;

mouse-anta1(IV)NC1 (Wieslab, Malmo, Sweden, MAB1 1:75), mouse-anti-
a2(IV)7S (Chemicon, Billerica, MA, USA, MAB 1910, 1:400), mouse-at8({V) NCI

(Wieslab, MAB3 1:75), mouse-anta5(IV)NCI (Wieslab, MAB5 1:75)*® and sheep-

anti-CD31 (R&D systems, Abingdon, UK). Secondary antibodies used were; donkey-
anti-mouse TRITC (Jackson ImmunoResearch lab Inc., Newmarket, UK, 1:100) and
donkey-anti-sheep FITC (Jackson ImmunoResearch lab Inc., 1:100). The tissue sections
were mounted with a medium containing DAPI (Vectashield, Vector laboratories Inc.).

Negative control staining was performed on the tissue with secondary antibodies only.

STATISTICS

For the statistical analysis comparing groups with different individuals we used the
Kruskal-Wallis test. To compare related samples within a group we used the Wilcoxon
signed rank test. Values in text and figures are presents as meant SD. SPSS version 17

was used for statistical analysis.



RESULTS

Strong expression of type IV collagen in CLM
In normal liver theal- and a2-chain of type IV collagen is expressed in vascular

basement membranes (VBM) and in the space of Disse/ perisinusoidal $pgoes 1).

In the CLM disorganized tissue architecture was seen, together with an intense expression

of the al- anda2- chains of type IV collagen in the tumour stroma, especially in areas

with abundant desmoplasigigure 1). Only weak expression of the3- anda5- chains

of type IV collagen were observed in both normal liver tissue as well as in CLM (data not

shown).

Increased levels of circulating type IV collagen in patients with CLM

Circulating levels of type IV collagen were measured using ELISA analysis in controls,
CRC patients and in patients with CLM before and during chemotherapy. The levels prior
to chemotherapy were significantly higher (n=15, 384+244 ng/mL, p<0.001) than the
levels of the control patients (106+35 ng/mL) and patients with CRC (Dukes A-C)
(118+37 ng/mL)Figure 2A). The circulating levels of type IV collagen decreased during
chemotherapy (n=14, 296169 ng/mL), although not significantly. At the time of verified
progress, the type IV collagen levels increased (n=12, 498+241 ng/mL, p<0.01 and 0.01
respectively)figure 2A) when compared to the “Pre” and “Post” sample. No statistically
significant difference of circulating type IV collagen levels could be observed between
the different stages of patients with primary CRC (Dukes” AiGire 2 B). There was

also no statistically significant difference between the levels of type IV collagen found in

healthy controls when compared to patients with primary CRC (Dukes” A-C). A



summary over the circulating type IV collagen levels and the statistical analysis when
comparing the various groups is showTable 2

Two patients were excluded from the primary CRC group. One patient had a
previously unknown CLM at the time when the sample was collected. The second patient
had a large primary tumour of CRC growing into the small intestine. These findings were
discovered during the surgery of the CRC. Both patients were therefore re-classified as
Dukes D. It is of interest that these patients displayed high levels of circulating type IV

collagen (557 ng/mL and 435 ng/mL, respectively).

Correlation of metastatic volume in the liver and circulating type IV collagen levels
Patients with a CLM burden of <25% of the liver parenchyma displayed a lower level of
type IV collagen (n=2, 138 ng/mL). The patients with a CLM burden of 25-50% had
intermediate levels of type IV collagen (n=10, 3185 ng/ml), and the patients with a
CLM burden of >50% displayed the highest levels of type IV collagen (n=3;10383
ng/ml). The groups were all significantly different from one another, when using the
Kruskal-Wallis test (p<0,01). There seems to be a correlation between the metastatic
burden in the liver of CLM and the circulating levels of type IV collagen. However, this
should be verified in a larger patient cohort. The levels of type IV collagen for all
individuals are presented Figure 3. The mean time to disease progression was 10.2
months for patients with a CLM burden of <25% of the liver parenchyma, 9.9 months for
patients with a CLM burden of 25-50% and 7.8 months for patients with a CLM burden

of >50%.



Comparison of circulating levels of type IV collagen and CEA in patients with CLM

For comparison between CEA and type IV collagen only patients with complete series of
pre-, post- and progress- samples were included (n=12). 10 out of 11 patients with CEA
values available at the time of diagnosis of the CLM had an increased CEA (with 4.8
ng/ml used as a cut-off value). 3 values were missing, 1 “pre” and 2 “post”. An increase
in CEA concentration between the “post” and the “progress” sample by 50% was
considered to indicate progressive disease. Six of 10 patients (60%) had a 50% rise of the
CEA value. All 12 patients with CLM had elevated values of type IV collagen before
treatment and their values decreased during treatfRgnire 4). An increase in type IV
collagen concentration between the “post” and the “progress” sample by 50% was
similarly to CEA considered to indicate disease progression. 9 out of 12 patients (75%)
had a rise of 50% of the type IV collagen level. Unfortunately, our material is too small to

allow for statistical comparison of CEA and type IV collagen in detecting CLM.

DISCUSSION

Type IV collagen is normally expressed in the vascular basement membranes and in the
space of Disse/ perisinusoidal space in the normaldivén normal liver tissue type IV
collagen is mainly produced by the hepatic stellate cells. The stellate cells are principally
located in the space of Disse, and can under pathologic conditions transdiffrentiate into
hepatic myofibroblasts, which produce many ECM components such as collagens (type I,
[, 1V, V and VI), non-collagenous glycoproteins (laminin, fibronectin, elastin) and
proteoglycans as well as matrix-degrading enzymes. This increase in ECM production is

of special importance in fibrotic liver disease.
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We have shown that type IV collagen expression is highly up-regulated in the

desmoplastic areas of the CLM. In the desmoplastic area, the type IV collagen network
mainly consists of thelala2 protomer, with only low expression of th@- anda5-

chains. The type IV collagen in CLM is highly expressed in the areas of dense
desmoplasia surrounding the tumour cells in the stroma, but not as much in the vicinity of
the cancer cells themselves. This differs from the expression pattern observed in pancreas
cancer, where basically no type IV collagen is found in the dense desmoplastic area, but
there is a strong expression in the stroma close to the pancreatic cancér cells

Interestingly, the levels of circulating type IV collagen in patients with primary
CRC (Dukes” A-C) were close to normal and comparable to levels found in control
patients. Ambiru et al reported similar findings in CRC where circulating type IV
collagen was close to nornfdl Additionally, the Dukes” stage did not correlate with any
rise in type IV collagen levels. The Dukes” Staging System is used to stage CRC and
consists of four different stages (A-D). While Dukes” A and B tumours are limited to the
colon or rectal wall, Dukes” C tumours have spread to the local lymph nodes. In Dukes’
D tumours distant metastases or a local spread to adjacent organs is found. Two patients
were excluded from our primary CRC group because of unknown disseminated tumour
disease. Interestingly, both these patients had high levels of circulating type IV collagen.
Although our control patients where somewhat younger than the patients with CLM, it
has previously been shown that no significant differences in circulating type IV collagen
can be seen when comparing individuals in these age gtbupsr findings support that
the circulating levels of type IV collagen seem to reflect the tumour burden in the liver of

CLM.

11



CEA is today the most established tumour marker used for CRC and CLM, with
its clinical applications mainly in diagnosis and follow-up. As earlier mentioned, CEA is
not optimal in sensitivity and specificity, but nevertheless the best tumour marker known
for CRC currently. The patients in this study were not candidates for surgical resection
due to the extent of the metastases. The majority of these patients presented with a high
pre-sample of CEA. This differs from the percentage of CLM patients in general, where
only approximately 50-60 % of the patients have a high CEA at the time of diagnosis. It
is well known that a high preoperative level of CEA, both in the case of CRC, and in the
presence of CLM is a poor prognostic factor, and that this marker has its main value in
monitoring recurrence after surgery of primary CE&C?.

The desmoplastic reaction is associated with a poor prognosis ift‘@RC
well as for other epithelial cancers. It has been proposed that the cancer cells in CRC can
provoke an inflammatory response in the liver, which then initiates the hepatic wound
healing response. In this response, hepatic stellate cells transdiffrentiate into
myofibroblasts producing the ECM components seen in the areas of desmoplasia.
Potentially this leads to selection of CRC clones that can survive in the presence of the
desmoplasia, and which may actually benefit from interactions with the ECM
components. This is in contrast to what was initially believed, when the desmoplastic
reaction in CLM rather was considered a mechanism for the organism to protect and
encapsulate itself from the cancer céils

We have shown that theel anda2 chains of type IV collagen are major

components seen in the desmoplastic reaction of CLM. We have also shown that the

circulating levels of type IV collagen are strongly elevated in the presence of CLM.

12



Interestingly, the levels of circulating type IV collagen also seem to reflect the tumour
load in the liver. Our findings show that type IV collagen has the potential to be used as a
tumour marker in patients with CRC to detect CLM. This is of importance, since the main
reason for mortality in cancer patients is caused by the metastatic spread of the disease.
Many patients with CLM can be treated with surgical resection with a curative intention
and/or have treatment with chemotherapy and targeted drugs. An optimal tumour marker
to detect CLM and to follow treatment efficacy is therefore of great importance. Studies
should be made in this area with larger groups of patients. This study indicates that type
IV collagen can be used as a tumour marker in the follow-up of patients with CRC to

detect CLM.

FIGURE LEGENDS

Figure 1. Expression of type IV collagen in normal livek, (C, E) and in CLM 8, D,

F). (A, B) Light microscopy images stained with H&E visualizes the difference between
normal liver tissue and CLMC( E) In normal liver thenl(IV)- and a2(IV)- chains are
expressed in the Space of Disse and in vascular BMs (2df)(In CLM tissue the
al(lV)- and a2(1V)- chains are strongly expressed (red) in the desmoplastic reaction

(DR) as well as in VBMs. The normal architecture of the liver is replaced by tumour cells
and stroma, rich in type IV collagen. Blood vessels are visualized by the endothelial

marker CD 31 (green) and cell nuclei by DAPI (blue).

Figure 2. (A) Levels of circulating type IV collagen in controls, in patients with CRC

(Dukes” A-C) and CLM. The sample “pre” illustrate levels prior to chemotherapy in the

13



CLM group. Type IV collagen is significantly higher in all groups representing the
patients with CLM when compared to healthy controls and patients with CRC (p< 0.001).
The sample “post” is taken after 2-4 months of chemotherapy in the CLM group and
shows decreased levels of type IV collagen. The sample “progetssvs increased
levels of type IV collagen in the CLM group at the time of progression, and is
significantly higher than the pre-sample and the post-sample (p<0.01 and p<0.01,
respectively). B) Levels of circulating type IV collagen in patients with CRC, Dukes’
stage A, B and C. No significant difference in type IV collagen was found between the

different stages.

Figure 3. Levels of circulating type IV collagen correlated to the metastatic burden of
CLM in the liver. Patients with CLM burden <25% of liver parenchyma (1) display the
lowest levels of type IV collagen, patients with CLM burden 25-50% (2) display
intermediate levels, and patients with CLM burden >50% (3) shows the highest levels of

type IV collagen.

Figure 4. Comparison between the levels of circulating CEA and type IV collagen in
patients with CLM.(A) All 12 patients had significantly increased levels of type IV
collagen prior to chemotherapy. The levels for all patients decreased during
chemotherapy. 9 of 12 patients (75%) did show a 50% rise of type IV collagen from the
“post” to the “progress” sampléB) 10 out of 11 patients had a high CEA at the time of

diagnosis. Most of these patients showed a decreased level of CEA during treatment. 6 of

14



10 patients (60%) did show a 50% rise of the CEA from the “post” to the “progress”

sample.
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Table 1 Patient Characteristics

Control Primary CRC CLM
Sex 62/38 34/66 27/73
(% females/males)
Diagnosis Diverticular disease (2) CRC (32) CLM (15)
(number of patients) Gallstone disease (6)
Ageinyears 51[27-71] 66 [26-80] 63[45-76]
(mean) [range]
Dukes stage (A/B/C/D) - 8/14/10 0/5/9/1
of primary tumor
Time of treatment* - - 8.7[2.2-25.9]
(mean) [range]
Chemotherapy - - 8/7
(i.ai.p)
CEA at diagnosis - - 4.5-2155

(ng/ml)

" Indicates treatment with chemotherapy in months



Table 2. Statistical comparison of type IV collagen concentrations between groups

Mean type IV Control CRC "Pre” "Post” "Progress”

collagen level

(ng/mL, SD)
Control 106+35 - n.s <0.001 <0.001 <0.001
CRC 118+37 n.s - <0.001 <0.001 <0.001
"Pre” 3841244 <0.001 <0.001 - n.s <0.01
"Post” 2961169 <0.001 <0.001 n.s - <0.01
"Progress” 498+241 <0.001 <0.001 <0.01 <0.01 -
Abbreviations: n.s = not significant
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