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Expression pattern and circulating levels of endostatin in patients with pancreas cancer € € Daniel Ohlund, Bjarne Ardnor, Mikael Oman, Peter Naredi and Malin Sund* Department of Surgery, Umea˚ University Hospital, SE Ume a, ˚ Sweden Endostatin is a potent inhibitor of angiogenesis that is cleaved from the basement membrane protein type XVIII collagen. Expression of endostatin has recently been shown by Western blot analysis of tissue lysates in normal pancreas and pancreas cancer tissue. We show here that the expression pattern of type XVIII collagen/endostatin is shifted from a general basement membrane staining and is mainly located in the vasculature during tumor progression. This shift in type XVIII collagen/endostatin expression pattern coincides with an up-regulation of MMPs involved in endostatin processing in the tumor microenvironment, such as MMP-3, MMP-9 and MMP-13. The circulating levels of endostatin was analyzed in patients with pancreas cancer and compared to that of healthy controls, as well as after surgical treatment or in a group of nonoperable patients after intraperitoneal ﬂuorouracil (5-FU) chemotherapy. The results show that patients with pancreas cancer have increased circulating levels of endostatin and that these levels are normalized after surgery or intraperitoneal chemotherapy. These ﬁndings indicate that endostatin could be used as a biomarker for pancreas cancer progression. ' 2008 Wiley-Liss, Inc. Key words: endostatin; angiogenesis; pancreas cancer; circulation; extracellular matrix



Type XVIII collagen is a heparan sulphate proteoglycan (HSPG) found in most basement membranes (BM).1 Endostatin is a potent antiangiogenic fragment cleaved from the C-terminus of type XVIII collagen by several proteases in the tumor microenvironment such as cathepsin-L, elastase and several matrix metalloproteases (MMPs).2–6. In vitro data has indicated especially MMP-3, -7, -9, -13 and -20 in the processing of endostatin from type XVIII collagen.3 In mice the production of endostatin is initiated by a metal-dependent step resulting in a larger endostatin containing fragment, which then is cleaved further by elastase to yield the functional endostatin molecule, whereas cathepsin-L has been shown to generate endostatin from type XVIII collagen independently of MMP activity.3 Endostatin can also inﬂuence the activity of MMPs and matrix remodeling by inhibiting MMP-2 activity.7 Endostatin is found in the circulation at physiological levels of 20–50 ng/ml in serum and 40–100 ng/ml in plasma. The difference in circulating levels between plasma and serum is potentially because of the scavenger property of blood platelets, as endostatin has been shown to be enriched into blood platelets.3,8 Mice deﬁcient of endostatin display increased tumor growth when implanted with cancer cells that do not produce type XVIII collagen, and over-expression of circulating endostatin in transgenic mice leads to reduced tumor growth and vascularization.9 Endostatin is currently in phase II clinical trials to be tested as a potential cancer therapeutic.10,11 Endostatin inhibits tumor growth by several means including inhibition of endothelial cell (EC) proliferation and migration, induction of apoptosis and the G1 arrest of ECs.2,12,13 Many EC surface receptors have been shown to bind endostatin, such as a5b1, avb3, avb5 integrins and glypicans.14–16 The binding of endostatin to a5 integrin leads to the inhibition of the focal adhesion kinase (FAK)/c-Raf/MEK1/2/p38/ERK1 mitogen-activated pathway as well as a disruption of focal adhesions and actin stress ﬁbers by down-regulating RhoA.16–18 The breakdown of the ECM and BM is essential for cancer progression and spreading. MMPs are a family of zinc-dependent Publication of the International Union Against Cancer



proteases that can degrade virtually all extracellular matrix (ECM) and BM components during angiogenesis and carcinogenesis.19 MMPs have also been shown to affect neovascularization directly by regulating EC adhesion, proliferation and migration.19 Both endogenous tissue inhibitors of matrix metalloproteases (TIMPs) and synthetic MMP inhibitors block angiogenesis in vitro and in vivo.20 Although MMPs have traditionally been considered to be proangiogenic and protumorigenic, certain MMPs may also participate in the inhibition of neovascularisation by liberating matrix-derived antiangiogenic substances such as endostatin, tumstatin, arresten and canstatin from their parent molecules in the ECM.21–24 Brammer et al. have recently shown that mature 20 kDa endostatin is found in pancreas cancer tissue by Western blot analysis but not in normal pancreas tissue.25 However, several endostatinrelated peptides of higher molecular weight were present in both tissues. Extracts from normal tissue were able to degrade exogenous endostatin, whereas extracts from cancer could not.25 Interestingly, the addition of elastatinal, a speciﬁc inhibitor of elastase, reduced the rate of degradation. The authors conclude that the endostatin is present and stable in pancreatic cancer tissues, but that normal pancreatic tissue expresses enzymes, including elastase, which rapidly degrade endostatin.25 The same authors have subsequently shown that collagen XVIII/endostatin mRNA is expressed in the SUIT-2 pancreatic cell line, and that endostatin is found in the cell-conditioned medium of these cells.26 In a recent publication by Abollahi et al. it has been shown that endostatin treatment of endothelial cells leads to a regulation of multiple genes in a cDNA array that potentially are involved in the angiogenic switch in vitro. Interestingly, the ﬁnding was validated in vivo in human pancreas samples including normal, inﬂamed and cancerous tissue.27 We describe here the expression pattern of various MMPs in the normal and malignantly transformed pancreas in relation to type XVIII collagen/endostatin expression. Our results indicate that several of the MMPs that have been described to be involved in releasing endostatin from type XVIII collagen are up-regulated in pancreas cancer. We also show that in cancer the expression of type XVIII collagen/endostatin is lost from the epithelial BM and endostatin is mainly found in the vascular basement membrane zone. We have also studied the circulating levels of endostatin in patients with pancreas cancer when compared to healthy controls, as well as before and after surgical treatment or in a group of nonoperable patients after intraperitoneal ﬂuorouracil chemotherapy. Our results show that patients with pancreas cancer have increased circulating levels of endostatin and that these levels are normalized after surgery or intraperitoneal chemotherapy. The results indicate that analyzing circulating endostatin levels could be used as a biomarker for pancreas cancer progression. However, further studies are warranted to test this hypothesis. Grant sponsors: Finnish Medical Society Duodecim, Cancerforskningsfonden Norrland, Svenska S€allskapet f€or Medicinsk Forskning SSMF, V€asterbotten County Council and Insamlingsstiftelsen f€or medicinsk forskning at Ume a˚ University. *Correspondence to: Department of Surgery, Ume a˚ University Hospital, SE- 901 85 Ume a, ˚ Sweden. Fax: 146-90-785-1156. E-mail: [email protected] Received 1 August 2007; Accepted after revision 9 January 2008 DOI 10.1002/ijc.23468 Published online 21 March 2008 in Wiley InterScience (www.interscience. wiley.com).
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FIGURE 1 – Expression of type XVIII collagen/endostatin in normal pancreas and pancreas cancer. (a) In normal pancreas type XVIII collagen/ endostatin (in red) is found in most epithelial and vascular basement membranes. Blood vessels are visualized by the endothelial cell marker CD31 (in green) and cell nuclei by DAPI (in blue). (b) In cancer the epithelial basement membrane staining is lost and most endostatin is now found in the tumor VBM zone. Potentially some of the signal is related to the circulating endostatin binding to its EC receptor, as indicated by a colocalization with the endothelial cell marker CD31 (in yellow). The insert in panel B shows a close-up of a blood vessel with colocalization of endostatin and CD31 signal (in yellow). (c, d) Light microscopy images stained with H&E of corresponding areas in normal pancreas and pancreas cancer tissue. (c) In normal pancreas both an islet of Langerhans (marked with L) as well as exocrine pancreas tissue can be seen. (d) The pancreas cancer tissue contains large areas with increased desmoplasia and tumor stroma (marked with S) as well as areas with tumor tissue (marked with T). Magniﬁcation 340 in all panels.



donkey-anti-mouse-FITC (1:100) were obtained from Jackson ImmunoResearch. Whole sections were analyzed, and a representative area from the normal pancreas, visualizing both the endocrine and exocrine areas, is shown in the image. From the pancreas cancer samples an area with high angiogenic activity in the tumor is shown.



Material and methods Patients and samples Patients with pancreas cancer were admitted to the Department of Surgery, Ume a˚ University Hospital and evaluated by CT scan, MRI and laparoscopy prior to treatment. Patients who were considered operable underwent a curatively aimed pancreatico-duodenectomy. Patients with a nonresectable or metastatic pancreas cancer were treated with intraperitoneal (IP) chemotherapy with ﬂuorouracil (5-FU).28,29 Plasma samples were collected from patients before (Pre Op; n 5 8) and after surgery (Post Op; >8 weeks, n 5 8), as well as after IP treatment (>12 weeks, n 5 15). Plasma samples were also collected from control patients (n 5 8) who were admitted to the hospital for a nonmalignant disease. The samples were frozen and stored at 280°C until analysis. Pancreas tissue samples from patients with pancreas cancer (n 5 6) and controls (n 5 6) were snap frozen in liquid nitrogen and stored at 280°C until analysis. Informed consent was obtained from all patients. The ethical committee at the Medical faculty of Ume a˚ University approved the study.



Statistics Values are expressed as mean 6 SEM. Statistical analysis was performed by using Student’s t test. The variance of the groups was tested for equality by F-test prior to t test analysis. Two-tailed analysis was used throughout.



Immunohistochemistry Immunohistochemical staining was performed as previously described.9 Six micrometer frozen sections were incubated with the following primary antibodies and dilutions sheep-anti-CD31 (1:100), rabbit-anti-MMP1 (1:100), rabbit-anti-MMP2 (1:100), rabbit-anti-MMP3 (1:100) (all from Chemicon), goat anti-endostatin (1:75), mouse-anti-MMP7 (1:100), mouse-anti-MMP9 (1:100) and mouse-anti-MMP13 (1:100) (all from R&D Systems). Secondary antibodies donkey-anti-sheep-FITC (1:100), donkeyanti-goat-TRITC (1:100), donkey-anti-rabbit-FITC (1:100) and



Results and discussion Altered expression pattern of endostatin in pancreas cancer Type XVIII collagen/endostatin has previously been shown to be expressed in most epithelial BM and vascular basement membranes (VBM) in both developing and mature tissues.1 In the normal pancreas type XVIII collagen/endostatin is found in the basement membrane zones of both the exocrine and endocrine portions of pancreas (Fig. 1a). In the malignantly transformed pancreas the staining pattern of type XVIII collagen/endostatin is shifted so that the BM staining is gradually lost and most signal is found in



ELISA assay Circulating endostatin levels were measured in duplicates from plasma obtained from patients by using the QuantikineTM Human Endostatin Immunoassay (R&D Systems) according to the manufacturer’s protocol.



ENDOSTATIN IN PANCREAS CANCER
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FIGURE 2 – Expression pattern of MMPs in normal pancreas and pancreas cancer. (a–c and g–i) In normal pancreas the expression levels of MMPs (in green) are generally low. Almost no staining could be observed for MMP-1 (a), MMP-7 (g), MMP-9 (h) and MMP-13 (i), whereas low to moderate signals could be observed for MMP-3 (c) and MMP-2 (b), respectively. The most intense staining in the normal pancreas was located to the islet of Langerhans of the endocrine pancreas. (d–f and j–l) In pancreas cancer a slight or strong upregulation of signal levels were observed for all MMPs studied. In all cases the increased expression appeared to originate from the cancer cells, although an upregulation of MMP-3 (f) expression also was found in the tumor vasculature as indicated by colocalization with the endostatin staining (in red). It also appears that MMP-3 (f), MMP-9 (k) and MMP-13 (l) expression is more strongly upregulated when compared to MMP-1 (d) and MMP-2 (e). Only weak MMP-7 (j) expression could be observed in the pancreas cancer samples. Cell nuclei are visualized by DAPI (in blue) throughout. Magniﬁcation 340 in all panels.



the VBM zones of the tumor (Fig. 1b). Most likely the signal in the VBM zone is partly because of staining of type XVIII collagen in the VBM of the tumor vasculature, as well as by the liberated circulating endostatin molecules binding to the EC receptor as indicated by the overlapping signal of endostatin and EC marker CD31 in the tumor vasculature (Fig. 1b). It has previously been shown that circulating endostatin binds to a5b1 integrin on the



EC surface leading to the activation of antiproliferative and proapoptotic signal and thus an antiangiogenic effect.16 Upregulation of MMP expression colocalises with the shift of endostatin staining in pancreas cancer Several MMPs, such as MMP-3, -7, -9, -13 and -20 have been shown in vitro to be able to process endostatin from the type
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TABLE I – PATIENT CHARACTERISTICS



Sex (% females to males) Primary diagnose (%) Average age (years) p-value versus control p-value surgery versus i.p.chemotherapy Average weight (kg) p-value versus control p-value surgery versus i.p. chemotherapy



Control



Surgery



I.p chemotherapy



62/38 Gallstone disease (75%) Diverticular disease (25%) 50.8 – –



50/50 Pancreas adenocarcinoma (87.5%) Papillarycarcinoma (12.5%) 63.8 0.06 –



54/46 Pancreas adenocarcinoma (100%)



72.1 – –



64.5 0.29 –



67.9 0.42 0.48



60.5 0.09 0.43



I.p., intra peritoneal.



XVIII collagen parent molecule.3 We have analyzed the expression pattern of MMP-1, -2, -3, -7, -9 and -13 in normal pancreas and pancreas cancer in order to see whether an up-regulation of expression can be observed to coincide with the described change in the endostatin expression pattern in cancer. In normal pancreas low levels of MMP-2 and MMP-3 staining could be observed and most of this signal was located to the islets of Langerhans (Figs. 2b and 2c). No staining could be observed for MMP-1, MMP-7, MMP-9 and MMP-13 in the normal pancreas (Figs. 2a, 2g–2i). An upregulation of the expression of all analyzed MMPs in pancreas cancer was observed (Figs. 2d–2f and 2j–2l) as has previously also been shown by others.30,31 For all MMPs analyzed it appears that the signal is located mainly to the cancer cells. Interestingly, a strong upregulation in expression of MMP-3, MMP-9 and MMP13 was observed in pancreas cancer, as these MMPs have all been found to effectively liberate endostatin from type XVIII collagen.3 The increase in MMP-3 signal was also located to the vasculature thus overlapping with the endostatin staining. There was an increase in the expression rate of MMP-1 and MMP-2 in pancreas cancer, and although less data support the involvement of these MMPs in endostatin processing they most likely do inﬂuence the breakdown of the tissue ECM and BMs thus affecting the levels of other pro- and antiangiogenic substances.21,32 The negative effect of MMP inhibition on the release of antiangiogenic substances from the ECM could potentially be one explanation of the rather low success rate of this therapy as a pancreas cancer therapeutic in several clinical trials.33 We thus show that the expression pattern of type XVIII collagen/endostatin is shifted from a general BM pattern towards a VBM one when comparing normal and malignantly transformed pancreas. This shift also coincides with an upregulation of MMPs that have previously been shown to be involved in endostatin processing. Increased circulating levels of endostatin in patients with pancreas cancer and the effect of surgery and intraperitoneal chemotherapy As endostatin appears to be efﬁciently cleaved from type XVIII collagen in pancreas cancer we subsequently wanted to analyze the circulating levels of endostatin in patients with pancreas cancer. Circulating endostatin levels were analyzed from blood samples collected from patients with pancreas cancer as well as patients admitted for a nonmalignant disease (Table I). Most interestingly, we could observe that patients with pancreas cancer have a statistically signiﬁcantly increased level of circulating endostatin when compared to controls (123 6 30 ng/ml vs. 76 6 17 ng/ml, p 5 0.006) (Fig. 3). It has previously been shown that patients with several cancers such as colorectal, breast, ovarian, renal, headand neck cancer, non-Hodgkin lymphoma and soft tissue sarcomas have increased levels of circulating endostatin.34–40 In many of these cancers an increased circulating endostatin level correlates with a poor prognosis. Although endostatin is a potent antiangiogenic substance the increase in patients with advanced cancer



FIGURE 3 – Circulating endostatin levels in patients with pancreas cancer. (a) Patients with pancreas cancer show signiﬁcantly increased levels (p 5 0.006) of circulating endostatin when compared to the control patients. After treatment with either surgery or intraperitoneal chemotherapy the endostatin levels are signiﬁcantly reduced (p 5 0.02 and p 5 0.03, respectively) and are not statistically signiﬁcantly different than that of the control patients (p 5 0.14 and 0.5, respectively). (b) Pre and postoperative circulating endostatin levels in patients. The circulating endostatin level is reduced in all patients.



most likely is a reﬂection of tumor load and a general activation of the angiogenic milieu, as patients simultaneously often also display increased circulating levels of proangiogenic substances such as VEGF.37,41,42 Therefore, although having increased circulating levels of antiangiogenic molecules most likely the angiogenic balance is nevertheless tilted towards proangiogenesis and thus generation of a tumor neovasculature.43 The same ﬁnding has also been demonstrated in mice. Mice bearing a tumor have a higher circulating endostatin level than control mice.9 However this increase in endostatin is not enough to cause the angiogenic bal-
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ance to be switched towards antiangiogenesis. However, transgenic mice over-expressing endostatin and bearing the same tumor display reduced tumor growth, as the circulating endostatin level is high enough to push the angiogenic balance towards antiangiogenesis.9 We next wanted to study how treatment of pancreas cancer with surgery or intraperitoneal 5-FU chemotherapy affects the circulating endostatin levels. As normal tissue regeneration has been shown to effect circulating endostatin levels we chose to analyze the circulating levels at least 8 weeks after surgery and 12 weeks after the treatment with IP chemotherapy was initiated. Both forms of treatment led to a normalization and statistically signiﬁcant reduction (68 6 40 ng/ml, p 5 0.02 in patients receiving surgical treatment and 89 6 14 ng/ml, p 5 0.03 in patients receiving chemotherapy) of circulating endostatin levels when compared to levels before treatment (Fig. 3). Most likely this reﬂects the consequence of tumor load reduction in the patients. However, the results indicate that measuring the circulating endostatin level could potentially be used as a biomarker for pancreas cancer progression. The results should be conﬁrmed in larger patient materials. It will also be of importance to analyze whether an increase in circulating endostatin levels can be observed before disease relapse.



Concluding remarks The results from this study show that the expression pattern of type XVIII collagen/endostatin is shifted from a general BM staining pattern towards a VBM staining pattern in pancreas cancer when compared to normal pancreas tissue. This shift in expression pattern coincides with an upregulation of MMPs involved in endostatin processing and with increased circulating levels of endostatin in patients with pancreas cancer. As patients undergo treatment with either curative (surgery) or palliative (intraperitoneal 5-FU chemotherapy) intention the circulating endostatin levels are normalized. The potential use of endostatin as a biomarker for pancreas cancer progression needs to be studied further in a larger patient material. Acknowledgements This work was supported by the Finnish Medical Society Duo€ decim (M.S.), Cancerforskningsfonden Norrland (M.S., M.O., P.N.), Svenska S€allskapet f€ or Medicinsk Forskning SSMF (M.S.), V€asterbotten County Council and Insamlingsstiftelsen f€ or medicinsk forskning at Ume a˚ University (M.S.). The excellent technical assistance of Anette Berglund is gratefully acknowledged.
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