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Abstract The matricellular protein SPARC (secreted protein acidic and rich in cysteine)/osteonectin was determined in patients with multiple myeloma and related disease to assess the hypothesized role of SPARC as a possible marker of tumor burden and disease progression. Soluble SPARC was measured by competitive enzymelinked immunosorbent assay (ELISA) in plasma of 42 patients, including sequential measurements in individual patients, and in 20 healthy controls. SPARC values were heterogeneous in multiple myeloma patients showing a decline from baseline levels recorded in controls (456±195 vs 600±63 ng/ml, p=0.00023). A SPARC showed a significant positive correlation with platelet count (r=0.72, p= 0.000000, n=42), hemoglobin (r=0.52, p=0.00037, n=42), and IgG level (r=0.43, p=0.0085, n=42) and negative correlation with β2-microglobulin (r=−0.46, p=0.0023, n=42), aspartate aminotransferase (AST) (r=−0.42, p=0.0061, n= 41), interleukin (IL)-6 (r=−0.41, p=0.008, n=42), lactate dehydrogenase (LDH) (r=−0.36, p=0.02, n=41), and percentage of plasma cells in bone marrow aspirate (r= −0.34, p=0.029, n=42). No correlation was found between SPARC and “M” component or disease stage. Investigations performed during the course of disease, including sequential measurements in individual patients, showed a trend to downregulation by disease progression, with the lowest level recorded in the terminal stage (217±107 ng/ml, n=11). Patients with established osteolytic lesions had lower plasma SPARC at diagnosis (309±197 vs 581±293, N. Turk . R. Kusec . B. Jaksic Department of Hematology, Merkur University Hospital, Zagreb, Croatia R. Kusec Institute of Clinical Chemistry, Merkur University Hospital, Zagreb, Croatia Z. Turk (*) Vuk Vrhovac Institute, Dugi dol 4A, 10000 Zagreb, Croatia e-mail: [email protected] Tel.: +385-1-2353861 Fax: +385-1-2331515



p=0.021), which correlated with osteocalcin by disease progression (r=0.31, p=0.026). The results of this pilot study revealed abnormalities in the level of humoral SPARC in multiple myeloma and an overall trend to downregulation in the advanced stage of the disease. The regulation of SPARC seems to be opposite to the markers of tumor burden and of aggressive multiple myeloma phenotype. Keywords Plasma cell dyscrasias . Multiple myeloma . Matricellular protein SPARC/osteonectin . Plasma level . Clinical significance



Introduction Multiple myeloma (MM) is a human B-cell malignancy, which is characterized by a predominant localization of the malignant cell clone within the bone marrow [4]. The bone marrow microenvironment is believed to play an important role in homing, proliferation, and terminal differentiation of myeloma cells. Tumor and stroma cells exchange enzymes, cytokines, growth factors, and other bioactive molecules that modify the local extracellular matrix and promote tumor cell proliferation and survival [3]. In this pathologic communication between myeloma cells and local microenvironment, it appeared interesting to investigate the role and significance of the matricellular protein SPARC (secreted protein acidic and rich in cysteine). Matricellular proteins generally comprise a group of extracellular regulatory macromolecules that mediate cell-matrix interactions but do not contribute to matrix structure [5]. SPARC, also called osteonectin, is a major noncollagenous protein of bone matrix. It is expressed at a high level in bone tissue, but is also widely distributed in many other tissues and cell types [16]. Generally, SPARC is associated with tissue remodeling, pathologic response to injury, and tumorigenesis [6, 7]. Numerous studies have shown that SPARC has a diversity of functions, including inhibition of cell proliferation, deadhesion, stimulation of metalloproteinase expression, and modulation of angio-
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genesis. In addition, its binding effects cellular response to certain growth factors such as platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-β), and vascular endothelial growth factor (VEGF). Also, it acts as a regulator of matrix assembly. SPARC has demonstrated activities in some solid tumors [1, 12, 14, 15, 17], where its expression correlated with the invasive activity. Despite the obvious importance of this particular bone matrix protein in tumor development and metastasizing, its role in hematological malignancies remains undefined. The presence of a significant amount of SPARC in plasma of healthy individuals [19] shows the basic level of soluble protein. Although SPARC exists in the circulation, the major source of this protein has not been investigated. The majority of SPARC has been postulated to be of platelet origin, although various other cell types also produce this multifunctional protein. Likewise, there are no available data on humoral SPARC/osteonectin in multiple myeloma and its clinical significance is unclear. In the present study, we hypothesized on the role of SPARC as a possible marker of tumor burden and disease progression. Therefore, humoral SPARC was determined in patients with multiple myeloma in relation to other myeloma-relevant parameters.



Table 1 Clinical characteristics of study patients Clinical feature



No. of patients (%)



Total number Sex (male/female) Age (years) median (range) Multiple myeloma stage (Durie–Salmon) I II III Waldenström’s macroglobulinemia Extramedullary Type of M protein IgG IgA Light chain Bone disease Lytic bone lesions (LBL) No LBL Osteoporosis



42 (100) 22/20 65 (41–87) 8 (20)a 12 (30) 20 (50)b 2c 2 (5) 25 (63) 9 (22) 4 (10) 23 (58) 13 (32) 4 (10)



a



Two patients with extramedullary plasmacytoma were included in Durie–Salmon staging and bone disease staging b One patient with plasma cell leukemia was included in Durie– Salmon staging and bone disease staging c Two patients with Waldenström’s macroglobulinemia were not included



Patients and methods Patients Forty-two patients (22 men and 20 women), median age 65 years (range: 41–87), were included in the study. Clinical features are outlined in Table 1. The minimal diagnostic criterion for inclusion in the study was 10% of malignantly altered plasma cells in cytologic or histologic bone marrow specimen, except for two patients with localized plasmacytoma and another two patients with Waldenström’s macroglobulinemia who did not meet this criterion. In one patient, progression to MM meeting the above-mentioned criterion occurred within a year from the diagnosis of monoclonal gammopathy of undetermined significance (MGUS). A patient with plasma cell leukemia meeting the diagnostic criterion for MM manifested with minimally 20% of malignant plasma cells in peripheral blood was also included in the study. Twenty-six patients entered the study at diagnosis, whereas 16 patients had already been treated and followed during various phases of the disease. The patients were staged clinically according to the Durie– Salmon system [11]. The clinical stage I criteria were met by eight patients, including two patients with localized plasmacytoma. Stage II was recorded at diagnosis in 12, and stage III in 20 patients including the patient with plasma cell leukemia. Monoclonal production of IgG was present in 62.5% and IgA secretion in 22.5% of the patients. Four (10%) patients secreted only monoclonal light chains (Bence–Jones protein), whereas two (5%) patients showed no monoclonal protein secretion. Bone disease was defined as osteolytic lesions revealed on X-ray examination. Pa-



tients were treated with different protocols adjusted for age and clinical status. Laboratory parameters of the study patients are presented in Table 2. Twenty volunteers (ten men and ten women), median age 60 years (range: 35–81), without a history of cancer or cardiovascular disease and free from pharmacologic medication for at least 2 weeks, served as a control group. The study was approved by local Ethics Committees and performed in accordance with the Helsinki Declaration II. SPARC/osteonectin assay Venous blood samples were collected after overnight fasting, and platelet-poor plasma prepared. SPARC/osteonectin was measured by competitive enzyme-linked immunosorbent assay (ELISA, Haematologic Technologies Inc., Essex Junction, Vt., USA). The assay utilizes a monoclonal antibody which cross-reacts with osteonectin derived from several different sources. Briefly, plasma was applied onto anti-SPARC IgG-coated microtiter plates, together with biotinyl–SPARC conjugate, and incubated for 24 h at +4°C. After washing steps, avidin–peroxidase conjugate was added to detect antibody–biotinyl–SPARC complexes. The colorimetric signal at 490 nm was measured following the addition of chromogenic substrate. The absorbance is inversely proportional to the amount of SPARC in the plasma. Each sample was measured in quadruplicate. Plasma SPARC concentration was calculated using the SPARC standard curve within a working range of 16–1000 nmol/



306 Table 2 Hematological and biochemical parameters of study patients. WBC white blood count, Interleukin-6 sR soluble interleukin-6 receptor, β2-MG β2-microglobulin, LDH lactate dehydroge-



nase, t-AP alkaline phosphatase, total, AST aspartate aminotransferase, IgG immunoglobulin G



Parameter



Median (range)



Parameter cutoff



No. of patients (% of total)



Hemoglobin (g/l) Platelets (×109/l) WBC (×109/l) BM plasma cells (%) Interleukin-6 (pg/ml) Interleukin-6 sR (ng/ml) β2-Microglobulin (mg/l) LDH (U/l) Osteocalcin (ng/ml)



100 (63–153) 204 (8–449) 5.6 (0.95–14.2) 30 (10–97) 4.47 (1.07–56.8) 30.9 (14.7–88.6) 4.15 (1.63–27.8) 313 (102–1120) 5.7 (1.0–63)



Hemoglobin 40 β2-MG >2.5 mg/l LDH >425 U/l Osteocalcin >13.7 ng/ml Osteocalcin 2.53 mmol/l Creatinine >177 μmol/l t-AP >150 U/l AST >25 U/l IgG >30 g/l



20 (48%) 11 (26%) 34 (81%) 11 (27%) 9 (21%) 7 (17%) 28 (66%) 13 (31%) 8 (19%) 13 (31%) 8 (19%) 8 (19%) 4 (9%) 9 (22%) 11 (31%)



Calcium, total (mmol/l) Creatinine (μmol/l) Alkaline phosphatase, total (U/l) AST (U/l) IgG (g/l)



2.3 (1.83–3.33) 103 (57–1228) 59 (31–623) 16 (5–40) 16 (1.8–84)



ml. The within-run and between-run coefficient of variability was 5.80% and 8.92%, respectively. Cytokine assay The sera obtained (aliquoted into separate vials and stored at −80°C) were assayed for the concentration of interleukin-6 (IL-6) and IL-6 soluble receptor (IL-6 sR). The commercially available sandwich enzyme immunoassay (ELISA) kit Quantikine (IL-6: cat. no. D6050 and IL-6 sR: cat. no. DR600; R&D Systems, Minneapolis, Minn., USA) was used following the manufacturer’s instructions. The appropriate recombinant human cytokine was used to generate the standard curve for each assay. The minimum detectable limit was less than 0.7 pg/ml for IL-6 and 6.5 pg/ ml for IL-6 sR. Each sample was measured in duplicate. Laboratory tests All laboratory tests were performed on the day of blood sampling for SPARC and cytokine assay. Each patient’s blood sample was tested for the following parameters: complete blood count, serum protein electropherogram, creatinine, urates, calcium, alkaline phosphatase, lactate dehydrogenase (LDH), and β2-microglobulin. The level of β2-microglobulin was measured by nephelometry, with 0.150 g/l (n=8), >0.300 g/l (n=9), and >1.0 g/l (n=3). Although SPARC level slightly decreased with the rise in proteinuria, the ANOVA post hoc Newman–Keuls test did not yield a significant between-group difference (summary p=0.31). Terminal patients Altogether, a significant decrease was observed in the advanced (i.e., terminal) stage of the disease. In 11 patients who died during the study, the SPARC level measured in the terminal stage of the disease was extremely low (median: 192 ng/ml, range: 51–383). Values related to SPARC concentrations were measured within the last 3 months of life. Three patients with the lowest SPARC at the time of diagnosis (275±120 ng/ml) had poor survival (mean: 2.1, range: 1–4 months).



Discussion



Fig. 4 Survival analysis by SPARC level (cutoff 441, median, n=26). Kaplan–Meier plots and Gehan–Wilcoxon test (p=0.0132)



To the best of our knowledge, this is the first pilot study to evaluate humoral SPARC in patients with multiple myeloma. The present data demonstrate the heterogeneity of individual SPARC values in an MM population, whereby some patients showed a decline from baseline level. A significant decrease was observed in the advanced (i.e., terminal) stage of the disease. Since the assay used measures humoral SPARC originating from various sources, including platelets, the high correlation with platelet count may (or is likely to) overshadow individual contributions of SPARC from other sources. However, a relationship was found between SPARC level and disease activity. An inverse correlation of plasma SPARC was found with β2-microglobulin, IL-6, LDH, and bone marrow plasmacytosis, which are recog-
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nized predictors of survival and tumor burden. On the other side, a positive relationship of humoral SPARC with hemoglobin values, the parameter of bone marrow function, was recorded. Recently published studies investigating the gene expression profiles of plasma cell neoplasms reported on moderate SPARC gene upregulation in human multiple myeloma [10] and plasmacytomas [13]. However, immunohistologic analysis of SPARC in bone marrow sections of our study patients showed considerable discrepancy in the protein expression by osteoblasts and plasma cells (data not shown), whereas humoral SPARC was detectable in all study patients. Therefore, the fate and involvement of the released SPARC remains a matter of further consideration. Recognizing the unique binding properties of SPARC, it is possible that its rapid interactions limited protein detection. Results of some of the latest studies may prove helpful in the search for a proper explanation. The study of De et al. [9] highlighted the molecular pathway for cancer metastasis to bone. They identified the interrelationship among SPARC, integrins, and VEGF. The consequence of SPARC binding to integrin receptors enhanced VEGF production to support neoangiogenesis. Similar results were obtained when SPARC was purified from bone and from platelets. On the other hand, an increased plasma level of VEGF was detected in myeloma patients with elevated concentration of β2-microglobulin and abnormal levels of LDH, as well as in advanced stages of bone disease [20]. Schiemann et al. [18] reported SPARC to be the interaction molecule involved as a ligand in the control of the transforming growth factor-β–signaling system. It is already known that both molecules are capable of inhibiting cell proliferation (arresting cell cycle progression in mid-to-late G1 phase) and inducing one another’s expression. Authors have shown that SPARC inhibits epithelial (and endothelial) cell proliferation by controlling the TGF-β signaling system through the interaction of SPARC extracellular calcium domain and TGF-β receptor. A normal level of SPARC could in our case also inhibit malignant plasma cell proliferation. At the end of their discussion, Schiemann et al. hypothesized that inappropriate activation of the SPARC/TGF-β axis may lead to malignant progression due to cancer cells which have lost their ability to undergo mediated growth arrest. In contrast to the studies associating SPARC overexpression with enhanced tumor activity, Yiu et al. [21] have shown that SPARC expression inversely correlates with the grade of malignancy and tumor progression in vivo, which is in line with our findings of SPARC plasma levels. We hypothesize that a normal SPARC plasma level mediates the antiproliferative (tumor-suppressing) effects, while a decrease leads to disease (tumor) progression. A study of Brekken et al. [7] supports such a consideration. The authors reported that implanted tumors grew more rapidly in SPARC-null mice. Generally, SPARC is known to serve as a universal modulating substrate to a variety of biologically active molecules. Therefore, it is possible that its interactions with specific (not yet identified) or nonspecific receptors and other matrix or adhesive proteins cause changes in the soluble SPARC pool in plasma. In



the present study, we demonstrated the plasma level of SPARC to be downregulated in the progression of myeloma disease that cannot be contributed only to bone marrow insufficiency and reduction of platelet count as a major origin of humoral SPARC. Still, definition of the precise mechanisms of SPARC reduction in terminal myeloma remains open to future investigations. SPARC was initially described as a main bone constituent. It has been characterized as a glycoprotein binding Ca2+ ions and playing a role in bone mineralization and along with osteocalcin constituting the majority of noncollagenous proteins incorporated into bone matrix [8]. Osteocalcin has been used as a marker of bone formation, and a decreased level of this protein has been frequently found in the sera of myeloma patients with the lowest levels in patients with advanced disease [2]. In the present study, the moiety of both SPARC/osteonectin and osteocalcin in plasma was monitored, and decreased levels were observed in patients with established osteolytic bone lesions. The data presented describe the time course of soluble SPARC variation in multiple myeloma patients. The study was not large enough to assess the effect of chemotherapy on humoral SPARC levels. However, even these data obtained in a relatively small number of patients indicate the disease progression to be associated with a significant soluble SPARC decline from the baseline level. Thus, we suggest that plasma SPARC levels could be of prognostic value in myeloma patients.
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