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Abstract

Cysteine-rich angiogenic inducer 61 (Cyr61) is an extracellular matrix protein involved in the
transduction of growth factor and hormone signaling that is frequently altered in expression in
several types of cancers. In prostate cancer (PCa), Cyr61 is highly expressed in organ-confined
disease. Further, Cyr61 expression levels are associated with a lower risk of disease recurrence,
and can be quantitatively measured in the serum. Considered together, these results indicate that
Cyr61 is a potential and clinically useful tissue, as well as serum-based biomarker for
differentiating lethal and non-lethal PCa.
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CCN FAMILY PROTEINS

Cysteine-rich angiogenic inducer 61 (Cyr61) is a member of the CCN family of proteins.
Members of this family were first identified as secreted proteins whose synthesis was
induced by mitogenic growth factors or by oncogene products. The first three members of
the family were described as, Cyr61 (cystein-rich 61; CCN1),! Ctgf (connective tissue
growth factor; CCN2)2 and Nov (nephroblastoma overexpressed; CCN3),3 providing the
acronym for the CCN family. CCN4 (Wispl1), CCN5 (Wisp2) and CCN6 (Wisp3) were
subsequently identified as Wnt-inducible secreted proteins,* and together they comprise the
family of six homologous, cystein-rich proteins in vertebrates. CCN proteins share a
modular structure, with an N-terminal secretory peptide followed by four conserved
domains with sequence homologies to insulin-like growth factor binding proteins, von
Willebrand factor type C repeat, thrombospondin type | repeat and a carboxyl-terminal
domain that contains a cysteine knot motif.> More recently, members of the CCN family
have emerged as dynamically expressed, extracellular matrix-associated proteins that play
critical roles in cardiovascular and skeletal development, injury repair, fibrotic disease and
cancer. In addition to mitogens and oncogenes, the synthesis of CCN proteins is highly
inducible by serum growth factors, cytokines and environmental stress, such as hypoxia, UV
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exposure and mechanical stretching. The CCN proteins appear to function primarily via
specific integrin receptors and heparin sulfate proteoglycans, thereby triggering signal
transduction events that culminate in the regulation of cell adhesion, migration,
proliferation, gene expression, differentiation and survival.

POSITIVE AND NEGATIVE ASSOCIATION BETWEEN CYR61 AND CANCER
PROGRESSION

Cyr61 signals through interaction with integrins, but downstream effects vary greatly
depending on the combination of integrins bound.’ Previous data suggest that Cyr61
(CCN1) acts as a tumor-promoting factor and a key regulator in cancer progression, while
Nov (CCNB3) exhibits suppressive capabilities.” However, more recently, numerous studies
demonstrate altered Cyr61 expression in various cancers, depending on the cancer type
Cyr61, may enhance or inhibit tumor growth.’-11

Consistent with its tumor-promoting function, Cyr61 was shown to be highly expressed in
breast cancer.12 Moreover, there was significant association between Cyr61 expression and
stage, tumor size, positive lymph nodes, age and estrogen receptor status, linking the
expression of Cyr61 to clinical and pathological parameters.13 This underlines a role for
Cyr61 in the progression of breast cancer and suggests that it could serve as a valuable tool
for monitoring tumor status. Furthermore, Cyr61 levels are increased in MCF-7 breast
cancer cells upon stimulation by estrogens, suggesting that the corresponding protein may be
involved in the development of estrogen-mediated breast cancer.2 It was also demonstrated
that Cyr61 is sufficient for estrogen independence and anti-estrogen resistance, to promote
invasiveness /77 vitro and to induce tumorigenesis and neovascularization in vivo.14

Cyr61 was also shown to be highly expressed in primary gliomas, both in cell lines derived
from high-grade gliomas and in the more tumorigenic astrocytomas.® As was seen with
breast tumors, a correlation was found between Cyr61 expression and tumor grade,
pathology, gender, age at diagnosis and survival of glioma patients. The detection of Cyr61
at the time of diagnosis is of prognostic significance and suggests that it may play a role in
tumor progression.1® Indeed, stable expression of Cyr61 in gliomas enhances anchorage
independent cell growth and cell migration, and formed more tumors than control cells when
injected in nude mice.16

On the other hand, Cyr61 has been described as antiproliferative and antitumorigenic agent
in non-small cell lung cancer where its expression was markedly decreased in human lung
tumor samples.1” Furthermore, transfection of Cyr61 in Cyr61-negative cell lines resulted in
a reduced number of cells able to grow in an anchorage-independent fashion.1’

CYR61 EXPRESSION IN PROSTATE CANCER (PCA)

Kulkarni et a/18 examined the gene expression profiles by DNA micro-array analysis of 10
normal prostate, five asymptomatic benign prostatic hyperplasia (BPH), eight symptomatic
BPH and eight BPH with PCa samples. In this study, the expression levels in Cyr61 were
higher in BPH with PCa than those without PCa. All these BPH with PCa samples were
obtained by radical prostatectomy from patients with Gleason score 6/7 and stage T2/T3
PCa without metastasis. These results were validated by real-time PCR using other sample
sets. Cyr61 expression ratios compared to TATA-binding protein were significantly higher
in PCa tissues (/7=10, 9.05+5.44) than in donor prostate tissues (/7=10, 1.84+1.34)
(P<0.05).12 In contrast to these results, a previous study showed that Cyr61 mRNA
expression was downregulated in PCa tissue when compared to normal tissue adjacent to the
cancer lesion.20 In this study, most of patients had advanced PCa with pathological stage of
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T3 or T4 with lymph node metastasis. Thus, we queried the ONCOMINE database to
interrogate Cyr61 expression in multiple sample sets.2! In two studies, Cyr61 was
upregulated in PCa tissue when compared to healthy prostate tissue and prostatic
intraepithelial neoplasia (PIN) tissue, and in nine studies in which expression was compared
in primary and metastatic PCa samples, Cyr61 expression was lower in metastases than in
the primary lesion. From these observations resulting from a meta-analysis, it can be
concluded that Cyr61 mRNA expression is higher in localized PCa than in advanced,
metastatic disease.

Taken together, the Cyr61 expression patterns are atypical in that they are low in normal
tissue, increased in localized disease and then again low in metastatic cancer. As a micro-
environmental regulator, Cyr61 may have differential effects on local disease compared with
distant metastasis. Function of Cyr61 appears to be complex and dependent on cell types. In
PCa cells, Cyr61 expression is low in LNCaP, moderate in DU145 and high in PC3,
correlating with their aggressiveness. Moreover, it was reported that knocking down Cyr61
expression suppresses cell migration in DU145 and PC3, invasion and proliferation and that
Cyr61 regulates Racl signaling, a mechanism by which Cyr61 may exert its influence on
growth and motility.22 It was also reported that knockdown of Cyr61 expression in LNCaP,
DU145 and PC3 cells severely blunted their sensitivity to TRAIL, an effect that was
reversed by exogenously added Cyr61 protein, showing that Cyr61 contributes to TRAIL-
induced apoptosis in PCa cells.?3 These results indicate that Cyr61 appears to be a double-
edged sword for PCa cells and could partially explain the mechanisms underlying the
biphasic changes in Cyr61 expression during PCa progression. However, further analyses
are needed to illustrate the exact function of Cyr61 in PCa.

CYR61 AS A DIAGNOSTIC TISSUE MARKER

The accuracy of the pathologic diagnosis of PCa is critical for optimal patient care. Even
though the diagnosis can usually be made on morphologic features such as growth pattern,
nuclear atypia and the absence of basal cells, it is sometimes difficult to reach a firm
diagnosis by routine histological study of hematoxylin and eosin-stained biopsy tissue, in
particular for small foci of cancer.24 No single morphologic feature is cancer specific and
many benign conditions can mimic PCa. Therefore, the application of
immunohistochemistry (IHC) to distinguish PCa from benign lesions and to confirm the
diagnosis becomes helpful and necessary, especially in equivocal cases.

The enzyme a-methylacyl-coenzyme A racemase (AMACR) is a biomarker that was
identified by both differential display and expression array analysis as a gene abundantly
expressed in PCa relative to benign prostate epithelium.2526 In a meta-analysis of four DNA
microarray data sets, AMACAR was one of the genes most consistently overexpressed in
PCa.2” In IHC analysis AMACR was characteristically upregulated in 80%-100% of PCa
tissues.28 Hence, AMACR is considered to be a useful IHC marker for PCa. However, this
marker also stains up to 21% of benign prostatic glands and 79% of partial atrophy
lesions.2? Therefore, AMACR positivity must be evaluated with caution.

To adjudicate Cyr61 as a diagnostic tissue biomarker for PCa, we performed IHC on tissue
microarrays (TMA) containing 1366 spots representing 197 prostates from consecutive
radical prostatectomy specimens (Figure 1).19 In comparison to the normal prostate, Cyr61
staining intensity was significantly higher in atrophy (7=40, £=0.0009), PIN (=25,
F£<0.0001) and PCa (=174, £<0.0001). However, its expression levels were not
significantly different between the 23 PIN and matched PCa lesions (P=0.06).1° These
results indicated that Cyr61 is likely important for PCa development even in atrophy or PIN.
Our study shows similarities between Cyr61 and AMACR, particularly increased expression
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of the respective proteins in PCa versus histologically normal adjacent tissue or normal
donor prostate tissue. Further examinations are needed for analyzing the association between
Cyr61 and AMACR. However, IHC evaluation for Cyr61 expression has a potential to aid in
diagnosing problematic atypical cases.

CYR61 AS A PROGNOSTIC TISSUE MARKER

In addition to its potential utility in discerning PCa from benign prostatic tissue, it was
reported that AMACAR expression is lower in metastatic PCa than in localized PCa30:31
and that AMACR expression levels in localized PCa are negatively associated with
biochemical recurrence and cancer-specific death.32 Thus, we evaluated the association
between Cyr61 staining intensity and subsequent recurrence after surgical treatment of
localized PCa. A study of 229 men with recurrence and 229 controls matched on age, race,
pathologic stage and Gleason sum, utilizing IHC analysis of TMA sections, was conducted.
Cyr61 staining intensity was not associated with Gleason sum or presurgery prostate-
specific antigen (PSA) levels, but the proportion of T3b or worse disease was more common
in TMA spots with higher staining intensity than in those with low staining intensity. Cyr61
staining intensity in TMA spots containing cancer was not linearly associated with risk of
recurrence, which was lowest in men with at least 1 TMA spot containing cancer with a
staining intensity of 3 when compared with 0. However, 12.2% of cases and 24.0% of
controls had at least 1 TMA spot containing cancer with a staining intensity of 3, a
difference that was statistically significant (£=0.001). Taking into consideration age,
pathologic stage and grade, presurgery PSA concentrations, and calendar of surgery as a
measure of tissue block storage time, men with Cyr61 staining intensity of 3 were 56% less
likely to recur than men with a lower staining intensity (odds ratio: 0.44; 95% confidence
interval: 0.22-0.90). Therefore, it was concluded that decreased expression of Cyr61 was
associated with PCa recurrence after surgical treatment.33

It is interesting that Cyr61 correlates with improved prognosis in PCa, but a worse prognosis
in breast cancer.34 On the surface, these appear to be divergent findings in these two
hormonally sensitive tumor types. The tumor micro-environment has been associated with
cancer progression.3® Cyr61 is regulated by various growth factors, such as epidermal
growth factor, basic fibroblast growth factor, or transforming growth factor-p and
chemokines, such as IL-1, IL-2 or IL-6. It is also inducible by serum cortisol, estrogen,
tumor necrosis factor-a and prostaglandins.38 These signals either suppress or promote
tumors depending on the cell type. We found that Cyr61 expression in PCa was modulated
by oncogenic ‘stimulation’ such as androgens or lysophosphatidic acid, as well as anti-
oncogenic ‘stress’ such as serum starvation or phosphoinositide 3-kinase inhibition in the
tumor environment.3” These results suggest that differences in Cyr61 expression may reflect
the extracellular environmental status of the cancer, which is distinct between PCa and
breast cancer.

CYR61 AS A SERUM MARKER

Cyr61 is an extracellular matrix protein that is secreted and therefore, represents an
attractive serum biomarker candidate. To explore this possibility, we first established a
sandwich ELISA to measure Cyr61 concentrations in cell supernatants.38 The concentration
of Cyr61 in the medium alone was 1.1 ng mI~1 and those in the supernatants containing 80%
confluent LNCaP, DU145 and PC3 cells were 4.0, 33.5 and 215.1 ng ml~1, respectively,
indicating that the Cyr61 protein secreted by the PCa cells could be measured by the
sandwich ELISA.37 Cyr61 levels were then measured in serum samples obtained from
organ-confined (OC)-PCa (/7=58) and non-organ-confined (NOC)-PCa (n7=57) patients.
Cyr61 levels were significantly higher in NOC-PCa (116.3+140.2 ng ml~1) than in OC-PCa
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(79.7456.0 ng mI~1), although PSA levels were not significantly different (6.4+3.8 ng mlI~1
in OC-PCa and 6.1+4.7 ng mI~1 in NOC-PCa, P=0.376) (Figure 2a).3” Serum Cyr61 levels
are not correlated with serum PSA levels and may increase the accuracy for differentiating
NOC-PCa from OC-PCa combined with serum PSA levels and other clinical parameters
used in PCa staging nomograms.39 However, serum Cyr61 levels tended to be higher in
control patients compared with OC-PCa patients. This may be due to the fact that in these
control patients, PSA levels are high although their prostate biopsies were found to be
negative, suggesting that inflammation in their prostate tissues might have induced PSA
production.®0 Interestingly, Cyr61 expression in benign prostatic cells was enhanced by
treating with prostaglandin E2 or transforming growth factor-B.41 Therefore, it is quite
possible that inflammation in benign prostate tissues induced Cyr61 production in control
patients. Pretreatment knowledge of OC-PCa or NOC-PCa is important for treatment
selection and planning. However, it was observed that approximately 10% of OC-PCa
patients and 50% of NOC-PCa patients experienced disease progression within 10 years
after surgery.#243 It is challenging to find serum markers that can identify patients with
disease progression preoperatively. To further address the question of whether or not serum
Cyr61 levels could predict disease progression after surgery, we collected serum samples
from PCa patients that later recurred (Rec, 7=10) and those that did not recur within a
similar time frame (non-Rec, 7=10). The serum Cyr61 levels in the Rec patients (90.5+17.0
ng mI~1) tended to be lower than in the non-Rec patients (125.0+16.7 ng mI~1), although
these differences were not statistically significant (P=0.082) (Figure 2b).3” These results
indicate that PCa patients with lower serum Cyr61 levels might have a higher risk of PSA
recurrence. However, additional studies with larger patient cohorts will be required to
elucidate whether serum Cyr61 levels can predict PCa recurrence.

CONCLUSIONS

Cyr61 expression increases during PCa development and decreases as the disease progresses
(Figure 3). Cyr61 is highly expressed even in PIN or early stage PCa and is a useful tissue
biomarker for the detection of PCa in biopsy samples. On the other hand, Cyr61 expression
levels in radical prostatectomy samples are negatively correlated with PCa recurrence and
are a useful marker for predicting patient prognosis. The serum Cyr61 levels are higher in
NOC-PCa patients than in OC-PCa patients, but tend to be lower in patients with disease
recurrence. These results are consistent to the Cyr61 expression levels in PCa tissues. Serum
Cyr61 levels are not correlated with serum PSA levels and may have a potential to increase
the accuracy for differentiate lethal and non-lethal PCa.
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Figure 1.

Immunohistochemistry reveals Cyr61 protein expression in prostate tissues: (a) normal
prostate tissue, (b) BPH, (c) PIN, (d) tumor, (€) tumor and normal prostate. This figure is
reproduced from D’Antonio et a/19 BPH, benign prostatic hyperplasia; Cyr61, cysteine-rich
angiogenic inducer 61; PIN, prostatic intraepithelial neoplasia.
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Figure 2.

Serum Cyr61 levels measured by sandwich ELISA. (a) Cyr61 concentrations in serum
samples obtained from OC-PCa (7=58) and NOC-PCa (/=57) patients, demonstrating
significant difference (*P=0.031). (b) Cyr61 concentrations in serum samples obtained from
PCa patients without PSA recurrence (Non-Rec, 7=10) and those with PSA recurrence (Rec,
n=10), demonstrating no significant difference (P=0.082). This figure is reproduced from
D’Antonio et al1® Cyr61, cysteine-rich angiogenic inducer 61; NOC, non-organ-confined;
OC, organ-confined; PCa, prostate cancer.
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Figure 3.

Biphasic changes in Cyr61 expression during prostate cancer progression. Filled circles
show low-grade PCa cells with high Cyr61 expression and unfilled circles show high-grade
PCa cells with low Cyr61 expression. Cyr61 expression increases during PCa development
and local progression. However, it decreases during the progression into meta-PCa. These
tumor cells secrete Cyr61 protein into serum and circulating Cyr61 levels are a potential
serum-based biomarker for characterizing PCa. Cyr61, cysteine-rich angiogenic inducer 61;
meta-PCa, metastatic prostate cancer; NOC, non-organ-confined; OC, organ-confined.
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