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1. Introduction
Osteosarcoma, the most common primary malignant 
bone tumor, commonly arises in the metaphysis of long 
bones (1). Normally, osteosarcoma has a moderate rate of 
incidence, with 10 to 26 cases per million worldwide every 
year (2).

The 5-year survival in osteosarcoma in the first half of 
the 20th century was less than 20% (3). Amputation of the 
involved extremity aimed at compartmental resection was 
initially the mainstay of treatment (4). The primary target was 
to decrease the tumor load, although this does not prevent 
metastasis and pulmonary metastasis via hematogenous 
spread, which was the major cause of mortality in these 
patients. In a normal course, osteoblastic cells are responsible 
for the production of the bony matrix. The same occurs with 
these osteogenic cells in cancerous bones, the difference 
being in the maturation and strength of bone matrix thus 
produced, i.e. the bone matrix of a bone with osteosarcoma 
is not as strong as that of normal bones (5). Tumors, 
regardless of whether they are benign or malignant, can lead 
to pathological fractures of the involved bone by virtue of 

their potential to replace normal bony tissues, rendering 
them weak and prone to fracture. Osteosarcoma has five 
different histological types and their severity and prognosis 
varies accordingly. When diagnosed, it is usually in the late 
stages with high grades of severity, which makes salvage of 
the involved limbs difficult. Osteosarcomas originate from 
mesenchymal cells having osteoblastic features. Although 
the incidence of this bone tumor is low in the general 
population, unfortunately it is the most often diagnosed and 
lethal bone cancer in young adults (6). Osteosarcoma is a 
highly malignant osteoid-forming spindle cell sarcoma of 
the bone. Sometimes genetic variations may be linked with 
an increased risk of osteosarcoma (7). 

The first discovered CCN protein, i.e. CYR61, also 
known as CNN1, was initially believed to be a classic 
growth factor. Later studies established that CCN1, instead 
of being a potent growth factor, also acted as a stimulator 
for some other growth factors, such as fibroblast growth 
factor and platelet-derived growth factor (8). 

Though osteosarcoma can occur in any bone, the 
metaphysis of long bones is a common site of its occurrence 
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(80%–90%), with a particular predilection for distal 
femoral metaphyses (35%), proximal tibial metaphyses 
(20%), and proximal humeral metaphyses (10%). In 
children, osteosarcoma accounts for 5% of all malignant 
bone tumors, with peak occurrence between the ages of 
10 to 24 years (9). When symptomatic, it usually presents 
with localized pain, swelling, deformity, or a pathological 
fracture. The most common malignant bone tumors in 
children are osteosarcomas, which collectively make up 
90% of pediatric bone tumors (10). The CYR61 proteins are 
composed of extracellular matrix-associated proteins that 
play crucial roles in skeletal development, wound healing, 
fibrosis, and cancer (11). The CYR61 proteins have four 
conserved cysteine-rich modular domains that trigger 
the processes of cell adhesion, proliferation, migration, 
differentiation, and survival via direct binding to specific 
integrin receptors and heparin sulfate proteoglycans (9). The 
effects of these processes are commonly regulated through 
signaling via integrins, vascular endothelial growth factor, 
bone morphogenetic protein, Wnt, and Notch pathways. In 
addition, current studies suggest that CYR61 proteins may 
affect progression of secondary metastatic bone tumors by 
moderating the bone microenvironment (11,12). 

CYR61 is a product of an immediate and early gene that 
induces cell migration, mediates cell adhesion, enhances 
growth factor-induced DNA synthesis in fibroblasts and 
endothelial cells, stimulates chemotaxis of fibroblasts 
and endothelial cells, and increases the chondrogenesis 
in mesenchymal cells (13–15). The expression of 
CYR61 protein enhances neovascularization and tumor 
formation of human tumor cells in immunodeficient mice 
significantly (16–18).

Overall, a better understanding of CYR61 gene 
protein-regulated pathways in osteoblast/osteoclast can 
improve our knowledge of the pathogenesis of the disease 
and can potentially aid in developing CYR61 protein-
based diagnostic marker and therapeutic strategies for 
the management of osteosarcoma. Therefore, study of the 
CYR61 protein in patients with osteosarcoma is being 

considered as a promising biomarker for future research 
work.

2. Materials and methods
2.1. Specimen collection
Fifty-eight osteosarcoma specimens were collected from 
the Department of Orthopedic Surgery, King George’s 
Medical University, Lucknow, Uttar Pradesh, India. In 
such cases, fine-needle aspiration biopsy yielded positive 
cytology and based on these results, the tissue was 
diagnosed as osteosarcoma. The 58 cases were diagnosed 
as osteosarcoma using quantitative, qualitative, and 
histological grade according to Enneking et al. (19) and 
Bickels et al. (20). This study was carried out from May 
2011 to March 2015. The study was approved by the 
institutional ethics committee. Before enrollment in the 
study, each subject’s written informed consent was obtained 
in response to a fully written and verbal explanation of the 
nature of the study.
2.2. DNA isolation 
Samples were collected from 58 biopsy tissues diagnosed as 
osteosarcoma based on categorized and grading as per the 
internationally accepted standard. The genomic DNA was 
extracted by a Fermentas DNA extraction kit (Germany) 
and stored at –80 °C. 
2.3. Genomic DNA PCR amplification
Primers for the CYR61 gene were designed using GENE 
TOOL software. PCR was performed in a gradient 
thermocycler (ABI, USA) using thin-walled 0.2-mL PCR 
tubes. The final volume of the PCR reaction mixture was 
25 µL, containing 10–40 ng of genomic DNA, 1 pmol of 
forward and reverse primers, and 2X master mix (ABI, 
USA) at a concentration of 1X. Amplification was carried 
out using different primers for different exons (Table 1) 
and different PCR programs (Table 2) for different exonic 
regions of the CYR61 gene. A further 5 µL of the amplified 
product was checked on 2% agarose gel with ethidium 
bromide staining.

Table 1. PCR primers of the CYR61 gene.

Exon Forward/reverse primers Amplicon size (bp)

2 F 5’-GCGCTCTCCACCTGCCCC-3’
R 5’-GCTCTGAAGGGGATCTGCAGA-3’ 213

3 F 5’-CAGTCAGAGGGCAGACCCTGT-3’
R 5’-AGCTCACTGAAGCGGCTCCCT-3’ 354

4 F 5’-TTAGGAATGGAGCCTCGC-3’
R 5’-GTGTACAGCAGCCTGAAA-3’ 207

5 F 5’-AAGGGCAAGAAATGCAGCAAG-3’
R 5’-ACATTCACAAATTTAGGGAC-3’ 300
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2.4. Variation screening of CYR61 exons by SSCP
Single-strand conformational polymorphism (SSCP) 
analysis was performed according to Orita et al. (21,22) 
with minor modifications. Samples were denatured at 95 °C 
for 5 min with denaturing dye and immediately transferred 
to ice. Next, 25 µL of amplified PCR product was loaded 
along with 25 µL of denaturing dye on 8% polyacrylamide 
gel. The gel was run in precooled 1X TBE buffer. The gel 
tank was placed in a cold room at 4 °C and run for 8–10 h 
at 130 V. DNA on the gel was stained after electrophoresis 
with silver stain. Electrophoresis mobility shifts in single-
stranded or double-stranded DNA products from patients 
were detected by comparison with DNA products from 
normal controls run in adjacent lanes (Figure 1).
2.5. CYR61 variation analysis by sequencing
Amplified fragments of all samples were characterized by 
automated sequencing. The PCR product of each sample 
was first purified and then submitted in a quantity of 25 
µL with 10 pmol of appropriate primer. The sequencing 
was performed by automated direct DNA sequencing 
technique, which incorporates fluorescently labeled di-
deoxy-nucleotides during cycle sequencing and separates 
the resulting products by capillary electrophoresis for 
detection on an ABI 3730XL DNA Analyzer (Applied 
Biosystems, USA). Multiple alignment and sequence 
analysis were done using BLAST, BioEdit, FinchTV, and 
Auto Assembler Software (Applied Biosystems, USA). 
Variations were reconfirmed by sequencing amplicons in 
both directions and in independent second samples.

3. Results
A total of 58 cases were diagnosed as osteosarcoma 
according to Enneking et al. (19) and Bickels et al. 
(20). The mean age of these patients was 20 ± 3.90 
years, ranging from 10 years to 30 years. Four missense 
variations were detected in 25 osteosarcoma cases in 
exons 2, 4, and 5 and one silent variation was detected 
in two osteosarcoma cases in exon 3 (Figures 2–5). One 
missense variation was detected in exon 2 (Arg47Trp), 
one silent variation in exon 3 (Lys152Lys), one missense 
variation in exon 4 (Phe213Leu), and two missense 
variations in exon 5 (Gly315Arg and Asp339Asn). We 
observed the CYR61 gene missense variation rates in 
grade G1 (33.33% in a total of 10/30 cases), grade G2 
(43.75% in a total of 7/16 cases), and grade G1/G2 
(66.67% in a total of 8/12 cases). CYR61 gene silent 
variations were found in grade G1 (6.67% in a total of 
2/30 cases). Details of the clinical data and missense 
and silent variations in exons 2, 3, 4, and 5 are shown 
in Table 3. Out of 58 osteosarcoma cases, 39 were 
found to have variations by a shift in DNA position on 
SSCP-PAGE with respect to DNA from healthy donors 
(Figure 1). These results, after comparison to previously 
reported findings, are shown in Table 4. The CYR61 gene 
missense variation in exon 3 for codon Lys152Lys, exon 4 
for codon Phe213Leu, and exon 5 for codons Gly315Arg 
and Asp339Asn are described here for the first time. 

Table 2. PCR programs of different exons of the CYR61 gene.

Exon Step 1 (denaturation) Step 2 (annealing) Cycles Step 3 (extension)

2 95 °C→ 7 min 95 °C→ 1 min 55 °C→ 50 s 72 °C→ 1 min 35 72 °C→ 5 min

3 94 °C→ 8 min 94 °C→ 1 min 56 °C→ 30 s 72 °C→ 1 min 40 72 °C→ 7 min

4 95 °C→ 5 min 95 °C→ 1 min 56 °C→ 1 min 72 °C→ 1 min 35 72 °C→ 8 min

5 95 °C→ 10 min 95 °C→ 1 min 58 °C→ 45 s 72 °C→ 1 min 41 72 °C→ 5 min

Figure 1. SSCP-PAGE showing electrophoresis mobility shift bands on native PAGE. 
Control: L1; no shift bands in L2–L5, L7, and L8; and shift bands in L6 (arrow).
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Figure 2. Amino acid sequences of exons 2, 3, 4, and 5 of the CYR61 gene. The wild-type sequence is shown above the cases. 
Missense and silent variations are shown in colored squares.

Figure 3. Nucleotide sequence chromatograms of CYR61 gene missense and silent variations: A) exon 
2 nucleotides C→T, resulting in the amino acid substitution Arg47Trp; B) exon 3 nucleotides A→G, 
resulting in the amino acid substitution Lys152Lys; C) exon 4 nucleotides T→A, resulting in the amino 
acid substitution Phe213Leu; D) exon 5 nucleotides G→C, G→A, resulting in the amino acid substitutions 
Gly315Arg and Asp339Asn. 
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3.1. Analysis of variations in exons 2, 3, 4, and 5
In 58 osteosarcoma cases, 25 samples showed a shift 
in position in native SSCP-PAGE in exon 2. These were 
directly sequenced by an automated sequencer. Eleven 
missense variations were detected in 11 osteosarcoma 
patients (Figures 2–4; Table 3). 

Out of 58 osteosarcoma cases, 10 samples displayed 
a shift in position in native SSCP-PAGE in exon 3. These 

were directly sequenced by an automated sequencer. 
Two silent variations were detected in two osteosarcoma 
patients (Figures 2–4; Table 3). 

In 58 osteosarcoma cases, 13 samples showed a shift 
in position in native SSCP-PAGE in exon 4. These were 
directly sequenced by an automated sequencer. Five 
missense variations were detected in five osteosarcoma 
patients (Figures 2–4; Table 3). 

Figure 4. Variation analysis of the CYR61 gene showing changes of nucleotides and amino acids: A) exon 2 missense variation 
codon Arg47Trp (CGG→TGG); B) exon 3 silent variation codon Lys152Lys (AAA→AAG); C) exon 4 missense variation codon 
Phe213Leu (TTT→TTA); D) exon 5 missense variation codon Gly315Arg (GGT→CGT) and codon Asp339Asn (GAT→AAT).

Figure 5. Location of CYR61 gene variations describes our results: missense and silent variations in exons 2, 3, 4, and 5 and the 
distinctive molecular domains encompass functional structures, e.g., NH2-terminal, signaling peptide (SP), insulin-like growth 
factor binding protein domain (IGFBP), von Willebrand factor domain (VWC), thrombospondin-homology domain (TSP-1), 
cysteine knot domain (CT), and COOH terminal, correspondingly.
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Out of 58 osteosarcoma cases, 23 samples showed a 
shift in position in native SSCP-PAGE in exon 5. These 
were directly sequenced by an automated sequencer. Nine 
missense variations were detected in nine osteosarcoma 
patients (Figures 2–4; Table 3). 

For these findings, where we found variations around 
the protein, it was important to address where in the 
protein these variations were located in order to determine 
the possible implications of these variations in protein 
function. Therefore, we analyzed the protein sequence 
using BioEdit and Pyre2 software. The Arg47Trp variation 
for exon 2 is located on the insulin-like growth factor 
binding protein domain (IGFBP), the Lys152Lys silent 
variation for exon 3 is located on the von Willebrand 
factor domain (VWC), the Phe213Leu variation for exon 
4 is located on the thrombospondin-homology domain 
(TSP-1), and the Gly315Arg and Asp339Asn variations for 
exon 5 are located on the cysteine knot domain (CT) in 
osteosarcoma cases.

4. Discussion
To our knowledge, this study is the first in northern India 
to report variations of the CYR61 gene in osteosarcoma 
patients. Osteosarcoma is the most common primary 
bone tumor. As it is a very fast-growing tumor with 
metastasis in early stages, it becomes difficult to diagnose 
it in initial stages. In almost all cases, micrometastasis in 
the pulmonary system has already taken place by the time 
a clinical diagnosis is made. This tumor is resistant to a 
number of chemotherapeutic agents, which is responsible 
for the treatment failure and high mortality rate of patients.

Previous molecular studies revealed several variations 
in different types of patients from different ethnic groups. 
Variations in exons 2, 3, and 4 of the CYR61 gene are less 
frequently detected than in exon 5 in different types of 
patients (23–25). However, during our variation analysis, 
besides the detection of one missense variation in exon 
2 (Arg47Trp), there was one silent variation in exon 3 
(Lys152Lys), one missense variation in exon 4 (Phe213Leu), 
and two missense variations in exon 5 (Gly315Arg and 

Table 3. Details of the clinical data and CYR61 gene variations in osteosarcoma cases.

No. of 
cases Grade Stage

Codon
exon 2

Codon
exon 3

Codon
exon 4

Codon
exon 5

10 G1 IA, IB Arg47Trp Phe213Leu Gly315Arg

07 G2 IIA, IIB Arg47Trp Phe213Leu Gly315Arg
Asp339Asn

08 G1/G2 III Arg47Trp Phe213Leu Gly315Arg
Asp339Asn

02 G1 IA, IB Lys152Lys

IA & IIA: Intracompartmental. 
IB & IIB: Extracompartmental. 
III: Either grade with metastases.

Table 4. Variations detected in our study of exons 2, 3, 4, and 5 in the CYR61 gene and their allele frequency.

Exons Variations in aa Variations in codons Variation’s ID or references Allele frequency

Exon 2 Arg47Trp CGG → TGG  [23] 0.517

Exon 3 Lys152Lys AAA → AAG Not reported 0.275

Exon 4 Phe213Leu TTT → TTA rs755958207 0.543

Exon 5 Gly315Arg GGT → CGT rs532164537 0.560

Exon 5 Asp339Asn GAT → AAT rs375944529 0.448
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Asp339Asn). The overall CYR61 variation frequency in 
exons 2, 3, 4, and 5 was determined to be 46.55% (27/58). 
With these observations, our study supports the role of 
CYR61 gene variation in osteosarcoma, and we concluded 
that by virtue of its behavior in osteosarcoma patients, this 
gene is justified for use as a prognostic/diagnostic marker. 
We also recommend the CYR61 gene as a new drug 
target for the treatment of osteosarcoma, though further 
multicenter studies are needed to validate this. 

As the CYR61 gene is located in 1p22.3 on chromosome 
1, which has numerous translocations, it is reported to be 
the most common region of chromosome involvement in 
human cancers (26), especially in osteosarcoma cells, which 
have a high percentage of polysomy in chromosome 1 (27).

Wittig et al. (28) suggested CYR61 as a candidate 
gene responsible for drug resistance in melanoma. 
Overexpression of CYR61 was observed to increase the 
potential of resistance to chemotherapeutic drugs in 
ovarian and breast cancer cells (29,30). Later on Fromigue 
et al. (31) observed the antitumoral effect of the treatments 
targeting the CYR61 gene, which also enhances the 
potential of chemotherapy in bone tumors.

Fromigue et al. (31) also noticed the expression 
level of CYR61, which is significantly higher in primary 
osteosarcoma than in normal bone tissue. The CYR61 
expression positively correlates with tumor invasiveness in 
human osteosarcoma and attenuation of CYR61 reduces 
cancer cell progression. Fromigue et al. also showed 
that the overexpression of the CYR61 gene increases the 
tumor behavior in osteosarcoma by acting on pulmonary 
metastatic foci, both in number and size.

High expression levels of CYR61 were reported in 
malignant melanomas, rhabdomyosarcomas, colon 
adenocarcinomas, and bladder papillomas (21,32). 
According to Xie et al., CYR61 also exhibited high levels 
in malignant gliomas, which enhanced the tumorigenicity 
(33). Overexpression of CYR61 was recently identified in 
peritoneal metastases from human pancreatic cancer (34). 
We also found a positive association of the CYR61 gene 
with osteosarcoma, which raises speculation that CYR61 
might play distinct roles in osteosarcoma with different 
stages. 

In conclusion, using a translational approach, we 
identified the missense variations (F213L and G315R) in 
osteosarcoma patients with linkage to CYR61, an important 
factor in carcinogenesis and its subsequent progression. 
The present study supports an important role of the CYR61 
gene in human osteosarcoma and we recommend further 
multicenter studies with large sample sizes to confirm 
the roles of these variations in osteosarcoma patients and 
to establish an association. This gene can also provide a 
molecular target that will open the fields for a novel and 
effective therapeutic strategy to reduce the mortality and 
morbidity associated with the disease. The results signify 
that the CYR61 gene might be used as a prognostic/
diagnostic marker in osteosarcoma patients.

Acknowledgments
This study was supported by the Department of Orthopedics 
Surgery with collaboration with the Department of 
Biochemistry, King George’s Medical University, Lucknow, 
Uttar Pradesh, India.

References

1. Harada S, Rodan GA. Control of osteoblast function and 
regulation of bone mass. Nature 2003; 15: 349-355.

2. Stiller CA. International patterns of cancer incidence in 
adolescents. Cancer Treat Rev 2007; 33: 631-645.

3. Coventry MB, Dahlin DC. Osteogenic sarcoma - A critical 
analysis of 430 cases. J Bone Joint Surg Am 1957; 39: 741-757.

4. Marcove RC, Mike V, Hajek JV, Levin AG, Hutter RV. 
Osteogenic sarcoma under the age of twenty-one. A review of 
one hundred and forty-five operative cases. J Bone Joint Surg 
Am 1970; 52: 411-423.

5. Bielack S, Carrle D, Casali PG; ESMO Guidelines Working 
Group. Osteosarcoma: ESMO clinical recommendations 
for diagnosis, treatment and follow-up. Ann Oncol 2009; 20 
(Suppl. 4): 137-139.

6. Tang N, Song WX, Luo J, Haydon RC, He TC. Osteosarcoma 
development and stem cell differentiation. Clin Orthop Relat 
Res 2008; 466: 2114-2130 

7. Damron TA, Ward WG, Stewart A. Osteosarcoma, 
chondrosarcoma, and Ewing’s sarcoma: National Cancer Data 
Base Report. Clin Orthop Relat Res 2007; 459: 40-47.

8. Kireeva ML, MO FE, Yang GP, Lau LF. CYR61, a product of 
a growth factor-inducible immediate-early gene, promotes cell 
proliferation, migration, and adhesion. Mol Cell Biol 1996; 16: 
1326-1334.

9. Ries LAG, Smith MA, Gurney JG, Linet M, Tamra T, Young 
JL, Bunin GR. Cancer Incidence and Survival among Children 
and Adolescents: United States SEER Program 1975-1995. 
Bethesda, MD, USA: National Cancer Institute, SEER Program; 
1999.  

10. Omololu AB, Ogunbiyi JO, Ogunlade SO, Alonge TO, Adebisi 
A, Akang EE. Primary malignant bone tumour in a tropical 
African University teaching hospital. West Afr J Med 2002; 21: 
291-293.

11. Chen PC, Cheng HC, Yang SF, Lin CW, Tang CH. The CCN 
family proteins: modulators of bone development and novel 
targets in bone-associated tumors. Biomed Res Int 2014; 2014: 
437096.

http://dx.doi.org/10.1016/j.ctrv.2007.01.001
http://dx.doi.org/10.1016/j.ctrv.2007.01.001
http://dx.doi.org/10.2106/00004623-195739040-00002
http://dx.doi.org/10.2106/00004623-195739040-00002
http://dx.doi.org/10.2106/00004623-197052030-00001
http://dx.doi.org/10.2106/00004623-197052030-00001
http://dx.doi.org/10.2106/00004623-197052030-00001
http://dx.doi.org/10.2106/00004623-197052030-00001
http://dx.doi.org/10.1007/s11999-008-0335-z
http://dx.doi.org/10.1007/s11999-008-0335-z
http://dx.doi.org/10.1007/s11999-008-0335-z
http://dx.doi.org/10.1097/BLO.0b013e318059b8c9
http://dx.doi.org/10.1097/BLO.0b013e318059b8c9
http://dx.doi.org/10.1097/BLO.0b013e318059b8c9
http://dx.doi.org/10.1128/MCB.16.4.1326
http://dx.doi.org/10.1128/MCB.16.4.1326
http://dx.doi.org/10.1128/MCB.16.4.1326
http://dx.doi.org/10.1128/MCB.16.4.1326


294

HUSSAIN et al. / Turk J Med Sci

12. Tan TW, Huang YL, Chang JT, Lin JJ, Fong YC, Kuo CC, Tsai 
CH, Chen YJ, Hsu HC, Cho DY et al. CCN3 increases BMP-
4 expression and bone mineralization in osteoblasts. J Cell 
Physiol 2012; 227: 2531-2541.

13. O’Brien TP, Yang GP, Sanders L, Lau LF. Expression of CYR61, 
a growth factor inducible immediate-early gene. Mol Cell Biol 
1990; 10: 3569-3577.

14. Frazier K, Williams S, Kothapalli D, Klapper H, Grotendorst 
GR. Stimulation of fibroblast cell growth, matrix production, 
and granulation tissue formation by connective tissue growth 
factor. J Invest Dermatol 1996; 107: 404-411.

15. Chen N, Chen CC, Lau LF. CYR61, a product of a growth 
factor-inducible immediate early gene, is associated with the 
extracellular matrix and the cell surface. Cell Growth Differ 
1991; 2: 351-357.

16. Babic AM, Chen CC, Lau LF. Fisp12/mouse connective tissue 
growth factor mediates endothelial cell adhesion and migration 
through integrin αvβ3, promotes endothelial cell survival, and 
induces angiogenesis in vivo. Mol Cell Biol 1999; 19: 2958-
2966.

17. Tsai MS, Bogart DF, Li P, Mehmi I, Lupu R. Expression and 
regulation of CYR61 in human breast cancer cell lines. 
Oncogene 2002; 21: 964-973.

18. Leask A, Abraham DJ. All in the CCN family: essential 
matricellular signaling modulators emerge from the bunker. J 
Cell Sci 2006; 119: 4803-4810.

19. Enneking WF, Spanier SS, Goodman MA. A system for the 
surgical staging of musculoskeletal sarcoma. Clin Orthop 
1980; 153: 106-120.

20. Bickels J, Jelinek BM, Shmookler BM, Neff RS, Malawar MM. 
Biopsy of musculoskeletal tumors. Current concepts. Clin 
Orthop Rel Res 1999; 368: 212-219.

21. Babic AM, Kireeva ML, Kolesnikova TV, Lau LF. CYR61, a 
product of a growth factor-inducible immediate early gene, 
promotes angiogenesis and tumor growth. P Natl Acad Sci 
USA 1998; 95: 6355-6360.

22. Hussain SR, Babu SG, Raza ST, Singh P, Ahmed F, Naqvi H, 
Mahdi F. Screening of the c-kit gene missense mutation in 
invasive ductal carcinoma of breast among north Indian 
population. Mol Biol Rep 2012; 39: 9139-9144.

23. Perrot A, Schmitt KR, Roth EM, Stiller B, Posch MG, Browne 
EN, Timmann C, Horstmann RD, Berger F, Ozcelik C. CCN1 
mutation is associated with atrial septal defect. Pediatr Cardiol 
2015; 36: 295-299.

24. Huang J, Gao K, Lin J, Wang Q. MicroRNA-100 inhibits 
osteosarcoma cell proliferation by targeting CYR61. Tumour 
Biol 2014; 35: 1095-1100.

25. Chen J, Song Y, Yang J, Gong L, Zhao P, Zhang Y, Su H. The up-
regulation of cysteine-rich protein 61 induced by transforming 
growth factor beta enhances osteosarcoma cell migration. Mol 
Cell Biochem 2013; 384: 269-277.

26. Sandberg A. Random break points in normal individuals as 
well as genetic disorder patients. In: Sandberg AA, editor. The 
Chromosomes in Human Cancer and Leukemia. New York, 
NY, USA: Elsevier; 1980. pp. 567-596.

27. Murata H, Kusuzaki K, Takeshita H, Hirasawa Y, Ashihara 
T, Abe T, Inazawa J. Aberrations of chromosomes 1 and 17 
in six human osteosarcoma cell lines using double-target 
fluorescence in situ hybridization. Cancer Genet Cytogenet 
1998; 107: 7-10.

28. Wittig R, Nessling M, Will RD, Mollenhauer J, Salowsky R, 
Münstermann E, Schick M, Helmbach H, Gschwendt B, Korn 
B et al. Candidate genes for cross resistance against DNA-
damaging drugs. Cancer Res 2002; 62: 6698-6705.

29. Gery S, Xie D, Yin D, Gabra H, Miller C, Wang H, Scott D, 
Yi WS, Popoviciu ML, Said JW el al. Ovarian carcinomas: 
CCN genes are aberrantly expressed and CCN1 promotes 
proliferation of these cells. Clin Cancer Res 2005; 11: 7243-
7254.

30. Lin MT, Chang CC, Chen ST, Chang HL, Su JL, Chau YP, Kuo 
ML. Cyr61 expression confers resistance to apoptosis in breast 
cancer MCF-7 cells by a mechanism of NF kappa B-dependent 
XIAP up-regulation. J Biol Chem 2004; 279: 24015-24023.

31. Fromigue O, Hamidouche Z, Vaudin P, Lecanda F, Patino A, 
Barbry P, Mari B, Marie PJ. CYR61 downregulation reduces 
osteosarcoma cell invasion, migration, and metastasis. J Bone 
Miner Res 2011; 26: 1533-1542.

32. Genini M, Schwalbe P, Scholl FA, Schafer BW. Isolation of 
genes differentially expressed in human primary myoblasts 
and embryonal rhabdomyosarcoma. Int J Cancer 1996; 66: 
571-577.

33. Xie D, Yin D, Tong X, O’Kelly J, Mori A, Miller C, Black K, Gui 
D, Said JW, Koeffler HP. CYR61 is overexpressed in gliomas 
and involved in integrin-linked kinase-mediated Akt and beta-
catenin-TCF/Lef signalling pathways. Cancer Res 2004; 64: 
1987-1996.

34. Holloway SE, Beck AW, Girard L, Jaber MR, Barnett CC Jr, 
Brekken RA, Fleming JB. Increased expression of CYR61 
(CCN1) identified in peritoneal metastases from human 
pancreatic cancer. J Am Coll Surg 2005; 200: 371-377. 

http://dx.doi.org/10.1002/jcp.22991
http://dx.doi.org/10.1002/jcp.22991
http://dx.doi.org/10.1002/jcp.22991
http://dx.doi.org/10.1002/jcp.22991
http://dx.doi.org/10.1128/MCB.10.7.3569
http://dx.doi.org/10.1128/MCB.10.7.3569
http://dx.doi.org/10.1128/MCB.10.7.3569
http://dx.doi.org/10.1111/1523-1747.ep12363389
http://dx.doi.org/10.1111/1523-1747.ep12363389
http://dx.doi.org/10.1111/1523-1747.ep12363389
http://dx.doi.org/10.1111/1523-1747.ep12363389
http://dx.doi.org/10.1128/MCB.19.4.2958
http://dx.doi.org/10.1128/MCB.19.4.2958
http://dx.doi.org/10.1128/MCB.19.4.2958
http://dx.doi.org/10.1128/MCB.19.4.2958
http://dx.doi.org/10.1128/MCB.19.4.2958
http://dx.doi.org/10.1038/sj.onc.1205131
http://dx.doi.org/10.1038/sj.onc.1205131
http://dx.doi.org/10.1038/sj.onc.1205131
http://dx.doi.org/10.1242/jcs.03270
http://dx.doi.org/10.1242/jcs.03270
http://dx.doi.org/10.1242/jcs.03270
http://dx.doi.org/10.1073/pnas.95.11.6355
http://dx.doi.org/10.1073/pnas.95.11.6355
http://dx.doi.org/10.1073/pnas.95.11.6355
http://dx.doi.org/10.1073/pnas.95.11.6355
http://dx.doi.org/10.1007/s11033-012-1786-6
http://dx.doi.org/10.1007/s11033-012-1786-6
http://dx.doi.org/10.1007/s11033-012-1786-6
http://dx.doi.org/10.1007/s11033-012-1786-6
http://dx.doi.org/10.1007/s00246-014-1001-8
http://dx.doi.org/10.1007/s00246-014-1001-8
http://dx.doi.org/10.1007/s00246-014-1001-8
http://dx.doi.org/10.1007/s00246-014-1001-8
http://dx.doi.org/10.1007/s13277-013-1146-8
http://dx.doi.org/10.1007/s13277-013-1146-8
http://dx.doi.org/10.1007/s13277-013-1146-8
http://dx.doi.org/10.1007/s11010-013-1807-3
http://dx.doi.org/10.1007/s11010-013-1807-3
http://dx.doi.org/10.1007/s11010-013-1807-3
http://dx.doi.org/10.1007/s11010-013-1807-3
http://dx.doi.org/10.1016/S0165-4608(98)00072-7
http://dx.doi.org/10.1016/S0165-4608(98)00072-7
http://dx.doi.org/10.1016/S0165-4608(98)00072-7
http://dx.doi.org/10.1016/S0165-4608(98)00072-7
http://dx.doi.org/10.1016/S0165-4608(98)00072-7
http://dx.doi.org/10.1158/1078-0432.CCR-05-0231
http://dx.doi.org/10.1158/1078-0432.CCR-05-0231
http://dx.doi.org/10.1158/1078-0432.CCR-05-0231
http://dx.doi.org/10.1158/1078-0432.CCR-05-0231
http://dx.doi.org/10.1158/1078-0432.CCR-05-0231
http://dx.doi.org/10.1074/jbc.M402305200
http://dx.doi.org/10.1074/jbc.M402305200
http://dx.doi.org/10.1074/jbc.M402305200
http://dx.doi.org/10.1074/jbc.M402305200
http://dx.doi.org/10.1002/jbmr.343
http://dx.doi.org/10.1002/jbmr.343
http://dx.doi.org/10.1002/jbmr.343
http://dx.doi.org/10.1002/jbmr.343
http://dx.doi.org/10.1158/0008-5472.CAN-03-0666
http://dx.doi.org/10.1158/0008-5472.CAN-03-0666
http://dx.doi.org/10.1158/0008-5472.CAN-03-0666
http://dx.doi.org/10.1158/0008-5472.CAN-03-0666
http://dx.doi.org/10.1158/0008-5472.CAN-03-0666
http://dx.doi.org/10.1016/j.jamcollsurg.2004.10.005
http://dx.doi.org/10.1016/j.jamcollsurg.2004.10.005
http://dx.doi.org/10.1016/j.jamcollsurg.2004.10.005
http://dx.doi.org/10.1016/j.jamcollsurg.2004.10.005

