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Chondrosarcoma is the second most common malignant bone tumor. Current therapies remain ineffective, resulting in poor prognoses. Biomarkers for chondrosarcoma and predictors of its prognosis have not been established. Mental health–related proteins have been associated with the pathogenesis, progression, and prognosis of many cancers, but their association with chondrosarcoma has not been reported. In this study, the expression and clinicopathological significance of the mental health–related proteins DAXX, DRD3, and DISC1 in chondrosarcoma tissue samples were examined, over an 84-months follow-up period. In immunohistochemical analysis, the rates of positive DAXX, DRD3, and DISC1 expression were significantly higher in chondrosarcoma than in osteochondroma tissue (P < 0.01). The percentages of positive DAXX, DRD3, and DISC1 expression were significantly lower in tissues with good differentiation (P < 0.01), AJCC stage I/ II (P < 0.01), Enneking stage I (P < 0.01), and non-metastasis (P < 0.05), respectively. In Kaplan–Meier survival analysis, significantly shorter mean survival times were associated with moderate and poor differentiation (P = 0.000), AJCC stage III/IV (P = 0.000), Enneking stage II/III (P = 0.000), metastasis (P = 0.019), invasion (P = 0.013), and positive DAXX (P = 0.012), and/or DRD3 (P = 0.018) expression. In Cox regression analysis, moderate and poor differentiation (P = 0.006), AJCC stage III/IV (P = 0.013), Enneking stage II/III (P = 0.016), metastasis (P = 0.033), invasion (P = 0.011), and positive DAXX (P = 0.033), and/or DRD3 (P = 0.025) staining correlated negatively with the postoperative survival rate and positively with mortality. In competing-risks regression analysis, differentiation (P = 0.005), metastasis (P = 0.014), invasion (P = 0.028), AJCC stage (P = 0.003), Enneking stage (P = 0.036), and DAXX (P = 0.039), and DRD3(P = 0.019) expression were independent predictors of death from chondrosarcoma. The areas under receiver operating characteristic curves for DAXX, DRD3, and DISC1 expression were 0.673 (95% CI, 0.557–0.788; P = 0.010), 0.670 (95% CI, 0.556–0.784; P = 0.011), and 0.688 (95% CI, 0.573–0.802; P = 0.005), respectively. These results suggest that DAXX, DRD3, and DISC1 could serve as biomarkers of chondrosarcoma progression and predictors of its prognosis.
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INTRODUCTION

Patients with chondrosarcoma (CS), a cartilage malignancy that accounts for 25% of skeletal system sarcomas (Andreou et al., 2011), often have a poor prognosis (Group, 2014). CS is aggressive, characterized by early metastasis in 42% of patients and local recurrence in up to 86% of patients. Current therapies for CS, including surgical resection, chemotherapy, and radiotherapy, are ineffective. According to recent studies, 5-years survival rates are about 79% for patients with conventional central CS (Fromm et al., 2018), 7–24% for patients with dedifferentiated CS, and 28% for those with mesenchymal CS (MacDonald et al., 2019). Chemotherapy after surgical resection has been proven to have no benefit in CS, with a combined 5-years survival rate of 53% (Peterse et al., 2017). Moreover, due to the limited overall efficacy of chemotherapy, the 5-years survival rate for patients with unresectable CS is only 2% (Peterse et al., 2017). On the other hand, as CS grows slowly, with a relatively low fraction of dividing cells, chondrogenic tumors are considered to be radioresistant, as radiotherapy acts on dividing cells (Gelderblom et al., 2008). These clinical findings emphasize the urgent need for the development of novel effective strategies for the treatment of CS. However, despite great research efforts, no CS biomarker or prognosis predictor has been established for clinical practice.

People with poor mental health are reportedly at greater risk of cancer (Levine et al., 1978; Cohen et al., 2007), and mental health–related proteins, such as death domain–associated protein (DAXX) (Tang et al., 2014), dopamine D3 receptor (DRD3) (Castorina et al., 2010), and disrupted-in-schizophrenia-1 (DISC1) (Gao et al., 2016), have shown significant associations with cancer pathogenesis, progression, and prognosis. But the roles of these proteins in CS have not been studied.

Many studies have examined the roles of DAXX in mental diseases and disorders, including Parkinson's disease (Karunakaran et al., 2007) and schizophrenia (Subburaju et al., 2016). DAXX has multiple functions, such as transcriptional regulation, apoptosis, and carcinogenesis. It was originally identified as a Fas death receptor that binds to apoptosis-associated proteins through Jun N-terminal kinase pathways (Chang et al., 1998). However, study findings are conflicting, and its role remains unclear. DAXX is either anti-apoptotic or pro-apoptotic. It has multiple alternative localizations in the nucleus and cytoplasm, likely associated with different functions. DAXX was found to translocate from the nucleus to the nuclear membrane, cytoplasm, or cell membrane with the progression of cervical cancer (Tang et al., 2014). Alteration of its intracellular distribution range in urinary tract epithelial cells results in urothelial carcinoma (Zizzi et al., 2013). DAXX mutations have been identified in a wide range of tumor types, at a rate of 43%. The first observation was made in pancreatic neuroendocrine tumors (pNETs), which showed frequent mutations in DAXX chromatin factors (Jiao et al., 2011). DAXX mutations were also detected in alternative lengthening of telomeres (ALT) neuroblastoma with chemoresistance and late recurrence, and in other ALT contexts (Heaphy et al., 2011). The loss of DAXX/ATRX expression was observed in some pNET tissue and correlated with chromosome instability, advanced disease, and poor prognosis (Marinoni et al., 2014). Recently, Shi et al. (2019) reported that DAXX is a modulator of DNA damage repair and suppressor of triple negative breast cancer progression. In addition, DAXX may function as a novel anaphase-promoting complex or cyclosome inhibitor and promote chromosome-instability cancer predisposition during prostate cancer development (Kwan et al., 2013). These findings suggest that dislocations or mutations alter the function of DAXX, sometimes contributing to tumor development.

Dopamine receptors are G-protein coupled receptors that respond to the neurotransmitter dopamine. They can be classified into two main groups: D1-like (DRD1 and DRD5) and D2-like (DRD2, DRD3, and DRD4) receptors. Most studies of these receptors have been in the field of neurobiology; their roles in cancer remain unclear. Researchers believe that mental and physiological conditions play important roles in cancer development and progression (Barik et al., 2013); chronic stress has been shown to cause the secretion of neurotransmitters that participate in such activities in several cancers, such as breast cancer (So et al., 2010). Several neurotransmitters cause tumor progression through the stimulation of tumor cell migration and dissemination to distant sites, and through the activation of signaling pathways linked to cell proliferation and survival (e.g., the phosphatidyl inositide 3-kinase, mitogen-activated protein kinase, and Akt pathways) (Beaulieu and Gainetdinov, 2011). Such events occur due to the secretion of catecholamines (stress mediators), which increases in response to stress. The catecholamines epinephrine and norepinephrine are related to carcinogenesis and tumor progression. Recently, nervous system mediators, including neurotransmitters, have also been shown to play important roles in tumor angiogenesis. Dopamine has proliferative effects in non-transformed cells and inhibits T cell receptor–induced cell proliferation, leading to immune system depletion via the stimulation of T-cell cytokine secretion (Basu et al., 2010). It also has an inhibiting effect on breast cancer cells and in several other cancers (Chakroborty et al., 2004).

Data on the role of D2-like receptors in cancer are conflicting. On one hand, D2-like receptor activation has been reported to induce apoptosis or to inhibit cancer cell proliferation (Roy et al., 2017). On the other hand, D2-like receptor antagonism was found to have anticancer effects (Sachlos et al., 2012). Moreover, a study has shown that chronic stress changes D2-like receptor gene expression profiles in non-small cell lung cancer (Sheikhpour et al., 2013). Castorina et al. (2010) found that the DRD3 agonist contributes to the development of malignant peripheral nerve sheath tumors through the inhibition of tumor suppressor gene-NF1 expression. In pancreatic ductal adenocarcinoma (Jandaghi et al., 2016) and glioblastoma (Li et al., 2014), DRD2 knockdown significantly reduced tumor cell viability. In cervical and endometrial cancers, melanoma cells, and breast cancer stem cells, single-agent treatment with D2-like receptor antagonists is antitumorigenic (Kang et al., 2012; Sachlos et al., 2012). Hoeppner et al. (2015) reported that the D2-like receptor agonist inhibits lung cancer progression by reducing angiogenesis and tumor infiltration of myeloid-derived suppressor cells. In gastric cancer cells, D2-like receptor activation can reduce cancer cell proliferation through the upregulation of Krüppel-like factor 4 via inhibition of ERK1/2 and Akt phosphorylation (Ganguly et al., 2010). Thus, whether DRD3 has carcinogenic effects in CS is unknown.

DISC1, associated with a variety of brain disorders, activates Wnt/β-catenin signaling by inhibiting glycogen synthase kinase 3 beta (GSK3β) phosphorylation, and promotes neural progenitor cell proliferation. Aberrations in the GSK3β/β-catenin signaling pathway have been associated with the pathogenesis of liver and lung cancers (Wan et al., 2015; Wang et al., 2017). Gao et al. who first identified DISC1 as an oncogene in glioblastoma tumorigenesis. They observed greater expression of DISC1 in glioma cells than in normal cells, and found that DISC1 knockdown significantly inhibited glioblastoma cell proliferation, migration, invasion, and stem cell self-renewal (Gao et al., 2018). Their studies showed that DISC1 inhibition altered mitochondrial dynamics by regulating Drp1 (Gao et al., 2016), and that Drp1 activation was associated with a poor prognosis of glioblastoma (Xie et al., 2015), indicating that mitochondrial dynamics acted as a regulatory switch for the differentiation of glioma stem cells and could be a new therapeutic target. Drp1 was also found to regulate glioma cell proliferation and invasion via the RHOA/ROCK1 pathway (Yin et al., 2016). DISC1 also regulates the cyclic adenosine monophosphate (cAMP) signaling pathway, which is associated closely with cancer pathogenesis and progression (Simko et al., 2017) via binding and inhibition of phosphodiesterase 4B (PDE4B). All of these studies showed that DISC1 expression is associated with the oncogenesis, progression, and prognosis of cancer, but its role in CS has not been examined.

In the present study, we hypothesized that the expression of mental health–related proteins would be associated with the progression and poor prognosis of CS. Osteochondroma (OC) was used as a control, as it is a benign bone tumor and its malignant degeneration usually causes CS (Somers and Faber, 1999; Baatenburg de Jong et al., 2004; Limaiem and Sticco, 2019). DAXX, DRD3, and DISC1 protein expression in CS and OC was investigated by immunohistochemistry (IHC). The clinical and pathological significance of these proteins in CS, and their roles in the progression and prognosis of this malignancy, were analyzed. To our knowledge, this study is the first to investigate associations between mental health–related protein expression and CS.



MATERIALS AND METHODS


Specimens and Clinical Data

This study was conducted with resected tumor specimens from 80 patients with CS and 25 patients with OC collected between January 2011 and June 2015 at the Second and Third Xiangya hospitals, Central South University, Changsha, China. Diagnoses were confirmed by histopathology. Tissues were formalin fixed and paraffin embedded using standard procedures. Patients with CS or their relatives were contacted by telephone and/or email to obtain survival information. Deaths were confirmed by checking the death records at The Ministry of Public Security of the People‘s Republic of China.

Clinicopathological data collected included patient age and sex, extent of tumor differentiation, tumor size, AJCC and Enneking stages, and the presence of metastasis and/or invasion. Tumor differentiation is a clinical parameter characterizing the degree to which tumor cells resemble those of the tissue from which they arise; high degrees of differentiation imply low malignancy and vice versa. The AJCC stage system (I–IV) characterizes the extent and severity of cancer progression, with IV representing the most advanced stage. The Enneking stage system is commonly used for bone cancer; stage I represents low-grade localized tumors, stage II represents high-grade localized tumors, and stage III represents metastatic tumors (regardless of grade). Metastasis is the spread of a pathogenic agent (i.e., tumor) from a primary to a secondary site in the host's body. It is generally distinguished from invasion, which is the direct extension and penetration of cancer cells into neighboring tissues.



Ethics Statement

This study was approved by the Medical Ethics Committee of the Second Xiangya Hospital, Central South University and performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from each participant or his/her legal custodian.



Immunohistochemistry

Four-micrometer-thick sections were cut from the paraffin-embedded tissues. IHC staining for DAXX, DRD3, and DISCC1 was performed using the EnVisionTM detection kit (Dako Laboratories, Carpinteria, CA, USA) according to the manufacturer's protocol. Briefly, the sections were deparaffinized and then incubated with peroxidase inhibitor (3% H2O2) in the dark for 15 min, followed by incubation in sodium citrate buffer (10 mM Sodium citrate, 0.05% Tween 20, pH 6.0) at room temperature for 20 min. The tissue sections were then incubated with rabbit anti-human DAXX, DRD3, and DISC1 antibodies (Boster Biological Technology Co., Ltd., California, USA) for 2 h, followed by rinsing with PBS three times for 5 min each. Solution A [containing HRP-conjugated anti-rabbit secondary antibody (Santa Cruz Biotechnology)] was then added to the sections and incubation was continued for 30 min at room temperature. After rinsing with 1× PBS three times for 5 min each, the sections were stained with DAB, counterstained hematoxylin, dehydrated with alcohol, soaked in xylene, and mounted with neutral balsam. Positivity for DAXX, DRD3, or DISC1 was defined as ≥20% positively stained cells at a staining strength ≥2, or 10–20% positivity stained cells at a strength of 3.



Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences version 18.0 (SPSS Inc., Chicago, IL, USA). DAXX, DRD3, and DISC1 expression in CS and OC specimens, and relationships of this expression to histological and clinical factors, were analyzed using the chi-squared test. The Kaplan–Meier and log-rank tests were used for univariable survival analysis, with calculation of receiver operating characteristic (ROC) curves and areas under the curves (AUCs). Cox proportional-hazards and competing-risks regression models proposed by Fine and Gray (1999) were used for multivariable analysis and the determination of 95% confidence intervals (CIs). The latter were used to account for the possibility that patients died of other causes. P < 0.05 was considered to represent significance.

Proportional hazards (PH) assumption was evaluated by calculating weighted Schoenfeld residuals, and no violations of the PH assumptions for the DAXX, DRD3, DISC1 in Cox model was found (P > 0.05). Assumption for the Chi-square test which require the sample size ≥40 and the expected number of participants ≥5 in each group was check, and all data met the requirement for Chi-square tests.




RESULTS


DAXX, DRD3, and DISC1 Protein Expression in CS and OC Tissues

Positive DAXX staining was located mainly in the cytoplasm and nuclei, and positive DRD3 and DISC1 staining was located mainly in the cytoplasm. Of the 80 CS samples, positive DAXX, DRD3, and DISC1 staining was observed in 41 (51.3%), 40 (50.0%), and 46 (57.5%) samples, respectively. Of the 25 OC samples, 4 (16.7%) were DAXX positive, 4 (16.0%) were DRD3 positive, and 5 (20.0%) were DISC1 positive. These proportions were significantly greater in CS than in OC samples (PDAXX = 0.003, PDRD3 = 0.003, PDISC1 = 0.001; Figure 1, Table 1).


[image: Figure 1]
FIGURE 1. Representative patterns of DAXX, DRD3, and DISC1 expression in chondrosarcoma (CS) and osteochondroma (OC) tissues are shown (×200 original magnification).



Table 1. DAXX, DRD3, and DISC1 expression in chondrosarcoma and osteochondroma.
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Association of DAXX, DRD3, and DISC1 Expression With the Clinicopathological Features of CS

DAXX, DRD3, and DISC1 expression in CS samples was not associated with patient age or sex, tumor size, or invasion (Table 2). The percentages of positive DAXX, DRD3, and DISC1 expression were significantly greater in tissues with moderate and poor differentiation, AJCC stage III/IV, Enneking stage II/III, and metastasis than in those with good differentiation (P < 0.01), AJCC stage I/II (P < 0.01), Enneking stage I (P < 0.01), and no metastasis (P < 0.05), respectively.


Table 2. Associations of DAXX, DRD3, and DISC1 expression with the clinicopathological characteristics of chondrosarcoma.

[image: Table 2]



Correlation of DAXX, DRD3, and DISC1 Expression in CS

Of the 41 CS tissue samples with positive DAXX expression, 34 were DRD3 positive and 34 were DISC1 positive. Of the 39 tissue samples with negative DAXX expression, 33 were DRD3 negative and 27 were DISC1 negative. Of the 40 samples with positive DRD3 expression, 33 were DISC1 positive. Of the 40 samples with negative DRD3 expression, 27 were DISC1 negative. Significant positive correlations were found between the expression of DAXX and DRD3 (χ2 = 36.473, P = 0.000), DAXX and DISC1 (χ2 = 22.25, P = 0.000), and DRD3 and DISC1 (χ2 = 20.46, P < 0.001).



Correlations of Clinicopathological Parameters and DAXX, DRD3, and DISC1 Expression With the Mean Survival of Patients With CS

Fifty-three (66.3%) patients died during the follow-up period (maximum, 84 months) and 27 (33.7%) patients (including censored cases) survived. Survival was censored at 84 months. Kaplan–Meier analysis revealed significantly shorter mean survival times in patients with moderately and poorly differentiated tumors (P = 0.000), AJCC stage III/IV CS (P = 0.000), Enneking stage II/III CS (P = 0.000), metastasis (P = 0.019), invasion (P = 0.013), positive DAXX staining (P = 0.012), and positive DRD3 staining (P = 0.018). The mean patient survival time was not associated with patient age or sex, tumor size, or DISC1 expression (Figure 2, Table 3).


[image: Figure 2]
FIGURE 2. Associations of DAXX, DRD3, and DISC1 expression with survival in patients with chondrosarcoma. Prognoses are depicted with Kaplan–Meier curves. (A) DAXX expression (mean survival, positive 30.41 vs. negative 42.13 months; P = 0.012). (B) DRD3 expression (mean survival, positive 30.87 vs. negative 40.85 months; P = 0.018). (C) DISC1 expression (mean survival, positive 34.09 vs. negative 37.34 months; P = 0.404).



Table 3. Relationships of DAXX, DRD3, and DISC1 expression and clinicopathological characteristics to average survival in patients with chondrosarcoma.

[image: Table 3]

On multivariable Cox regression analysis, moderate and poor differentiation (P = 0.006), AJCC stage III/IV (P = 0.013), Enneking stage II/III (P = 0.016), metastasis (P = 0.033), invasion (P = 0.011), positive DAXX staining (P = 0.033), and positive DRD3 staining (P = 0.025) correlated negatively with the postoperative survival rate and positively with mortality. Expression of DAXX and DRD3, but not DISC1, independently predicted CS (P < 0.05; Table 4).


Table 4. Associations of DAXX, DRD3, and DISC1 expression and clinicopathological characteristics with overall survival in patients with chondrosarcoma, as determined by multivariable Cox regression.

[image: Table 4]

In the competing-risks model, tumor differentiation (P = 0.005), metastasis (P = 0.014), invasion (P = 0.028), AJCC stage (P = 0.003), Enneking stage (P = 0.036), and DAXX (P = 0.039), and DRD3 (P = 0.019) expression were independent predictors of death from CS. No variable was an independent predictor of death of other causes (Table 5).


Table 5. Competing risks regression models for 80 patients with CS.

[image: Table 5]

AUCs for DAXX, DRD3, and DISC1 were 0.673 (95% CI, 0.557–0.788; P = 0.010), 0.670 (95% CI, 0.556–0.784; P = 0.011), and 0.688 (95% CI, 0.573–0.802; P = 0.005), respectively (Figure 3).


[image: Figure 3]
FIGURE 3. Receiver operating characteristic curves for DAXX, DRD3, and DISC1 protein expression in 80 patients with chondrosarcoma (January 2011–June 2015). Areas under the curves are 0.673, 0.670, and 0.688, respectively.





DISCUSSION

Data on the association between mental health and cancer are conflicting. On one hand, mental conditions have been reported to play important roles in cancer promotion and development (Cohen et al., 2007; Barik et al., 2013). Mental disorders such as schizophrenia have been found to be associated strongly with many cancers; for example, individuals with schizophrenia are at greater risk of developing lung cancer (Kisely et al., 2013), and some studies have identified a modestly elevated risk of breast cancer in these individuals (Vancampfort et al., 2015). Moreover, patients with schizophrenia appear to be more likely to die of cancer once that cancer is diagnosed (Irwin et al., 2014). Possible explanations for these findings include delayed diagnosis and lack of access to screening, which lead to more advanced staging at the time of diagnosis, and reduced access to or use of appropriate treatments after diagnosis. For example, people with depression are less likely to receive routine cancer screening (Carney and Jones, 2006), which may result in more advanced disease at presentation (Liang et al., 2017). On the other hand, some studies have documented a reduced incidence of cancer in patients with dementia and schizophrenia (Attner et al., 2010; Bushe and Hodgson, 2010; Kisely et al., 2013). Biological theories for the reduced incidence in patients with schizophrenia include a protective effect of excess dopamine, enhanced natural killer cell activity, increased apoptosis, modulation by antipsychotic drugs of cytochrome enzymes involved in mutagen activation and elimination, and neonatal vitamin D deficiency (Bushe and Hodgson, 2010; Wang et al., 2011). Although the cancer incidence is no higher in psychiatric patients than in the general population, the former are more likely to have metastases at diagnosis and less likely to receive specialized interventions (Kisely et al., 2013).

Given this contradictory evidence for the relationship between mental health and cancer, we investigated the role of mental health in CS, which to our knowledge has not been examined previously. We found that the expression of DAXX, DRD3, and DISC1 was significantly greater in CS tissue than in benign OC tissue. In addition, the expression of these mental health–related proteins was associated with CS severity, progression, and poor prognosis. These findings suggest that DAXX, DRD3, and DISC1 may be useful biomarkers for this malignancy.

We found significantly higher percentages of positive DAXX expression in tumors with poorer differentiation, later AJCC and Enneking stages, and metastasis. We also demonstrated that DAXX is an independent predictor of CS. Similar functions of DAXX have been reported previously. In prostate cancer, strong DAXX expression was associated strongly with a high Gleason grade, advanced pT stage, increased cell proliferation index, and early prostate-specific antigen recurrence (Tsourlakis et al., 2013). Chou et al. (2018) also found that DAXX and ATRX losses were mutually exclusive and associated with other adverse clinicopathological variables and poor survival in patients with pNETs. Furthermore, 4-Hydroxy nonene aldehyde can promote DAXX localization to the cytoplasm and inhibition of apoptosis by blocking the apoptosis signal–regulating kinase 1 pathway (Sharma et al., 2008), associated with the progression of cervical cancer (Tang et al., 2014). Thus, the results of the present study and previous studies suggest that DAXX can serve as a biomarker of CS development and progression.

In the present study, the expression of DRD3 correlated positively with poor differentiation, late AJCC and Enneking stages, and metastasis and negatively with the mean survival time of patients with CS. Thus, DRD3 could serve as a biomarker of CS progression and predictor of its prognosis. Our findings are in accordance with those of some previous studies (Yin et al., 2015), but D2-like receptors have been found to have diverse effects in different cancers. These contradictory conclusions, including ours, may reflect heterogeneity among cancer types (Malchenko et al., 2012). In addition, D2-like receptors, including DRD3, have inconsistent functions (Wang et al., 2019). The relationship between the immune and nervous systems is significant in oncogenesis; neurotransmitters, including dopamine, affect immune cells in many diseases (Reiche et al., 2004; Ganguly et al., 2010), leading to changes in the numbers of T cells, which play a key role in the immune system. T cells reduce the viability of tumor cells via secretion of the cytokine TNF-α, but the overexpression of D2-like receptor genes down-regulates this effect (Jiang et al., 2007). Thus, the association between DRD3 expression and CS progression observed in this study may be a result of the down-regulation of anti–tumor cell cytokines.

Although DISC1 expression was not associated with the mean postoperative survival time in this study, it (like DAXX and DRD3) was related strongly to CS progression, indicating its utility as a biomarker. This finding is in agreement with Wang et al. (2017), who reported that DISC1 promotes non-small cell lung cancer growth, probably through the GSK3β/β-catenin signaling pathway. Moreover, in glioblastoma, knockdown of DISC1 was found to significantly inhibit cell proliferation, migration, and invasion in vitro and in vivo (Gao et al., 2016). This effect of DISC1 was likely related to mitochondrial dynamics, in part via the down-regulation of Drp1. The mechanisms underlying the role of DISC1 in cancer have been well studied. DISC1 is an important cell proliferation regulator that positively modulates Wnt signaling via the inhibition of GSK3β catalytic activity and activation of β-catenin (Brandon et al., 2009). GSK3β/β-catenin signaling pathway has been found to be associated with the pathogenesis of cancers (Wan et al., 2015; Wang et al., 2017). Another important mechanism of DISC1 is its regulation of the cAMP-signaling pathway, which has been demonstrated to be associated strongly with cancer pathogenesis and promotion (Simko et al., 2017). In the cAMP/PKA pathway, DISC1 interacts with several key molecules that are important in the pathogenesis and progression of cancers (Palorini et al., 2016), including a D2 dopamine receptor that suppresses cAMP production. The association of DISC1 expression with CS progression is supported by these findings.

Unexpectedly, expression of the mental health–related proteins was not associated with CS invasion in this study, even though invasion into surrounding tissue and vasculature is an important step in cancer metastasis. DAXX and DISC1 have been associated with tumor invasion in previous studies (Gao et al., 2016; Lin et al., 2016); to our knowledge, DRD3 has not. We also detected significant positive correlations between the expression of DAXX and DRD3, DAXX and DISC1, and DRD3 and DISC1, suggesting that these proteins mutually regulate each other or that their expression is regulated through the same pathway. However, the underlying mechanism remains unclear, and further studies are required to understand it.

The results of this study should be interpreted with caution, as the study has some limitations. The sample size was small and the study was performed at only two academic medical centers. In addition, the findings were not validated in an independent patient cohort. However, we believe that the results of this study provide a useful reference for further research.

In conclusion, in the present study, we found that the mental health–related proteins DAXX, DRD3, and DISC1 were expressed strongly in CS tissue. Overexpression was observed in samples showing moderate and poor differentiation, AJCC stage III/IV, Enneking stage II/III, and metastasis. Moreover, DAXX and DRD3 expression was associated significantly with shorter mean survival times of patients with CS. These results suggest that the DAXX, DRD3, and DISC1 proteins could serve as biomarkers of CS progression and predictors of its prognosis.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Medical Ethics Committee of the Second Xiangya Hospital, Central South University. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

LH and XS analyzed the patient data and performed the IHC staining. RC and ZW participated statistical analysis. ZL wrote the manuscript. ZY revised the manuscript. All authors read and approved the final manuscript.



FUNDING

This study was sponsored by the National Natural Science Foundation of China (No. 81372180), the Hunan Provincial Science and Technology Department (2017TJ-Q19), the Hunan Provincial Science and Technology Association key-point program (2017DK2013), and the Natural Science Foundation of Hunan Province, China (2018JJ3716).



ABBREVIATIONS

ALT, alternative lengthening of telomeres; cAMP, cyclic adenosine monophosphate; CS, chondrosarcoma; DAXX, death domain–associated protein; DISC1, Disrupted-in-schizophrenia-1; DRD3, dopamine receptor D3; GSK3β, glycogen synthase kinase 3 beta; IHC, immunohistochemistry; OC, osteochondroma; pNET, pancreatic neuroendocrine tumor; PH, proportional hazards.



REFERENCES

 Andreou, D., Ruppin, S., Fehlberg, S., Pink, D., Werner, M., and Tunn, P. U. (2011). Survival and prognostic factors in chondrosarcoma: results in 115 patients with long-term follow-up. Acta orthopaedica 82, 749–755. doi: 10.3109/17453674.2011.636668

 Attner, B., Lithman, T., Noreen, D., and Olsson, H. (2010). Low cancer rates among patients with dementia in a population-based register study in Sweden. Dement. Geriatr. Cogn. Disord. 30, 39–42. doi: 10.1159/000315509

 Baatenburg de Jong, R. J., van Lent, S., and Hogendoorn, P. C. (2004). Chondroma and chondrosarcoma of the larynx. Curr. Opin. Otolaryngol. Head Neck Surg. 12, 98–105. doi: 10.1097/00020840-200404000-00008

 Barik, J., Marti, F., Morel, C., Fernandez, S. P., Lanteri, C., Godeheu, G., et al. (2013). Chronic stress triggers social aversion via glucocorticoid receptor in dopaminoceptive neurons. Science 339, 332–335. doi: 10.1126/science.1226767

 Basu, B., Sarkar, C., Chakroborty, D., Ganguly, S., Shome, S., Dasgupta, P. S., et al. (2010). D1 and D2 dopamine receptor-mediated inhibition of activated normal T cell proliferation is lost in jurkat T leukemic cells. J. Biol. Chem. 285, 27026–27032. doi: 10.1074/jbc.M110.144022

 Beaulieu, J. M., and Gainetdinov, R. R. (2011). The physiology, signaling, and pharmacology of dopamine receptors. Pharmacol. Rev. 63, 182–217. doi: 10.1124/pr.110.002642

 Brandon, N. J., Millar, J. K., Korth, C., Sive, H., Singh, K. K., and Sawa, A. (2009). Understanding the role of DISC1 in psychiatric disease and during normal development. J. Neurosci. 29, 12768–12775. doi: 10.1523/JNEUROSCI.3355-09.2009

 Bushe, C. J., and Hodgson, R. (2010). Schizophrenia and cancer: in 2010 do we understand the connection? Can. J. Psychiatry 55, 761–767. doi: 10.1177/070674371005501203

 Carney, C. P., and Jones, L. E. (2006). The influence of type and severity of mental illness on receipt of screening mammography. J. Gen. Intern. Med. 21, 1097–1104. doi: 10.1111/j.1525-1497.2006.00565.x

 Castorina, A., Giunta, S., and D'Agata, V. (2010). Protective effect of the dopamine D(3) receptor agonist (7-OH-PIPAT) against apoptosis in malignant peripheral nerve sheath tumor (MPNST) cells. Int. J. Oncol. 37, 927–934. doi: 10.3892/ijo_00000743

 Chakroborty, D., Sarkar, C., Mitra, R. B., Banerjee, S., Dasgupta, P. S., and Basu, S. (2004). Depleted dopamine in gastric cancer tissues: dopamine treatment retards growth of gastric cancer by inhibiting angiogenesis. Clin. Cancer Res. 10, 4349–4356. doi: 10.1158/1078-0432.CCR-04-0059

 Chang, H. Y., Nishitoh, H., Yang, X., Ichijo, H., and Baltimore, D. (1998). Activation of apoptosis signal-regulating kinase 1 (ASK1) by the adapter protein Daxx. Science 281, 1860–1863. doi: 10.1126/science.281.5384.1860

 Chou, A., Itchins, M., de Reuver, P. R., Arena, J., Clarkson, A., Sheen, A., et al. (2018). ATRX loss is an independent predictor of poor survival in pancreatic neuroendocrine tumors. Hum. Pathol. 82, 249–257. doi: 10.1016/j.humpath.2018.07.032

 Cohen, S., Janicki-Deverts, D., and Miller, G. E. (2007). Psychological stress and disease. JAMA 298, 1685–1687. doi: 10.1001/jama.298.14.1685

 Fine, J. P., and Gray, R. J. (1999). A proportional hazards model for the subdistribution of a competing risk. J. Am. Stat. Assoc. 94, 496–509. doi: 10.1080/01621459.1999.10474144

 Fromm, J., Klein, A., Baur-Melnyk, A., Knosel, T., Lindner, L., Birkenmaier, C., et al. (2018). Survival and prognostic factors in conventional central chondrosarcoma. BMC Cancer 18:849. doi: 10.1186/s12885-018-4741-7

 Ganguly, S., Basu, B., Shome, S., Jadhav, T., Roy, S., Majumdar, J., et al. (2010). Dopamine, by acting through its D2 receptor, inhibits insulin-like growth factor-I (IGF-I)-induced gastric cancer cell proliferation via up-regulation of Kruppel-like factor 4 through down-regulation of IGF-IR and AKT phosphorylation. Am. J. Pathol. 177, 2701–2707. doi: 10.2353/ajpath.2010.100617

 Gao, X., Mi, Y., Guo, N., Hu, Z., Hu, F., Liu, D., et al. (2016). Disrupted in schizophrenia 1 (DISC1) inhibits glioblastoma development by regulating mitochondria dynamics. Oncotarget 7, 85963–85974. doi: 10.18632/oncotarget.13290

 Gao, X., Mi, Y., Guo, N., Xu, H., Jiang, P., Zhang, R., et al. (2018). Glioma in schizophrenia: is the risk higher or lower? Front. Cell. Neurosci. 12:289. doi: 10.3389/fncel.2018.00289

 Gelderblom, H., Hogendoorn, P. C., Dijkstra, S. D., van Rijswijk, C. S., Krol, A. D., Taminiau, A. H., et al. (2008). The clinical approach towards chondrosarcoma. Oncologist 13, 320–329. doi: 10.1634/theoncologist.2007-0237

 Group, E. (2014). SMO/European Sarcoma Network Working,Bone sarcomas: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol. 25 (Suppl. 3),iii113–23. doi: 10.1093/annonc/mdu256

 Heaphy, C. M., de Wilde, R. F., Jiao, Y., Klein, A. P., Edil, B. H., Shi, C., et al. (2011). Altered telomeres in tumors with ATRX and DAXX mutations. Science 333:425. doi: 10.1126/science.1207313

 Hoeppner, L. H., Wang, Y., Sharma, A., Javeed, N., Van Keulen, V. P., Wang, E., et al. (2015). Dopamine D2 receptor agonists inhibit lung cancer progression by reducing angiogenesis and tumor infiltrating myeloid derived suppressor cells. Mol. Oncol. 9, 270–281. doi: 10.1016/j.molonc.2014.08.008

 Irwin, K. E., Henderson, D. C., Knight, H. P., and Pirl, W. F. (2014). Cancer care for individuals with schizophrenia. Cancer 120, 323–334. doi: 10.1002/cncr.28431

 Jandaghi, P., Najafabadi, H. S., Bauer, A. S., Papadakis, A. I., Fassan, M., Hall, A., et al. (2016). Expression of DRD2 is increased in human pancreatic ductal adenocarcinoma and inhibitors slow tumor growth in mice. Gastroenterology 151, 1218–1231. doi: 10.1053/j.gastro.2016.08.040

 Jiang, Y. N., Li, Y. H., Ke, M. W., Tseng, T. Y., Tang, Y. B., Huang, M. C., et al. (2007). Caveolin-1 sensitizes rat pituitary adenoma GH3 cells to bromocriptine induced apoptosis. Cancer Cell Int. 7:1. doi: 10.1186/1475-2867-7-1

 Jiao, Y., Shi, C., Edil, B. H., de Wilde, R. F., Klimstra, D. S., Maitra, A., et al. (2011). DAXX/ATRX, MEN1, and mTOR pathway genes are frequently altered in pancreatic neuroendocrine tumors. Science 331, 1199–1203. doi: 10.1126/science.1200609

 Kang, S., Dong, S. M., Kim, B. R., Park, M. S., Trink, B., Byun, H. J., et al. (2012). Thioridazine induces apoptosis by targeting the PI3K/Akt/mTOR pathway in cervical and endometrial cancer cells. Apoptosis 17, 989–997. doi: 10.1007/s10495-012-0717-2

 Karunakaran, S., Diwakar, L., Saeed, U., Agarwal, V, Ramakrishnan, S., Iyengar, S., et al. (2007). Activation of apoptosis signal regulating kinase 1 (ASK1) and translocation of death-associated protein, Daxx, in substantia nigra pars compacta in a mouse model of Parkinson's disease: protection by alpha-lipoic acid. FASEB J. 21, 2226–2236. doi: 10.1096/fj.06-7580com

 Kisely, S., Crowe, E., and Lawrence, D. (2013). Cancer-related mortality in people with mental illness. JAMA Psychiatry 70, 209–217. doi: 10.1001/jamapsychiatry.2013.278

 Kwan, P. S., Lau, C. C., Chiu, Y. T., Man, C., Liu, J., Tang, K. D., et al. (2013). Daxx regulates mitotic progression and prostate cancer predisposition. Carcinogenesis 34, 750–759. doi: 10.1093/carcin/bgs391

 Levine, P. M., Silberfarb, P. M., and Lipowski, Z. J. (1978). Mental disorders in cancer patients: a study of 100 psychiatric referrals. Cancer 42, 1385–1391. doi: 10.1002/1097-0142(197809)42:3&lt;1385::AID-CNCR2820420349&gt;3.0.CO;2-0

 Li, J., Zhu, S., Kozono, D., Ng, K., Futalan, D., Shen, Y., et al. (2014). Genome-wide shRNA screen revealed integrated mitogenic signaling between dopamine receptor D2 (DRD2) and epidermal growth factor receptor (EGFR) in glioblastoma. Oncotarget 5, 882–893. doi: 10.18632/oncotarget.1801

 Liang, X., Margolis, K. L., Hendryx, M., Reeves, K., Wassertheil-Smoller, S., Weitlauf, J., et al. (2017). Effect of depression before breast cancer diagnosis on mortality among postmenopausal women. Cancer 123, 3107–3115. doi: 10.1002/cncr.30688

 Limaiem, F., and Sticco, K. L. (2019). “Cancer, Chondrosarcoma,” in StatPearls [Internet]. (Treasure Island, FL: StatPearls Publishing). Available online at: https://www.ncbi.nlm.nih.gov/pubmed/30844159

 Lin, C. W., Wang, L. K., Wang, S. P., Chang, Y. L., Wu, Y. Y., Chen, H. Y., et al. (2016). Daxx inhibits hypoxia-induced lung cancer cell metastasis by suppressing the HIF-1alpha/HDAC1/Slug axis. Nat. Commun. 7:13867. doi: 10.1038/ncomms13867

 MacDonald, I. J., Lin, C. Y., Kuo, S. J., Su, C. M., and Tang, C. H. (2019). An update on current and future treatment options for chondrosarcoma. Expert. Rev. Anticancer Ther. 19, 773–786. doi: 10.1080/14737140.2019.1659731

 Malchenko, S., Seftor, E. A., Nikolsky, Y., Hasegawa, S. L., Kuo, S., Stevens, J. W., et al. (2012). Putative multifunctional signature of lung metastases in dedifferentiated chondrosarcoma. Sarcoma 2012:820254. doi: 10.1155/2012/820254

 Marinoni, I., Kurrer, A. S., Vassella, E., Dettmer, M., Rudolph, T., Banz, V., et al. (2014). Loss of DAXX and ATRX are associated with chromosome instability and reduced survival of patients with pancreatic neuroendocrine tumors. Gastroenterology 146, 453–60. e5. doi: 10.1053/j.gastro.2013.10.020

 Palorini, R., Votta, G., Pirola, Y., De Vitto, H., De Palma, S., Airoldi, C., et al. (2016). Protein kinase A activation promotes cancer cell resistance to glucose starvation and anoikis. PLoS Genet. 12:e1005931. doi: 10.1371/journal.pgen.1005931

 Peterse, E. F. P., van den Akker, B. E. W. M., Niessen, B., Oosting, J., Suijker, J., de Jong, Y., et al. (2017). NAD synthesis pathway interference is a viable therapeutic strategy for chondrosarcoma. Mol. Cancer Res. 15, 1714–1721. doi: 10.1158/1541-7786.MCR-17-0293

 Reiche, E. M., Nunes, S. O., and Morimoto, H. K. (2004). Stress, depression, the immune system, and cancer. Lancet Oncol. 5, 617–625. doi: 10.1016/S1470-2045(04)01597-9

 Roy, S., Lu, K., Nayak, M. K., Bhuniya, A., Ghosh, T., Kundu, S., et al. (2017). Activation of D2 dopamine receptors in CD133+ve cancer stem cells in non-small cell lung carcinoma inhibits proliferation, clonogenic ability, and invasiveness of these cells. J. Biol. Chem. 292, 435–445. doi: 10.1074/jbc.M116.748970

 Sachlos, E., Risueno, R. M., Laronde, S., Shapovalova, Z., Lee, J. H., Russell, J., et al. (2012). Identification of drugs including a dopamine receptor antagonist that selectively target cancer stem cells. Cell 149, 1284–1297. doi: 10.1016/j.cell.2012.03.049

 Sharma, R., Sharma, A., Dwivedi, S., Zimniak, P., Awasthi, S., and Awasthi, Y. C. (2008). 4-Hydroxynonenal self-limits fas-mediated DISC-independent apoptosis by promoting export of Daxx from the nucleus to the cytosol and its binding to Fas. Biochemistry 47, 143–156. doi: 10.1021/bi701559f

 Sheikhpour, M., Ahangari, G., Sadeghizadeh, M., and Deezagi, A. (2013). A novel report of apoptosis in human lung carcinoma cells using selective agonist of D2-like dopamine receptors: a new approach for the treatment of human non-small cell lung cancer. Int. J. Immunopathol. Pharmacol. 26, 393–402. doi: 10.1177/039463201302600212

 Shi, Y., Jin, J., Wang, X., Ji, W., and Guan, X. (2019). DAXX, as a tumor suppressor, impacts DNA damage repair and sensitizes BRCA-proficient TNBC cells to PARP inhibitors. Neoplasia 21, 533–544. doi: 10.1016/j.neo.2019.04.001

 Simko, V., Iuliano, F., Sevcikova, A., Labudova, M., Barathova, M., Radvak, P., et al. (2017). Hypoxia induces cancer-associated cAMP/PKA signalling through HIF-mediated transcriptional control of adenylyl cyclases VI and VII. Sci. Rep. 7:10121. doi: 10.1038/s41598-017-09549-8

 So, W. K., Marsh, G., Ling, W. M., Leung, F. Y., Lo, J. C., Yeung, M., et al. (2010). Anxiety, depression and quality of life among Chinese breast cancer patients during adjuvant therapy. Eur. J. Oncol. Nurs. 14, 17–22. doi: 10.1016/j.ejon.2009.07.005

 Somers, J., and Faber, L. P. (1999). Chondroma and chondrosarcoma. Semin. Thorac. Cardiovasc. Surg. 11, 270–277. doi: 10.1016/S1043-0679(99)70068-7

 Subburaju, S., Coleman, A. J., Ruzicka, W. B., and Benes, F. M. (2016). Toward dissecting the etiology of schizophrenia: HDAC1 and DAXX regulate GAD67 expression in an in vitro hippocampal GABA neuron model. Transl. Psychiatry 6:e723. doi: 10.1038/tp.2015.224

 Tang, S. Y., Li, L., Li, Y. L., Liu, A. Y., Yu, M. J., and Wan, Y. P. (2014). Distribution and location of Daxx in cervical epithelial cells with high risk human papillomavirus positive. Diagn. Pathol. 9:1. doi: 10.1186/1746-1596-9-1

 Tsourlakis, M. C., Schoop, M., Plass, C., Huland, H., Graefen, M., Steuber, T., et al. (2013). Overexpression of the chromatin remodeler death-domain-associated protein in prostate cancer is an independent predictor of early prostate-specific antigen recurrence. Hum. Pathol. 44, 1789–1796. doi: 10.1016/j.humpath.2013.01.022

 Vancampfort, D., Stubbs, B., Mitchell, A. J., De Hert, M., Wampers, M., Ward, P. B., et al. (2015). Risk of metabolic syndrome and its components in people with schizophrenia and related psychotic disorders, bipolar disorder and major depressive disorder: a systematic review and meta-analysis. World Psychiatry 14, 339–347. doi: 10.1002/wps.20252

 Wan, C., Hou, S., Ni, R., Lv, L., Ding, Z., Huang, X., et al. (2015). MIF4G domain containing protein regulates cell cycle and hepatic carcinogenesis by antagonizing CDK2-dependent p27 stability. Oncogene 34, 237–245. doi: 10.1038/onc.2013.536

 Wang, S., Chen, Y. Y., Li, Y. P., Gu, J., Gu, S. D., Shi, H., et al. (2017). DISC1 overexpression promotes non-small cell lung cancer cell proliferation. Oncotarget 8, 65199–65210. doi: 10.18632/oncotarget.18055

 Wang, X., Wang, Z. B., Luo, C., Mao, X. Y., Li, X., Yin, J. Y., et al. (2019). The prospective value of dopamine receptors on bio-behavior of tumor. J. Cancer 10, 1622–1632. doi: 10.7150/jca.27780

 Wang, Y., He, G., He, L., and McGrath, J. (2011). Do shared mechanisms underlying cell cycle regulation and synaptic plasticity underlie the reduced incidence of cancer in schizophrenia? Schizophr. Res. 130, 282–284. doi: 10.1016/j.schres.2011.05.009

 Xie, Q., Wu, Q., Horbinski, C. M., Flavahan, W. A., Yang, K., Zhou, W., et al. (2015). Mitochondrial control by DRP1 in brain tumor initiating cells. Nat. Neurosci. 18, 501–510. doi: 10.1038/nn.3960

 Yin, M., Lu, Q., Liu, X., Wang, T., Liu, Y., and Chen, L. (2016). Silencing Drp1 inhibits glioma cells proliferation and invasion by RHOA/ ROCK1 pathway. Biochem. Biophys. Res. Commun. 478, 663–668. doi: 10.1016/j.bbrc.2016.08.003

 Yin, T., He, S., Shen, G., Ye, T., Guo, F., and Wang, Y. (2015). Dopamine receptor antagonist thioridazine inhibits tumor growth in a murine breast cancer model. Mol. Med. Rep. 12, 4103–4108. doi: 10.3892/mmr.2015.3967

 Zizzi, A., Montironi, M. A., Mazzucchelli, R., Scarpelli, M., Lopez-Beltran, A., Cheng, L., et al. (2013). Immunohistochemical analysis of chromatin remodeler DAXX in high grade urothelial carcinoma. Diagn. Pathol. 8:111. doi: 10.1186/1746-1596-8-111

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 He, Shi, Chen, Wu, Yang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmolb-06-00134-t002.jpg
Characteristics n  DAXXpositiven (%)  x? P DRD3positiven (%)  x? P DISCtpositiven (%)  x2 P

<45 34 21(61.8) 2617 0.106 19(55.9) 0818 0366 22(64.7) 1256 0262
245 46 20 (435) 2145.7) 24(512)
SEX
Male a3 21(488) 0217 0841 21 (488) 0050 0823 26(60.5) 0334 0563
Female a7 20 (50.1) 19(51.4) 20(54.1)
DIFFERENTIATION
Good 58 23(39.7) 11349 0.000 23(39.7) 2028 0008 25 (43.1) 20065 0.000
Moderate and Poor 22 18(81.8) 17 (77.3) 21(955)
TUMORSIZE
<5em 2 11(458) 0408 0525 12 (50.0) 0000 1000 12(50.0) 0780 0874
>5cm 56 30(53.6) 28(50.0) 34(60.7)
AJCCSTAGE
" 61 25(41.0) 10835 0.001 25(41.0) 8352 0004 28(45.9) 14138 0000
v 19 16 (84.2) 15(78.9) 18(04.7)
| 55 20 (36.4) 15611 0.000 21(382) 2833 0002 23(41.8) 17711 0.000
" 2 21(84.) 19(76.0) 23(92.0)
METASTASIS
No 69 32 (46.4) 4770 0020 31(44.9) 5165 0028 36 (52.2) 5825 0016
Yes 1 9818 9818 10(20.9)
INVASION
No 13 7(538) 0042 0838 8(615) 0872 0363 9(69.2) 0874 0350

Yes 67 34 (50.7) 32 (47.6) 37(55.2)





OPS/images/fmolb-06-00134-t003.jpg
Clinicopathological  n Average survival X P

characteristics (months)
<45 34 8675(5-67) 0278 0598

46 84.74(13-89)

Male 43 3865(6-84) 0.865 0352
Female 37 8377(567)
Good 58 4051 (6-84) 15378 0000
Moderate and 22 2482(5-42)
Poor

<5em 39.58 (12-62) 0.999 0318
=50m 56 8393(5-84)
AJCC STAGE

61 39.56 (6-84) 17.666 0.000
2298 (5-61)

i 55 4085 (6-84) 17025 0.000
" 25 2501 (6-61)
No 60 87.60(6-84) 5.459 0019
Yes 1 25.74 (5-61)
No 13 76.08(18-84) 6.134 0013
Yes 67 57.82(5-67)

39 42.13(16-84) 6327 0012
+ 41 30.41 (5-67)

40 4085 (16-84) 5570 0018

0 8087 (5-62)

_
34 8734(17-68) 0697 0404
+ 46 34.09 (5-84)





OPS/images/fmolb-06-00134-g003.gif
7Nz
¥






OPS/images/fmolb-06-00134-t001.jpg
Chondrosarcoma

n %

39 48.8
41 513
40 50.0
40 50.0
34 425
46 575

Osteochondroma

n

20

21

20

%

83.3
16.7

84.0
16.0

80.0
200

8.995

9.045

10.723

0.003

0.003

0.001





OPS/images/fmolb-06-00134-t004.jpg
Characteristics

Age (<45 vs.245)
Sex (Male vs. Female)

Differentiation (Good vs. Moderate and Poor)
Tumor size (<5 cm vs. =5 om)

Metastasis (No vs. Yes)

Invasion (No vs. Yes)

AJCC stage (1 vs. V)

Enneking stage (1 vs. Il

DAXX (- vs. +)

DRD3 (- vs. +)

DISCH (- vs. +)

0.447
0.848
0.006
0.363
0.033
0.011
0.013
0.016
0.033
0025
0.052

RR

1.270
0.940
2.067
0.662
6.284
3.834
3219
3.080
2.697
2.563
0.427

95% Cl
Lower Upper
0686 2350
0498 1774
1222 3.495
0272 1611
1162 33.978
1862 10.793
1279 8.102
1.231 7.708
1082 6722
1125  5.837
0181 1.009





OPS/images/fmolb-06-00134-t005.jpg
Characteristics Death from CS Death of other causes

HR (95%Cl) P HR (95%Cl) P
<45 vs.245 118(058-221) 0716  049(0.08-803) 0442
Male vs. 1.19(061-230) 0615 660 (0.74-59.11) 0,092
Female

Good vs. 294(1.37-627) 0005 155(0.25-951) 0636
Moderate and

Poor

<5emyvs. 132(063-275) 0463  065(0.10-406)  0.644
=5cm

No vs. Yes 330(1.27-859 0014 176(0.19-1593) 0617
Novs. Yes 194(108-365 0028 0.43(0.17-1.12)  0.086
Vilvs. AV 349(155-785) 0003 074(0.08-666)  0.786
s, I/ 242(1.06-553 0036 092(0.10-828 0938
—vs. 4+ 2141(1.04-428 0089 133(0.21-824) 0761
—vs. 4+ 235(1.15-482) 0019  059(0.09-868) 0570

—ve.+ 154(078-808 0214 043(007-267) 0362






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of Mental Health-Related Proteins DAXX, DRD3, and DISC1 With the Progression and Prognosis of Chondrosarcoma



		Introduction



		Materials and Methods



		Specimens and Clinical Data



		Ethics Statement



		Immunohistochemistry



		Statistical Analysis







		Results



		DAXX, DRD3, and DISC1 Protein Expression in CS and OC Tissues



		Association of DAXX, DRD3, and DISC1 Expression With the Clinicopathological Features of CS



		Correlation of DAXX, DRD3, and DISC1 Expression in CS



		Correlations of Clinicopathological Parameters and DAXX, DRD3, and DISC1 Expression With the Mean Survival of Patients With CS







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers .
in Molecular Biosciences

Association of Mental Health-Related
Proteins DAXX, DRD3, and DISC1
With the Progression and Prognosis
of Chondrosarcoma





OPS/images/fmolb-06-00134-g001.gif





OPS/images/fmolb-06-00134-g002.gif
ALY










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers o
in Molecular Biosciences





