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Abstract

Objective—Long non-coding RNAs (lncRNAs) are a class of non-protein coding transcripts that 

has gained significant attention lately due to their important biological actions and potential 

involvement in cancer. Ovarian cancer is a devastating disease with poor prognosis, and our 

understanding of lncRNA's involvement in the malignancy is limited. To further our knowledge, 

we measured the expression of three lncRNAs, ASAP1-IT1, FAM215A, and LINC00472, in tumor 

samples, and analyzed their associations with disease characteristics and patient survival.

*Corresponding author at: Cancer Epidemiology Program, University of Hawaii Cancer Center, 701 Ilalo Street, Suite 531, Honolulu, 
HI 96813, United States. 

Supplementary data to this article can be found online at http://dx.doi.org/10.1016/j.ygyno.2016.09.021.

Conflict of interest statement
The authors declare that there are no conflicts of interest.

E-Extra
Frozen tumor samples collected for study were evaluated by two independent pathologists to confirm that tumor cells were present in 
>80% of each tumor specimen. The tissue samples were pulverized using a tissue homogenizer. Samples of approximately 30 mg of 
pulverized tissue powder were used for total RNA extraction, which was performed using the AllPrep DNA/RNA Mini Kit (Qiagen). 
The extracted total RNAs were treated with RNase-free DNase to remove DNA contamination. The quality of the RNA samples was 
assessed by measuring light absorbance and RNA Integrity Number (RIN) using the NanoDrop spectrophotometer (NanoDrop 2000, 
Thermo Fisher) and Agilent 2100 Bioanalyzer System, respectively. The assessment showed a 260/280 ratio of 1.8 or higher and an 
average RIN number of 5.63 based on the 28s:18s rRNA ratio. High Capacity cDNA Reverse Transcription Kit was used to convert 
total RNA to cDNA (Applied Biosystems). The cDNA samples were analyzed for lncRNA and ASAP1 expression using the SYBR 
green-based real-time PCR (qPCR). The PCR reaction was performed in a LightCycler 480 instrument (Roche) using LightCycler 480 
SYBR Green I Master with UDG (Roche). In the PCR reaction (10 µl), 1 µl cDNA template was mixed with 200 nM primers and 5 µl 
SYBR PCR master mix (LifeTech). The PCR reaction conditions included incubation at 50 °C for 2 min to activate UDG, 95 °C for 2 
min to activate Taq polymerase, and 40 cycles of 95 °C for 15 s and 60 °C for 1 min. Melting curves were generated after each PCR 
run to evaluate the size of PCR products. Each sample was tested in triplicate, and the mean value of three reactions was used for 
analysis if the coefficient of variation was <10%. If not, the mean of two closest reactions was used. As an internal reference, GAPDH 
expression was also measured simultaneously with lncRNAs and ASAP1 in all of the tumor samples. Primer sequences for the PCR 
reactions are provided in Supplementary Table 1.
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Methods—Two hundred sixty-six patients diagnosed with primary epithelial ovarian cancers 

were recruited for the study. Fresh-frozen tumor samples were obtained from the patients at tumor 

resection and analyzed by RT-qPCR for expression of ASAP1-IT1, FAM215A, and LINC00472. 

Associations of lncRNA expression with patient survival were determined using Cox proportional 

hazards regression models.

Results—We observed high expression of ASAP1-IT1, FAM215A and LINC00472 more 

frequently in low grade tumors and early stage disease compared to high grade tumors and late 

stage disease, respectively. High expression of ASAP1-IT1 and FAM215A were associated with 

favorable overall survival, and the survival association with ASAP1-IT1 was independent of tumor 

grade and disease stage. Analyses of online data also demonstrated similar survival associations 

with ASAP1-IT1 and FAM215A, suggesting that these lncRNAs may be involved in ovarian 

cancer progression.

Conclusions—LncRNAs may play appreciable roles in ovarian cancer and more research is 

needed to elucidate their biological mechanisms and clinical implications in tumor 

characterization as well as disease prognosis and treatment.
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1 Introduction

Ovarian cancer is the most lethal gynecological malignancy, attributable to 5% of female 

cancer deaths in the US [1]. >50% of ovarian cancer patients succumb to the tumor within 5 

years of diagnosis. It is believed that ovarian cancer survival may be significantly improved 

if the disease can be detected early when the tumors are still confined to the ovaries [1]. 

Since only a small percentage of patients are diagnosed with localized disease, a means that 

allows detection of ovarian cancer at early stages is urgently needed. Further elucidating the 

molecular features of ovarian cancer may help to achieve this goal. Previous knowledge of 

ovarian cancer biology has been largely centered on proteins and their coding genes. Since 

only 2% of the human genome encodes proteins [2], our understanding of ovarian cancer 

from the genome perspective is quite limited. It is now known that >90% of the genome is 

transcribed into RNAs, and a majority of them are non-coding RNAs. Many of these non-

coding RNAs are biologically functional, and are involved in regulation of cell activities and 

functions. Dysregulation of non-coding RNAs may play an important role in various 

pathogenic processes of human diseases including cancer [3–5].

Non-coding RNAs with sequences of 200 nucleotides or more are called long non-coding 

RNAs (lncRNAs) [6]. In ovarian cancer initiation and progression, little is known about the 

role of lncRNAs. In this report, we studied the expression of three lncRNAs, ASAP1-IT1, 
FAM215A and LINC00472, in primary epithelial ovarian cancer, and analyzed their 

relationships with tumor characteristics and disease outcomes. These lncRNAs were selected 

for study either because our previous investigations provided evidence of its potential 

involvement in cancer (LINC00472) or our analyses using the Kaplan-Meier Plotter (http://

kmplot.com/analysis/) of online databases suggested their possible associations with ovarian 
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cancer survival (ASAP1-IT1, FAM215A) [7]. LINC00472 is a long intergenic non-coding 

RNA located on chromosome 6q13. Our recent studies revealed that this lincRNA may be 

associated with tumor suppression in breast cancer [8, 9]. ASAP1-IT1 is an intronic 

transcript of the ASAP1 (AMAP1; DDEF1) gene which encodes ASAP1, an ADP-

ribosylation factor (ARF) GTPase-activating protein involved in membrane trafficking and 

cytoskeleton remodeling [10, 11]. Reports have suggested that ASAP1 is associated with 

tumor metastasis and poor cancer survival [12–14]. LncRNA ASAP1-IT1 may antagonize 

the function of ASAP1, and our analysis of online data showed that high expression of 

ASAP1-IT1 was associated with favorable survival in ovarian cancer. A similar association 

was also observed in the public database for another lncRNA, FAM215A (family with 

sequence similarity 215 member A, or C17orf88, LINC00530). Currently, little is known 

about FAM215A with regard to its biologic activities and associations with cancer outcomes.

2 Materials and methods

2.1 Patient information

Patients with epithelial ovarian cancer were recruited from two hospitals affiliated with the 

University of Turin in Turin, Italy. Patient enrollment occurred between October 1991 and 

February 2000 in one hospital (group one: n = 191), and between April 1997 and January 

2013 in the other (group two: n = 75). All patients enrolled in the study underwent 

cytoreduction surgery for primary ovarian cancer, and 208 (78%) of these patients received 

standard post-operative platinum-based chemotherapy after surgery, which included cisplatin 

and cyclophosphamide between 1991 and 1995 (n = 63) and carboplatin and paclitaxel after 

1995 (n = 145). Fresh tumor samples were collected from the patients during surgery. The 

specimens were snap-frozen in liquid nitrogen immediately after resection and then 

transferred to − 80°C freezers for storage. Patient information on age at surgery, disease 

stage, tumor grade and histology was obtained from medical records and pathology reports. 

Disease stage and tumor grade were categorized based on the International Federation of 

Gynecology and Obstetrics (FIGO) Classification and the WHO Guidelines, respectively 

[15, 16]. Patients were followed for disease progression and survival outcomes from surgery 

through June 2005 (group one: n = 180) or through March 2015 (group two: n = 68). The 

median follow-up time was 29.9 months (range: 0.6–114.1) for the former group and 40.5 

months (range: 3.4–165.5) for the latter, respectively. Information on treatment response was 

available for 179 patients, including 128 who had complete response and 51 who did not. 

Treatment response was assessed one month after chemotherapy, and complete response was 

defined as resolution of all evidence of the disease for at least a month. The study was 

approved by ethics review committees at the hospitals, and informed consent was obtained 

from each patient who participated in the study.

2.2 Tumor analysis

Frozen tumor samples collected for study were evaluated by two independent pathologists to 

confirm that tumor cells were present in > 80% of each tumor specimen. The tissue samples 

were pulverized using a tissue homogenizer. Samples of approximately 30 mg of pulverized 

tissue powder were used for total RNA extraction, which was performed using the AllPrep 

DNA/RNA Mini Kit (Qiagen). The extracted total RNAs were treated with RNase-free 
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DNase to remove DNA contamination. The quality of the RNA samples was assessed by 

measuring light absorbance and RNA Integrity Number (RIN) using the NanoDrop 

spectrophotometer (NanoDrop 2000, Thermo Fisher) and Agilent 2100 Bioanalyzer System, 

respectively. The assessment showed a 260/280 ratio of 1.8 or higher and an average RIN 

number of 5.63 based on the 28s:18s rRNA ratio. High Capacity cDNA Reverse 

Transcription Kit was used to convert total RNA to cDNA (Applied Biosystems). The cDNA 

samples were analyzed for lncRNA and ASAP1 expression using the SYBR green-based 

real-time PCR (qPCR). The PCR reaction was performed in a LightCycler 480 instrument 

(Roche) using LightCycler 480 SYBR Green I Master with UDG (Roche). In the PCR 

reaction (10 µl), 1 µl cDNA template was mixed with 200 nM primers and 5 µl SYBR PCR 

master mix (LifeTech). The PCR reaction conditions included incubation at 50 °C for 2 min 

to activate UDG, 95 °C for 2 min to activate Taq polymerase, and 40 cycles of 95 °C for 15s 

and 60°C for 1 min. Melting curves were generated after each PCR run to evaluate the size 

of PCR products. Each sample was tested in triplicate, and the mean value of three reactions 

was used for analysis if the coefficient of variation was <10%. If not, the mean of two 

closest reactions was used. As an internal reference, GAPDH expression was also measured 

simultaneously with lncRNAs and ASAP1 in all of the tumor samples. Primer sequences for 

the PCR reactions are provided in Supplementary Table 1.

2.3 Statistical analysis

Expression index (EI) was calculated as levels of RNA expression for ASAP1-IT1, 
FAM215A, and LINC00472 after adjusting for GAPDH, and calculation was based on the 

formula 1000 × 2(−ΔCt), where Ct is the cycle threshold and Δ Ct is the difference between 

CtlncRNA and CtGAPDH. After calculation, EI values were grouped into 3 categories, low, 

medium and high, based on the tertile distribution of each lncRNA among the patients. The 

ordinal values were then analyzed for their associations with clinical and pathological 

variables, using the Chi-square test or Mann-Whitney U statistics where appropriate. 

Survival analyses were performed using the Cox proportional hazards regression model at 

both univariate and multivariate levels. In the multivariate analyses, age at surgery, disease 

stage, tumor grade and histological type were included for adjustment. The log-rank test 

with two degree of freedom was used for comparison of three Kaplan-Meier survival curves. 

Two survival endpoints, progression-free survival and overall survival, were studied as 

disease outcomes. Progression-free survival was the time interval from the date of surgery to 

the date of disease progression or last follow-up; overall survival was the time between 

surgery and last follow-up or death. SAS (version 9.4) and R (version 3.0.2) were used for 

statistical analyses. All p-values were two-sided.

3 Results

In total, 266 patients were included in the study. The median age of patients at surgery was 

59.1 years, ranging from 24.4 to 82.1 years. Of the patients, 73 (28%) had stage I or II 

disease, and 191 (72%) had stage III or IV disease. Twenty-nine patients (11%) had grade 1 

tumors, and 235 (89%) had grade 2 or 3 tumors. Two patients had no information either on 

tumor grade or disease stage. Forty-five percent of the patients (n = 121) were diagnosed 

with serous tumors, and 55% (n = 145) had other histotypes, including endometrioid, 
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mucinous, clear cell and undifferentiated. Median levels of lncRNA expression were 3.57 EI 

(range: 0.03–83.33) for ASAP1-IT1, 0.62 EI (range: 0.02–23.85) for FAM215A, and 8.44 EI 

(range: 0.03–289.84) for LINC00472. The ranges of each tertile group were: 0.03–2.36 

(low), 2.36–5.43 (mid) and 5.43–83.33(high) for ASAP1-IT1; 0.018–0.39 (low), 0.39–0.92 

(mid) and 0.92–23.85 (high) for FAM215A; and 0.03–5.5 (low), 5.5–13.67 (mid) and 13.67–

289.84 (high) for LINC00472. Table 1 shows the associations of lncRNA expression with 

clinical and pathological variables. No correlations were observed between lncRNA 

expression and patient age at surgery, except for FAM215A. Disease stage and tumor grade 

were associated with expression of LINC00472 and FAM215A. High expression of these 

lncRNAs correlated with lower tumor grades and earlier disease stages. For FAM215A, 

45.21% of patients with stage I or II disease had high expression compared to 27.89% of 

those with stage III or IV patients (p = 0.0072), and 51.72% of patients with grade 1 tumors 

had high expression compared to 30.34% of patients with grade 2 or 3 tumors (p = 0.004). 

Patients with high expression of FAM215A were more likely to respond to chemotherapy 

compared to those with low expression (p = 0.017). For LINC00472, the corresponding 

numbers were 45.21% versus 28.04% when comparing disease stage (p = 0.024), and 

51.72% versus 30.47% when comparing tumor grade (p = 0.004). ASAP1-IT1 expression 

appeared to differ by disease stage (p = 0.025), but no significant trend was observed with 

regard to the difference by tumor grade. Expression of LINC00472, FAM215A and ASAP1-
IT1 did not show appreciable differences between serous and non-serous tumors.

The results of survival analyses are shown in Table 2. ASAP1-IT1 expression was associated 

with overall survival, but not with progression-free survival (Fig. 1A and B). Patients with 

high expression had better overall survival compared to those with low expression, and the 

survival association remained significant after adjustment for patient age, disease stage, 

tumor grade and histologic type. FAM215A expression was associated with overall survival 

and possibly with progression-free survival, but these associations were observed only in 

univariate analysis (Fig. 1C and D). After adjusting for disease stage, tumor grade and 

histology, the survival associations with FAM215A were no longer significant. LINC00472 
expression was not associated with either progression-free or overall survival (Fig. 1E and 

F). Since tumor grade and disease stage were associated with some of the lncRNA 

expression, we also performed survival analyses among patients stratified by their tumor 

grade or disease stage. These additional analyses did not change the study results 

substantially (data not shown).

ASAP1-IT1 is transcribed from an intron of the ASAP1 gene, and may regulate the activity 

and function of ASAP1. We measured the mRNA expression of ASAP1 in ovarian cancer 

and analyzed its association with the disease characteristics and ASAP1-IT1 expression. 

ASAP1 expression appeared to be higher in high grade than in low grade tumors (p = 0.048) 

(Table 1), and high expression was associated with increased risk of tumor progression, 

although no association was observed for overall survival (Table 2, Fig. 2A and B). 

Expression of ASAP1-IT1 and ASAP1 were positively correlated in ovarian tumors 

(Spearman r = 0.645; p <0.001).

Using the Kaplan-Meier Plotter (http://kmplot.com/analysis/), we found that high expression 

of ASAP1-IT1 was also associated with favorable overall survival of ovarian cancer patients 
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(p = 0.0047) (Fig. 3A), but no association with progression-free survival (Fig. 3B). 

Similarly, analyses of online data showed that high expression of FAM215A was 

significantly associated with favorable overall survival (p = 0.00080) (Fig. 3C) and 

progression-free survival (p = 0.0059) (Fig. 3D). LINC00472 was not associated with either 

overall survival (Fig. 3E) or progression-free survival (Fig. 3F). We also checked the 

association of ASAP1 with patient survival using the online data, and found high expression 

associated with poor progression-free survival, but not with overall survival (Fig. 4A and B).

4 Discussion

Our study showed that tumor expression of two lncRNAs, LINC00472 and FAM215A, 

differed significantly by tumor grade and disease stage: high expression associated with low 

tumor grades and early disease stages. ASAP1-IT1 had a similar trend in association with 

disease stage, but not tumor grade. High expression of ASAP1-IT1 and FAM215A were also 

associated with more favorable overall survival of ovarian cancer. Similar survival 

associations were further observed in an online dataset [7], indicating that the findings were 

somehow consistent across different studies. We also analyzed the expression of ASAP1 and 

found high expression associated with poor progression-free survival. Furthermore, ASAP1 
expression was positively correlated with ASAP1-IT1 expression, suggesting that the effects 

of ASAP1-IT1 on ASAP1, if any, may not be achieved through its down-regulation of 

ASAP1 expression.

Based on their locations in or relative to the coding genes, lncRNAs are classified into 

intronic, intergenic, and overlapping (either in sense or antisense orientation) transcripts 

[17]. Several studies have reported that some intronic non-coding RNAs are positively 

correlated with expression of their corresponding protein-coding genes, whereas others are 

inversely correlated [18–21]. These observations indicate potentially complex regulations 

between intronic lncRNAs and their surrounding genes. Non-coding RNAs have been found 

to act on their targets either at the transcriptional level or post-transcriptionally. The 

mechanisms that determine the pre- and post-transcription regulation remain to be 

elucidated. ASAP1-IT1 is located in an intron of the ASAP1 gene, and the biological 

functions of ASAP1-IT1 are still unknown despite the fact that the ASAP1 gene has been 

well characterized. Evidence suggests that ASAP1 may be an oncogene as ASAP1 
expression is highly up-regulated in a variety of tumors in comparison with normal tissue, 

and in colorectal cancer, the expression correlates with poor prognosis. ASAP1 enhances 

metastasis in vivo, and stimulates tumor cell migration, invasion, and adhesion in vitro [12]. 

Studies have indicated that ASAP1 is highly expressed in primary prostate cancer and 

metastatic prostate tumors compared to benign prostate tissue. Down-regulation of ASAP1 
in PC-3 markedly inhibits cell migration and invasion [14]. ASAP1 also enhances the 

invasion of breast cancer cells [22]. Recently, Hou et al. found that ASAP1 expression was 

higher in epithelial ovarian cancer than in normal ovarian tissue, and high expression was 

associated with poor progression-free and overall survivals [13]. In our study, we found a 

similar association between ASAP1 expression and progression-free survival, though not 

with overall survival. We also found that ASAP1 expression was positively associated with 

tumor grade. How ASAP1 may be regulated by lncRNA ASAP1-IT1 remains unknown. The 

finding in our study suggests that ASAP1-IT1 may not antagonize the action of ASAP1 
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through suppressing its expression. Previous studies have found positive correlations 

between the expression of host genes and their associated intronic lncRNAs [19, 20]. 

Sometimes, lncRNAs are not simply co-expressed with their host genes, and their expression 

may be independent of the host genes. Intronic lncRNAs can modulate the biological 

pathways of their host genes. For example, SPRY4 is an inhibitor of the receptor-transduced 

mitogen-activated protein kinase (MAPK) signaling pathway. SPRY4-IT1, which is 

transcribed from an intron of the SPRY4 gene, can affect the MAPK signaling pathway 

through its interaction with Raf1, B-Raf, MEK1/2, TESK1, MARKK, and MARK2 [23]. 

Intronic lncRNAs can also negatively regulate their host genes. NPTN is overexpressed in 

breast cancer cells resulting in significant tumor growth, but its intronic lncRNA, lnc-LET, is 

a tumor suppressor that appears to inhibit the metastasis of hepatocellular carcinoma [5].

Currently, few studies have evaluated the function of FAM215A. One report showed that 

suppression of FAM215A expression by siRNA increased the death of A375 melanoma cells 

induced by MLN4924 [24]. Although our study and the data from online sources indicated a 

possible association with ovarian cancer survival, the biological relevance of FAM215A in 

ovarian cancer is still unclear.

LINC00472 has been observed by our group to be involved in breast cancer. In our previous 

studies, we found that high expression of LINC00472 was associated with favorable overall 

survival of breast cancer patients in our study as well as in >2 dozen clinical data sets 

available online [8, 9]. This finding was consistent across study populations and with 

different analytical technologies, as well as supported by in vitro experiments. Using breast 

cancer cell lines to manipulate the expression of LINC00472, we demonstrated that 

increasing LINC00472 expression was associated with reduced cell proliferation and 

migration. Since ovarian cancer shares certain aspects in etiology with breast cancer as 

suggested by BRCA1 and BRCA2 mutations, we analyzed LINC00472 expression in 

epithelial ovarian cancer, the most common form, and its associations with disease 

characteristics and patient survival [25]. In our analysis, although we did not find any 

associations between the lncRNA expression and disease outcome, we did observe that high 

expression of LINC00472 was associated with low grade tumors and early stage disease. 

These findings are consistent with what we have seen in breast cancer, offering more 

evidence in support of the speculation that LINC00472 may play a role in cancer as a tumor 

suppressor.

In summary, we investigated the clinical significance of three lncRNAs, LINC00472, 
ASAP1-IT1 and FAM215A, in ovarian cancer, and found that two of the lncRNAs, 

LINC00472 and FAM215A, were associated with tumor grade and disease stage. 

Furthermore, expression of FAM215A and ASAP1-IT1 were associated with disease 

outcomes, and these associations were also seen in other datasets. Our findings suggest that 

lncRNAs may play appreciable roles in cancer and that more research is needed to elucidate 

the biological mechanisms of lncRNAs involved in tumorigenesis and disease progression, 

as well as their clinical implications in tumor characterization and patient management.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• ASAP1-IT1, FAM215A and LINC00472 were highly expressed in early stage 

disease of EOC.

• ASAP1-IT1, FAM215A and LINC00472 were also highly expressed in low 

grade tumors.

• High expression of ASAP1-IT1 and FAM215A was associated with favorable 

OS.

• Large online database showed similar survival associations with ASAP1-IT1 
and FAM215A.
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Fig. 1. 
Kaplan-Meier survival by tertiles of ASAP1-IT1, FAM215A and LINC00472 expression in 

ovarian cancer patients. A) Overall survival (OS) by low, middle, and high ASAP1-IT1; B) 

progression-free survival (PFS) by low, middle, and high ASAP1-IT1; C) overall survival 

(OS) by low, middle, and high FAM215A; D) progression-free survival (PFS) by low, 

middle, and high FAM215A; E) overall survival (OS) by low, middle, and high LINC00472; 

F) progression-free survival (PFS) by low, middle, and high LINC00472.
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Fig. 2. 
Kaplan-Meier survival by tertiles of ASAP1 expression in ovarian cancer patients. A) 

Overall survival (OS) by low, middle, and high ASAP1; B) progression-free survival (PFS) 

by low, middle, and high ASAP1.
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Fig. 3. 
Kaplan-Meier survival by expression tertiles of ASAP1-IT1, FAM215A and LINC00472 in 

an online database analyzed by Kaplan-Meier Plotter. A) Overall survival (OS) by low and 

high ASAP1-IT1; B) progression-free survival (PFS) by low and high ASAP1-IT1; C) 

overall survival (OS) by low and high FAM215A; D) progression-free survival (PFS) by low 

and high FAM215A; E) overall survival (OS) by low and high LINC00472; F) progression-

free survival (PFS) by low and high LINC00472.
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Fig. 4. 
Kaplan-Meier survival by expression tertiles of ASAP1 in an online database analyzed by 

Kaplan-Meier Plotter. A) Overall survival (OS) by low and high ASAP1; B) progression-

free survival (PFS) by low and high ASAP1.
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