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Abstract
Background: NOS3 (endothelial NOS, eNOS) is a member of the nitric oxide synthase (NOS) enzyme
family, mainly participating in nitric oxide (NO) generation. NOS3 has been reported to inhibit apoptosis
and promote angiogenesis, proliferation, and invasiveness. However, the expression pattern of NOS3 and
its diagnostic and prognostic potential has not been investigated in a pan-cancer perspective.
Methods: In this research, data from the Genotype-Tissue Expression (GTEx), the Cancer Genome Atlas
(TCGA), the Cancer Cell Line Encyclopedia (CCLE) and the Cancer Therapeutics Response Portal (CTRP)
were employed and NOS3 expression was comprehensively analysed in normal tissues, cancer tissues
and cell lines. Its relationship with clinical phenotypes and drug responses was also analysed.
Results: In normal tissues, NOS3 was expressed at the highest levels in the spleen and the lowest levels in
the blood. Compared with the corresponding normal tissues, its expression in tumour was significantly
increased in seven tumour types but decreased in eight tumour types. And NOS3 expression was
positively or negatively related to tumour stage and overall survival of patients depending on the tumour
types. The expression of NOS3 was related to the response to ‘SR8278’.
Conclusions: NOS3 was differentially expressed in tumour tissues, and had prognosis value in some
tumour types. And its correlation to drug response warrants further investigation.

Background
NOS3 (endothelial NOS, eNOS) is a member of the nitric oxide synthase (NOS) enzyme family, which is a
cluster of catalytic enzymes that mainly participate in nitric oxide (NO) generation (1). The NOS3 protein
is encoded by the NOS3 gene, located on chromosome 7q36.1. Usually, NOS3 protein is constitutively
expressed in cells in an inactive state. Following the increase in calcium (Ca2+) concentration in cells, it
can be activated by combining with the CaM protein. In addition, the direct combination of NOS3 with
caveolin-1 (CAV-1) and heat shock protein 90 (HSP90) and the phosphorylation (Ser-1177) of NOS3 by
PI3K/Akt signalling can modulate the activity of NOS3 protein (2–4).
NOS3 protein was initially found to participate in NO generation, mainly in endothelial cells, and is
associated with cardiovascular diseases such as hypertension, atherosclerosis, and diabetes mellitus (5).
In recent years, NOS3 has been found to play various roles in malignant tumours, such as inhibiting
apoptosis and promoting angiogenesis, proliferation, invasiveness, and immunosuppression (6–8).
Circulating NOS3 levels were significantly correlated with progression-free survival and overall survival
(OS) of metastatic colorectal cancer patients (9). Another research in mesenchymal colorectal cancer
patients reported that NOS3 upregulation occurs after Apc loss which was associated with poor
prognosis (10). In breast cancer, the increasing expression of NOS3 was reported to be a pro-angiogenic
factor (11). It was found to exert pro-angiogenesis function as a downstream molecule of the
PI3K/Akt/mTOR pathway (12). NOS3-NO-sGC-cGMP signalling was reported to enhance the migration
and invasion of breast cancer cells (13). In pancreatic cancer, NOS3 promoted tumour maintenance
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through the PI3K-Akt-NOS3-RAS (wild type) pathway (14). NOS3 inhibition by the inhibitor N(G)-nitro-Larginine methyl ester (L-NAME) could suppress pancreatic ductal adenocarcinoma cancer (PDAC) tumour
growth (15). Yu et al. reported that NOS3 activation promoted increased the antiandrogen-resistant
growth of prostate cancer (PCa) cells through NO-mediated AR suppression (16). Nanni et al. found that
NOS3 might remodel the response of PCa cells to oestrogen (E2) and hypoxia stimuli through its
combination with oestrogen receptor beta (ERβ) and hypoxia inducible factors (HIFs), resulting in poor
prognosis in PCa patients (17). In addition, another study reported that NOS3 downregulated miR-34a
expression, inducing overexpression of SIRT1 in aggressive PCa, and in turn, SIRT1 stimulated the
activation of NOS3. E2 induced ER signalling could promote this interaction (18). Trachootham et al.
found that nontumourigenic epithelial cells from oral and ovarian tissue could be induced to become
invasive in stroma containing p53-deficient fibroblasts, through NOS3/RNS/ICAM1 signalling (19). In
addition, NOS3 was found to participate in oncogenic inflammation and immunosuppression of tumours
through NOTCH1-PI3K/AKT-NOS3 axis (20). NOS3 expression inhibition was involved in cervical cancer
cell sensitivity to radiotherapy (21).Additionally, many studies have reported that NOS3 gene
polymorphisms are associated with risk for cancer progression, cancer susceptibility and drug response
(22–24). However, several studies have reported that NOS3 might play an anticancer role in malignant
tumours. Research by Smeda et al. reported that NOS3 activity and phosphorylation reduction was an
early event in the lung metastasis of breast cancer, preceding the onset of the mesenchymal phenotype
(EndMT) (25). NOS3 participated in the enhancement of Taxol chemosensitivity with astragaloside IV
treatment in breast cancer as a downstream target of caveolin-1(26). These studies suggest that NOS3
may perform multiple functions depending on different tumour types, and genetic background. Studies
on NOS3 expression in tumours are still scarce, and the functions of NOS3 in tumour pathogenesis are
not comprehensively understood.
By applying data from the Genotype-Tissue Expression (GTEx; https://www.gtexportal.org/home/), The
Cancer Genome Atlas (TCGA; https://portal.gdc.cancer.gov/) and the Cancer Cell Line Encyclopedia
(CCLE; https://portals.broadinstitute.org/ccle/), the expression level of NOS3 in 30 different normal
human tissues and 33 different tumours types, as well as the corresponding normal tissues and 1457
cancer cell lines was systematically analysed. We investigated the relationship between NOS3 expression
and the clinical phenotypes of patients for all cancers and then separately for each cancer type.
Subsequently, NOS3 expression levels across different cell clines were also evaluated by using data from
the CCLE. The correlation between NOS3 expression level in 664 cancer cells and cell response to 544
drugs was analysed to explore the potential of NOS3 as a therapeutic target. These analyses revealed
that the expression level and clinical significance of NOS3 varied depending on the tissue or cancer type.
NOS3 expression in several cancers was significantly different than that in corresponding normal tissues
and showed implications for tumour stage and overall survival of patients. In addition, our results have
inspired us regarding which tumours and therapeutic drugs to focus on for our studies.

Methods
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Download and analysis of TCGA and GTEx datasets
TOIL GTEx and TCGA (primary tumour and normal tissues) gene expression RNA-seq data
(IlluminaHiSeq: log2-normalized_count + 1) and TCGA phenotype data, containing 9359 TCGA tumour
tissues, 727 TCGA normal tissues and 7792 GTEx normal tissues, were obtained from UCSC Xena
(https://xena.ucsc.edu/). TOIL reprocesses raw GTEx and TCGA RNA-seq data to correct for batch effects
and to allow for the merging of samples across GTEx and TCGA datasets for pan-analyses (27). To
analyse the differential expression of NOS3 between TCGA tumours and normal tissues, t-test was
applied for tumour types with at least two normal tissues. The median gene expression level was
employed to calculate the fold change. Then, the log2-fold change (cancer versus normal) was employed
as the x-axis and -log10 p-value was employed as the y-axis to produce a Volcano plot for each tumour
type. NOS3 expression levels among different tumour stages (TNM stage) were assessed by t-test (for
two groups) and ANOVA analyses (for three and more groups). To assess the relationship of NOS3
expression to overall survival (diagnosis to death), Cox proportional hazards models were employed.
Patients who survived with no evidence of disease at the time of analysis were investigated at the date of
last follow up. The median expression level in each tumour type was used as a threshold to divide
patients into two groups. Kaplan-Meier survival analyses and the log-rank test were applied to compare
survival differences in the two groups for each cancer type. A forest plot was constructed to visually
display the hazard ratio (HR) and 95% confidence interval for each tumour type. The 95% confidence
interval without containing 1, was considered a significant correlation. An HR value more than 1 indicated
that increased NOS3 expression was related to poor prognosis (less than 1 is favourable), and the HR
value represented an increased (or decreased) risk for every doubling expression of NOS3.

Cell lines NOS3 expression and drug response
NOS3 mRNA expression, promoter DNA methylation and copy number data were downloaded from the
Cancer Cell Line Encyclopedia (CCLE, https://portals.broadinstitute.org/ccle/), which contained RNA-seq
data, DNA methylation data from the matching reduced representation bisulfite sequencing (RRBS) and
copy number data of 1457 human cancer cell lines. The drug response data were obtained from the
Cancer Therapeutics Response Portal (CTRP, https://portals.broadinstitute.org/ctrp.v2.1/), which
contained the responses of 664 cell lines to 482 drugs. NOS3 expression levels among different cell lines
of different cancer types were investigated, and its relation to promoter DNA methylation and copy
number was evaluated by Spearman correlation analysis. In addition, Spearman correlation analyses was
also performed to evaluate the association of NOS3 expression with drug responses (area under the
curve, AUC) first for all cell lines together and then separately for each cancer cell line type with at least
15 cell lines.
For all statistical analyses, a p-value less than 0.05 was considered to be statistically significant. All
statistical analyses and visualization were accomplished by using GraphPad Prism 7 and R software (R
version 3.6.0).
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Results
NOS3 mRNA expression in various normal tissues and tumours.
To comprehensively analyse NOS3 expression and distribution in human normal tissues and tumour
tissues, we first analysed NOS3 mRNA expression level in 30 different normal tissues from GTEx and 33
different tumour tissues from Xena (https://xenabrowser.net/). The expression of NOS3 was highly
variable across different normal tissues (Figure 1A) and tumour tissues (Figure 1B). In normal tissues, the
median NOS3 expression levels varied from 5.624 (blood) to 12.8 (spleen). Tissues with the highest
NOS3 expression were spleen (12.8±1.391), heart (10.64±1.099), testis (10.59±0.532), adipose tissue
(10.5±0.8709), and breast (10.42±0.8376). Tissues with the lowest NOS3 expression were blood
(5.624±1.325), skin (7.904±1.753), pancreas (8.363±1.159), muscle (8.415±1.022), and ovary
(8.453±0.9167). In tumour tissues, NOS3 expression levels varied from 9.85 (stomach adenocarcinoma,
STAD) to 5.071 (acute myeloid leukeamia, LAML). Tumour tissues with the highest NOS3 expression
were STAD (9.85±1.018), kidney renal clear cell carcinoma (KIRC, 9.848±0.9791), pancreatic
adenocarcinoma (PAAD, 9.297±0.8167), testicular germ cell tumours (TGCT, 9.285±0.6801), and
oesophageal carcinoma (ESCA, 9.275±1.208). Tumour tissues with the lowest NOS3 expression were
LAML (5.071±1.591), kidney renal papillary cell carcinoma (KIRP, 7.173±1.14), uveal melanoma (UVM,
7.278±0.9764), cervical and endocervical cancers (CESC, 7.388±1.054), and thymoma (THYM,
7.439±0.987).
NOS3 is differentially expressed in various tumours and their corresponding normal tissues.
We analysed NOS3 mRNA expression levels across tumours and their corresponding normal tissues in 21
tumour types that had three or more normal tissues data (Figure 2A). NOS3 was expressed at certain level
in all tumours and normal tissues. NOS3 mRNA expression in 7 of 21 tumour types, colon
adenocarcinoma (COAD), head and neck squamous cell carcinoma (HNSC), KIRC, prostate
adenocarcinoma (PRAD), rectum adenocarcinoma (READ), STAD, and thyroid carcinoma (THCA), was
much higher than that in corresponding normal tissues, with statistical significance. In 8 of 21 tumour
types, bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), CESC, kidney
chromophobe (KICH), KIRP, liver hepatocellular carcinoma (LIHC), PAAD, and uterine corpus endometrial
carcinoma (USEC), NOS3 mRNA expression was lower than that in corresponding normal tissues. The
different expression levels among tumours indicated that NOS3 might play an anti-tumour or pro-tumour
role depending on the tumour type. Further analyses of fold change between tumour and corresponding
normal tissues found that NOS3 was most differentially expressed in CESC, with a more than 4-fold
decrease in tumour tissues (log2 FC=2.92, p<0.0001) (Figure 2B, 2C). NOS3 expression in KIRP tumour
tissues was also 4-fold decreased compared with corresponding normal tissues (log2 FC=2.36,
p<0.0001). In addition, our analysis found that NOS3 mRNA expression levels in CESC and KIRP were
relatively low among the 33 tumour types (Figure 1B). However, it was worth noting that there were only
three corresponding normal tissues for CESC, which in some content might result in a deviation in the
differential expression analyses. In addition, NOS3 expression in both STAD and READ tumour tissues
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was more than 2-fold greater than that in the corresponding normal tissues. Surprisingly, STAD tumour
tissues had the highest NOS3 expression level of the 33 tumour types.
Association between NOS3 mRNA expression and clinical phenotypes.
We analysed the association between NOS3 expression and tumour stage in 25 tumour types that had
stage information in TCGA. First, we analysed NOS3 expression across four stages by means of ANOVA
analyses on 25 tumours combined and found that NOS3 was differentially expressed across stages
(Figure 3A). Patients in stage III expressed the highest NOS3 levels. Subsequently, stages I and II were
combined as early stage, and stages III and IV were combined as advanced stage. T-test analyses showed
that NOS3 expression was higher in the advanced stage (Figure 3B, p<0.0001). Further analyses of
different tumour types found that BLCA, BRCA, COAD, ESCA, KIRP, and skin cutaneous melanoma (SKCM)
tumours in advanced tumour stage expressed higher NOS3 mRNA levels. In contrast, KIRC and THCA
tumours in the advanced tumour stage expressed lower NOS3 mRNA levels (Figure 3C).
To analyse the relationship between NOS3 expression and overall survival of tumour patients, log-rank
test was performed in 33 tumour types (Figure 4A, B). We found that NOS3 mRNA expression level was
related to a worse prognosis inpatients with KIRP [median survival (low versus high): not reached versus
2941, p=0.0043, hazard ratio (HR) =2.441], mesothelioma (MESO, median survival: 732 versus 456.5,

p=0.0032, HR=1.945), and STAD (median survival: 1686 versus 801, p=0.0133385, HR=1.394). While it
was related to a better prognosis in patients with KIRC [median survival: 2386 versus not reached,
p=0.0133, HR=0.6835] and lung adenocarcinoma (LUAD, median survival: 1454 versus 1622, p=0.0284,
HR=0.7228). Moreover, KIRP had the largest HR with a 95% confidence index between 1.35 and 4.414.
Besides, we found that high expression level of NOS3 was associated with both advanced tumour stage
and worse prognosis in KIRP patients and was associated with early tumour stage and better prognosis
in KIRC patients, indicating the potential clinical significance of NOS3 in KIRP and KIRC.
NOS3 mRNA expression in tumour cell lines.
Considering that tissue-based RNA expression detection might be complicated by the non-tumour tissues
that are adjacent to tumour cells, we analysed NOS3 mRNA expression in1457 cell lines derived from 26
tumour types in the CCLE database. Initially, NOS3 expression in different cell lines was checked and the
results showed that cell lines from STAD and COAD were the top two cell lines expressing the highest
levels of NOS3 mRNA, and cell lines from nerve system tissues (e.g., GBM and neuroblastoma) and bone
tissues (e.g., chondrosarcoma and osteosarcoma) expressed relatively lower NOS3 mRNA (Figure 5).
Interestingly, NOS3 in STAD was expressed at the highest level both in stomach tissues from TCGA and in
stomach cell lines from CCLE. Further analysis of the association between NOS3 mRNA and promoter
DNA methylation level showed a weak correlation (Spearman correlation coefficient=0.1282, p=0.0002,
Figure 5B). Spearman correlation analysis between NOS3 mRNA and copy number did not show
statistical significance (p=0.1193, Figure 5C). These results indicated that promoter DNA methylation and
copy number variants of the NOS3 gene might not be the main determinant of NOS3 mRNA levels.
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Association between NOS3 expression and drug sensitivity
To investigate the correlation between NOS3 mRNA expression and drug sensitivity, NOS3 expression in
664 cell lines and drug response to 482 drugs were analysed. Spearman correlation analysis revealed
that, only the response to one drug, ‘SR8278’, was considered to be moderately correlated with NOS3
mRNA expression, with a correlation coefficient greater than 0.3 (Figure 6A). A negative correlation
indicated that a better response (smaller response AUC value) was correlated with increased expression
of NOS3. ‘SR8278’ is an antagonist of the transcription factor REV-ERBα, affecting its circadian and
metabolic functions. Two other drugs, ‘GSK.J4’ and ‘CIL55A’ had a correlation coefficient greater than 0.2
and were also negatively correlated.
Subsequently, Spearman analysis were performed to investigate the correlation of NOS3 expression with
drug response separately in cell line types with at least 15 cell lines (a total of 10 cancer cell line types)
and the drug response (correlation coefficient > 0.3) ratios were calculated. In these cancer cell line types,
NOS3 mRNA expression was related to at least one drug, however, the response ratios were quite different
and varied depending on the different cell line types (Figure 6B). The response ratios in breast and ovary
tumour cell lines were more than 10%. Both breast and ovarian tumour occurred in females and shared
some common pathological mechanisms, such as those closely related to female hormones. Therefore,
we further analysed the common drugs whose responses were correlated with NOS3 expression in both
breast and ovarian tumour cell lines (Figure 6C). The results showed that they shared six common drugs.
Among these drugs, LY-2157299, a TGF-β1 inhibitor, was strongly associated with NOS3 expression in
breast and ovarian tumour cell lines (the Spearman correlation coefficients were -0.64848 and -0.9,
respectively). However, ‘SR8278’ was not contained.

Discussion
NOS3 has been found to inhibit apoptosis and promote angiogenesis, proliferation, invasiveness, and
immunosuppression of malignant tumours. However, because of the limited number of studies on NOS3
expression in malignant tumours, NOS3 functions in tumour pathogenesis and development are still not
fully understood. And the expression pattern of NOS3 and its diagnostic and prognostic potential has not
been investigated in a pan-cancer perspective. In this study, the expression level of NOS3 (mainly mRNA)
in 30 different normal human tissues, 33 different tumours types as well as their corresponding normal
tissues, and 1457 cancer cell lines was systematically analysed, to determine the expression level of
NOS3 in tumour and normal tissues and its role in malignant tumours. We also explored its potential
association with clinical characteristics (tumour stage, overall survival and drug response).
By analysing NOS3 mRNA levels in normal tissues from GTEx, we found that NOS3 was expressed at the
highest level in the spleen and was expressed at the lowest level in the blood. According to the Human
Protein Atlas (www.proteinatlas.org) database, the NOS3 protein level in the spleen was also the highest,
consisted with our results. And research has reported that NOS3 is mainly upregulated in endothelial
progenitor cells (EPCs) of the spleen, exerting beneficial functions on atherosclerosis, angiogenesis, and
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vascular repair (28, 29). Analyses of TCGA data showed that NOS3 expression increased in seven tumour
tissues compared with their corresponding normal tissues, while its expression decreased in eight tumour
tissues. Further analyses of the relationship between NOS3 expression and clinical characteristics also
revealed that NOS3 played opposite role depending on different tumour types. NOS3 was reported to
promote the angiogenic phenotype and predict poor prognosis in STAD (30). In our research on STAD,
NOS3 was differentially expressed in tumour and normal tissues, and expression of NOS3 was the
highest among the 33 tumour types and cancer cell lines. Analyses of clinical characteristics also
showed that NOS3 predicted poor prognosis, consistent with previous research. These results further
confirmed the important role of NOS3 in the development of STAD. In COAD, NOS3 expressed relatively
high level in tumour tissues and cancer cell lines, and patients with higher NOS3 levels were diagnosed
with a later tumour stage. This was consistent with the observation that L-NIO (a NOS3 inhibitor)
inhibited cell growth and angiogenesis in colorectal cancer, and the anti-tumour effect of E7080
(lenvatinib) could be increased after combination with L-NIO in colorectal cancer (31, 32). Although the
analyses of NOS3 expression from the current TCGA data was not statistically relevant to the prognosis
in COAD patients, Marisi et al. found that the NOS3 expression level affected the progression-free survival
and overall survival (OS) of metastatic colorectal cancer patients (9). In PRAD, NOS3 expression was
higher in tumour tissues, but did not significantly affect overall survival (stage data could not be
accessed). In studies reported by Nanni et al., NOS3 overexpression in PRAD promoted the aggressive
phenotype of tumour and was related to poor prognosis in patients (17, 18). The inconsistent results may
be caused by different population and the number of samples. Other tumour types, such as CESC, HNSC,
KICH, LIHC, PAAD, READ, and UCEC, also expressed different levels of NOS3 in tumour and normal tissues
but did not show a statistically significant influence on clinical characteristics. Therefore, NOS3
expression might have no influence on clinical characteristics. However, some of the possibilities were the
limitation of patient number in TCGA or population bias so that the results did not show expected clinical
significance. Further verification in larger and more representative populations is needed. Interestingly,
both KIRC and KIRP were originally from the kidney, but their pathological mechanism was obviously
different (33), and NOS3 showed diametrically opposite expression level and clinical significance in the
two tumour types. In addition, there were some tumour types such as ESCA, LUAD, SKCM and MESO that
did not differentially express NOS3 in tumour and normal tissues but displayed clinical significance.
Previous studies have reported that high NOS3 expression levels promote angiogenesis and cancer cell
adhesion to intact microvessels. Microangiogenesis in tumour tissues is widely accepted as an important
factor for tumour invasion and distant metastasis. Therefore, NOS3 might be a downstream factor in
tumour invasion and metastasis regulation rather than a cancer initiation factor (7, 8).
Further analyses in cancer cell lines showed that NOS3 was expressed at quite high levels in COAD and
STAD cell lines. Considering that promoter DNA methylation and copy number variation might modify
mRNA expression levels, the correlation between NOS3 mRNA levels and the two factors was analysed.
However, neither of the two factors showed a strong statistical correlation with NOS3 mRNA, indicating
that promoter DNA methylation and copy number variations of the NOS3 gene might not be the main
determinant of NOS3 mRNA levels.
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Currently, research on NOS3-targeted medicine is mainly concentrating on cardiovascular and
cerebrovascular disease. Many inhibitors and agonists have been found to have satisfactory therapeutic
effects. For example, ursolic acid, which has an anti-tumour effect, has been proven to promote NOS3
phosphorylation and inhibit NOS3 uncoupling, thereby preventing doxorubicin-induced cardiac toxicity
(34). However, the research on and application of NOS3-targeted medicine in malignant tumours are still
extremely limited. The NOS3 inhibitor L-NIO was reported to inhibit COAD cell growth and angiogenesis.
Another NOS3 inhibitor, N(G)-nitro-L-arginine methyl ester (L-NAME) was also reported to inhibit PAAD
tumour growth (15). In addition, L-NIO could promote the anti-tumour effect of lenvatinib (31, 32). The
NOS3 level was significantly correlated with outcomes of bevacizumab-based chemotherapy in COAD (9,
35). Unfortunately, bevacizumab, L-NIO, and L-NAME were not included in the CTRP database. Our
research showed that ‘SR8278’, an antagonist of Rev-ErbAα was negatively correlated with NOS3
expression, indicating that NOS3 was the potential target of ‘SR8278’. ‘SR8278’ targeted NR1D1, a
nuclear hormone receptor (36), reiterating the potential relationship between NOS3 and NR1D1. Further
analyses in different cell line types showed different responses among different tumour types. Drug
response ratios were more than 10% in breast and ovary tumour cell lines. Considering that both breast
and ovarian tumour are malignant tumours affected by hormones, and previous research revealed that
NOS3 interacts with ER and AR (16–18), common drugs were analysed. LY-2157299, a TGF-β1 inhibitor,
was strongly associated with NOS3 expression in both breast and ovarian tumour cell lines, indicating
that NOS3 expression level influences response of TGF-β1 to LY-2157299, and LY-2157299 might inhibit
NOS3 expression in a TGF-β1 dependent way. Our pan-cancer research suggests that we can further
investigate the effect of these target medicines on tumour therapy, especially in patients with
cardiovascular and cerebrovascular disease, to maximize the therapeutic effect of drugs.
There are also some limitations in our research. Usually, protein is the final functioning molecule. Our
research mainly focused on the mRNA expression level. However, many factors might modulate the
translation process. Thus, the mRNA level could not completely represent the protein level. Therefore,
more research and analyses at the protein level are need.

Conclusions
In conclusion, this research showed that NOS3 was a pro- or anticancer factor depending on tumour type.
NOS3 expression was different in different tumour types and related to tumour stage and overall survival
of patients. Especially, in STAD and COAD, NOS3 expressed high level in tumour tissues and cells, and
was related to aggressive tumor stage and poor prognosis of patients, indicating its potential as a
biomarker of these two tumour types. In addition, NOS3 expression was related to some therapeutic
drugs, such as ‘SR8278’ and LY-2157299, which warrant further investigation.
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NOS3 mRNA expression in various normal tissues and tumors. (A) NOS3 expression level in normal
tissues from GTEX. (B) NOS3 expression level in tumor tissues from TCGA. The type of NOS3 expression
data is RNA-seq RSEM, shown by log2(normalized count +1). Each bar represents NOS3 expression
among different individuals for a particular tissue type. Error bars represent the mean ± SD.

Figure 2
NOS3 is differentially expressed in various tumors and their corresponding normal tissues. (A) NOS3 is
differentially expressed between tumor and normal tissues in some cancers from TCGA. Each boxplot
represents NOS3 expression (RNA-seq RSEM, log2(normalized count +1)) across different cancers. Red is
for tumors and blue is for normal tissues. The bar represents median expression of tumors or normal
tissues and lower and upper box ends represent the 25th and 75th percentile expression. ns, without
statistical significance, *p<0.05, **p< 0.01, ***p< 0.001, ****p<0.0001, based on Student's t-test. (B)
Scatter plot of log2 FC and minus log10(p-value) across different cancers. The horizontal line on the Yaxis represents a p value of 0.05. Points above the horizontal line have statistical significance. The
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vertical line on the X-axis represents log2 FC was -1 or 1, respectively. (C) The log2 FC and p value in
several tumor types, which simultaneously meet the condition that absolute value of log2 FC is larger
than 1 and the difference is statistically significant.

Figure 3
Association between NOS3 mRNA expression and tumor stage. (A) NOS3 expression (RNA-seq RSEM,
log2(normalized count +1)) among stages of all tumor types. (B) NOS3 expression between the early and
advanced stages in each separate tumor type. ANOVA test was applied to analyzes across four stages,
and a t-test was applied to analyzes in the early stage and advanced stage. *p<0.05, **p< 0.01, ***p<
0.001, ****p<0.0001.
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Figure 4
Association between NOS3 mRNA expression and overall survival. The NOS3 expression level is related
to overall survival in several tumor types. In the survival curves, the red line represents high NOS3
expression levels and the blue line represents low NOS3 expression levels. (B) A forest plot for survival
association of each cancer is shown. The X-axis is the HR, the small points are the estimate of HR for
each tumor and the bar represents the 95% confidence interval. Cox proportional hazards models were
used to evaluate the association of NOS3 expression levels on overall survival.
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Figure 5
NOS3 mRNA expression in tumor cell lines. (A) NOS3 mRNA expression across different cell lines from
CCLE. (B) A scatter plot of promoter DNA methylation and mRNA levels of NOS3 across different cell
lines is shown. (C) A scatter plot of copy number variation and mRNA level of NOS3 across different cell
lines. The correlation between two variables is analyzed by Spearman analysis.
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Figure 6
Association between NOS3 expression and drug sensitivity. (A) Volcano plot of the correlation coefficient
and minus log10(p-value) between NOS3 expression in all cell lines and 482 drugs. The majority of
correlations are not significant and in negative direction. The correlation coefficient of ‘SR8278’ is greater
than 0.3 (negative, higher expression is correlated with better response represented by smaller AUC). Blue
dots are the drugs with correlation coefficients greater than 0.2. (B) The ratio of drugs with correlation
coefficients greater than 0.3 and p values less than 0.05 in 10 different cell line types. Cell lines from
breast and ovary tumors are responsive to a higher proportion of drugs related to NOS3 expression. (C)
Common drugs with correlation coefficients greater than 0.3 and p values less than 0.05 in breast and
ovary tumor cells. There are 6 common drugs that respond in relation to NOS3 expression. The targets
and correlation coefficient are shown in C.
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