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Abstract. Deoxyribonuclease (DNase) is an enzyme that 
catalyzes the cleavage of phosphodiester bonds in the main 
chain of DNA to degrade DNA. DNase serves a vital role in 
several immune‑related diseases. The present study linked the 
expression of DNase with overall survival (OS), performed 
pan‑cancer co‑expression analysis, and assessed the associa‑
tion between DNase and immune infiltration subtypes, tumor 
microenvironment and drug sensitivity through pan‑cancer 
studies. Furthermore, gene expression data and clinical data 
were downloaded from The Cancer Genome Atlas. Next, 
through a series of bioinformatics analyses, DNase expression 
and survival, immune subtypes, tumor microenvironment and 
drug sensitivity in 33 tumor types were systematically studied. 
The expression of the DNase gene family was shown to have 
an apparent intratumoral heterogeneity. The expression of 
DNase 2, lysosomal (DNASE2) was the highest in tumors, 
whereas that of DNASE2 β was the lowest. DNase 1‑like 3 
(DNASE1L3) was mainly downregulated in tumors, whereas 
the rest of the DNases were mainly upregulated in tumors. The 
expression of DNase family members was also found to be 
associated with the OS rate of patients. DNase family genes 
may serve an essential role in the tumor microenvironment. 
DNase family gene expression was related to the content of 
cytotoxic cells, Immunescore, Stromalscore, Estimatescore 
and Tumorpurity. The present study also revealed that the 
DNase genes may be involved in the drug resistance of cancer 
cells. Finally, the correlation between DNase, and clinical stage 

and tumor microenvironment in hepatocellular carcinoma 
(HCC) was studied. In addition, the difference in DNASE1L3 
expression between HCC and adjacent normal tissues, and the 
relationship between DNASE1L3 expression and clinical stage 
was verified by analyzing three groups in a Gene Expression 
Omnibus dataset and by performing immunohistochemistry. 
In conclusion, the present study assessed DNase gene expres‑
sion, analyzed its relationship with patient OS, performed 
pan‑cancer co‑expression analysis, and assessed the associa‑
tion between DNase and immune infiltration subtypes, tumor 
microenvironment and drug sensitivity. The present study also 
confirmed the value of further laboratory research on DNases 
and their prospects in clinical cancer treatment.

Introduction

A deoxyribonuclease (DNase) is an enzyme that catalyzes 
the hydrolytic cleavage of phosphodiester linkages in the 
DNA backbone, thus degrading DNA. DNases are a type of 
nuclease, a generic term for enzymes capable of hydrolyzing 
phosphodiester bonds that link nucleotides. The two main 
types of DNase found in humans are known as DNASE1 and 
DNASE2 (1). The diversity of these enzymes enables the body 
to regulate DNase activity according to different organs (1).

DNASE1 is an endonuclease mainly produced in the 
pancreas, which can remove extracellular DNA. A DNASE1 
mutation was found in pediatric patients with systemic lupus 
erythematosus (SLE) (2,3). The activity of DNase in the serum 
of SLE patients was also lower (4‑6). Adult SLE patients with 
a reduced serum DNASE1 activity have been shown to suffer 
from severe nephritis and poor prognosis (7). DNASE1L1 is 
different from other members of the DNase I family, which is 
highly expressed in the heart and skeletal muscle, where the 
other members are hardly expressed (8‑11). DNASE1L1 can 
act as a cell surface barrier to prevent endocytosis‑mediated 
gene transfer (12). The accumulation of DNASE1L1 transcript 
was observed in myocyte vacuoles of patients with vacuolar 
myopathy (13). Fatal infantile Pompe disease is associated 
with DNASE1L1 deletion polymorphism (14). DNASE1L2 
showed the best activity under acidic conditions, which 
differed from that of other DNase members at a neutral pH. 
In addition, the mRNA and protein levels of DNASE1L2 in 
the skin were much richer than those in any other organs (10). 
The expression of DNASE1L2 is associated with the terminal 
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differentiation of epidermal keratinocytes. The DNASE1L2 
gene expression was significantly decreased in the epidermis 
of psoriatic lesions affected by keratinization (15). In addition, 
DNASE1L2 may lead to the degradation of nuclear DNA 
during cell death associated with differentiation in various 
keratinocyte lineages (16). DNASE1L3 is secreted into the 
gastrointestinal tract and body fluid by various exocrine and 
endocrine organs  (17‑19). DNASE1L3 and DNASE1 can 
degrade DNA in the serum (19). DNASE1L3 is involved in 
chromatin degradation in apoptotic or necrotic cells (20‑28). 
The decrease in DNASE1L3 activity is related to several 
autoimmune diseases. DNASE1L3 gene mutation was found 
in patients with SLE (29), systemic sclerosis  (30) and low 
complement urticaria vasculitis syndrome (31).

DNASE2 can make macrophages phagocytize the DNA 
degradation of apoptotic cells and skin surface  (32,33). 
DNASE2 gene knockout can lead to the accumulation of 
undigested DNA in murine macrophages, thus stimulating 
interferon production and eventually leading to fatal anemia 
and death (34,35). DNASE2 gene‑induced deletion murine 
can lead to the development of chronic polyarthritis, which 
is similar to human rheumatoid arthritis  (36). DNASE2B 
was found to be expressed in mouse liver and lens, and 
human salivary gland and lungs (37‑39). The expression level 
of DNASE2B in the mouse lens was ~10 times higher than 
that in the liver (39). DNASE2B controls fiber nuclear cells' 
degradation during lens development (40), so the deletion of 
DNASE2B in mice causes nuclear degradation defects and 
cataract (39).

DNase family genes play an essential role in autoimmune 
diseases. Autoimmune diseases are closely associated with 
cancer  (41). However, studies on the relationship between 
DNase family genes and cancer are rare. The DNase expression 
and co‑expression, OS, immune subtypes, tumor microen‑
vironment, and drug sensitivity in 33 kinds of tumors were 
examined through a series of bioinformatics analyses. In addi‑
tion, the correlation between DNase and immune infiltration 
subtype, clinical stage, tumor microenvironment, and tumor 
stemness score was separately studied in HCC. Furthermore, 
the difference in DNASE1L3 expression between HCC and 
adjacent normal tissues was also examined.

Materials and methods

The cancer genome atlas (TCGA) pan‑cancer data. TCGA 
pan‑cancer data, including RNA‑Seq, clinical data, stemness 
scores and immune subtypes, were downloaded from the Xena 
browser (https://xenabrowser.net/datapages/). The TCGA 
pan‑cancer data included 33 cancer types: ACC, BLCA, 
BRCA, CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC, 
KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, 
MESO, OV, PAAD, PCPG, PRAD, READ, SARC, SKCM, 
STAD, TGCT, THCA, THYM, UCEC, UCS and UVM. In 
total, 11,057 samples were used in this study. Among them, 15 
cancer types had none or <5 associated normal tissue samples, 
so only the rest of the 18 cancer types were used to investi‑
gate the presence of altered gene expression in tumors than 
adjacent normal with linear mixed‑effects models. In order 
to investigate the association between the expression of each 
of the DNase family members and overall patient survival, 

10,121 tumor samples, which had patient survival information, 
were used for survival analysis. RNA‑Seq data of HCC and 
adjacent normal liver samples from GSE22405, GSE60502 
and GSE64041 datasets were also downloaded (https://www.
ncbi.nlm.nih.gov).

Tumor microenvironment analysis. Six immune subtypes 
were defined to measure immune infiltrates in the tumor 
microenvironment (42). The immune subtype obtained from 
TCGA pan‑cancer data was used to test the association 
between DNase expression and immune infiltrate types in the 
tumor microenvironment using ANOVA models. Tumorpurity, 
Estimatescore, Stromalscore and Immunescore were used to 
analyze immune cell infiltration levels and stromal cells in 
different tumors (43). This analysis was based on interpreting 
gene expression profiles retrieved from TCGA expression 
data (https://bioinformatics.mdanderson.org/estimate/) (43). 
Tumor stemness features extracted from transcriptomic and 
epigenetic from TCGA tumor samples were used to measure 
tumor cells (44). The correlation between cancer stemness 
with DNase expression was tested using the Spearman's rank 
correlation coefficient.

NCI‑60 analysis. The NCI‑60 database, which contains data on 
60 different cancer cell lines from nine different tumor types, 
was accessed using the CallMiner interface (https://discover.
nci.nih.gov/cellminer/). DNAse mRNA expression and Z 
scores for cell sensitivity data (concentration causing 50% 
cell growth inhibition) were retrieved for 59 cell lines and 
were analyzed using Pearson's correlation to investigate the 
relationship between gene expression and drug sensitivity. The 
drug response of 262 FDA approved or drugs on clinical trials 
were used for correlation analysis.

IHC staining. Tissue sections were purchased from Shanghai 
Outdo Biotech Co., Ltd. The acquisition of liver tissue and 
the production of tissue sections were reviewed and approved 
by the Shanghai Outdo Biotech Co., Ltd. ethics committee 
(YBM‑05‑01). Tissue sections were deparaffinized in xylene 
and rehydrated in a graded series of alcohol, followed by 
antigen retrieval, goat serum, primary antibody (Abcam), 
and biotinylated secondary antibody incubation (Vector 
Laboratories, Inc.). The immunoreaction was visualized by 
staining with diaminobenzidine tetrahydrochloride solution 
(Vector J. Han et al Laboratories). Sections were counter‑
stained with hematoxylin (Sigma‑Aldrich) and dehydrated 
using a graded alcohol series before sealing the slides with 
coverslips. The Allred scoring system was used to quantify 
the protein staining accounting. Proportion scoring was as 
follows: 0<1%, 1=1‑25, 2=26‑50, 3=51‑75 and 4>75%. Staining 
intensity scoring was as follows: 0, none; 1, weak; 2, interme‑
diate and 3, strong staining, and providing a composite score 
(intensity x proportion=0‑12).

Statistical analysis. Gene expression was compared between 
normal and tumor samples in 18 cancer types with >5 associated 
adjacent normal samples using linear mixed‑effects models. 
Boxplots were used to show the gene expression across cancer 
types. Univariate Cox expression analysis and Kaplan‑Meier 
survival estimate followed by log‑rank test, were used to test 
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the association between gene expression and overall patient 
survival. The relationship between the expression of DNase 
genes and the immune infiltrate subtypes was tested with 
one‑way ANOVA (Bonferroni post hoc test). Spearman's or 
Pearson's correlation coefficients were used to test the correla‑
tion between gene expression and Tumorpurity, Estimatescore, 
Stromalscore, and Immunescore and drug sensitivity. Linear 
regressions were used to test the association between gene 
expression, and patient clinical characteristics and immune 
components. DNASE1L3 protein staining in healthy liver 
tissue and HCC was analyzed using paired Student's t‑test. 
Sex, age, WHO histological classification, N classification 
and M classification were compared using unpaired Student's 
t‑test. T classification and AJCC 7th edition clinical stage were 
assessed using one‑way ANOVA. All tests and graphs were 
created with R 4.0.0 with Limma, ggpubr, pheatmap, corrplot, 
survival, survminer, ggplot2, reshape2 and estimate impute.

Results

DNase gene expression in pan‑cancer data. To understand 
the expression of DNase gene family in tumor and adjacent 
normal tissues, the expression level of DNase family genes was 
detected in tumor and tumor‑adjacent normal tissues from all 
33 cancer types in the TCGA dataset (Table SI). In general, the 
expression of DNASE2 was the highest, and the expression of 
DNASE2B was the lowest in tumors (Fig. 1A). Furthermore, 
the expression levels of DNase family members in different 
types of cancer were tested by Spearman's rank correlation 
coefficient. It was found that DNASE1 and DNASE1L2 
(r=0.29), and DNASE2 and DNASE1L1 (r=0.22) had the 
highest positive correlation. The negative correlation between 
DNASE1 and DNASE2 (r=‑0.18) was the highest. These results 
suggested that they may have some related functions and 
mechanisms (Fig. 1B). The expression levels of all six DNase 
family genes were also studied in 18 types of primary tumors 
and compared with a minimum of five paired adjacent normal 
samples (Fig. 1C and Tables SII‑SIII, unpaired Student's t‑test). 
The expression of DNase family genes in some types of cancer 
was different from that in normal tissues (Fig. 2A‑F). All six 
DNase family genes were differentially expressed in LIHC 
compared to adjacent normal tissue. DNASE1, DNASE1L1, 
DNASE1L2, DNASE2, and DNASE2B were up‑regulated in 
LIHC. And only DNASE1L3 was down‑regulated in LIHC.

Univariate Cox expression analysis and Kaplan‑Meier 
survival estimation were performed to evaluate the relation‑
ship between DNase gene expression and OS in 33 types of 
cancer from TGCA dataset. The Kaplan‑Meier survival esti‑
mate showed that the DNASE1 overexpression group exhibited 
a favorable prognosis in BLCA, THYM and PAAD, but a poor 
prognosis in KIRC (Fig. S1). The DNASE1L1 overexpression 
group exhibited a favorable prognosis in SARC and ACC, but a 
poor prognosis in LAML, GBM, LGG and UVM (Fig. S2). The 
DNASE1L2 overexpression group exhibited a better prognosis 
in BLCA, CESC and PAAD, but a poor prognosis in ACC, 
UVM, MESO, COAD and KIRC (Fig. S3). The DNASE1L3 
overexpression group exhibited a favorable prognosis in LIHC, 
SARC, KICH, CESC, LUAD, KIRC, KIRP, ACC, PAAD and 
PCPG, but a poor prognosis in UVM (Fig. S4). The DNASE2 
overexpression group exhibited a favorable prognosis in 

SKCM, MESO and SARC, but a poor prognosis in LGG and 
KICH (Fig. S5). The DNASE2B overexpression group exhib‑
ited a favorable prognosis in KIRP, SKCM, LUAD, BLCA, 
KIRC and DLBC, but a poor prognosis in LGG and UVM 
(Fig. S6). Univariate Cox expression analysis results showed 
that DNASE1 predicted a poor prognosis in BLCA, HNSC, 
PAAD and THYM (Fig. 3 and Table SIV). The high expression 
of DNASE1L1 was associated with a favorable prognosis in 
ACC and SARC and a poor prognosis in GBM, HNSC, LAML 
and LGG (Fig.  3  and  Table  SV). The high expression of 
DNASE1L2 was associated with a favorable prognosis in LGG, 
BLCA, CESC, PAAD and STAD, and a poor prognosis in 
MESO, KIRC and COAD (Fig. 3 and Table SVI). DNASE1L3 
predicted a favorable prognosis in ACC, LICH, KIRC, LIHC, 
LUAD, OV, PAAD and SARC. DNASE1L3 predicted poor 
prognosis only in UVM (Fig. 3 and Table SVII). The high 
expression of DNASE2 was associated with a favorable 
prognosis in DLBC, CESC, SARC, STAD and SKCM, and a 
poor prognosis in LGG and KICH (Fig. 3 and Table SVIII). 
DNASE2B exhibited a favorable prognosis in LAML, BLCA, 
KIRC, KIRP and LUAD. DNASE2B predicted poor prognosis 
only in LGG (Fig. 3 and Table SIX). DNase family genes are 
significantly differentially expressed in a variety of tumors. 
And the expression of DNase family genes is closely related 
to the prognosis of patients in some tumors. The above results 
indicate that DNase family genes may have important poten‑
tial value in the diagnosis and treatment of various tumors.

DNase gene expression with immune infiltration types and 
tumor microenvironment. To study the relationship between 
DNases and immune components, the correlation between 
DNase family gene expression and tumor immune infiltration 
was detected in TCGA dataset. There are six types of immune 
infiltration in human tumors: C1 (wound healing), C2 (INF‑r 
dominant), C3 (inflammatory), C4 (lymphocyte depleted), 
C5 (immunologically quiet) and C6 (TGF‑β dominant), and 
the content of cytotoxic cells increased gradually with C1 to 
C6 (45). Tumor development is promoted by a low cytotoxic 
immunophenotype. Tumor samples from TCGA data were 
classified according to the type of immune infiltration, and 
the relationship between the type of immune infiltration and 
DNase expression level was analyzed (Fig. 4A). In addition, the 
Kruskal test showed that DNase gene expression was different 
in different types of immune infiltration (P<0.001). DNase 
family gene expression is associated with the content of cyto‑
toxic cells in the tumor microenvironment. In addition, DNase 
family genes are closely associated with various autoimmune 
diseases and have a robust immune regulation ability. DNase 
family genes may play an essential role in the tumor microenvi‑
ronment. In order to better explore the influence of DNase genes 
in the microenvironment of various tumors, the ESTIMATE 
algorithm was used to estimate the ratio of immune, stromal 
and tumor components in the tumor microenvironment. It 
was presented in the form of four scores: Immunescore, 
Stromalscore, Estimatescore and Tumorpurity. They were 
positively correlated with immune, stromal, the sum of tumor 
and immunity, and tumor components. The higher the corre‑
sponding score, the greater the corresponding components in 
the tumor microenvironment. The relationship between DNase 
gene expression and the four ESTIMATE algorithm scores 



BAI et al:  PAN-CANCER ANALYSIS OF DNase4

for 33 types of cancers (Fig. 4B‑E and Tables SX‑XVII) was 
detected. In most types of cancer, DNASE1 and DNASE1L2 
were found to be positively correlated with Tumorpurity and 
negatively correlated with Stromalscore, Immunescore and 
Estimatescore. However, DNASE1L1, DNASE1L3, DNASE2 
and DNASE2B in most cancer types were negatively corre‑
lated with Tumorpurity and positively related to stromal score, 
Immunescore and Estimatescore. The expression of DNASE1 
and DNASE1L2 is associated with the decrease of immune and 
stromal components and the increase of tumor components in 
the tumor microenvironment. The expression of DNASE1L1, 

DNASE1L3, DNASE2 and DNASE2B was associated with 
the increase of immune and matrix components, as well as 
the decrease of tumor components in the tumor microenvi‑
ronment. In summary, we found that the expression of DNase 
family genes is associated with the composition of the immune 
microenvironment in some tumors. This indicate that DNase 
family genes may have an impact on the composition of some 
immune cells in the tumor immune microenvironment.

DNase gene expression with tumor stemness. Cancer progres‑
sion involves the gradual loss of a differentiated phenotype 

Figure 1. Expression of DNase genes. (A) Boxplot to show the distribution of DNase gene expression for all 33 cancer types. (B) Correlation plot to show the 
correlation of gene expression among the 6 DNase family members for all 33 cancer types. (C) Heatmap to show the difference of DNase gene expression 
comparing primary tumor to adjacent normal tissues for 18 cancer types have more than 5 adjacent normal samples. BLCA, bladder urothelial carcinoma; 
BRCA, breast invasive carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; GBM, glioblastoma multi‑
forme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary 
cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PRAD, prostate adenocarcinoma; 
READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma.
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and acquisition of progenitor and stem‑cell‑like features. The 
tumor stemness is a measure of the extent of oncogenic dedif‑
ferentiation (44). Tumor stemness can be measured using an 
RNA stemness score based on mRNA expression (RNAss) and 
a DNA stemness score (DNAss) based on DNA methylation 
pattern (44). The higher the RNAss and DNAss, the greater the 
tumor stemness of cancer. The relationship between DNase 
gene expression, and RNAss and DNAss (Fig.  5A and B, 
Tables  SXVIII‑XXI) were investigated. DNASE1 showed 
the strongest negative correlation with RNAss in TGCT 
and DNASE1L1 in TGCT, DNASE1L3 in PRAD, DNASE2 
in LAML and DNASE2B in LGG. DNASE1L2 showed the 

strongest positive correlation with RNAss in DLBC and 
DNASE1L3 in THYM. DNASE1 showed the strongest nega‑
tive correlation with DNAss in THYM, DNASE1L2 in LAML, 
DNASE1L3 in DLBC, DNASE2 in THCA and DNASE2B in 
DLBC. DNASE1 showed the strongest positive correlation with 
DNAss in GBM, DNASE1L1 in THYM, DNASE1L2 in UCS, 
DNASE1L3 in TGCT, DNASE2 in THYM and DNASE2B in 
PCPG. We depicted the relationship between DNase family 
genes and tumor stemness in a variety of tumors.

DNase gene expression and sensitivity to chemotherapy. The 
correlation between DNase gene expression levels were also 

Figure 2. Expression levels of DNase genes in primary tumor and their adjacent normal tissue for 18 cancer types with more than 5 adjacent normal samples. 
(A) DNASE1, (B) DNAE1L1, (C) DNASE1L2, (D) DNASE1L3, (E) DNASE2, (F) DNASE2B. Unpaired Student's t‑test. *P<0.05, **P<0.01, ***P<0.001. BLCA, 
bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; 
GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; 
KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; 
PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus 
endometrial carcinoma. 
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investigated in the 60 human cancer cell lines (NCI‑60) with 
over 200 chemotherapy drugs (Fig. 5C and Table SXXII). 
The higher the score, the more sensitive the cells to the 
drug treatment. For instance, DNASE1L2 promoted treat‑
ment with hydroxyurea (treatment for sickle cell anemia 
and certain types of cancer), uracil mustard (treatment for 
lymphatic malignancies such as non‑Hodgkin's lymphoma), 
chlorambucil (treatment for chronic lymphocytic leukemia, 
Hodgkin's disease, non‑Hodgkin's lymphoma, breast, ovarian 
and testicular cancer, Waldenstrom's macroglobulinemia, 
thrombocythemia and choriocarcinoma), triethylenemel‑
amine (treatment for lymphomas and leukemia‑now used as a 
research tool to produce chromosome aberrations and cancer), 
pipobroman (treatment for polycythemia vera and essential 
thrombocythemia), thiotepa (treatment for bladder cancer), 
chelerythrine (exhibits anticancer qualities and has served 
as a base for many potential novel drugs against cancer), 
8‑chloro‑adenosine (treatment for relapsed or refractory 
acute myeloid leukemia and chronic lymphocytic), 2,5‑diazi
ridinyl‑3‑(hydroxymethyl)‑6‑methyl‑1,4‑benzoquinone (RH1; 
treatment for advanced solid tumors and non‑Hodgkin's 
lymphoma), imexon (treatment for pancreatic, lung, breast 

and prostate cancer, melanoma and multiple myeloma cancer), 
melphalan (treatment for multiple myeloma, ovarian cancer, 
melanoma and amyloidosis), idarubicin (treatment for breast 
cancer, lymphoma and leukemia, and also has the potential 
for reduced cardiac toxicity), while DNASE1 was associated 
with cell resistance to dasatinib (treatment for chronic myelog‑
enous leukemia). We analyzed the effect of chemotherapeutic 
drugs on the expression of DNase family genes in a variety of 
tumors. This will be an important contribution to the future 
research on chemotherapy targeting DNase family genes.

DNase gene family in HCC. It was found that DNase expres‑
sion in HCC was significantly different from that in adjacent 
normal tissues in the TCGA‑LIHC database. DNASE1, 
DNASE1L1, DNASE1L2, DNASE2 and DNASE2B is highly 
expressed in HCC, while DNASE1L3 is poorly expressed in 
HCC. By analyzing the clinical information in TCGA‑LIHC 
database, it was found that the expression of DNASE1, 
DNASE1L3 and DNASE2B was associated with the stage of 
HCC (Fig. 6A). The relationship between DNase gene expres‑
sion and immune infiltrate subtypes was also investigated in 
HCC. The results showed a significant correlation between 

Figure 3. The relationship between the expression of DNase genes and the overall survival rate of 33 kinds of cancer patients by Univariate Cox expression 
analysis. ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma 
and endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B‑cell lymphoma; 
ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney 
renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepa‑
tocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; 
PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; 
SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, somach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, 
thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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Figure 4. DNase genes expression with immune infiltration types and the tumor microenvironment in 33 kinds of cancer. (A) The relationship between the 
expression of DNase genes and the immune infiltrate subtypes was tested with one‑way ANOVA. ***P<0.001. (B) The relationship between the expression 
of DNase genes and the Stromalscore. (C) The relationship between the expression of DNase genes and the Immunescore. (D) The relationship between the 
expression of DNase genes and the Estimatescore. (E) The relationship between the expression of DNase genes and the Tumorpurity. C1, wound healing; C2, 
INF‑r dominant; C3, inflammatory; C4, lymphocyte depleted; C5, immunologically quiet; C6, TGF‑β dominant; ACC, adrenocortical carcinoma; BLCA, 
bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, cholan‑
giocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B‑cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma 
multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papil‑
lary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; 
LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochro‑
mocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, 
somach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; 
UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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DNASE1, DNASE1L3, DNASE2 and DNASE2B expression, 
and immune subtype, although the C5 immune infiltrate 
subtype was absent in TCGA‑LIHC dataset (Fig. 6B). The 
prognosis of patients with a high DNASE1L3 expression in 
HCC was favorable, as shown by Univariate Cox expression 
analysis (P<0.001; Fig. 3 and Table SVII) and Kaplan‑Meier 
survival estimate (P<0.001; Fig.  S4). DNASE1L1 and 
DNASE1L3 exhibited a negative correlation with RNAss in 
HCC, while DNASE1L2 and DNASE2 exhibited a positive 
correlation with DNAss in HCC. These findings suggested 
that the high expression of DNASE1L1 and DNASE1L3 and 
the low expression of DNASE1L2 and DNASE2 in HCC may 
reduce the stemness score. A significant negative correlation 
was between DNASE1L2 and stromal score in HCC, but 
DNASE1L1, DNASEL13 and DNASE2B exhibited a positive 

correlation with the stromal score in HCC. A negative correla‑
tion was observed between DNASE1L2 and immune score 
in HCC; however, DNASE1L1, DNASEL13 and DNASE2B 
exhibited a positive correlation with the immune score in HCC. 
In addition, the correlation between tumor microenvironment 
and DNase expression was studied in HCC. DNASE1L3 and 
DNASE2B exhibited a positive correlation with Stromalscore, 
Immunescore and Estimatescore in HCC, but DNASE1L2 
was negatively correlated with Stromalscore, Immunescore 
and Estimatescore in HCC. In addition, DNASE1L1 was 
positively correlated with Stromalscore and Estimatescore 
in HCC (Fig. 6C; Table SXXII). We further analyzed the 
relationship between the expression of DNase family genes 
and tumor stage, immune microenvironment, and tumor 
stemness in HCC.

Figure 5. DNase genes expression with tumor stemness and drug sensitivity. (A) The relationship between the expression of DNase genes and RNAss. 
(B) The relationship between the expression of DNase genes and DNAss. (C) The relationship between the expression of DNase genes and drug sensitivity. 
ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and 
endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B‑cell lymphoma; 
ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney 
renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepa‑
tocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; 
PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; 
SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, somach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, 
thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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Figure 6. DNase gene expression in HCC. (A) The relationship between the expression of DNase genes and the clinical stage tested with ANOVA in HCC. 
The expression of DNASE1, DNASE1L3 and DNASE2B was associated with the stage of HCC. *P<0.05, **P<0.01, ***P<0.001. (B) The relationship between 
the expression of DNase genes and the immune infiltrate subtypes tested with ANOVA in HCC. A significant correlation was detected between DNASE1, 
DNASE1L3, DNASE2 and DNASE2B expression and immune subtype. (C) The relationship between DNase gene expression and RNAss, DNAss, stromal 
score, immune score, and Estimate Score in HCC. C1, wound healing; C2, INF‑r dominant; C3, inflammatory; C4, lymphocyte depleted; C5, immunologically 
quiet; C6, TGF‑β dominant; RNAss, RNA stemness score; DNAss, DNA stemness score.
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Figure 7. DNASE1L3 gene expression in HCC. (A) Expression levels of DNASE1L3 in 24 pairs of HCC samples and adjacent normal liver samples in 
GSE22405. (B) Expression levels of DNASE1L3 in 18 pairs of HCC samples and adjacent normal liver samples in GSE60502. (C) Expression levels of 
DNASE1L3 in 60 pairs of HCC samples and adjacent normal liver sample in GSE64041. (D) IHC staining of 75 pairs of HCC and adjacent normal liver. 
(E) DNASE1L3 protein staining in HCC. (F) DNASE1L3 protein staining in healthy liver tissue. **P<0.01, ***P<0.001 (paired Student's t‑test). HCC, hepatocel‑
lular carcinoma.
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DNASE1L3 in HCC. To test the expression of DNASE1L3 in 
HCC, GSE22405 from the GEO database was first analyzed, 
which included 24 paired HCC samples and corresponding 
adjacent normal samples. DNASE1L3 expression was lower in 
the cancer tissues than in the adjacent normal tissues (P<0.001, 
Fig. 7A). GSE60502 and GSE64041 exhibited a similar trend 
(P<0.01; Fig. 7B and C). DNASE1L3 protein expression was 
examined in a cohort of 75 HCC tissues and 75 paired adja‑
cent normal tissues by IHC staining (Fig. 7D; Table SXXIII). 
5 cores were completely lost during IHC staining and we 
did not score them (Table SXXIII). And 5 cores were frag‑
mented (Table SXXIII). The accuracy of scoring has been 
adversely affected. The staining density of DNASE1L3 in 
the adjacent normal tissues had a more intense coloring and 
broader distribution than that observed in the HCC tissues 
(P<0.01). Representative images of DNASE1L3 in the tumor 
and normal tissues are shown in Fig. 7E and F. It was proven 
that DNASE1L3 has a low protein expression in tumors. The 
relationship between DNASE1L3 protein expression level and 
clinical information was also analyzed (Table I). A significant 
association was observed between DNASE1L3 protein expres‑
sion, and histological classification (P=0.046), T classification 

(P<0.0001), and AJCC Clinical stage (P<0.0001) in HCC. We 
verified the expression of DNASE1L3 in HCC and normal 
tissues and the relationship between DNASE1L3 expression 
and clinical information by IHC staining.

Discussion

The DNase family, especially the members that target DNA, is 
very important for our health, yet remains poorly understood. 
The diversity of these enzymes enables the body to regulate 
DNase activity in different organs according to the needs of 
these organs, and the disorder of DNase members can lead to 
a variety of diseases (10,46).

The present study was the first to systematically analyze 
the DNase family genes in cancer. A great heterogeneity in 
DNase gene expression was observed among different tumor 
types. In general, the expression level of DNASE2 was the 
highest, while that ofDNASE2B was the lowest. In addition, 
a strong expression correlation was observed among DNASE1 
and DNASE2 (r=‑0.18), DNASE1 and DNASE1l2 (r=0.29), 
and DNASE2 and DNASE1l1 (r=0.22), but the relationship 
between them requires further study. Compared with paracan‑

Table I. Relationship between DNASE1L3 protein staining in HCC composite score and clinical information. 

HCC clinicopathological parameter	 Number of samples	 DNASE1L3 average expression score	 P‑value

Sex			   0.804
  Male	 60	 3.150	
  Female	 13	 2.923	
Age, years			   0.943
  ≤60	 57	 3.123	
  >60	 16	 3.063	
WHO histological classification			   0.046a

  II	 38	 3.474	
  III	 10	 1.200	
T classification			   <0.0001b

  T1	 17	 6.706	
  T2	 22	 2.227	
  T3	 29	 2.000	
  T4	 2	 0.500	
N classification			   0.1349
  N0	 68	 3.250	
  N1	 5	 1.200	
M classification			   0.4431
  M0	 69	 3.174	
  M1	 4	 2.000	
AJCC 7th edition clinical stage			   <0.0001b

  1	 17	 6.706	
  2	 21	 2.333	
  3	 26	 1.923	
  4	 9	 1.555	

aP<0.05, bP<0.0001. Sex, age, WHO histological classification, N classification and M classification were compared using unpaired Student's 
t‑test. T classification and AJCC 7th edition clinical stage were assessed using one‑way ANOVA.
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cerous tissues, DNASE1L3 was mainly downregulated, while 
DNASE1, DNASE1L1, DNASE1L2, DNASE2 and DNASE2B 
were mainly upregulated. The relationship between the expres‑
sion level of DNA in cancer and patients was further tested 
by Univariate Cox expression analysis and Kaplan‑Meier 
survival estimate and found that the correlation was cancer 
type‑dependent. However, DNASE1L3 is usually associated 
with a favorable survival rate, while the rest of the DNases 
have advantages and disadvantages. 

In the tumor microenvironment, the expression of DNase 
family genes was found to be associated with cytotoxic cell 
content. Furthermore, tumors with a high cytotoxic cell level 
are partly controlled by the immune system (45). In certain 
types of cancer, increased levels of immunophenotypic cyto‑
toxicity may increase survival (45,47,48). We hypothesized 
that DNases may affect a tumor prognosis by affecting cyto‑
toxic cells in the tumor microenvironment. To explore the 
specific influence of DNase genes on the microenvironment 
of various tumors, the correlation between DNase genes and 
various components was explored in the tumor microenviron‑
ment of 33 types of cancer. The expression of DNASE1 and 
DNASE1L2 was found to be associated with the decrease 
of immune and stromal components and increase of tumor 
components in the tumor microenvironment. Furthermore, 
the expression of DNASE1L1, DNASE1L3, DNASE2 and 
DNASE2B was associated with the increase of immune and 
matrix components and decrease of tumor components in 
the tumor microenvironment. The synergistic effect between 
cancer cells and their supporting cells leads to cancer pheno‑
types, such as immortal proliferation, resistance to apoptosis 
and evasion of immune surveillance (49). Furthermore, the 
tumor microenvironment significantly affects the response 
and clinical outcomes of cancer patients (50,51). The relation‑
ship between DNase and tumor microenvironment may partly 
explain the results of DNase survival analysis. For example, 
in LIHC and LUAD, the high expression of DNASE1L3 was 
associated with more stromal, more immune and fewer tumor 
components in the tumor microenvironment. Thus, patients 
with a high DNASE1L3 expression exhibited a favorable prog‑
nosis. The high expression of DNASE1L2 was related to more 
tumors, and less immune and stromal components in the tumor 
microenvironment in KIRC and MESO. Moreover, patients 
with a high DNASE1L2 expression exhibited a poor prognosis.

The relationship between DNase and the tumor stemness is 
diverse, depending on tumor type. However, in certain tumors, 
DNase is closely associated with tumor stemness. For example, 
DNASE1 in KIRP, DNASE1L1 in GBM, DNASE1L3 in 
BRCA, DNASE2 in LAML, DNASE2B in LGG, DNASE1L2 
in DLBC, DNASE1L3 in THYM, DNASE1 in THYM, 
DNASE1L2 in LAML, DNASE1L3 in DLBC, DNASE2 in 
THCA, DNASE2B in DLBC, DNASE1 in GBM, DNASE1L1 in 
THYM, DNASE1L2 in UCS, DNASE1L3 in TGCT, DNASE2 
in THYM and DNASE2B in PCPG. Stemness is the poten‑
tial for self‑renewal and differentiation with primitive cells. 
Cancer progression includes the gradual loss of differentiated 
phenotypes and the acquisition of progenitor‑like and stem 
cell‑like features. Undifferentiated primary tumors are more 
likely to cause cancer cells to spread to distant organs, leading 
to disease progression and poor prognosis, especially since 
metastases are usually resistant to existing treatments (52‑55).

Using NCI‑60 cell line data, increased DNase expression 
was found to be associated with increased drug resistance to 
some FDA‑approved chemotherapy drugs, such as dasatinib. 
Of course, the different DNase members are also associated 
with an increased sensitivity to certain drugs, such as hydroxy‑
urea, uracil mustard, chlorambucil, triethylenemelamine, 
pipobroman, thiotepa, chelerythrine, 8‑chloro‑adenosine, 
RH1, imexon, melphalan and idarubicin. These data suggested 
that DNase may play a role in the sensitivity or resistance of 
tumor cells to drug therapy and can be used as a therapeutic 
target to overcome drug‑induced resistance or adjuvant drug 
sensitivity. 

DNase expression in HCC was also studied, and it was 
found that DNASE, DNASE1L3, DNASE2 and DNASE2B 
were associated with immune subtypes in HCC. Furthermore, 
the expression of DNASE1, DNASE1L3 and DNASE2B was 
different at different stages of the tumor. DNASE1L3 showed 
a negative correlation with RNAss in HCC, while DNASE1L2 
and DNASE2 showed a positive correlation with DNAss in 
HCC. DNASE1L3 and DNASE2B were positively correlated 
with Stromalscore, Immunescore and Estimatescore, whereas 
DNASE1L2 was negatively correlated with all three. These 
findings suggested that DNASE1L3 and DNASE2B may 
exhibit a favorable prognosis, but DNASEL1L2 does not. 
The prognosis of patients with a high DNASE1L3 expres‑
sion in HCC was better than those with a low expression, 
as shown by Univariate Cox expression analysis (P<0.001) 
and Kaplan‑Meier survival estimate (P<0.001). DNASE1L3 
inhibits HCC by inducing apoptosis and reprogramming 
glucose metabolism and interacting with β‑catenin to promote 
its ubiquitin degradation pathway (26,28). And DNASE1L3 
is a prognostic biomarker associated in cancer (27). Three 
datasets from the GEO database and IHC were used to verify 
the difference in DNASE1L3 expression between HCC and 
normal tissues. The expression of DNASE1L3 in HCC was 
significantly lower than that in adjacent normal tissues. A 
significant association was observed between DNASE1L3 
protein expression and histological classification, T classifica‑
tion, and AJCC Clinical stage in HCC.

In conclusion, a comprehensive and systematic study 
of pan‑cancer data on the expression of all six DNases 
was conducted, and its relationship with patient survival, 
co‑expression analysis, immune infiltration subtypes, tumor 
microenvironment and drug sensitivity was studied. In 
conclusion, the present study confirmed the value of further 
laboratory research on DNase and its prospects in clinical 
cancer treatment.
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