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ABSTRACT

SARS-coronavirus 2 (SARS-CoV-2) has been spreading widely and posing an international challenge for both
healthcare and society. At present, cancer has been identified as an individual risk factor for COVID-19.
Angiotensin converting enzyme 2 (ACE2) and Cathepsin L/Cathepsin B (CTSL/B), which act as the receptor and
entry-associated proteases of SARS-CoV-2 respectively, are pivotal for SARS-CoV-2 infection. To investigate the
possible SARS-CoV-2 infection risk of pan-cancer, we analyzed the genetic alterations, RNA expression, DNA
methylation, and the association with immune subtypes of ACE2 and CTSL/B with the prognosis in pan-cancer.
Results showed the upregulation of CTSL/B and ACE2 in Pancreatic adenocarcinoma (PAAD) and Stomach
adenocarcinoma (STAD) and demonstrated a positive correlation between copy number alteration (CNA) and
gene expression for CTSB in PAAD and STAD. Hypomethylation and a negative correlation of gene expression
and methylation for CTSB were detected in PAAD. In addition, ACE2 and CTSL/B are overexpressed in the IFN-
gamma immune subtype of ovarian serous Cystadenocarcinoma (OV), Cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), and Bladder urothelial carcinoma (BLCA). Our study presents a
bioinformatics assessment for the potential risk of SARS-CoV-2 infection in pan-cancer.

TO THE EDITOR come together to collect data about patients with cancer

who have been diagnosed with COVID-19, included

The worldwide spread of COVID-19 is posing a global
challenge for both healthcare and society. The disease
caused by SARS-CoV-2 has symptoms similar to those
caused by SARS-CoV and MERS-CoV. To date, more
than 10 million people worldwide have been diagnosed
with COVID-19, which has caused over 550,000 deaths.
Since COVID-19 started to spread in the world, patients
with cancer were designated as a particularly vulnerable
sub-group of the population [1]. At present, the COVID-
19 and Cancer Consortium (CCC19), a consortium of
over 120 cancer centers and other organizations that have

patients with several types of malignancies (gastro-
intestinal, 12%; breast cancer, 21%; thoracic cancers,
10%; hematological malignancies, 22%; and others, 19%)
[1, 2]. SARS-Cov-2 entry into a cell is dependent upon
the cellular membrane receptor ACE2 which binds the
viral spike (S) protein, and the host cell proteases such as
CTSL/B which cleave and activate the viral spike (S)
protein. Coronaviruses utilize the viral spike (S) protein
to bind to their cellular receptors. Such binding and
cleavage of the S protein into two subunits named S1 and
S2 by host proteases lead to fusion between the cell and
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viral membranes and viral activation for viral infection.
SARS-CoV-2 uses the ACE2 receptor for entry [3]. The
S1/S2 cleavage site of SARS-CoV-2 is between the
threonine and methionine at positions 696 and 697, and is
identical to that of SARS-CoV which has been shown to
be cleaved by CTSL [4]. SARS-CoV takes advantage of
the endosomal cysteine proteases CTSL and CTSB. In
healthy individuals those organs including lung, heart,
kidney, bladder and oesophagus which express a high
level of ACE2 seem to be more vulnerable to SARS-
CoV-2 infection [5]. Hence, the expression and
distribution of ACE2 and CTSL/B may explain the
different susceptibility to SARS-Cov-2 infection for pan-
cancer. To address this possibility, we performed a
comprehensive analysis of CTSL/B and ACE2
expression by using genomic, transcriptomic and
epigenomic data of pan-cancer so as to provide a
reference for the assessment of SARS-CoV-2 infection in
pan-cancer.

Based on the transcriptional level analysis in GEPIA [6],
we found an elevation of CTSL in nine types of tumors
including Lymphoid Neoplasm Diffuse Large B-cell
Lymphoma (DLBC), Esophageal carcinoma (ESCA),
Glioblastoma multiforme (GBM), Head and Neck
squamous cell carcinoma (HNSC), LGG, PAAD, Skin
Cutaneous Melanoma (SKCM), STAD and Thymoma
(THYM) (Figure 1A), and an increase in CTSB in
DLBC, GBM, OV, PAAD, SKCM, STAD, Testicular
Germ Cell Tumors (TGCT) and Thyroid carcinoma
(THCA) (Figure 1A, 1B). Notably, ACE2 is upregulated
in Colon adenocarcinoma (COAD), Kidney renal
papillary cell carcinoma (KIRP), PAAD, Rectum
adenocarcinoma (READ) and STAD (Supplementary
Figure 1A, 1B). Further analysis revealed that ACE2
and CTSL/B are all highly expressed in PAAD and
STAD (Figure 1C, 1D). Oncomine analysis [7] verified
the upregulation (p<0.05, fold change>1.5) of CTSL/B
in PAAD and STAD when compared to normal
tissues (Supplementary Tables 1, 2). With respect to
ACE2 in the Oncomine analysis, the small sample size
likely contributes to the lack of significant over-
expression in PAAD and STAD as compared to normal
tissues.

CNA, mutation and DNA methylation can prompt the
variation of gene expression. CNA includes
amplification, gain, diploidy, shallow deletion and deep
deletion. c-BioPortal analysis [8] based on The Cancer
Genome Atlas (TCGA) data indicates that genomic
amplification increased the gene expression of CTSB in
STAD and PAAD (Figure 1E and Supplementary Figure
2, R>0.2, p<0.05). For CTSL in STAD, its expression
could be elevated by genomic amplification as well
(Figure 1E). For ACE2, DNA mutation acts as the
dominant factor in regulating gene expression in STAD

and PAAD (Supplementary Figure 1B). However, the
correlation analysis between gene expression and
CNA/mutation showed neither ACE2 nor CTSL
expression is relevant to mutation or CNA
(Supplementary Figures 3, 4). For other types of tumors,
the most frequent DNA alteration of the CTSL gene is
DNA mutation in Uterine Corpus Endometrial
Carcinoma (UCEC), ESCA, DLBC and Melanoma
(Figure 1E), and followed by amplification in Sarcoma
(SARC), Adrenocortical carcinoma (ACC), UCEC and
ESCA. For CTSB, deep deletion in Uterine
Carcinosarcoma (UCS), Liver hepatocellular carcinoma
(LIHC), BLCA and QV, is the most frequent DNA
alteration, followed by amplification in ESCA, STAD,
PAAD and DLBC. For ACE2, the most frequent DNA
alteration is mutation in UCEC, UCS, STAD and MEL
(Supplementary Figure 1B). To explore the influence of
epigenetic modification on the mRNA levels for CTSL/B
and ACE2 in PAAD and STAD, seven, fourteen and six
CpG probes targeting the promoters of the CTSL, CTSB
and ACE2 genes, respectively, using Methylation450k
profiles were utilized to recapitulate the DNA
methylation levels (Supplementary Table 3) in the
DiseaseMeth database [9]; the results demonstrated that
DNA methylation of CTSL/B is significantly decreased
in PAAD but not in STAD when compared with normal
tissues (Figure 1F and Supplementary Figure 5).
However, the analysis based on DNMIVD [10] showed
that gene expression of CTSB rather than CTSL and
ACE?2 is negatively correlated with DNA methylation in
PAAD and STAD (Supplementary Tables 4-6, R<-0.1,
p<0.05). Together, the analyses suggest that both DNA
methylation and CNA could influence CTSB gene
expression in PAAD, while only CNA can affect CTSB
gene expression in STAD. For proteomic analysis, we
analyzed the expression variation of ACE2 and
CTSL/CTSB with TCGA proteomics data, which
includes measuring the expression of 261 proteins;
unfortunately, these three proteins (ACE2, CTSL and
CTSB) were not included in the 261 proteins.

We further studied the involvement of ACE2 and
CTSL/B in cancer immune subtypes including
Cl (wound healing), C2 (IFN-gamma dominant),
C3 (inflammatory), C4 (lymphocyte depleted), C5
(immunologically quiet) and C6 (TGF-b dominant) in
pan-cancer (Supplementary Figure 6) according to
TISIDB [11]. As compared with other types of tumors,
BRCA, HNSC, OV, KIRC, CESC and BLCA present
greater differential ACE2 expression. Combining the
immune subtype analysis of ACE2 and CTSL/B in the
six tumor types, we found that ACE2 and CTSL/B are
most highly overexpressed in the IFN-gamma dominant
immune subtype of OV, CESC and BLCA (Figure 2A-
2C), yet not in BRCA, HNSC and KIRC
(Supplementary Figure 7). The results indicated that the
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Figure 1. The analyses of gene variation and epigenetics of CTSL/B and ACE2 in pan-cancer. (A) The distribution of differential
expression of CTSL/B in 31 types of cancers and adjacent tissues based on TCGA and Genotype-Tissue Expression (GTEx) data (GEPIA). (B) The
exhibition of tumors upregulating CTSL/B and ACE2, respectively. (C) The overlap of tumors overexpressing ACE2, CTSL/B using venny 2.0.2.
(D) The significant difference analysis of CTSL/B in PAAD and STAD. (E) The mutation and CNA distribution of CTSL/B in pan-cancer
(cBioportal). (F) The statistical difference graphs of DNA methylation for CTSB/L in PAAD (DiseaseMeth version 2.0). p<0.05 was regarded as
significant.
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Figure 2. The identification of immune subtypes and prognosis for CTSL/B and ACE2 in pan-cancer. (A-C) The distribution graphs
of ACE2 and CTSL/B in six immune subtypes in OV, CESC and BLCA. ACE2 and CTSL/B in OV, CESC and BLCA were most highly expressed in the
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C2 named IFN-gamma dominant subtype. (D—F) Forest maps analysis of overall survival for ACE2 and CTSL/B in pan-cancer (LOGpc). The blue
boxes represent the overlap of tumors in which ACE2 and CTSB can predict adverse prognosis; the green boxes represent the overlap of
tumors in which CTSB and CTSL can predict adverse prognosis. (G) The overall survival analyses of ACE2 and CTSB in LGG utilizing the LOGpc
online tool based on TCGA data, with results showing that ACE2 and CTSB both predict poor prognosis. p<0.05 was regarded as significant;

HR>1, p<0.05 represented poor prognosis.

IFN-gamma dominant immune subtype of OV, CESC
and BLCA may provide more opportunities than other
immune subtypes for SARS-CoV-2 infection.

To explore the prognostic values of CTSL/B and ACE2,
we analyzed gene expression profiling and long-term
follow-up data from TCGA using LOGpc online tools
and discovered that upregulated CTSL and CTSB both
predict poor prognosis in HNSC and LIHC
(Supplementary Figure 8). Respectively, CTSL predicts
poor overall survival (OS) in six types of tumors
including Colorectal cancer (CRC), Lung cancer
(LUCA), HNSC, GBM, LIHC and ESCC;
overexpression of CTSB predicts unfavorable OS in
four types of tumors including HNSC, LGG,
Leiomyosarcoma (LMS) and LIHC (Figure 2D-2F).
ACE?2 predicts poor prognosis only in LGG in which
CTSB also portends poor prognosis (Figure 2G).
Although the three genes did not concurrently predict
poor prognosis in a given type of tumor, the prognostic
roles of two of the three pivotal factors for COVID-19
infection may be of value in predicting COVID-19
infection risk in cancers. Hence, LGG, HNSC and
LIHC may indicate a greater risk for COVID-19
infection than other types of cancers, but needs further
clinical validation. Yu-Jun Dai et al. also emphasized
that LIHC patients with high expression level of ACE2
should be more cautious of virus infection. Both studies
may provide potential clues for preventing infection of
SARS-CoV-2 in cancers [5].

CTSL/B have been reported to be a vital regulators in
proliferation, metastasis [12], invasion [13] and
prognosis [14] in various types of cancers. For instance,
Cathepsins B and L could drive the invasive growth of
human melanoma cells [15], and overexpression of
CTSL is a marker of invasion and metastasis in ovarian
cancer [16], together manifesting a potential capacity
for the two proteases CTSL/B as malignant phenotype
markers for pan-cancer. In addition, the finding that
ACE2 overexpression presents a poor prognosis in
LGG, consistent with previous reports [17].

Regarding COVID patients with malignancies, LUAD
patients with overexpressed ACE2 were found to have a
higher incidence of COVID-19 [18]. Herein, we showed
that both ACE2 and CTSL/B are upregulated in PAAD
and STAD and are overexpressed in IFN-gamma
immune subtypes of OV, CESC and BLCA, implying
an infection risk for SARS-CoV-2 in PAAD and STAD,

and for IFN-gamma dominance in OV, CESC and
BLCA. To clarify these results derived from database
analyses, further verification in a large clinical cohort is
essential.
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SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. (A) The distribution of different expression of ACE2 in 31 types of cancers and adjacent normal based on TCGA

and GTEx data (GEPIA). (B) The mutation and CNA distribution of ACE2 in pan-cancer.
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Supplementary Figure 2. The correlation analyses of Copy number values or Mutant count with mRNA expression for CTSB in PAAD (A, B)

and STAD (C, D) (cBioportal). |R|>0.1, P<0.05 was regarded as having a correlation.
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Supplementary Figure 4. The correlation analyses of Copy number values or Mutant count with mRNA expression for CTSL in PAAD (A, B)
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Supplementary Figure 6. The distribution analyses of immune subtypes including C1 (wound healing), C2 (IFN-gamma dominant), C3
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Supplementary Figure 7. The distribution graphs of ACE2 (A) and CTSL (B) and CTSB (C) in different immune subtypes in BRCA, HNSC, and

KIRC (TISIDB). C1: wound healing; C2: IFN-gamma dominant; C3: inflammatory; C4: lymphocyte depleted; C5: immunologically quiet; C6: TGF-
b dominant.

WWw.aging-us.com 22383 AGING



1.00

z 075

E

©

K]

°

s 050

]

2

=

3

“ 0.25
0.00

Other 75%

Upper 25%

C

1.00

> 075

.‘__:

©

o)

°

& 050

©

2

=

=3

@ 0.25
0.00

Other 75%
Upper 25%

HNSC-0S

TCGA:CTSL(mRNA) Upper 25%

Other 75¢

(95%Cl, 1.0924 - 1.9581 ) - OShnsce
0 50 100 150 200
Months(OS)
Number at risk
374 70 11 4 1
125 16 5 3 0
0 50 100 150 200
Months(OS)
LIHC-0S
CTSL Upper 25%
Other 75

p=0.0124 L

HR= 1.6016 )
(95%Cl, 1.107 - 2.3172) OSlihc
0 30 60 90 120
Months
Number at risk
271 82 36 6 1
90 27 6 3 0
0 30 60 90 120
Months

Survival probability

Survival probability

1.00

0.75

0.50

0.25

0.00

Other 75%

Upper 25%

1.00

0.75

0.50

0.25

0.00

Other 75%

Upper 25%

HNSC-0S

TCGA:CTSB(mRNA) Upper 25%

Other 7¢

OShnscc
0 50 100 150 200
Months(OS)
Number at risk
374 62 15 6 1
125 24 1 1 0
0 50 100 150 200
Months(OS)
LIHC-OS
CTSB e
p=0.0512 -
HR= 1.4685 ,
(95%Cl, 0.998 - 2.1609 ) OSlihe
0 30 60 90 120
Months
Number at risk
271 86 37 8 0
90 23 5 1 1
0 30 60 90 120
Months

Supplementary Figure 8. The OS (Overall survival) analyses of CTSL (A) and CTSB (B) in HNSC utilizing the LOGpc web tool based on TCGA
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Supplementary Tables

Supplementary Table 1. The distribution of CTSL in PAAD, STAD and their normal tissues.

Cancer types Dataset Tumor (Cases) Normal (Cases) Fold change t-Test P-value
PAAD Badea Pancreas Pancreatic Ductal Adenocarcinoma(39)  Pancreas(39) 3.124 8.078 1.40E-11
Segara Pancreas Pancreatic Carcinoma(11) Pancreas(6) 3.233 3.966 7.32E-04
lacobuzio-Donahue Pancreatic Adenocarinoma(12) Pancreas(5) 2.811 4,173 0.004
Pancreas
Grutzmann PancreasPancreatic Ductal Adenocarcinoma(11) Pancreas Duct(11) 1.791 1.667 0.056
Pei Pancreas Pancreatic Carcinoma(36) Pancreas(16) 2.443 3.482  0.001
STAD Chen Gastric Gastric Intestinal Type Gastric Mucosa(29)  2.424 13.942 9.87E-22
Adenocarcinoma(64)
Chen Gastric Diffuse Gastric Adenocarcinoma(13) Gastric Mucosa(29)  1.834 6.328 2.24E-06
Chen Gastric Gastric Mixed Adenocarcinoma(8) Gastric Mucosa(29)  3.357 7.385 3.01E-05
DErrico Gastric Gastric Mixed Adenocarcinoma(4) Gastric Mucosa(31)  2.847 16.872 3.40E-10
DErrico Gastric Gastric Intestinal Type Gastric Mucosa(31)  3.837 10.142 2.67E-14
Adenocarcinoma(26)
DErrico Gastric Diffuse Gastric Adenocarcinoma(6) Gastric Mucosa(31)  2.378 4.596 1.00E-03
Gui Gastric Gastric Cancer(80) Gastric Tissue(80) 1.594 6.047 5.15E-09
Cho Gastric Gastric Intestinal Type Gastric Tissue(19) 1.797 5.201 5.44E-06
Adenocarinoma(20)
Cho Gastric Diffuse Gastric Adenocarinoma(31) Gastric Tissue(19) 1.776 6.056 1.05E-07
Cho Gastric Gastric Adenocarinoma(4) Gastric Tissue(19) 2.073 2.696 3.30E-02
Wang Gastric Gastric Cancer(12) Gastric Tissue(12) 1.948 3.419 1.00E-03
Gastric Mucosa(3)
PAAD: Pancreatic adenocarcinoma; STAD: Stomach Adenocarcinoma.
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Supplementary Table 2. The distribution of CTSB in PAAD, STAD and their normal tissues.

Cancer types Dataset Tumor(Cases) Normal(Cases) Fold change t-Test  P-value
PAAD Logsdon Pancreas Pancreatic Adenocarcinoma(10) Pancreas(5) 1.614 2.225 0.022
Badea Pancreas Pancreatic Dutal Adenocarcinoma(39) Pancreas(39) 1.975 6.077  3.70E-08
lacobuzio-Donahue Pancreas 2 Pancreatic Adenocarcinoma(12) Pancreas(5) 1.797 1.727 0.069
Pei Pancreas Pancreastic Carcinoma(36) Pancreas(16) 1.514 2.525 0.009
STAD Chen Gastric Gastric Mixed Adenocarcinoma(8) Gastric Mucosa(29) 2.844 11.259  4.29E-09
Chen Gastric Gastric Intestinal Type Adenocarcinoma(67)  Gastric Mucosa(29) 2.717 14.424  6.38E-22
Chen Gastric Diffuse Gastric Adenocarcinoma(13) Gastric Mucosa(29) 2.538 5.275 5.12E-05
DErrico Gastric Gastric Intestinal Type Adenocarcinoma(26) Gastric Mucosa(31) 2.357 8.821  7.30E-11
DErrico Gastric Diffuse Gastric Adenocarcinoma(6) Gastric Mucosa(31) 1.887 4323  3.00E-03
DErrico Gastric Gastric Mixed Adenocarcinoma(4) Gastric Mucosa(31) 2.772 3.866  1.40E-02
Wang Gastric Gastric Cancer(12) ng;t'rclc'v'#ggjzg)z) 2273 3988  5.18E-04
Cho Gastric Diffuse Gastric Adenocarcinoma(31) Gastric Tissue(19) 1.793 3.673  3.07E-04
PAAD: Pancreatic adenocarcinoma; STAD: Stomach Adenocarcinoma.
Supplementary Table 3. The CpG methylation probes located in promoters of CTSL/B and ACE2.
Gene Symbol CpG Group Relation To Island
CTSL €g11154542 TSS1500 N_Shore
CTSL €g11306701 5UTR Island
CTSL €g13985445 TSS1500 N_Shore
CTSL €g14236855 5'UTR;1stExon Island
CTSL €g14243623 5'UTR;1stExon Island
CTSL €gl14557714 5UTR Island
CTSL €g15242570 5'UTR;1stExon Island
CTSB cg00057317 5'UTR Island
CTSB €g00276098 TSS1500 S_Shore
CTSB €g02637136 5'UTR;1stExon Island
CTSB €g04315434 TSS1500 Island
CTSB 908012294 5UTR N_Shore
CTSB €g16624891 5'UTR OpenSea
CTSB €g17019285 5'UTR Island
CTSB €gl18787975 TSS1500 S_Shore
CTSB €g20539307 5'UTR OpenSea
CTSB €g21281001 5'UTR Island
CTSB €g21756720 5'UTR N_Shore
CTSB €g21919729 5'UTR OpenSea
CTSB €g22139271 5'UTR;1stExon Island
CTSB €g26407100 TSS1500 Island
ACE2 cg05748796 5'UTR OpenSea
ACE2 €g08559914 TSS200 OpenSea
ACE2 €gl16734967 5'UTR;1stExon OpenSea
ACE2 €g18458833 TSS1500 OpenSea
ACE2 €g18877734 TSS1500 OpenSea
ACE2 €g21598868 TSS1500 OpenSea
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Supplementary Table 4. The correlation analysis of DNA methylation level of CTSL to its gene expression in
pan-cancer.

Disease GeneSymbol Pearson R Pearson p-value
BLCA CTSL -0.00312611 0.948826
BRCA CTSL -0.027521 0.418322
CESC CTSL -0.366557 0
CHOL CTSL -0.239902 0.112444
COAD CTSL -0.0123726 0.82659
ESCA CTSL -0.252473 0.000863984
GBM CTSL -0.255165 0.04186
HNSC CTSL -0.301539 0
KIRC CTSL -0.0301101 0.578949
KIRP CTSL -0.0844174 0.146702
LIHC CTSL -0.0159312 0.74655
LUAD CTSL -0.0655713 0.153184
LUSC CTSL -0.148525 0.00384861
PAAD CTSL -0.0665734 0.371896
PCPG CTSL -0.0782841 0.289514
PRAD CTSL 0.0319835 0.462059
READ CTSL 0.0645515 0.521309
SARC CTSL 0.0854136 0.167247
SKCM CTSL -0.340934 0
STAD CTSL -0.0153432 0.778991
THCA CTSL 0.11606 0.00601102
THYM CTSL -0.142602 0.118683
UCEC CTSL 0.0546759 0.240321

BLCA: Bladder Urothelial Carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and
endocervical adenocarcinoma; CHOL: Cholangio carcinoma; 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; LMS:
Leiomyosarcoma; LUAD: Lung: adenocarcinoma; LUSC: Lung squamous cell carcinoma; PAAD: Pancreatic adenocarcinoma;
PCPG: Pheochromocytoma and Paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma; SARC:
Sarcoma; SKCM: Skin Cutaneous Melanoma; STAD: Stomach Adenocarcinoma; THCA: Thyroid carcinoma; THYM: Thymoma;
UCEC: Uterine Corpus Endometrial Carcinoma; 0.1<|R|<0.3 and P<0.05 was regarded as weak correlation; 0.3<|R|<0.5 and
P<0.05 was regarded as moderate correlation; |R|>0.5 and P<0.05 was regarded as strong correlation.
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Supplementary Table 5. The correlation

analysis of DNA methylation level of ACE2 to its gene expression in

pan-cancer.
Disease GeneSymbol Pearson R Pearson p value
BLCA ACE2 -0.22944 0.000001803
BRCA ACE2 -0.150097 9.0638E-06
CESC ACE2 0.0420417 0.461514
CHOL ACE2 0.000887264 0.995385
COAD ACE2 -0.594137 1.5447e-31
ESCA ACE2 -0.123937 0.106303
GBM ACE2 -0.00669388 0.958133
HNSC ACE2 -0.114473 0.00885114
KIRC ACE2 -0.0672159 0.215015
KIRP ACE2 0.104754 0.0714444
LIHC ACE2 -0.365046 0
LUAD ACE2 -0.208215 4.6257E-06
LUSC ACE2 -0.0820471 0.111732
PAAD ACE2 0.214959 0.00356698
PCPG ACE2 0.0938661 0.203775
PRAD ACE2 -0.00895685 0.836858
READ ACE2 -0.51804 2.89%-8
SARC ACE2 0.100805 0.102859
SKCM ACE2 0.0787119 0.0893085
STAD ACE2 -0.0777361 0.154476
THCA ACE2 0.156607 0.000201307
THYM ACE?2 0.0975874 0.286938

BLCA: Bladder Urothelial Carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and
endocervical adenocarcinoma; CHOL: Cholangio carcinoma; 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; LMS:
Leiomyosarcoma; LUAD: Lung: adenocarcinoma; LUSC: Lung squamous cell carcinoma; PAAD: Pancreatic adenocarcinoma;
PCPG: Pheochromocytoma and Paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocar -cinoma; SARC:
Sarcoma; SKCM: Skin Cutaneous Melanoma; STAD: Stomach Adenocarcinoma; THCA: Thyroid carcinoma;THYM: Thymoma;
UCEC: Uterine Corpus Endometrial Carcinoma; 0.1<|R|<0.3 and P<0.05 was regarded as weak correlation; 0.3<|R|<0.5 and
P<0.05 was regarded as moderate correlation; |R|>0.5 and P<0.05 was regarded as strong correlation.
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Supplementary Table 6. The correlation analysis of DNA methylation level of CTSB to its gene expression in
pan-cancer.

Disease GeneSymbol Pearson R Pearson p value
BLCA CTSB -0.0862408 0.0760846
BRCA CTSB -0.101124 0.00287371
CESC CTSB 0.0331376 0.561709
CHOL CTSB -0.334951 0.0245063
COAD CTSB -0.0965971 0.0864639
ESCA CTSB -0.283268 0.000173876
GBM CTSB 0.00697352 0.956386
HNSC CTSB -0.0901373 0.0395278
KIRC CTSB 0.114073 0.0349671
KIRP CTSB -0.125537 0.0305488
LIHC CTSB -0.183504 0.000173767
LUAD CTSB -0.0666532 0.146504
LUSC CTSB -0.161446 0.00166104
PAAD CTSB -0.187391 0.0113059
PCPG CTSB -0.114122 0.121919
PRAD CTSB -0.284738 0
READ CTSB -0.239448 0.0158798
SARC CTSB -0.0538639 0.384302
SKCM CTSB -0.194021 2.42374E-05
STAD CTSB -0.118964 0.028996
THCA CTSB -0.0641417 0.129853
THYM CTSB 0.00115651 0.989955
UCEC CTSB 0.11232 0.0156076

BLCA: Bladder Urothelial Carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and
endocervical adenocarcinoma; CHOL: Cholangio carcinoma; 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; LMS:
Leiomyosarcoma; LUAD: Lung: adenocarcinoma; LUSC: Lung squamous cell carcinoma; PAAD: Pancreatic adenocarcinoma;
PCPG: Pheochromocytoma and Paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma; SARC:
Sarcoma; SKCM: Skin Cutaneous Melanoma; STAD: Stomach Adenocarcinoma; THCA: Thyroid carcinoma; THYM: Thymoma;
UCEC: Uterine Corpus Endometrial Carcinoma; 0.1<|R|<0.3 and P<0.05 was regarded as weak correlation; 0.3<|R|<0.5 and
P<0.05 was regarded as moderate correlation; |R|>0.5 and P<0.05 was regarded as strong correlation.
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