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Functions of the ""Gene" module

In the "Gene" module, when a user submits the querying of a gene using the gene
symbol or Entrez ID, TCOA will output the information on expression and somatic

mutations of the gene in 33 cancer types.

The gene expression data include

Gene expression levels in cancers

Differential expression comparisons between cancer and normal samples by Student's

t test (if the gene expression data in normal samples are available in TCGA)
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fold_change = mean TP53 expression levels in cancer samples / mean TP53 expression levels in normal samples
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Expression correlations with other genes by Pearson correlation analysis in cancers
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Differential expression comparisons by Fisher’s exact test between different cancer

phenotypes such as TMN
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Associations of gene expression with survival prognosis by Log-rank test in cancers
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The gene somatic mutation data

TP53 mutation rates in cancers
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TP53 variants classification in cancers
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Comparisons of TP53 mutation rates by Fisher's exact test between different cancer

phenotypes such as TMN
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fold_change = mean TP53 expression levels in TP53-mutated cancers / mean TP53 expression levels in TP53-wildtype cancers

Associations of TP53 mutations with survival prognosis by Log-rank test in cancers
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Functions of the "MicroRNA" module

In the "MicroRNA" module, a user can submit the querying of miRNAs using the

human miRNA symbol. TCOA will output the miRNA expression-related data in 33

cancer types. These data include:

miRNA expression levels in cancers
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Expression correlations with genes by Spearman correlation analysis in cancers
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Expression correlations with other miRNAs by Pearson correlation analysis in cancers
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hsa-lel-7a-2 expression level (Log2) in cancer
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Differential miRNA expression comparisons by Student’s t test between cancer and

normal samples (if the miRNA expression data in normal samples are available in

TCGA)
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fold_change = mean hsa-let-7c expression levels in cancer samples / mean hsa-let-7c expression levels in normal samples

Differential miRNA expression comparisons between different cancer phenotypes such

as TMN
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Associations of miRNA expression with survival prognosis by Log-rank test in cancers
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Functions of the ""Cancer" module

In the "Cancer" module, when a user clicks a cancer type, TCOA will output

Top 50 most frequently mutated genes in the cancer

Mutation rate (%)
20

Up-regulated and down-regulated genes, and up-regulated and down-regulated
miRNAs in the cancer relative to normal controls. TCOA outputs the up-regulated and
down-regulated genes or miRNAs depending on the threshold input by users. The
threshold includes: fold change of expression levels in cancer compared to normal
tissue, and adjusted p-value. The adjusted p-values (FDR g-values) The adjusted p-

values (FDR g-values) are calculated by the Benjami and Hochberg (BH) method.
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[Fold change| > 30 with FDR g-value below 005 Change
download CSV table
Logafold change (mean expression levels in cancer / mean expression levels in normal tissue))
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|Fold change| » 3 with FDR g-value below 0.05 Change
download CSV table

Log2(fold change (mean expression levels in cancer / mean expression levels in normal tissue))
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This module also outputs important pathways associated with the highly-expressed

genes in the cancer type
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Functions of the ""Pan-cancer' module

In the "Pan-cancer" module, TCOA outputs the genes consistently up-regulated or
down-regulated, pathways significantly up-regulated, and genes whose deregulation is
significantly associated with survival prognosis across various cancer types. This
module also outputs the genes that are differentially expressed between cancer and
normal samples, and between low-advanced and highly-advanced cancers across
various cancer types. We refer to early-stage (Stage I-1I) or low-grade (Grade I-II)
cancers as lowly-advanced cancers, and late-stage (Stage III-IV) or high-grade (Grade
II-1V) cancers highly-advanced cancers. A comparison of tumor mutation burden
(TMB, defined as the total number of substitutions, regardless of variant type) among
different cancer types is also shown in this module (as following picture shows). Figure

as following picture shows that skincutaneous melanoma (SKCM) has the highest

carcinoma (LUSC).
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Functions of the ""Immuno-Oncology’ module

In the "Immuno-Oncology" module, TCOA provides the querying of 2,877 immune-

related genes about their expression, mutations and associations with survival prognosis

in various cancer types. When a user selects a gene, TCOA will enter into the gene

information interface that is the same as that by the "Gene" module querying of that

gene. For example, many users could be interested in the gene PD-L1 whose product

plays an important role in cancer immune evasion and is an important target for cancer

immunotherapy. TCOA shows that PD-L] has significantly higher expression levels in

esophageal carcinoma (ESCA) and kidney chromophobe (KICH), while has

significantly lower expression levels in LIHC, LUAD, LUSC and prostate

adenocarcinoma (PRAD) compared to their normal tissue (Figure A).

ESCA

KICH

2?0 3?0 4?0 0

PD-L1 expression level

100
1

p=0.04, fold_change=1.88

o
]
o
[
8

_

1 1

1

1

PD-L1 expression level
100 200 300 4[[)0 500 600 700

p=0.004, fold_change=2.01

E;;;;;;;;;; e _
—_— o= —
Car‘\cer Nnrlmal Garl\cer Norlma\
LUAD LUsC

1UIUU 15I00

PD-L1 expression level
5?0

p<0.001, fold_change=0.4

°
°
°
°
o
B

H

m

WDJDO

PD-L1 expression level
500
1

p<0.001, fold_change=0.44

8
H
3

8
o
8
®

-

T
Cancer

T
Normal

T T
Cancer Normal

LIHC

p<0.001, fold_change=0.46

150
1
oo

PD-L1 expression level
00
I
°

T
Cancer

PRAD

p<0.001, fold_change=0.52

PD-L1 expression level

| e—

T T
Cancer Normal

Interestingly, elevated expression of PD-L] is associated with better OS and/or disease

free

survival

(DFS) prognosis

in adrenocortical

carcinoma (ACC),
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adenocarinoma (COAD), kidney renal clear cell carcinoma (KIRC), and SKCM, while

worse OS and/or DFS prognosis in brain lower-grade glioma (LGG) and PAAD (Figure
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Functions of the ""Protein'* module

In the "Protein" module, when a user submits the querying of a protein, TCOA will
output expression data for the protein in 33 cancer types. These data include:

Protein expression levels in cancers

Mean MSH2 protein expression levels (normalized) in all cancer types

e BGA BCA GBSO GOL GMO MBG ERGA GEM MG KGH RAG GAP L0G WG LMD WEG NESD OV PMAD POPD D FGAD GAAG BIOM GTAD TOOT THGA THIM UGEG LGR U
Cancer ypa.

download CSV table

Moan proloin orprossion values

Protein-gene expression correlation by Spearman correlation analysis in cancers
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Differential protein expression comparisons by Fisher’s exact test between different

cancer phenotypes such as TMN
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A summary of TCOA functions and data display

Module Function Visualization
show mean gene expression values in different cancer types bar chart
compare gene expression between cancer and normal samples box plot
show expression correlation between gene and gene in cancers s_catter

diagram
compare gene expression between different cancer phenotypes (T, N, box plot
M, Stage and Grade)
compare survival time between gene higher-expression-level and survival
Gene lower-expression-level cancers curve
show gene somatic mutation rates in cancers bar chart
compare gene somatic mutation rates between different cancer box plot
phenotypes (T, N, M, Stage and Grade)
classify gene somatic mutations in cancers pie chart
compare survival time between gene-mutated and gene-widetype survival
cancers curve
compare gene expression between gene-mutated and gene-widetype box plot
cancers
show mean miRNA expression values in different cancer types bar chart
compare miRNA expression between cancer and normal samples box plot
show expression correlation between gene and miRNA in cancers s_catter
diagram
MicroRNA | show expression correlation between miRNA and miRNA in cancers dsi(;zt:;[n
compare miRNA expression between different phenotypes (T, N, M, box plot
Stage and Grade) in cancers
compare survival time between miRNA higher-expression-level and survival
lower-expression-level cancers curve
show mutation rates of the 50 most frequently mutated genes in the bar chart
cancer type
show the up-regulated and down-regulated genes in the cancer type bar chart

Cancer satisfying the threshold given by users
show important pathways associated with the highly-expressed genes bar chart
in the cancer type
show the up-regulated and down-regulated miRNAs in the cancer type bar chart
satisfying the threshold given by users
show pathways significantly up-regulated in cancers bar chart
show genes whose upregulation is associated with poor prognosis in survival

Pan-cancer
cancers curve
show genes whose downregulation is associated with poor prognosis in survival
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cancers curve
show genes with increased or decreased expression alterations
consistently from normal tissue to low-advanced cancers, and from bar chart
low-advanced cancers to highly-advanced cancers
show the cell cycle pathway consistently up-regulated in cancers bar chart
show genes whose expression levels are significantly higher or lower table
in cancers than in normal tissue
show genes whose expression levels are significantly higher or lower table
in high-grade cancers than in low-grade cancers
show genes whose expression levels are significantly higher or lower table
in late-stage cancers than in early-stage cancers
compare tumor mutation burden among different cancer types bar chart
the same as
Immuno- . . . " "
query molecular profiles of 2,877 immune-related genes in cancers the "Gene
Oncology
module
show mean protein expression levels (normalized) in different cancer
bar chart
types
. . . scatter
show expression correlation between gene and protein in cancers diagram
Protein ; X -
compare protein expression between different cancer phenotypes (T, N, bar chart
M, Stage and Grade)
compare survival time between protein higher-expression-level and survival
lower-expression-level cancers curve
Note:

T: describes the size of the original (primary) tumor and whether it has invaded nearby tissue.

N: describes nearby (regional) lymph nodes that are involved.

M: describes distant metastasis (spread of cancer from one part of the body to another).

Stage: describes the progression of cancer.

Grade: describes the differentiated level of cancer.

low-advanced cancers: early-stage (Stage I-1I) or low-grade (Grade I-1I) cancers.

highly-advanced cancers: late-stage (Stage III-IV) or high-grade (Grade III-IV) cancers.

tumor mutation burden: the total number of substitutions, regardless of somatic mutation type in

tumor.
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