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• Thymic epithelial tumors (TETs) are rare malignancies 
with ~500 cases diagnosed in the US per year

• Among TETs, thymoma is the most predominant, 
characterized by a unique association with myasthenia 
gravis, followed by thymic carcinoma which is less 
common but more clinically aggressive.

• The Cancer Genome Atlas (TCGA) recently published a 
comprehensive analysis of 117 TETs using molecular 
profiling by exome-seq, RNA-seq, RPPA, and 
methylation (Radovich et al., Cancer Cell 2018).

• Using an integrated informatics platform (tag.bio), we 
re-analyzed the TET data to identify novel biological 
characteristics of these rare tumors.

Thymoma is typically an indolent, slow-growing disease. 
However a rare subset will metastasize and become clinically 
aggressive. We analyzed metastatic  Stage IV disease (N=6) vs. 
localized disease.  We identified the oncogene, FGFR3, to be 
highly overexpressed in the Stage IV patients. Of note, a 
previous study has reported the presence of activating FGFR3 
mutations in thymic carcinoma (Enkner, F. et al., Pathol Oncol 
Res. 2017). 

Background Results

Analysis Architecture

1. Differential expression identifies high tumoral overexpression of muscle autoantigens in patients with Myasthenia Gravis

3. Chromosome 16q loss is a genomic hallmark of thymic carcinoma. Loss of the 
CYLD tumor suppressor on 16q and activation of STAT3.

2. The FGFR3 oncogene is highly 
overexpressed in metastatic thymoma

• Overexpression of the tumoral muscle-autoantigens: PPARGC1A, NEFM, and NEFL links thymoma 
to myasthenia gravis

• The FGFR3 oncogene is highly overexpressed in the rare subset of thymomas that metastasize.
• Chromosome 16q loss is a genomic hallmark of thymic carcinomas. The CYLD tumor suppressor 

on 16q is co-mutated leading to activation of STAT3. 
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PPARGC1A

NEFM

NEFL

Gene P-value Fold-change

PPARGC1A <1x10-4 5.81

NEFM <1x10-4 27.66

NEFL <1x10-3 35.87
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Differential expression between patients who are myasthenia gravis-positive (N=32) vs negative (N=85) revealed 
high tumoral overexpression of muscle autoantigens. PPARGC1A (Peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha) is a previously un-identified skeletal protein that was found to be highly 
overexpressed in MG-positive patients, NEFM (neurofilament M) & NEFL (neurofilament L) have been previously 
described to be overexpressed in MG-positive tumors. These neurofilaments have homology to muscle 
autoantigens, positing that these thymomas induce an autoimmune response. Ingenuity Upstream Regulator 
Analysis, which uses a set of differentially expressed genes to identify key regulators, identified PPARGC1A as the 
most activated regulator on our dataset.

Thymic Carcinoma is a rare and aggressive subset of TETs. Prior genomic analysis of thymic carcinomas identified 
chromosome 16q loss as a genomic hallmark of this disease. Several tumor suppressors reside on 16q, including: CYLD, CBFB, 
CDH1, CDH11, CTCF, ZFHX3, but the exact causative candidate is unknown. Analysis of the mutational data identified 2 of 10 
patients with concurrent 16q loss and deleterious mutations in CYLD, congruent with previous reports of recurrent mutations 
in CYLD in TC. CYLD has been previously demonstrated to regulate STAT3. Differential expression followed by upstream 
regulator analysis of TC vs Thymoma demonstrated activated STAT3 in TC. 

Source data: Thymoma TCGA dataset cBioPortal (http://www.cbioportal.org/study?id=thym_tcga)
Statistical methods
Statistical analyses for results 1A, 1B, 2 and 3A were performed using Tag.bio protocol apps. 
https://omics.tag.bio/fc-thym/custom/config
Analysis 1 - Differential expression for patients with Myasthenia Gravis
The expression distribution for each gene was compared between two cohorts: patients with Myasthenia 
Gravis (focus cohort) and patients without Myasthenia Gravis (comparison cohort).
Statistical test: Mann-Whitney u-test. Raw p-values and false discovery rate estimates (q-values) were 
generated.
Analysis 2 - Differential expression for patients with metastatic Thymoma
The expression distribution for each gene was compared between two cohorts: patients with Masaoka-
Koga stage IVa or IVb (focus cohort), and patients with other stages of the disease (comparison cohort).
Statistical test: Mann-Whitney u-test. Raw p-values and false discovery rate estimates (q-values) were 
generated.
Analysis 3 - Differential copy number analysis for patients with Thymic Carcinoma
Copy number variation for each gene was compared between two cohorts: patients with Thymic 
Carcinoma (focus cohort) and patients without Thymic Carcinoma (comparison cohort).
Statistical test: Hypergeometric test. Raw p-values and false discovery rate estimates (q-values) were 
generated.

Tag.bio Dataset Hypervisor
Point-and-click, reproducible analyses for this research project were deployed as protocol apps on this 
dataset at https://omics.tag.bio/fc-thym/search .

The Tag.bio platform is designed
for compatibility with diverse

biomedical data sources 
to give users flexibility to

run real-time, iterative queries
and analyses at speed and 

scale.

The configurable, 
plug-and-play modularity

inherent to the platform facilitates
complete transparency, robustness and

reproducibility of data analysis.
Users have a guided experience

with a set of flexible options. 

The Tag.bio platform can utilize either a single dataset, a
combination of disparate datasets, or a data warehouse and
deploys as an analytics API securely on-premise or in the cloud.
Analysis apps called “protocols” can be deployed from an app
repository, or quickly and precisely programmed to answer a wide
range of question types in biomedical research and healthcare.

Oncoprint plot of mutations in TETs 

Oncoprint plot depicting the most common somatic mutations and copy number variants. 
GTF2I, TP53, HRAS, and NRAS are the most commonly mutated genes in thymoma. Single-
copy losses on Chr16q including the tumor suppressors: CYLD, CBFB, CDH1, CDH11, CTCF, 
ZFHX3; are the most common genomic alterations in thymic carcinoma.
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State Z-score P-value
PPARGC1A Activated 3.796 0.00347

SOX1 Activated 2.887 0.0322
SOX2 Activated 2.581 0.0178
AIRE Activated 2.433 0.24

SMAD7 Activated 2.376 0.00706
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State Z-score P-value
TP53 Activated 2.917 4.09E-14

HNF4A Activated 2.272 3.25E-10
NUPR1 Activated 4.512 4.29E-10

SP1 Activated 2.946 1.22E-09
CREB1 Activated 3.416 3.77E-09
STAT3 Activated 2.559 2.39E-07
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