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Table S1. Gene-specific CNV with a Nanostring custom panel
PARP2 APEX1 HNRNPC SUPT16H TOX4 METTL3 PRMT5 NEDD8 GMPR2

mean 1.036 1.095 1.338 0.941 1.003 1.124 1.232 1.502 1.192
sd 0.088 0.103 0.165 0.134 0.117 0.097 0.184 0.353 0.088
p* 0.5291 0.0476 4.00E-04 0.5291 0.9332 0.0104 0.0104 0.0057 3.00E-04
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Mean CNV at indicated genes were evaluated based onthe 
Nanostring data on 11 the oral cancer tissues. sd: 
standarddeviation. Welch's t.test was performed comparing the 
CNV of oralcancer tissues to that of control human diploid 
DNA (Promega). * p < 0.05.
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Detailed copy number variation (CNV) values from TCGA

patient 1

patient 521

patient 2

 chr 14 coordinate (GRCh38) 
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CNV

• Obtain CNV at every 100 kbp for all patients (521).
• Link to specific genes by their coordinates.
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locus-specific CNV values (every 100 kb)

gene-specific CNV (physical location of TSS)

Most CNV caused by segment amplification
The longer the distance is, the less CNV values are related.

There were no regions in other chr that show a high correlation to APE1 CNV, by the way.

Can focus on the local CNV to effectively study 
radiation resistance of tumors.

Approach
Aim 1: Establish the association of the copy number increase (CNI) of the APE1/SUPT16H/PRMT5
chromosomal region with radiation resistance of OSCC cells.
Preliminary results and rationale
P.1. High APE1 levels are associated with poor radiation therapy outcomes. Using TCGA's RNAseq
database, we examined whether high APE1 levels were
associated with survival outcomes in radiation therapy.
Stage IV OSCC patients who underwent radiation therapy 
(N = 95, mean IR dosage = 60.0±11.3 Gy) were selected.
Patients were then grouped by their APE1 levels (RNAseq) 
to QTR1 (minimum - 25 percentile) and QTR4 (75
percentile - maximum). The two groups were compared by 
Kaplan-Meier estimator (Fig. 1). The QTR4 group (the
high APE1 group, red line) resulted in significantly poorer 
outcomes compared to the QTR1 group. A cell culture
study (23) supports that cells with low APE1 expression
were sensitive to IR, which is consistent with APE1’s 
contribution to IR resistance by repairing DNA lesions 
generated by free radicals (3).
P.2. Local copy number variation (CNV) affects APE1 expression We computed CNV at the APE1
transcription start site (hereafter referred to as "APE1 CNV") for OSCC from 521 patients, using TCGA's data
(Affymetrix SNP 6.0 segment mean copy number). Inside Chr 14, correlations of the APE1 CNV with other 
chromosomal locations were the highest at adjacent regions, and decreased with longer distances relative to
the APE1 locus (Fig. 2). The data indicates that partial aneuploidy is prominent. Not surprisingly, there were no
significant correlations of APE1 CNV with CNVs in other chromosomes, suggesting that the APE1 CNV occurs 
independently of other chromosomes (data not shown). We then examined correlations between levels of the
APE1 CNV and APE1 RNA in OSCC tissues, which showed a significant correlation (Fig. 3). Thus, APE1
expression largely reflects APE1 CNV in OSCC tumor tissues. It is noted that this is a tumor specific 
characteristic, because CNV does not occur in normal tissues.
P.3. The APE1 gene locus contain DSB repair factors. Because CNVs of genes localized closely to APE1
are almost identical to that of APE1 (Fig. 2) and APE1 expression correlates with CNV (Fig. 3), expressions of
APE1 and these genes may be correlated. This assumption is consistent with our recent finding of high co-
regulation of genes localized within a few mega base pairs (about 4 Mbp) (24). We indeed found that the
expression of genes localized close to APE1 were highly co-regulated with APE1 specifically in OSCC, but not
in normal matched tissues (Fig. 4 and Table 1). Interestingly, many of these genes function in DNA repair 
(Table 1), and we find SUPT16H and PRMT5 to be particularly important, as they play crucial roles in repairing
IR DNA damage (4,5). Similar to APE1, we found poor survival outcomes of the patients with high SUPT16H
and PRMT5 in tumors (Table 1). We hypothesize that genes in the APE1 locus that show high expression
correlation, particularly APE1, SUPT16H, and PRMT5 together contribute to the acquired resistance of tumors 
to IR, by increasing the cellular capacity for repair of DSBs, SSBs, and oxidative DNA damage. Based on our 
hypothesis and the field carcinogenesis theory (29,30), we predict that genomic instability causes CNV, and
that normal keratinocytes treated with carcinogens will harbor IR resistant subpopulations of cells with APE1
CNI. Because cigarette smoke is a significant risk factor of OSCC (31,32), we will test this model using
tobacco-specific carcinogens (TSCs). Benz[a]pyrene (BaP), a polycyclic aromatic hydrocarbon, and 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a nitrosamine, are among the most significant TSCs 

Fig. 1. High APE1 expression
associated with poor outcome. 
High APE1 RNA levels in HNSCC
associated with poor outcomes in
T4 patients with radiation therapy.
Censored records were analyzed
using survival package in R (73).
Q T R 1 : A P E 1 l e v e l s a t
minimum-1st quartile; QTR4: 3rd
quartile-maximum. Dotted line: all
patients (N = 95). p < 0.008
(QTR1 vs. QTR4; evaluated by 
log-rank test & chi-square
distribution).
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8 Fig.3 High correlations between
levels of expression and CNV of 
the APE1 gene. Correlations 
between CNV (X-axis) and RNA 
levels (Y-axis) were analyzed for 
APE1 using data from 521 OSCC
tissues. CNV values were calculated
at the APE1 transcription start site
based on the hGRC38 gene

Fig. 2. Partial aneuploidy. Correlation of CNV at the APE1
gene (blue arrow) with other regions of Chr 14. Based on 521
patients. The correlation decreases with a longer distance,
indicating partial aneuploidy occurs frequently.

coordinates. CN: copy number of APE1 (normal = 2). RNA:
normalized RNAseq intensity values were used (x103). Pearson's 
correlation coefficient = 0.68 (p < 2.2E-16).
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converted to copy number values. The set of CNV values were 

CNVs at all the locations, and blotted along the chr14 location.

Evaluation of CNV in chr 14 (Top) The method to determine CNV. SNP array 
for the oral squamous cell carcinoma data in TCGA was converted to the 
copy n u m b e r . S N P p r o b e s corresponding to Chr 14 were 
screened at 100 kb interval, and intensities of identified SNP probes were 

determined for all the OSCC tissues (N = 526). ( Bottom ) C o r r e l a t i o n 
coefficients to the CNV at the PRMT5 gene location were determined with 
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Figure S2. 

HNRNPC, d: SUPT16H, e: TOX4, f: METTL3, g: PRMT5, h: NEDD8, i: GMPR2. Three 
analyzed with a NanoString panel that include genes in the region. a: PARP2, b: APEX1, c: 
extracted from 11 FFPE oral cancer tissues and a normal human genome DNA were 
CNV in the chr14 APEX1-PRMT5 genome region of oral cancer tissues. Genome DNA 

probes per gene were used in the panel.


