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Abstract. Cancer is one of the leading causes of mortality in 
China, and poses a threat to public health due to its increasing 
incidence and mortality rates. Concurrent cancer is defined as 
one or more organs in the same individual having ≥2 primary 
malignancies occurring simultaneously or successively; 
however, concurrent cases are rare and poorly studied. The 
present study recruited a Chinese family presenting multiple 
cases of concurrent cancer and performed whole exome 
sequencing in one unaffected and two affected individuals 
to identify the causative mutations. DNA was extracted 
from peripheral blood and tumor tissue samples. Following 
an exome capture and quality test, the qualified library was 
sequenced as 100 bp paired‑end reads on an Ion Torrent plat-
form. Clean data were obtained by filtering out the low‑quality 
reads. Subsequently, bioinformatics analyses were performed 
using the clean data. After mapping and annotating in 1000 
Genomes Project database, the existing SNP database and 
the Cancer Gene Census (CGC) database, it was revealed that 
the NADH:ubiquinone oxidoreductase core subunit S7 gene 
was a candidate gene with somatic mutations, and a subset of 
16 genes were candidate genes with germline mutations. The 

findings of the present study may improve the understanding 
of the molecular pathogenesis of concurrent cancer.

Introduction

Cancer is a disease that poses a threat to human health world-
wide, and it has become a major public health concern in 
China (1,2). Typically, cancer can be caused by the accumula-
tion of molecular alterations in genes that control cell survival, 
growth, proliferation and differentiation within the nascent 
tumor (3). Currently, the molecular profile of cancer can be 
effectively assessed using gene sequencing technologies and 
advanced analytical approaches (4). Advances in technology 
provide unprecedented speed and resolution to find caus-
ative mutations in the patient's genome that underlie cancer 
development and progression, ranging from point mutations 
to chromosomal translocations (4,5). In particular, there are 
somatic alterations that are unique to tumor cell genomes and 
specific inherited or ‘germline’ genomic alterations that are 
known to confer increased susceptibility to cancer develop-
ment (4,5). Concurrent cancers are rare, and can increase the 
economic burden on a family and society. However, the molec-
ular mechanisms underlying the development and progression 
of concurrent cancers remain unclear. 

Next generation sequencing (NGS), also known as 
high‑throughput parallel sequencing technology, provides 
an unbiased way to examine the molecular pathogenesis 
of diseases and expands the impact of genomic analyses 
in biomedical research  (6,7). Furthermore, NGS has been 
widely used in scientific research, and for the clinical diag-
nosis and treatment of cancer (8‑11). The exome represents 
only ~2% of the human genome, but contains ~85% of 
known disease‑associated variants, making whole exome 
sequencing (WES) a significant alternative to whole genome 
sequencing (WGS) (12,13). Compared with WGS, WES has 
significant advantages, including reduced costs, faster data 
analysis and easier data management (13). Therefore, inves-
tigating the molecular alterations in concurrent cancers using 
WES technology is a more cost‑effective approach.

In the present study, WES technology was used to identify 
causative variants in a Chinese family in which two members 
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were diagnosed with concurrent cancer. Following filtering of 
the raw data and exhaustive annotations, it was identified that 
NADH:ubiquinone oxidoreductase core subunit S7 (NDUFS7) 
was a candidate gene with somatic mutations (g.1391151G>A 
and g.1393289G>C), and a subset of 16 genes were candidate 
genes with germline alterations in patients with concurrent 
cancer. The results of the present study may improve the 
current understanding of the molecular mechanism of concur-
rent cancer and provide a basis for further studies.

Materials and methods

Patients and samples. In the present study, patients with 
concurrent cancer were identified using the following criteria: 
i) Each tumor had confirmed evidence of malignancy; ii) each 
tumor was distinct; and iii) the probability that one tumor had 
metastasized from the other was excluded based on patholog-
ical and immunohistochemical analysis (14). The present study 
examined peripheral blood samples and tumor tissues from two 
patients with concurrent cancer in one family. Tumor tissues 
(>200 mg) were obtained during resection, placed in cryo-
preservation tubes and immediately placed in liquid nitrogen or 
‑80˚C freezer. A peripheral blood sample (5 ml) from an unaf-
fected family member was also collected (Table I). All patients 
were recruited at the Second People's Hospital of Yichang 
(Hubei, China) between December 2014 and January 2017. The 
experiments were performed with the understanding of each 
patient, and all patients signed a written informed consent. The 
present study was performed in accordance with The Code of 
Ethics of the World Medical Association of The Declaration of 
Helsinki (15). The present study was approved by the Medical 
Ethics Committee of Yichang Second People's Hospital, Three 
Gorges University. 

Hematoxylin and eosin (H&E) staining of tumor tissues. Each 
tissue sample was fixed in 10% formaldehyde overnight at 4˚C 
prior to embedding (FFPE) in paraffin. The FFPE tissue blocks 
were cut in 4 µm sections on a microtome at room temperature 
and then fixed onto standard glass histological slides. Each 
section was dewaxed in xylene, rehydrated through graded 
ethanol and underwent H&E staining at room temperature. 
Each section was incubated with hematoxylin for 5‑10 min 
followed by eosin for 1 min. A coverslip was then added to 
each slide with Pertex mounting medium. The stained slides 
were scanned on an Olympus light microscope at magnifica-
tions of x100 or x200. All specimens were anonymized prior 
to receipt. All H&E stained sections were examined by two 
pathologists.

DNA extraction, library preparation and sequencing. DNA 
was extracted from peripheral blood and tumor tissue samples 
using a QIAamp DNA Mini kit (Qiagen GmbH) according 
to the manufacturer's protocol. To construct a library, we 
performed exome capture using an Agilent SureSelect Human 
All ExonV5 kit (Agilent Technologies, Inc.) following the 
manufacturer's protocol. A total of 0.5 µg DNA per sample 
was used as input material for the DNA library preparations. 
Genomic DNA samples were fragmented by sonication to a 
size of ~350 bp (duty factor 10%, peak incident power 175, 
cycles per burst 200, treatment time 180 sec, bath temperature 

4‑8˚C). Next, DNA fragments were end polished, A‑tailed and 
ligated with the full‑length adapter for sequencing, followed 
by further polymerase chain reaction (PCR) amplification 
using KAPA HiFi HotStart ReadyMix (Roche Diagnostics). 
The primers were based on the P5 and P7 flow cell sequences, 
and were suitable for the amplification of libraries prepared 
with full‑length adapters. The primer sequences were as 
follows: P5: 5'‑AATGATACGGCGACCACCGAGATC‑3'; 
P7: 5'‑CAAGCAGAAGACGGCATACGA‑3'. Thermocycling 
conditions: Initial denaturation at 98˚C for 45 sec, denaturation 
at 98˚C for 15 sec, annealing at 60˚C for 30 sec, extension 
at 72˚C for 30 sec, library amplification with 3 cycles, a final 
extension at 72˚C for 1 min and hold at 4˚C. Subsequently, PCR 
products were purified by the AMPure XP system (Beckman 
Coulter, Inc.), libraries were analyzed for size distribution 
by Agilent2100 Bioanalyzer (Agilent Technologies, Inc.) and 
quantified by quantitative PCR (3 nM) using KAPA Library 
Quantification kits (Roche Diagnostics) according to the 
manufacturer's protocol. The primers were the same as for the 
amplification procedure. The thermocycling conditions were 
as follows: Initial denaturation at 95˚C for 5 min, followed 
by 35 cycles of denaturation at 95˚C for 30 sec and combined 
annealing/extension at 60˚C for 45 sec. A total of 6 pre‑diluted 
DNA standards and appropriately diluted NGS libraries were 
amplified at the same time. The average Cq value for each 
DNA standard was plotted against its known concentration 
to generate a standard curve. The standard curve was used to 
convert the average Cq values for diluted libraries to concen-
tration, from which the working concentration of each library 
was calculated. After the quality test, the qualified library 
was sequenced as 100 bp paired‑end reads on an Ion Torrent 
platform (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocols.

Bioinformatics analysis. Firstly, clean data were obtained 
following filtering of the low‑quality reads, including reads 
with adapter sequences, reads with proportion of N >10% and 
reads with low‑quality base numbers >5. The Burrows‑Wheeler 
transform methods were adopted to map these reads to the 
human reference genome University of California, Santa Cruz 
(UCSC) hg19 (16,17). Subsequently, the Picard and Genome 
Analysis Toolkit (GATK; version 3.2) methods were adopted 
for duplicate removal, local realignment and base quality reca-
libration, as previously described (18,19). Finally, the GATK 
Unified Genotyper software (version 3.0; Broad Institute) was 
used for SNV annotation. The value of QualByDepth (QD) 
describes the quality of variation per unit depth, and the higher 
the QD, the higher the reliability of the variation in general (20). 
QD >2.0 was set for ‘good’ SNV (FILTER=Pass), which could 
distinguish well between reliable and unreliable variations.

Variants were annotated using the ANNOVAR software 
tool  (21). Annotations for function (exonic, intronic and 
untranslated region), reference genes, exonic function (synony-
mous, non‑synonymous, stop‑gain, frameshift and unknown), 
amino acid changes, 1,000 Genomes Project database (22), 
single nucleotide polymorphism database (dbsnp 138; 
ftp://ftp‑trace.ncbi.nih.gov/snp/organisms/) and the Cancer 
Gene Census (CGC) database (23) were performed. Varscan2 
(VarScan.v2.3.9; http://varscan.sourceforge.net/) (24) was used 
to identify somatic mutations in four paired tumor tissue and 
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peripheral blood samples from the two patients with concur-
rent cancer.

WES generated a large volume of data, and several filtering 
criteria were applied to the dataset. Firstly, the sequencing 
quality score of a given base, Q, was defined by the following 
equation: Q=‑10log10(e) where e was the estimated probability 
of the base call being wrong. A quality score of 20 represented 
an error rate of 1 in 100, with a corresponding call accuracy 
of 99%. Variants with a low‑quality score (<20) were removed. 
Secondly, 1,000 Genomes Pilot Project database stores data 
from normal people. Minor allele frequency (MAF) is the 
percentage of alleles that are relatively rare in a population. 
Every variation at every location has a MAF value. MAF=1% 
is generally used as the boundary line for judging a correla-
tion with disease, but the value is not absolute. Importantly, 
the threshold has to be analyzed in combination with the 
incidence of diseases. Concurrent cancers are rare; therefore, 
the variants with a reported MAF of >0.005 were filtered 
out. Then, synonymous changes were removed, and only the 
protein‑altering variants were analyzed.

Results

Description of the pedigree. The patients with concurrent 
cancer were from Hubei, China. In total, two affected indi-
viduals (II‑1 and II‑5) and one unaffected individual (II‑3) 
were recruited (Fig. 1). The proband (II‑1) was a 68‑year‑old 
female who presented breast cancer at pathological 
tumor‑node‑metastasis (pTNM) stage pT2N2M0 and rectal 
cancer at stage IIIA (pTNM stage, pT4N0M0) according to 
the National Comprehensive Cancer Network guidelines 
and the pTNM staging system (25‑27). The younger brother 
(II‑5) of the proband was a 61‑year‑old patient with concur-
rent cancer who suffered from liver cancer (pT3N0M0) and 
lymphoma at stage IIIA (28,29). The two concurrent cancer 
cases in the family were histologically confirmed at the 
hospital (30), and their tumor tissue and peripheral blood 
samples were collected for WES (Fig.  2). Additionally, 
peripheral blood was collected from one healthy family 
member (II‑3), a 63‑year‑old male, and its exome was also 
sequenced in the present study.

Figure 1. Pedigree chart of the family. Circles and boxes represent females and males, respectively. Black squares or circles represent patients diagnosed with 
cancer, whereas white squares or circles represent individuals without cancer. Samples from family members II‑1, II‑3 and II‑5 were collected for whole‑exome 
sequencing. 

Table I. Sample information. 

Family member	 Age, years	 Sex	 Sample ID	 Sample type

II‑1	 68	 Female	 BT15061701HNDQ	 Breast tumor tissue
			   BT15061702HNDQ	 Rectal tumor tissue
			   BT15082203HNDE	 Peripheral blood
II‑5	 61	 Male	 BT15061703HNDQ	 Liver tumor tissue
			   BT15061704HNDQ	 Lymphoma tissue
			   BT15082201HNDE	 Peripheral blood
II‑3	 63	 Male	 BT15082202HNDE	 Peripheral blood
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Figure 3. Workflow for data analysis. BAM, binary alignment map; SNP, single nucleotide polymorphism; QC, quality control. 

Figure 2. Images of the hematoxylin and eosin stained sections of tumor tissues from patients II‑1 and II‑5. (A) Breast cancer tissue from patient II‑1 at stage 
pT2N2M0. Magnification, x100. (B) Rectal cancer tissue from patient II‑1 at stage pT4N0M0. Magnification, x100. (C) Liver cancer tissue from patient II‑5 
at stage pT3N0M0. Magnification, x200. (D) Lymphoma tissue from patient II‑5 at stage IIIA. Magnification, x100. P, pathological; T, tumor; N, node; 
M, metastasis.
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WES. To study the molecular pathogenesis of concurrent cancer, 
the exomes of two affected individuals (II‑1 and II‑5) and one 
unaffected individual (II‑3) were sequenced. Large volumes 
of raw data were generated and further analyzed (Fig.  3). 
Quality scores across all bases were >20, which ensured the 
reliability of following analyses (31). Clean data were achieved 
by applying the aforementioned filtering processes. Following 
mapping to the human reference genome UCSC hg19 (17), 
local realignment and base quality recalibration, valid exome 
sequences with an average of 58X depth for each targeted 
base and ≥82.08% of the exonic positions covered >10X were 
obtained (Table II). The ratio of transition/transversion in seven 
samples of one unaffected (II‑3) and two affected individuals 
(II‑1 and II‑5) ranged between 2.2 and 2.4 (Table III).

Somatic mutations. Varscan2  (32) was used to identify 
somatic mutations in four paired tumor tissue and periph-
eral blood samples from the two patients with concurrent 
cancer: i)  BT15061701HNDQ and BT15082203HNDE; 
i i)   BT15061702H N DQ a nd  BT15082203H N DE; 
iii)  BT15061703HNDQ and BT15082201HNDE; and 
iv)  BT15061704HNDQ and BT15082201HNDE  (Fig.  4). 
Subsequent to detection and annotation of somatic SNV, the 
present study focused on missense variants in the exonic 
regions or splice sites. Furthermore, variants with a reported 
frequency >0.005 in the 1,000 Genomes Pilot Project data 
were removed (22). As a result, 2,053 somatic mutations in 
1,771 genes in breast tumor tissues, and 467 somatic mutations 
in 420 genes in rectal tumor tissues, from patient II‑1 were 
detected. Further analysis for intersection revealed that five 
somatic mutations in three genes occurred simultaneously in 
the two types of tumor tissues from patient II‑1 (Table IV). 
Similarly, seven somatic mutations in three genes occurred 
simultaneously in the two types of tumor tissues from 
patient II‑5 (Table V). Among these, NDUFS7 emerged as 
a candidate gene with somatic mutations (g.1391151G>A 
and g.1393289G>C) in two patients with concurrent cancer 
(Table VI). NDUFS7 (g.1391151G>A and g.1393289G>C) 
is homozygous in breast cancer and liver cancer, while it is 
heterozygous in rectal cancer and lymphoma.

Germline mutations. To further investigate the molecular 
pathogenesis of concurrent cancer, germline mutations were 

analyzed using GATK methods (Fig. 5). Variants in peripheral 
blood samples that were shared by the two affected individuals 
(BT15082201HNDE and BT15082203HNDE), but were not 
present in the unaffected individual (BT15082202HNDE) 
were selected. Similarly, the present study focused only on 
missense variants in the exonic region or splice site, and 
filtered out variants with a reported frequency >0.005 in the 
1,000 Genomes Pilot Project data. As a result, 183 missense 
SNVs were detected in 145 candidate genes. Subsequently, 
these candidate SNVs were further mapped to the CGC data-
base to examine probable germline mutations and genes (33). 
Finally, 17 SNVs in 16 genes emerged as candidate germline 
mutations in patients with concurrent cancer (Table VII). 

The present study investigated the molecular alterations 
in concurrent cancer. By sequencing the exomes of two affected 
individuals and one unaffected individual in a Chinese family 
with concurrent cancer, the present study identified NDUFS7 
as a candidate gene with somatic mutations (g.1391151G>A 
and g.1393289G>C), and 17 SNVs in 16 genes as candidate 
germline mutations. The present results provided insights into 
the causative alterations of concurrent cancer at the molecular 
level.

Discussion

It is an ongoing aim of cancer research to understand the 
causative mutations underlying cancer development and 
progression. Somatic mutations can occur in any non‑germ cell 
of the body following conception, whereas germline mutations 
are inherited from the parents (4,5). During the past decades, 
comprehensive efforts have been made by scientists to improve 
the resolution and reduce the cost of sequencing methods. The 
genomic landscapes of common forms of human cancer have 
been identified (34‑36). However, the molecular mechanisms 
of concurrent cancers remain unknown. Currently, there are 
no specific approaches to treat concurrent cancer. Patients with 
concurrent cancer are treated just like other common forms of 
human cancers.

Tumors evolve from benign to malignant lesions by 
acquiring a series of mutations over time. Somatic mutations 
that occur in tumor cell genomes serve a vital role in cancer 
development, including the initiation of tumorigenesis. In 
common solid tumors, including those derived from breast, 
colon, brain or pancreas, an average of 33‑66  genes may 
display subtle somatic mutations that would be expected to 
alter the protein products (5). Of these mutations, ~95% are 

Table II. Mean coverage and the percentage of exonic posi-
tions with coverage >10X.

	 Mean	 Coverage
Sample	 coverage	 >10X (%)

BT15061701HNDQ	 55.79X	 82.08
BT15061702HNDQ	 67.14X	 90.42
BT15082203HNDE	 50.01X	 93.65
BT15061703HNDQ	 57.28X	 87.11
BT15061704HNDQ	 75.05X	 87.97
BT15082201HNDE	 51.42X	 92.75
BT15082202HNDE	 52.29X	 92.66

Table III. Ratio of transition/transversion in seven samples.

Sample	 Transition	 Tranversion	 Ratio

BT15061701HNDQ	 266339	 117292	 2.270735
BT15061702HNDQ	 175790	 71318	 2.464876
BT15082203HNDE	 99653	 43257	 2.303743
BT15061703HNDQ	 194071	 80041	 2.424645
BT15061704HNDQ	 259392	 111664	 2.322969
BT15082201HNDE	 68142	 28732	 2.371641
BT15082202HNDE	 69564	 29347	 2.370396
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single‑base substitutions, of which 90.7% result in missense 
changes, 7.6% result in nonsense changes and 1.7% result in 
alterations of splice sites or untranslated regions adjacent to 

the start and stop codons (5). In the present study, NDUFS7 
emerged as a candidate gene with somatic mutations in cases 
of concurrent cancer. The NDUFS7 gene encodes a protein 

Figure 4. Workflow for the identification of somatic mutations. SNV, single nucleotide variation.

Table IV. Somatic mutations identified in the two types of tumor tissues from patient II‑1. 

Gene	 Nucleotide mutation	 Mutation type	 Amino acid alteration

LDHAL6B	 g.59500155G>A	 Missense variant	 NM_033195:exon1:c.G1016A:p.S339N
	 g.59500166A>G	 Missense variant	 NM_033195:exon1:c.A1027G:p.I343V
CDC27	 g.45234707T>A	 Missense variant	 NM_001293091:exon5:c.A336T:p.L112F
NDUFS7	 g.1391151G>A	 Missense variant	 NM_024407:exon6:c.G442A:p.V148I
	 g.1393289G>C	 Missense variant	 NM_024407:exon7:c.G504C:p.R168S

CDC27, cell division cycle 27; LDHAL6B, lactate dehydrogenase A like 6B; NDUFS7, NADH:ubiquinone oxidoreductase core subunit S7.

Table V. Somatic mutations identified in the two types of tumor tissues from patient II‑5.

Gene	 Nucleotide mutation	 Mutation type	 Amino acid alteration

NDUFS8	 g.67803789A>G	 Missense variant	 NM_002496:exon6:c.A442G:p.T148A
	 g.67803790C>T	 Missense variant	 NM_002496:exon6:c.C443T:p.T148I
	 g.67803810T>A	 Missense variant	 NM_002496:exon6:c.T463A:p.F155I
	 g.67803812C>G	 Missense variant	 NM_002496:exon6:c.C465G:p.F155L
SDHB	 g.17350532C>G	 Missense variant	 NM_003000:exon6:c.G578C:p.S193T
NDUFS7	 g.1391151G>A	 Missense variant	 NM_024407:exon6:c.G442A:p.V148I
	 g.1393289G>C	 Missense variant	 NM_024407:exon7:c.G504C:p.R168S

NDUFS7, NADH:ubiquinone oxidoreductase core subunit S7; NDUFS8, NADH:ubiquinone oxidoreductase core subunit S8; SDHB, succinate dehydrogenase 
complex iron sulfur subunit B.
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that is a subunit of complex I in the mitochondrial respiratory 
chain (37). Mutations in this gene cause Leigh syndrome due to 
mitochondrial complex I deficiency (38,39). Leigh syndrome is 
a severe neurological disorder that causes bilaterally symmet-
rical necrotic lesions in subcortical brain regions (38,39). To 
the best of our knowledge, the present study is the first one 
that identified NDUFS7 as a somatic mutation gene in concur-
rent cancer. Further studies are required to verify how these 
somatic mutations in the NDUFS7 gene may cause functional 
alterations associated with the development of cancer. 

Germline mutations inherited from the parents can 
increase susceptibility to cancer development (4,5). An assess-
ment of the components of the germline genome of patients 
may improve the current understanding of the pathogenesis of 
various types of cancer. The present study identified a total 
of 17 germline mutations in 16 candidate genes in peripheral 
blood samples from patients with concurrent cancer, including 
the peptidoglycan recognition protein 4, platelet endothelial 
aggregation receptor 1 (PEAR1), collagen type VI α3 chain, 
kinesin family member 1A, zinc finger protein 717 (ZNF717), 

Figure 5. Workflow for the identification of germline mutations. Variants in 
peripheral blood samples that were shared by the two affected individuals 
(BT15082201HNDE and BT15082203HNDE), but were not present in the 
unaffected individual (BT15082202HNDE) were selected. CGC, Cancer 
Gene Census; GATK, Genome Analysis Toolkit. 

Table VII. Candidate germline mutations in the two patients with concurrent cancer.

Gene	 Nucleotide mutation	 Mutation type	 Amino acid alteration

PGLYRP4	 g.153314126C>T	 Missense variant	 NM_020393:exon6:c.G602A:p.R201Q
PEAR1	 g.156876633C>A	 Missense variant	 NM_001080471:exon6:c.C605A:p.T202N
COL6A3	 g.238243350C>T	 Missense variant	 NM_057166:exon38:c.G7327A:p.A2443T
KIF1A	 g.241659323C>T	 Missense variant	 NM_004321:exon43:c.G4586A:p.R1529Q
ZNF717	 g.75786450G>A	 Missense variant	 NM_001128223:exon5:c.C2324T:p.T775M
	 g.75788434G>T	 Missense variant	 NM_001128223:exon5:c.C340A:p.Q114K
ZNF141	 g.338156T>A	 Missense variant	 NM_003441:exon3:c.T163A:p.C55S
SSPO	 g.149523309C>A	 Missense variant	 NM_198455:exon101:c.C14392A:p.P4798T
EPPK1	 g.144940706C>T	 Missense variant	 NM_031308:exon2:c.G6716A:p.R2239H
ZDHHC21	 g.14619085C>T	 Missense variant	 NM_178566:exon10:c.G677A:p.R226Q
CNTRL	 g.123886324C>T	 Missense variant	 NM_007018:exon11:c.C1766T:p.T589M
ASCC1	 g.73973043C>T	 Missense variant	 NM_001198798:exon2:c.G14A:p.R5H
OR8U1	 g.56143823G>A	 Missense variant	 NM_001005204:exon1:c.G724A:p.G242S
PABPC3	 g.25671688G>C	 Missense variant	 NM_030979:exon1:c.G1352C:p.G451A
NPIPB6	 g.28354223G>A	 Missense variant	 NM_001282524:exon7:c.C983T:p.P328L
RAB36	 g.23488846G>A	 Missense variant	 NM_004914:exon2:c.G241A:p.D81N
CCDC117	 g.29169761T>G	 Missense variant	 NM_001284264:exon2:c.T234G:p.D78E

ASCC1, activating signal cointegrator 1 complex subunit 1; CCDC117, coiled‑coil domain containing 117; CNTRL, centriolin; COL6A3, 
collagen type  VI  α3 chain; EPPK1, epiplakin 1; KIF1A, kinesin family member 1A; NPIPB6, nuclear pore complex interacting protein 
family member B6; OR8U1, olfactory receptor family 8 subfamily U member 1; PABPC3, poly(A) binding protein cytoplasmic 3; PEAR1, 
platelet endothelial aggregation receptor 1; PGLYRP4, peptidoglycan recognition protein 4; RAB36, RAB36 member RAS oncogene family; 
SSPO, SCO‑spondin; ZDHHC21, zinc finger DHHC‑type containing 21; ZNF141, zinc finger protein 141; ZNF717, zinc finger protein 717.

Table VI. NDUFS7 is a candidate gene with somatic mutations in the two patients with concurrent cancer. 

Gene	 Nucleotide mutation	 Mutation type	 Amino acid alteration

NDUFS7	 g.1391151G>A	 Missense variant	 NM_024407:exon6:c.G442A:p.V148I
	 g.1393289G>C	 Missense variant	 NM_024407:exon7:c.G504C:p.R168S

NDUFS7, NADH:ubiquinone oxidoreductase core subunit S7.
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zinc finger protein 141 (ZNF141), SCO‑spondin, epiplakin 1, 
zinc finger DHHC‑type containing 21 (ZDHHC21), centriolin, 
activating signal cointegrator 1 complex subunit 1, olfactory 
receptor family 8 subfamily U member 1, poly(A) binding 
protein cytoplasmic 3, nuclear pore complex interacting protein 
family member B6, RAB36 member RAS oncogene family and 
coiled‑coil domain containing 117 genes. Following mapping 
to the CGC database, it was identified that mutations in these 
genes had been previously reported to be involved in cancer 
progression. For example, mutations in the ZDHHC21 gene 
have been reported in rectal cancer but not in breast cancer, 
and mutations in the PEAR1, ZNF717 and ZNF141 genes were 
detected in liver cancer but not in lymphoma, as assessed 
by the Catalogue Of Somatic Mutations In Cancer (40‑42). 
Notably, to the best of our knowledge, the present study is 
the first to suggest that mutations in these genes may increase 
susceptibility to concurrent cancer.

In conclusion, the present study focused on a rare case of a 
three‑generation family in which two members had developed 
concurrent cancer. Through WES and bioinformatics analysis, 
probable somatic mutations were identified in the NDUFS7 
gene, and germline mutations were identified in 16 candidate 
genes. Although further studies are required to validate these 
variants, to the best of our knowledge, the results of the present 
study are the first to suggest a specific molecular profile asso-
ciated with concurrent cancer.
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