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Background: The complexity of breast cancer at the clinical, morphological and genomic levels has been 
extensively studied in the western population. However, the mutational genomic profiles in Chinese breast 
cancer patients have not been explored in any detail.
Methods: We performed targeted sequencing using a panel consisting of 33 breast cancer-related genes 
to investigate the genomic landscape of 304 consecutive treatment-naïve Chinese breast cancer patients 
at Guangdong Provincial People’s Hospital (GDPH), and further compared the results to those in 453 of 
Caucasian breast cancer patients from The Cancer Genome Atlas (TCGA).
Results: The most frequently mutated gene was TP53 (45%), followed by PIK3CA (44%), GATA3 (18%), 
MAP3K1 (10%), whereas the copy-number amplifications were frequently observed in genes of ERBB2 
(24%), MYC (23%), FGFR1 (13%) and CCND1 (10%). Among the 8 most frequently mutated or amplified 
genes, at least one driver was identifiable in 87.5% (n=267) of our GDPH cohort, revealing the significant 
contribution of these known driver genes in the development of Chinese breast cancer. Compared to TCGA 
data, the median age at diagnosis in our cohort was significantly younger (48 vs. 58 years; P<0.001), while 
the distribution of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor 
receptor-2 (HER2) statuses were similar. The largest difference occurred in HR+/HER2- subtype, where 8 
of the 10 driver genes compared had statistically significant differences in their frequency, while there were 
differences in 2 of 10 driver genes among the TNBC and HR+/HER2+ group, but none in the HR-/HER2+ 
patients in our cohort compared to the TCGA data. Collectively, the most significant genomic difference 
was a significantly higher prevalence for TP53 and AKT1 in Chinese patients. Additionally, more than half of 
TP53-mutation HR+/HER2- Chinese patients (~60%) are likely to harbor more severe mutations in TP53, 
such as nonsense, indels, and splicing mutations.
Conclusions: We elucidated the mutational landscape of cancer genes in Chinese breast cancer and 
further identified significant genomic differences between Asian and Caucasian patients. These results 
should improve our understanding of pathogenesis and/or metastatic behavior of breast cancer across races/
ethnicities, including a better selection of targeted therapies.
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Introduction

Breast cancer, the leading cause of female cancer death 
worldwide, has been well recognized as a group of 
heterogeneous diseases in terms of both clinical behavior 
and molecular landscape (1,2). The availability of 
sophisticated high-throughput technology, together with 
well-developed bioinformatics tools, has significantly 
accelerated our understanding of the molecular basis 
of cancer. Gene expression profiles that classify breast 
cancers into different subtypes have yielded transcriptional 
signatures that are used to support therapeutic decisions  
(3-5). Characterizations of early breast cancer at the 
genomic level have cataloged the numerous genomic 
alterations involved in tumorigenesis and metastatic 
progression (6). These studies showed that breast cancer 
includes a large number of actionable genomic alterations, 
such as TP53  mutation, PIK3CA  mutation, ERBB2 
amplification, FGFR1 amplification, CCND1 amplification, 
AKT1 mutations, and GATA3 mutation (7-12). 

Currently, the most authoritative, robust, and widely 
available tumor genomic information source is The Cancer 
Genome Atlas (TCGA) project, which is a comprehensive 
“atlas” of cancer genomic profiles (13,14). However, 
the TCGA breast cancer samples are largely Caucasian 
(69%), and the Asian ethnic group is significantly under-
represented (6% or a sample size of only 65 breast cancer 
patients) (15). Additionally, there have been few reports 
of somatic mutations of breast cancer in Chinese patients 
using next-generation sequencing (NGS) methodology (16).

Previous large epidemiological studies have suggested 
that clinicopathologic features and outcomes of breast 
cancer vary considerably among racial and ethnic groups 
(17,18). Worldwide, China, which includes about one-fifth 
of the global population, accounts for 12.2% of all newly 
diagnosed breast cancers (19). Compared with some western 
countries, China has a relatively lower incidence of breast 
cancer (20). However, the incidence of breast cancer in 
China has increased more than twice as fast as global rates 
since the 1990s (19). The peak age of breast cancer onset in 
China is between 45 and 55 years compared to an average 

of between 60 and 70 years in many Western countries (21).  
In addition, only ~3.5% of patients are pathologically 
confirmed as invasive lobular breast cancer in Chinese 
women, the proportion of which is significantly lower than 
the observation in Caucasian women constituting ~10–15% 
of all cases (22,23). Beyond these clinicopathological 
factors, it is important to understand the molecular basis 
of breast cancer underlying these ethnic differences. There 
is, therefore, an urgent need to understanding genomic 
features in Chinese breast cancer group, compared with 
other ethnic groups that might be valuable in the treatment 
planning of Asian breast cancer patients, including Chinese. 

In this study, we performed capture-based ultra-deep 
targeted sequencing to interrogate the mutation profiles 
associated with 304 treatment-naïve Chinese breast cancer 
patients using the customized BreastCore panel consisting 
of 33 breast cancer-related vital genes, spanning 140 kb 
of the human genome. Our objective was (I) to provide 
a landscape of non-synonymous genomic mutations and 
copy-number aberrations (CNAs) of frequently altered 
cancer genes in Chinese breast tumors, and (II) to identify 
distinctive genomic mutational patterns of Chinese breast 
cancer patients, compared to the TCGA data set. We 
hypothesized that there are significant differences in 
the molecular profile of Chinese breast cancer patients 
compared to the TCGA data.

Methods

Patients and specimens

Our Chinese cohort consisted of 305 primary treatment-
naïve tumors from 304 consecutive female breast cancer 
patients diagnosed at Guangdong Provincial People’s 
Hospital (GDPH) from October 2016 to December 
2017. At our center, estrogen receptor (ER), progesterone 
receptor (PR) and human epidermal growth factor receptor 
2 (HER2) expression in each specimen with breast cancer 
were routinely evaluated by immunohistochemistry (IHC) 
staining at Department of Pathology in Guangdong 
Provincial People’s Hospital. ER or PR in each specimen 
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was considered positive if more than 1% of tumor nuclei 
were strongly stained according to the 2010 ASCO/CAP 
guidelines (24). Hormonal receptor (HR) was recorded as 
HR-positive (HR+) in the individual specimen with either 
ER-positive (ER+) or PR positive, while the status was 
recorded as HR-negative (HR-) only when both of ER and 
PR were negative. Additionally, HER2 status was confirmed 
by IHC and/or fluorescence in situ hybridization (FISH) 
according to 2013 ASCO/CAP guideline (25). Primary 
tumor biopsies were obtained using an Institutional Review 
Board approved protocol, and the subsequent analysis had 
been approved by the Ethic Guangdong Provincial People’s 
Hospital (No. GDREC2014122H). All patients provided 
written informed consent for translational research. 
Sequencing assays were performed blinded to the clinical-
pathological parameters in CLIA-certified Burning Rock 
Biotech (Guangzhou, China).

Tissue DNA extraction 

DNA was extracted using QIAamp DNA FFPE tissue kit 
(Qiagen, California, US) according to the manufacturer’s 
instructions. The DNA concentration was measured by 
Qubit dsDNA assay (Life Technologies, California, US).

NGS library preparation and Capture-based targeted 
DNA sequencing

DNA was subjected to end repair, phosphorylation and 
adaptor ligation. Fragments of size 200–400 bp were 
selected by AMPure beads (Agencourt AMPure XP Kit), 
followed by hybridization with capture probe baits, hybrid 
selection with magnetic beads and PCR amplification. A 
bioanalyzer high-sensitivity DNA assay was subsequently 
performed to assess the quality and size of the fragments. 
Indexed samples were sequenced on Nextseq500 sequencer 
(Illumina, Inc., US) with pair-end reads. 

Sequence data analysis 

Sequence data were mapped to the human genome (hg19) 
using BWA aligner 0.7.10. Local alignment optimization, 
variant calling, and annotation were performed using 
GATK 3.2, MuTect, and VarScan. Variants were filtered 
using the VarScan filter pipeline, with loci with depth 
less than 100 filtered out. At least 5 supporting reads 
were needed for insertions or deletions (Indels); while 
8 supporting reads were needed for single-nucleotide 

variants (SNVs) to be called. According to the ExAC, 1000 
Genomes, dbSNP, ESP6500SI-V2 database, variants with 
population frequency over 0.1% were grouped as SNP 
and excluded from further analysis. Remaining variants 
were annotated with ANNOVAR and SnpEff v3.6. DNA 
translocation analysis was performed using Factera 1.4.3 
as previously described. The limit of detection for SNVs is 
2% for hotspots and 5% for non-hotspots. Copy number 
variation was detected by in-house analysis scripts based on 
the depth of coverage data of capture intervals. Coverage 
data were corrected against sequencing bias resulting from 
GC content and probe design. The average coverage of all 
captured regions was utilized to normalize the coverage 
of different samples to comparable scales. Copy number 
was calculated based on the ratio between the depth of 
coverage in tumor samples and average coverage of an 
adequate number (n>50) of samples without copy number 
variation as references as to each capture interval. Copy 
number variation is called if the coverage data of the gene 
region was quantitatively and statistically significantly 
different from its reference control. The limit of detection 
for CNVs is 1.5 for deletion and 2.64 for amplification. 
We performed capture-based targeted sequencing on 
305 tumor tissue samples utilizing the BreastCore panel 
comprising a customized panel of 33 breast cancer-related 
genes, spanning 140 kb of the human genome, the majority 
of which have been well documented as driver genes in 
western patients with breast cancer (10). Collectively, we 
achieved with a mean coverage depth of ~1,200× across all 
target regions on all 305 tissues samples, and 98.6% of all 
target regions had coverage greater than 200×.

Statistical analysis

Data were summarized by frequency and percentage for 
categorical variables. Comparisons between groups were 
performed using Fisher’s exact or Chi-square test for these 
categorical variables. All statistical tests were two-sided, and 
differences were considered with significance when P<0.05. 
According to the Benjamini-Hochberg procedure, false 
discovery rate (FDR or q-value) was used for correcting  
P value for multiple hypothesis testing. 

Results 

Patient characteristics

In this study, our cohort included 305 primary invasive 
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breast tumors obtained from 304 treatment-naïve 
consecutive patients with median age of 48 ranging from 
24 to 82 years who were pathologically confirmed at 
Guangdong Provincial People’s Hospital (GDPH). Among 
them, one patient had synchronous bilateral primary breast 
lesions. The detailed patients’ clinicopathological features 
were listed in Table 1. Briefly, 57.9% of patients were pre-
menopausal, and 74.0% were diagnosed at an early stage 
(31.9% stage I and 42.1% stage II), while 83.3% of primary 
tumors were HR+, 27.3% were HER2 positive (HER2+) 
and only 8.2% were triple negative breast cancer (TNBC; 
lacking expression of ER, PR, and HER2).

The mutational landscape of 33 cancer genes in Chinese 
breast tumors

At least one genomic alteration was observed in 92.1% 
(n=281) of tumor tissues. Altogether, there were 871 
aberrant events, including 396 single-nucleotide variants 
(SNVs), 166 insertions or deletions (Indels), 292 copy-
number amplifications, and 7 copy-number deletions. The 
remaining 24 samples had no mutation detected from this 
panel. Interestingly, there were 16.4% (n=50) of samples 
harbored only one altered gene, with the most frequent 
being PIK3CA (n=19), TP53 (n=8), GATA3 (n=4), AKT1 
(n=4), ERBB2 (n=3) and CCND1 (n=3). This observation 
consistently suggests fundamental roles for these driver 
genes implicated in promoting initiation and/or progression 
of breast cancer, though it is relatively lower as compared 
to a previous whole exome-sequencing report showing that 
the identifiable incidence of a single driver is approximately 
28% (10). The average number of altered genes in an 
individual specimen was 3 in our cohort (range, 0 to 7). 

TP53 and PIK3CA were the most frequently mutated 
genes, being present in 45% and 44% of samples, 
respectively, while GATA3 transcription factor gene was the 
third most common mutation (18% of samples) (Figure 1).  
Two tumors harbored dual mutations in GATA3 . 
Therefore, there was a total of 56 mutations revealing 
2 hotspot mutations, including frameshift mutation 
occurring at proline 409 (n=15) and splicing mutation 
due to dinucleotide CA deletion at the exon4/5 junction 
(n=10). Additionally, we also identified two recurrent 
M294K mutations, though the type of missense mutation 
was relatively rare in GATA3 (n=4). All of the GATA3 
mutations occurred within HR+ tumors, and 93% of them 
were inactivated protein-truncating mutations, suggesting 
the loss of function in mediating the canonical recruitment 

of ER transcription complex (26). In addition, we identified 
one conservative inframe deletion and nine missense 
mutations in the other ER-associated transcription factor 
FOXA1 gene, including 2 of recurrent D226N and 2 of 
F254L mutations. We also observed 8 additional HR+/
HER2- tumors with FOXA1 amplification, highlighting the 
requirement of FOXA1 as a transcriptional pioneer factor 
in assisting ER aberrantly access to its genomic targets in 
FOXA1-mutant/amplified tumors (27). 

In our GDPH cohort, the fourth frequently mutated 
gene was MAP3K1 (10%), a serine/threonine protein kinase 
acting as an important upstream activator of mitogen-
activated protein kinase (MAPK) signaling in response to 
stress (6). Inactivating MAP3K1 mutations, together with 
one of its downstream substrates encoded by MAP2K4, 
have been reported to be the striking features in luminal/
ER+ tumors (4). In total, 40 nonsynonymous MAP3K1 
mutations were identified in 28 of samples including 5 
nonsense, 26 frameshift indels, 1 in-frame deletion and 8 
missense mutations (Figure 1). Of note, 43% of MAP3K1-
mutated tumors (12 out of 28 cases) carried dual mutations 
in MAP3K1 ,  supporting the role for MAP3K1  as a 
potential recessive cancer gene. Furthermore, we found 
that 9 out of 16 tumors with single MAP3K1 mutation 
harbored concurrent TP53 mutations, but only one out of 
12 tumors with dual MAP3K1 mutations had concurrent 
TP53 mutation (P=0.016). Since MAPK signaling has an 
important role in the stabilization and subsequent activation 
of p53 protein (28), dual mutations in MAP3K1 are more 
likely to capably drive oncogenic properties even in the 
absence of TP53 mutation. MAP2K4 mutations were found 
in 3% of HR+ samples (n=9) in a mutually exclusive manner 
with MAP3K1 mutation, 8 of which were predicted to be 
inactivating truncation mutations. KRAS (n=2) and BRAF 
(n=1), the upstream components of MAPK signaling, were 
extremely rarely mutated in breast cancer (Figure 1). But 
we did observe two recurrent and highly oncogenic KRAS 
G12V/A mutations. In contrast, NF1, a negative regulator 
of RAS oncogene signal transduction, was frequently 
mutated in Chinese breast tumors at a high frequency of 
6.0% (Figure 1). A total of 6 frameshift indels, 5 nonsense, 
2 splice-region, and 5 missense mutations were observed in 
NF1, and 70% (13 out of 18) of mutations were inactivated 
truncation events, implicating the tumor suppressive role 
for wild-type NF1 in Chinese breast cancer.

In addition to these frequently mutated genes, the 
other dominant genomic features were the copy-number 
amplifications (Figure 1), including ERBB2 (24%), MYC 
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Table 1 Patient characteristics 

Variables
GDPH (n=304) TCGA (n=453)

P
No. (%) No. (%)

Age [median, range] 48 [24–82] 58 [28–90] <0.001
#

≤50 years 169 55.6 132 29.1

>50 years 135 44.4 321 70.9

Sex 0.153

Female 304 100.0 449 99.1

Male 0 0.0 4 0.9

Menopausal Status <0.001
#

Pre-menopause 176 57.9 120 26.5

Post-menopause 128 42.1 299 66.0

Missing 0 0.0 34 7.5

LN status 0.044
#

Positive 137 45.1 229 50.6

Negative 167 54.9 219 48.3

Missing 0 0.0 5 1.1

TNM stage 0.162

I–II 225 74.0 339 74.8

III–IV 79 26.0 109 24.1

Missing 0 0.0 5 1.1

Pathological type <0.001
#

IDC 260 85.5 318 70.2

ILC 9 3.0 85 18.8

Others 35 11.5 50 11.0

ER status 0.855

Positive 240 78.9 361 79.7

Negative 64 21.1 92 20.3

PR status 0.397

Positive 222 73.0 310 68.4

Negative 81 26.6 141 31.1

Missing 1 0.3 2 0.4

HER2 status 0.054

Positive 83 27.3 95 21.0

Negative 221 72.7 358 79.0

Histologic grade NA

G1 17 5.6 – –

G2 116 38.2 – –

G3 114 37.5 – –

Missing 7 2.3 453 100.0

Based on the Pearson χ
2
 test, the P value is calculated using Fisher’s exact test; 

#
, P value<0.05. LN, lymph node; IDC, infiltrating ductal 

carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 
receptor 2.
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Figure 1 The mutational landscape of 33 cancer genes in Chinese breast tumors (n=305). Genomic alterations in 33 genes are shown in the 
middle panel, except the BCL2L11 gene, in which we did not identify any aberrant events. Tumor samples are grouped by clinically-defined 
subtypes: HR+/HER2- (n=196), HR+/HER2+ (n=56), HR-/HER2+ (n=28) and TNBC (n=25). Top bar summarizes the total number of 
mutations in each patient (columns); sidebar (rows) summarizes the percentage of tumors with a mutation in each gene (left-hand) and 
mutation composition for each gene in the entire cohort (right-hand). Clinical parameters for each patient are shown in the bottom panel. 
Different colors denote different types of mutations and different clinicopathological features. Indel, insertions or deletions; CN_amp, copy-
number amplification; CN_del, copy-number deletion. 

(23%), FGFR1 (13%) and CCND1 (10%). Incorporation of 
recurrent copy-number changes, together with cancer genes 
bearing mutations in more than ~10% of samples, generated 
a list of 8 driver genes, including TP53, PIK3CA, GATA3, 
MAP3K1, ERBB2, MYC, FGFR1, and CCND1. In line with 
previous reports showing the high contribution (~60%) of 
the 8 drivers in the western population (9,10), at least one 
driver was identifiable in 87.5% (n=267) of our GDPH 

cohort. Taken together, the 8 most frequently mutated or 
amplified genes dominated the genomic feature of Chinese 
breast cancer.

Distinctive genomic features in clinically-defined subgroups

In the hormone responsive HR+/HER2- cohort, the most 
frequently mutated gene was PIK3CA, occurring in 45.9% 
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of patients followed by TP53 (28.1%) and GATA3 (24.0%) 
(Figure 1 and Table 2). This subgroup had the highest 
GATA3 mutation frequency and the lowest TP53 mutation 
frequency among all 4 subgroups (Figure 1). All of the 
AKT1 mutations (n=23) were actionable E17K mutation 
in our cohort and exclusively occurred in this subgroup  
(Table 2). In addition, very few samples (10.7%) in this 
group had a co-occurrence of TP53 and PIK3CA. The 
amplification of MYC, CCND1, and FGFR1 was also 
frequently observed in HR+/HER2- group (Figure 1). In 
the triple-positive HR+/HER2+ group (n=56), 66.1% of 
cases harbored TP53 mutations, and 21.4% had concurrent 
PIK3CA mutations (Figure 1). Almost all of TOP2A 
amplification was observed in ERBB2-amplified tumors, 
regardless of HR status (Table 2). The HR-/HER2+ breast 
cancer (n=28) had the highest TP53 (89.3%) mutation 
frequency among all 4 subgroups (Table 2), the majority of 
which harbored concurrent PIK3CA mutation (n=12). In 
the TNBC group (n=25), 80.0% of samples harbored TP53 
mutation, while very few had concurrent PIK3CA mutations 
(n=3). Consistent with the previous report (4), aberrant 
MYC amplification (40%) and a BRCA1 mutation (12%) 
were the significant characteristics of TNBC. Intriguingly, 
the NF1 gene was significantly mutated in Chinese patients 
with TNBC at a frequency of 24.0% (P<0.001; Table 2). 
However, mutations in GATA3 and MAP3K1, which was 
frequently observed in HR+ samples, were extremely rare in 
HR- samples (Figure 1 and Table 2). 

Comparison of mutational spectrum between Chinese and 
TCGA breast cancer patients

To investigate the potential ethnic differences in mutation 
frequencies between Chinese and western breast cancer 
patients, we examined publicly available data from TCGA 
and extracted data involving 453 Caucasian samples with 
known clinical information (https://xenabrowser.net/; last 
updated on June 01 2016) (4). A detailed comparison of 
clinical parameters between GDPH and TCGA cohorts 
was summarized in Table 1. The median age at diagnosis 
in our GDPH cohort was 48 years, which was significantly 
younger than the TCGA cohort, with a median age 
of 58 years (P<0.001). Moreover, the distribution of 
histopathologic types was also statistically significantly 
different from TCGA cohort (P<0.001), which had 
more patients with infiltrating lobular carcinoma (ILC; 
TCGA: 18.8% vs. GDPH: 3%) and fewer with infiltrating 
ductal carcinoma (IDC; 70.2% vs. 85.5%). However, the 

distribution of ER, PR, and HER2 statuses was comparable 
between the two cohorts. 

Using a stringent false discovery rate (FDR; q-value) 
<0.05, a total of 4 driver genes were found to be 
differentially mutated between the two entire cohorts 
(Figure 2A). TP53 (GDPH: 45% vs. TCGA: 30%; q<0.001), 
AKT1 (8% vs. 1%; q<0.001) and GATA3 (18% vs. 10%; 
q=0.036) were more frequently mutated in our cohort, 
whereas there was a lower prevalence for CDH1 (5% 
vs. 13%; q=0.036) as compared to the TCGA cohort. In 
addition to the observed difference in TP53 mutation 
frequency, we also found that the composition of TP53 
mutation types also differed between the two cohorts 
(Figure 2B). The majority of TP53 mutations (61.5%) were 
missense in the TCGA cohort; however, only 49.6% of 
TP53 mutations were missense in our cohort (P=0.048). 

Furthermore, we compared and contrasted the mutation 
frequencies in driver genes occurring in >10% of cases 
from at least one subgroup between the two cohorts. 
Overall, we identified significant molecular differences 
in 3 of the 4 clinically-defined subtypes (Figure 2C). 
The largest difference was in the HR+/HER2- subtype, 
where 8 of the 10 driver genes compared had statistically 
significant differences in their frequency, while there were 
differences in 2 of 10 driver genes among the TNBC 
and HR+/HER2+, but none in the HR-/HER2+ patients 
in our cohort compared to the TCGA data. Thus, the 
HR+/HER2- cohort of Chinese breast cancer exhibited a 
significantly higher mutation frequency in TP53 (P=0.003), 
GATA3 (P<0.006), AKT1 (P<0.001), NF1 (P=0.020), MYC 
(P=0.044) and EGFR (P=0.031), but had a lower frequency 
in CDH1 (P=0.002) and AKT3 (P=0.034) as compared to 
the TCGA data (Figure 2C). More importantly, we found 
that the composition of TP53 mutation type differed most 
significantly in HR+/HER2- subgroup (Figure 2C and 
Figure S1) since the majority of TP53 mutations (70.6%) 
were missense in TCGA cohort, but only 36.2% in our 
cohort (P<0.001). This finding demonstrates that more 
than half of TP53-mutant HR+/HER2- Chinese patients 
are likely to harbor nonsense, indels or splicing mutations 
in TP53, the mutation types of which have been reported 
to result in a more significant loss of p53 protein compared 
to missense mutation (29). Among the HR+/HER2+ 
group, our cohort of Chinese breast cancer patients had a 
significantly higher mutation frequency in TP53 (P<0.001) 
and TOP2A (P=0.002) compared to the TCGA data  
(Figure 2C). In the HR-/HER2+ group, GDPH and TCGA 
cohorts showed a comparable mutation frequency across all 
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Table 2 Genomic features in clinically-defined subgroups from GDPH cohort

Variables
HR+/HER2-(n=196) HR+/HER2+ (n=56) HR-/HER2+ (n=28) TNBC (n=25)

P
No. (%) No. (%) No. (%) No. (%)

Age [median, range] 48 [24–78] 48 [30–67] 48 [27–69] 47 [28–82] 0.957

≤50 years 108 55.1 33 58.9 15 53.6 14 56.0

>50 years 88 44.9 23 41.1 13 46.4 11 44.0

Menopausal status 0.775

Pre-menopause 111 56.6 36 64.3 16 57.1 14 56.0

Post-menopause 85 43.4 20 35.7 12 42.9 11 44.0

LN status 0.265

Positive 80 40.8 30 53.6 15 53.6 12 48.0

Negative 116 59.2 26 46.4 13 46.4 13 52.0

TNM stage 0.302

I–II 149 76.0 40 71.4 17 60.7 20 80.0

III–IV 47 24.0 16 28.6 11 39.3 5 20.0

Pathological type 0.627

IDC 164 83.7 50 89.3 26 92.9 21 84.0

ILC 8 4.1 0 0.0 0 0.0 1 4.0

Others 24 12.2 6 10.7 2 7.1 3 12.0

Histologic grade <0.001
#

G1 21 10.7 2 3.6 0 0.0 0 0.0

G2 102 52.0 28 50.0 6 21.4 7 28.0

G3 65 33.2 26 46.4 21 75.0 15 60.0

Missing 8 4.1 0 0.0 1 3.6 3 12.0

TP53 <0.001
#

Wild-type 141 71.9 19 33.9 3 10.7 5 20.0

Mutant 55 28.1 37 66.1 25 89.3 20 80.0

PIK3CA 0.034
#

Wild-type 106 54.1 38 67.9 15 53.6 20 80.0

Mutant 90 45.9 18 32.1 13 46.4 5 20.0

GATA3 <0.001
#

Wild-type 149 76.0 49 87.5 28 100.0 25 100.0

Mutant 47 24.0 7 12.5 0 0.0 0 0.0

ERBB2 <0.001
#

Wild-type 192 98.0 7 12.5 2 7.1 25 100.0

Mutant 4 2.0 49 87.5 26 92.9 0 0.0

Table 2 (continued)
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genes listed. In the TNBC group, there was no difference 
in TP53 mutation frequency, but the GDPH cohort 
had a higher mutation frequency in NF1 (P=0.010) and 
PIK3CA (P=0.022) (Figure 2C). Collectively, these findings 
provide new insights into understanding the differences 
and similarities of genomic features between Chinese and 
western patients among the HR+, HER2+ and TNBC 
breast cancer. 

The spectrum of TP53 mutation in Chinese breast cancer 
patients 

The difference in TP53 mutation frequency was the most 
significant differences between the Chinese and TCGA 
cohorts. The percentage of patients harboring TP53 
mutation in each age group was shown in Figure 3A.  
Overall, significantly more patients in the Chinese cohort 
harbored TP53 mutations (P<0.001) comparing to the 
TCGA cohort. This difference was most prominent 
in patients younger than 40. When we compared the 

percentage of patients with TP53 mutation, the Chinese 
cohort had significantly higher TP53 mutation frequency 
among the HR+/HER2- group (GDPH 28.7% vs. TCGA 
17.4%; P=0.004) and the HR+/HER2+ (GDPH 66.1% vs. 
TCGA 30.3%; P<0.001) group (Figure 3B). Interestingly, 
HR+/HER2+ patients in the Chinese cohort were 
significantly more likely to harbor TP53 mutation than 
HR+/HER2- patients (P<0.001), suggesting TP53 mutation 
frequency significantly varied by HER2 status. However, 
this phenomenon was only observed in HR+ tumors, but 
not in HR- tumors (Figure 3B). 

In the GDPH cohort, we identified a total of 139 
mutations in the TP53 gene. As previously reported 
(29,30), the distribution of the mutations was nonuniform 
across the gene (Figure 3C). The conserved regions of 
exons 5–8 harbored 78% (n=108) of the mutations, the 
majority of which were missense mutations (n=67) and 
predominantly clustered in the DNA-binding domain of the 
protein. Approximately 22% of mutations (n=31) resided 
outside exons 5–8, with 9.4% and 7.2% in exon 4 and 10, 

Table 2 (continued)

Variables
HR+/HER2-(n=196) HR+/HER2+ (n=56) HR-/HER2+ (n=28) TNBC (n=25)

P
No. (%) No. (%) No. (%) No. (%)

AKT1 0.003
#

Wild-type 173 88.3 56 100.0 28 100.0 25 100.0

Mutant 23 11.7 0 0.0 0 0.0 0 0.0

TOP2A <0.001
#

Wild-type 196 100.0 39 69.6 23 82.1 25 100.0

Mutant 0 0.0 17 30.4 5 17.9 0 0.0

MYC 0.001
#

Wild-type 155 79.1 43 76.8 22 78.6 15 60.0

Mutant 41 20.9 13 23.2 6 21.4 10 40.0

NF1 <0.001
#

Wild-type 186 94.9 55 98.2 27 96.4 19 76.0

Mutant 10 5.1 1 1.8 1 3.6 6 24.0

BRCA1 0.001
#

Wild-type 195 99.5 54 96.4 28 100.0 22 88.0

Mutant 1 0.5 2 3.6 0 0.0 3 12.0

Based on the Pearson χ
2
 test, the P value is calculated using Fisher’s exact test; 

#
, P value<0.05. Copy number changes of PIK3CA, NF1, 

and BRCA1were classified into wild-type group in this analysis. LN, lymph node; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular 
carcinoma.
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Figure 2 Comparison of mutational spectrum between Chinese and TCGA cohorts. (A) The frequency of gene alterations in GDPH and 
TCGA cohorts. Astringent false discovery rate (FDR; q-value) <0.05 was used, and genes in which mutations showed a significant difference 
in frequency between the two cohorts are labels as an orange color. (B) The composition of TP53 mutation types in GDPH and TCGA 
cohorts is shown, and the proportion of missense mutation is compared between the two cohorts using the Chi-square test. (C) Differences 
in mutation frequencies between Chinese and Caucasians (obtained from TCGA). Mutations occurring in more than 10% of patients in at 
least one subgroup were selected. For each gene, the left bar represents data obtained from our cohort; right bar represents TCGA data. 
Fisher’s exact test was used to assess differences in mutation frequencies between the two cohorts. A P value less than 0.05 and odds ratio 
greater than 2 or odds ratio less than 0.5 were listed. Stars (*) denote statistically significant difference between the two cohorts. 
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Figure 3 The spectrum of TP53 mutation in Chinese breast cancer patients. The distribution of TP53 mutations is grouped by the age 
of breast cancer onset (A) and clinically-defined subgroups (B). The mutation frequencies for TP53 in GDPH and TCGA cohorts are 
compared using Fisher’s exact test. Stars (*) denote statistically significant difference (P<0.05). (C) Lollipop diagram depicts the type 
and location of TP53 mutation in our cohort (top) and TCGA cohort (bottom). Different types of mutations were colored by different 
colored dots, and each colored dots represents one TP53 mutation. The number of patients with a specific mutation was also listed in the 
parenthesis. 

respectively. However, almost all of mutations occurring 
outside exons 5–8 were non-missense mutations (n=29), 
including 13 inframe or frameshift indels, 11 nonsense and 
5 splicing mutations. We further compared the landscape 
of TP53 non-synonymous mutation distribution in Chinese 
breast cancer patients and TCGA cohort (Figure 3C).  
Although these distributions looked very similar, the 
mutational hotspots differed between the two cohorts. For 
example, the most frequent TP53 mutation in our cohort 
occurred at codon 248 (R248W/Q; n=8), whereas R175H 
was the most common mutation in the TCGA cohort (n=7). 
Additionally, the second hotspot resided at codon 193 in 
the TCGA cohort (H193R/L; n=6), while only one H193L 
mutation was observed in our GDPH cohort (Figure 3C). 

Collectively, we identified a total of 25 codons that were 
recurrently mutated in our cohort (Table 3). In addition to 
six of previously reported “major hotspot” codons (175, 
213, 245, 248, 273 and 282) that comprise each at least 
2% of all mutations (30), mutational hotspots were also 
frequently observed in codons 242 (n=4), 278 (n=4) and 342 
(n=5). Intriguingly, only 11 of splicing mutations in TP53 
were identified in our cohort, but each 3 of them were 
located at relatively poorly-defined codons 261, 307 and 
331, respectively (Table 3). The results suggest that these 
specific recurrent mutations might confer selective growth 
advantage during the development and/or dissemination 
of breast cancer. Taken together, these findings provide 
essential information to improve our understanding of 
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genomic differences in breast cancer across races/ethnicities.

Discussion

Extensive efforts have been made in comprehensive genomic 
sequencing of breast cancer tumors, further highlighting 
the genomic complexity in this heterogeneous disease. 
Racial diversity has been shown to be intimately associated 
with the pathogenesis of cancer (31). A prototypic example 
is the relatively high prevalence of EGFR mutation in Asian 
patients with lung adenocarcinoma (32). As described 
previously (15), only ~6% of breast tumors in TCGA are 
from Asian patients, suggesting that Asian patients are 
significantly under-represented in this publicly available 
database. Therefore, ethnic diversity may have a potential 
impact on the generalizability of the TCGA profiles to 
Asian breast cancer patients. 

In the present study, we thus investigated the landscape 
of non-synonymous genomic mutations and CNAs of 33 
cancer genes by using NGS methodology and established 
the genomic profiles of frequently altered cancer genes in 
Chinese breast tumors. In our GDPH cohort, the most 
frequently mutated gene was TP53 (45%), followed by 
PIK3CA (44%), GATA3 (18%), MAP3K1 (10%), whereas 
the copy-number amplifications were frequently observed 
in genes of ERBB2 (24%), MYC (23%), FGFR1 (13%) and 
CCND1 (10%). Among the 8 most frequently mutated 
or amplified genes, at least one driver was identifiable 
in 87.5% (n=267) of our GDPH cohort, revealing the 
significant contribution of these known driver genes in 
the development of Chinese breast cancer. This finding 
provides valuable genomic information for a future 
translational study focusing on the Chinese patients 
and ultimately should improve our understanding of 
pathogenesis and aggressive biological behavior of Chinese 
breast cancer.

Compared to the TCGA data, Chinese breast cancer 
patients had a significantly higher frequency of TP53 
mutation (45% vs. 30%; q<0.001).This comparison 
seems valid since other studies consistently report a 
mutation frequency around 30% for the TP53 gene in 
western patients with primary breast cancer (4,9,33-35). 
Furthermore, we found a composition difference between 
the Chinese and TCGA cohorts, especially among HR+/
HER2- group, in which Chinese breast cancer patients 
had significantly more non-missense mutations (inframe 
or frameshift indels, nonsense, and splicing), whereas 
missense mutation was the predominant mutation in TCGA 

cohort. To date, multiple studies have revealed a significant 
association between TP53 mutation and unfavorable 
prognosis in a number of cancer types, including breast 
cancer (12,29,36). It has been further reported that the 
type of non-missense mutation in TP53 is more strongly 
associated with poor survival than missense mutation in 
breast cancer (11,37), implicating differential clinically 
significance for TP53 mutation type and position (30). 
However, whether the relatively higher proportion of TP53 
non-missense mutation, at least in part, contributes to the 
earlier onset of disease in Chinese patients merits further 
investigation.

In addition to TP53 gene, our Chinese cohort had a 
significantly lower mutation frequency in CDH1 (5% vs. 
13%; q=0.036), but had a higher mutation prevalence for 
AKT1 (8% vs. 1%; q<0.001) and GATA3 (18% vs. 10%; 
q=0.036) when compared to the TCGA cohort. A further 
comparison revealed all of these differences occurred 
in HR+/HER2- subgroup (Figure 2C). As previously 
described (38,39), comprehensive comparison of the 
molecular portraits in different histopathologic types has 
demonstrated that CDH1 mutations are the best known 
ILC genetic hallmark (~65%), while GATA3 mutations 
are predominantly observed in luminal IDC than in ILC. 
Therefore, these differences in mutation prevalence of 
CDH1 and GATA3 might be attributable to the lower 
incidence of ILC in Chinese breast cancer (22). However, 
the histopathologic differences could not explain the 
significantly higher prevalence for AKT1 gene in our 
cohort, because AKT1 is more frequently mutated in 
ILC than in IDC (39). Of note, it has been reported that 
AKT1 E17K mutation occurs only in ~3–5% of western 
patients with primary HR+ breast cancer (4,6,9,10,34), 
but is significantly enriched in >10% of recurrent and 
metastatic samples (12,40). Recently, AKT1 mutation has 
been reported to be correlated with increased risk of early 
relapse (39), consistently implying the oncogenic potential 
for AKT1 E17K in driving the aggressive behavior and/
or in conferring the resistance to conventional therapy of 
breast cancer (41). Here, we report a significantly higher 
prevalence for AKT1 mutation, occurring in 13% of 
Chinese patients with primary HR+/HER2- tumors. This 
finding is in agreement with ~11% of HR+/HER2- patients 
with AKT1 alteration in a recent report from China (42). 
Given the higher prevalence of AKT1 mutation in Chinese 
breast cancer and the success of AKT-targeted therapies 
(43,44), we recommend setting priorities for clinical trial 
development in Chinese patients with high risk of relapse 
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Table 3 Recurrent TP53 mutations in GDPH cohort

Position (codon) DNA/base change Protein/amino acid change Exon Type of mutation No. of altered cases

135 c.403dup p.C135fs 5 Frameshift 2

141 c.420del p.C141fs 5 Frameshift 1

c.422G>A p.C141Y 5 Missense 1

157 c.468del p.V157fs 5 Frameshift 1

c.470T>A p.V157D 5 Missense 1

173 c.517G>T p.V173L 5 Missense 2

175
#

c.524G>A p.R175H 5 Missense 5

183
#

c.548C>G p.S183* 5 Nonsense 3

192 c.574C>T p.Q192* 6 Nonsense 2

195
#

c.584T>C p.I195T 6 Missense 3

205 c.613T>C p.Y205H 6 Missense 1

c.614A>G p.Y205C 6 Missense 1

213
#

c.637C>T p.R213* 6 Nonsense 2

c.638G>T p.R213L 6 Missense 1

215
#

c.644G>T p.S215I 6 Missense 2

c.643_645dup p.S215dup 6 Inframe 1

220 c.659A>G p.Y220C 6 Missense 2

236
#

c.704_709del p.N235_Y236del 7 Inframe 1

c.707A>G p.Y236C 7 Missense 1

c.708C>A p.Y236* 7 Nonsense 1

242
#

c.723Cdel p.C242fs 7 Frameshift 2

c.725G>A p.C242Y 7 Missense 2

244
#

c.730G>A p.G244S 7 Missense 1

c.730G>T p.G244C 7 Missense 1

c.727_732dup p.G244_G245insMG 7 Inframe 1

245
#

c.733G>A p.G245S 7 Missense 2

c.734G>T p.G245V 7 Missense 2

248
#

c.743G>A p.R248Q 7 Missense 6

c.742C>T p.R248W 7 Missense 2

261
#

c.782+1G>T X261_splice 7 Splice 1

c.783-19_786delinsA X261_splice 8 Splice 1

c.783-26_795del X261_splice 8 Splice 1

273
#

c.818G>A p.R273H 8 Missense 3

c.817C>T p.R273C 8 Missense 1

Table 3 (continued)
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Table 3 (continued)

Position (codon) DNA/base change Protein/amino acid change Exon Type of mutation No. of altered cases

275 c.823T>C p.C275R 8 Missense 1

c.823T>G p.C275G 8 Missense 1

278
#

c.832C>T p.P278S 8 Missense 2

c.833C>A p.P278H 8 Missense 1

c.833C>G p.P278R 8 Missense 1

282
#

c.844C>T p.R282W 8 Missense 3

307
#

c.919+1G>T X307_splice 8 Splice 1

c.920-1G>C X307_splice 9 Splice 1

c.920-1_920GCdelinsTT X307_splice 9 Splice 1

331
#

c.991C>T p.Q331* 9 Nonsense 1

c.993+1G>A X331_splice 9 Splice 1

c.993+2T>A X331_splice 9 Splice 1

c.994-1G>A X331_splice 10 Splice 1

342
#

c.1024C>T p.R342* 10 Nonsense 3

c.1025del p.R342fs 10 Frameshift 1

c.1024del p.R342fs 10 Frameshift 1
#
, ≥3 altered cases in our cohort; *, indicate the nonsense mutation. 

or metastasis due to AKT1 mutation.
There are a few limitations associated with this study. 

Although we also identified several significant differences 
between Chinese and TCGA cohorts, such as higher 
prevalence for PIK3CA and NF1 alterations in Chinese 
TNBC group, limited sample size had hindered us from 
achieving a robust comparison between the two cohorts. 
Additionally, the prognostic values of frequently altered 
genes, such as TP53 mutation, AKT1 mutation, and MYC 
amplification, need to be confirmed using our cohort 
once the disease-free survival or overall survival data is 
more mature. Since it is a single center study using a 33-
gene panel, further investigation is needed to validate our 
findings in a multi-center prospective trial by using a larger 
NGS-based panel.

Conclusions 

In conclusion, we investigated the prevalence of 33 cancer 
genes and characterized the genomic mutational profiles 
of frequently altered genes in Chinese breast tumors, thus 
generating distinctive genomic features associated with 

clinically-defined subgroups in Chinese patients. More 
importantly, we further compared the mutational spectrum 
between Chinese and Caucasian patients, showing a 
significantly higher prevalence for TP53 and AKT1 in the 
Chinese population. The significant genomic differences 
between Asian and Caucasian patients, especially for TP53 
mutations, merit further investigation. These results 
should improve our understanding of pathogenesis and/or 
metastatic behavior of breast cancer across races/ethnicities.
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Supplementary

TP53 mutation types in HR+/HER2- subgroup (p<0.001)

Supplementary Figure S1

TP53 mutation types in HR+/HER2- subgroup (P<0.001)
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Figure S1 A significantly higher non-missense mutation for TP53 in Chinese HR+/HER2- patients. The composition of TP53 mutation 
types in HR+/HER2- subgroup is shown, and the proportion of non-missense (frameshift, inframe, nonsense and splicing) mutation is 
compared between GDPH and TCGA cohorts using Fisher’s exact test.


