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Figure 13. The correlations between the mRNA expression of CHEK1 and

level of methylation.

Figure 14. The relationships between the mRNA expression of CHEK1 and

specific copy-number alterations.

genetic alterations and their prognostic value
in BC patients were determined using the
1,098 sequencing BC data samples provided
by the TCGA database. The OncoPrint schemat-
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ic (Figure 12A) construed by
cBioPortal suggested that CH-
EK1 was altered in 92 (8%) of
the 1,098 sequencing cases,
including one case of mis-
sense mutation, one case of
amplification, one mixed case
of deep deletion and truncat-
ing mutation, four cases of
down-regulation, nine cases
of mRNA up-regulation, 15
cases of deep deletion, 29
cases of protein up-regulat-
ion, and 32 cases of protein
down-regulation. Then, the
correlation between these
CHEK1 gene alterations and
overall survival in BC patients
was determined by a survival
curve (Figure 12B), and a
significantly separate trend
was exhibited, indicating that
these CHEK1 gene alterat-
ions were considered risk
factors for BC patients’ prog-
noses. Concerning copy-num-
ber alterations, there was no
remarkable correlation betw-
een them and CHEK1 mRNA
levels (Figure 13). Interes-
tingly, the CHEK1 mRNA le-
vel was negatively associat-
ed with methylation status
(Pearson coefficient = -0.37,
Spearman coefficient = -0.25)
(Figure 14).
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frequently altered neighbor-

ing genes of CHEK1 in BC’s

gene regulation network were

obtained from cBioPortal (Ta-

ble 5); then the PPI networks

were constructed by STRING

to show the links between

these 51 genes (Figure 15).

Consequently, the 51 genes

were annotated in different

GO terms. For the GO path-

ways in the biological process, the genes were

clearly enriched in protein-serine phosphoryla-

tion, protein autophosphorylation, regulation of

cellular response, and GO to G1 transition
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Table 5. The 50 most frequently altered neigh-
bor genes of CHEK1 in the BC gene regulation
network

AKT3 MOS TAOK2  CWC25 PSKH2
ARHGEF2 MED1 TFDP1 DDX19A  RADOSA
BUD13 NEK8 TLK2 EPRS RB1

CAMSAP2 NUAK2 TN ERN1 RBM26
CDC42BPA NUP153 UBE2T FAAP100 RFC4

CHD7 OBSCN UHMK1 KPNA2 RIPK2
CHTOP PDPK1 ~ WNK1 LAMC1 RPA1
CKS1B POP4  XRCC6 LMNA RPL19
CTR9 PRPF3 YWHAZ MDM4 RPS6KC1
CTTN PRRC2C ZNF395 SMG1 SRRM2

(Figure 16A). Regarding the molecular func-
tions, these genes were obviously linked to pro-
tein serine/threonine kinase activity, protein
domain specific binding, and telomeric DNA
binding (Figure 16B), and, for cellular function,
these genes were annotated in the same path-
ways as those of the molecular functions
(Figure 16C). Additionally, five significant path-
ways were achieved by the KEGG analysis, and,
interestingly, several of them were closely relat-
ed to the occurrence and development of
human cancers, such as the cell cycle and the
MAPK signaling pathway (Table 6; Figure 17). A
total of four genes involved in the cell cycle
pathway (CHEK1, RB1, YWHAZ, and TFDP1),
and their interactions and correlations are dis-
played in Figure 18. The expression level of
CHEK1 mRNA was positively correlated to
YWHAZ and TFDP1 but negatively correlated to
RB1.

Discussion

In recent years, high-throughput RNA sequenc-
ing technology has been widely applied to
investigate the underlying mechanism of hu-
man cancers based on genome-wide associa-
tion analysis [27]. Consequently, many differ-
ently expressed genes are identified and fur-
ther proven to greatly contribute to tumo-
rigenesis [28]. They are also considered effi-
cient biomarkers for the early diagnosis and
prognosis of human cancers with immensely
applicative prospects.

As previously reported, we observed that CH-
EK1 is differently expressed in various types of
human cancer-such as cervical cancer, gastric
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cancer, etc.-by examining a wide array of extant
literature. Several studies, utilizing the immu-
nohistochemical method, have detected a sig-
nificant overexpression of the CHEK1 protein in
cervical cancer tissues, as compared to normal
and inflammatory cervical tissues. Also, in cer-
vical cancer, the highly-expressed CHEK1 pro-
tein has been related to the differentiation
degree, but does not show relationships with
age, pathological types, and clinical stages.
Overexpressed CHEK1 protein is also discov-
ered in gastric cancer patients, and the patients
with a highly-expressed CHEK1 protein are
more likely to face a high risk of advanced his-
tological grade stages and lymph node metas-
tasis [29-31]. Beyond this, research has also
reported that the CHEK1 protein is highly
expressed in triple-negative breast cancer, and
its levels are closely related to the pathological
grades [14]. What's more, MK-8776 and AZD-
7762 are found to be targets of CHEK1 for radi-
ation therapy for triple-negative breast carci-
noma, directly suggesting the important role of
CHEK1 in the pathogenesis of breast cancer
[32, 33]. However, to date there are few com-
prehensive studies to systemically illustrate the
expression and clinical value of CHEK1 in BC
patients.

In this study, we determined the high expres-
sion of CHEK1 mRNA levels in BC tissues with
large samples based on integrating the GEO
and TCGA databases. The results of TCGA and
singular microarrays, as well as the meta-anal-
ysis, ensured the credibility of CHEK1 mRNA
up-regulation in BC tissues, which suggests
that overexpressed CHEK1 mRNA might pro-
mote the occurrence of BC. It was also revealed
that up-regulated CHEK1 could serve as an
independent risk biomarker in BC patients’
prognoses, while the genetic alterations of
CHEKZ1 could be considered risk factors in
prognosis. A diagnostic meta-analysis suggests
the notable ability of CHEK1 mRNA to distin-
guish BC tissues from non-BC tissues, which
provides a helpful, important reference for fur-
ther prognosis and diagnosis in BC patients.
Furthermore, according to the IHC results, we
also confirmed that high-level CHEK1 protein
existed in the 45 selected cases of BC tissues,
as compared to adjacent breast tissues.
Nevertheless, we did not discover any relation-
ships between the CHEK1 protein and relevant
clinical features, which can likely be attributed

Int J Clin Exp Pathol 2019;12(1):1-20
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Figure 15. PPl network showing the links between CHEK1 and the 50 most frequently altered neighbor genes of
CHEK1 in the BC gene regulation network. Each network node represents one kind of protein; the edges stand for
protein-protein associations; and the disconnect nodes are hidden in the network exhibition.

to the limited number of experimental samples.
In the future, more experiments should be per-
formed, based on the circulating level, to vali-
date the potential application of the CHEK1
mRNA and protein in diagnosing BC patients.

According to previous studies, CHEK1 is a high-
ly conserved protein kinase in the process of
biological evolution, and it exerts an essential
influence in regulating cell cycle checkpoints
caused by DNA damage. Its overexpression
may serve a key function among a variety hu-
man cancer mechanisms [34-36]. However, the
specific mechanism of CHEK1 in BC patients
should be further classified. Since a gene gen-
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erally exerts its specific influences by targeting
a diverse range of co-expressed genes, we col-
lected the 50 most frequently altered neighbor
genes of CHEK1 in the BC gene regulation net-
work to better reveal CHEK1's molecular mech-
anism. After KEGG analysis, it is evident that
these relevant genes are annotated in five
pathways, among which the cell cycle and the
MAPK signaling pathways are reported as high-
ly tumor-related pathways in BC onset and
development. Normally, BC occurrence origi-
nates from cell cycle dysregulation, which often
induces abnormal cell proliferation and caus-
es cell functional and morphological changes,
such as the prolongation of cell lifespan and

Int J Clin Exp Pathol 2019;12(1):1-20
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Figure 16. GO analysis and the 50 most frequently altered neighbor genes of CHEK1 in the BC gene regulation
network (P < 0.05). A. Biological process. B. Cellular component. C. Molecular function.
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Table 6. The significant pathways of KEGG analysis

Pathway ID KEGG Pathway P-value (Log10) Genes
Hsa05222 Small cell lung cancer -4.406141973 CKS1B, LAMC1, RB1, AKT3
Hsa04110 Cell cycle -3.748235958 CHEK1, RB1, TFDP1, YWHAZ
Hsa05130 Pathogenic Escherichia coli infection -3.579166794 CTTN, YWHAZ, ARHGEF2
Hsa03460 Fanconi anemia pathway -3.579166794 RPA1, UBE2T, FAAP100
Hsa03460 Fanconi anemia pathway -3.579166794 RPA1, UBE2T, FAAP100
Hsa04010 MAPK signaling pathway -1.698969025 MOS, TAOK2, AKT3

hsa05222: Small cell lung cancer

L L L

hsa04110: Cell cycle

hsa03460: Fanconi anemia pathway

hsa05130: Pathogenic Escherichia coli infection

hsa04010: MAPK signaling pathway

1
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Jlog10(P)
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Figure 17. KEGG pathway analysis and the 50 most frequently altered neighbor genes of CHEK1 in the BC gene

regulation network (P < 0.05).

the suppression of cell apoptosis, further lead-
ing to fatal pathological damage to the human
body [37-39]. The activation of the MAPK sig-
naling pathway is also reported as vital to regu-
lating cell proliferation, growth, and BC migra-
tion [40-42]. An in vitro experiment suggested
that isoalantolactone could suppress BC cell
metastasis and invasion (MDA-MB-231 cell
lines) by inhibiting the p38 MAPK/NF-kB signal-
ing pathway [43]. Therefore, CHEK1 might pro-
mote the development of BC by activating the
cell cycle and the MAPK signaling pathway,
which suggests that CHEK1 could serve as a
potential therapeutic target in chemotherapy
for BC patients.

Despite the discoveries mentioned above,
some limitations in this research still should be
illustrated. First, the potential diagnostic value
of CHEK1 should be validated with more clini-
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cal trials, based on the circulating level, such as
the human serum. Second, the relations be-
tween the CHEK1 protein and the clinicopatho-
logical features must be determined using a
larger number of BC patients. Third, a further
investigation of CHEK1's role in BC should be
performed through in vitro experiments with
the cell lines of CHEK1 knockout.

In the current study, we confirm that both the
CHEK1 mRNA and protein are highly expressed
in BC tissues. The prognostic analysis suggests
that both high-levels of mRNA and genetic
alterations in CHEK1 can be regarded as inde-
pendent or combined prognosis factors, reveal-
ing that those BC patients with high-levels of
CHEK1 mRNA or CHEK1 alterations are more
likely to face unpleasant prognoses. CHEK1
overexpression may also contribute to BC oc-
currence by regulating some specific pathways,

Int J Clin Exp Pathol 2019;12(1):1-20
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Figure 18. Interactions and correlations of related genes in the cell cycle pathway. A. PPI of related genes. B. Cor-

relations between CHEK1 and RB1. C. YWHAZ. D. TFDP1.

such as the cell cycle and the MAPK signaling
pathway. In the future, more studies are need-
ed to confirm the current results.
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