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Abstract: Breast cancer (BC) is a kind of malignant cancer that seriously threatens women’s health. Research sci-
entists have found that BC occurs as the result of multiple effects of the external environment and internal genetic
changes. Cell cycle checkpoint kinase 1 (CHEK1) is a crucial speed limit point in the cell cycle. Alterations of CHEK1
have been found in various tumors but are rarely reported or verified in BC. By mining database information, a large
amount of mRNA and protein data was collected and meta-analyzed. Also, in-house immunohistochemistry was car-
ried out to validate the results of the CHEK1 expression levels. Relative clinical features of BC patients were calcu-
lated with the CHEK1 expression levels to determine their diagnostic value. The mRNA levels of CHEK1 were higher
in 1,089 cases of BC tissues than in 291 cases of non-BC tissues. We observed that the mRNA levels of CHEK1
are related to the clinical stages of BC patients (P = 0.008) and are also significant for overall survival (HR = 1.6, P
= 0.0081). Using the immunohistochemistry method, we calculated and confirmed, using Fisher’s exact test (P <
0.001), that a high-level CHEK1 protein is exhibited in BC tissues. Overexpressed CHEK1 mRNA promotes the oc-
currence of BC. Also, up-regulated CHEK1 could serve as an independent risk biomarker in BC patients’ prognoses.
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Introduction

Breast cancer is the most common malignant
tumor in women [1-3]. Its incidence involves
many factors-such as diet, fertility, hormonal
imbalance, and living environment-and it is
closely related to multiple lifestyles [4]. At pres-
ent, a considerable number of scientists recog-
nize that the occurrence, development, and
prognosis of breast cancer is an extremely
complicated process, which is related to the
interaction of many factors [5-9]. Most impor-
tantly, individual genetic level changes, induced
by external factors, are a direct determinant of
breast cancer. Currently, there are many meth-
ods for diagnosing breast cancer, including
breast ultrasound, mammography, etc., but
these examinations are limited by tumor size,
poor specificity, and high rates of missed diag-
noses. Although CT and MRI are highly accu-
rate, they are also costly and bring financial

burdens to patients [10]. At present, pathologi-
cal examination is the gold standard for the
diagnosis of breast cancer, and it costs less
than CT and MRI. All breast cancer patients
have their diagnoses confirmed by pathological
examination combined with immunohistochem-
istry after their surgery or biopsy. Therefore, for
early treatment and prognosis judgment to pre-
vent the disease, it is of great clinical signifi-
cance to further study breast cancer’s patho-
genesis and risk factors and to find appropriate
detection markers and treatment targets.

Cell cycle checkpoint kinase 1 (CHEK1) is a con-
served protein kinase found in fission yeast,
and it is a very important speed limit point in
the cell cycle [11-13]. The gene that encodes
CHEKZ1 is located in the fourth region of the
long arm of human chromosome 11 (11g24).
The gene contains 13 exons; the length of cDNA
is 1891 bp; and the molecular weight is 54 kD.
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Figure 1. The mRNA levels of CHEK1 in 33 types of tumor tissues and non-cancer tissues, based on TCGA data. The
red represents the mRNA level of CHEK1 in tumor tissues, and the black represents the mRNA level of CHEK1 in

normal tissues. In the red box is the level of CHEK1 in BC.

As mentioned above, tumors are genetically-
driven diseases occurring under various inter-
nal and external tumorigenic factors. Genes
mutate (such as through DNA rearrangement,
deletion and base modification, etc.), which
leads to abnormal protein expression, uncon-
trolled cell proliferation, and, eventually, carci-
nogenesis [14-16]. Thus, DNA defects can lead
to chromosomal aberrations in the apoptotic
regulation pathways, DNA repair pathways, and
cell cycle detection points. Previous studies
have shown that, because CHEK1 is such an
important speed limiting point in the cell cycle,
its overexpression may be one of the important
mechanisms leading to the development of
human malignant tumors, such as lung, blad-
der, colon, stomach, ovarian, and cervical can-
cers [17-19].

However, at present, few studies have been
done on the relationship between CHEK1 and
breast cancer. Therefore, this study aims to
detect the expression of CHEK1 in breast can-
cer and adjacent tissues through immunohisto-
chemistry-exploring the relationship between
CHEK1 expression in breast cancer and the
clinicopathological factors while paying close
attention to the biological indicators related to
breast cancer. Also, to provide more effective
references for the clinical occurrence, develop-
ment, treatment, and clinical prognosis of
breast cancer, we hope to reach a breakthrough
in the diagnosis and treatment of this disease.

Materials and methods

The validation of the mRNA level of CHEK1 in
breast cancer

The mRNA levels of CHEK1 in breast cancer
and their prognostic significance based on
TCGA data: To investigate the mRNA expres-
sion level of CHEK1 in BC patients, The Cancer
Genome Atlas database (TCGA, https://can-
cergenome.nih.gov/), which includes 1,085 BC
tissues and 291 normal breast tissues, was
used to analyze the difference between CHEK1
mRNA in BC tissues and normal breast tissues,
as well as in different BC clinical stages. The
Gene Expression Omnibus (GEO, https://www.
ncbi.nim.nih.gov/geo/) dataset [20, 21] is a
gene expression database created and main-
tained by the United States’ National Center for
Biotechnology Information (NCBI). The GEO
database is representative because it includes
high-throughput gene expression data submit-
ted by research institutions from around the
world. Gene Expression Profiling Interactive
Analysis (GEPIA, http://gepia.cancer-pku.cn/)
is an online networking tool that visualizes
large amounts of genome data from over
10,000 cancer tissues in databases such as
TCGA and GTEx [22]. GEPIA was applied to visu-
alize the mRNA expression levels of CHEK1 in
various types of cancer. The Kaplan-Meier plot-
ter (http://www.kmplot.com/) tool was also
used to provide survival curves and further
evaluate the prognostic significance of BC
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Figure 2. The mRNA expression levels and survival courses of CHEK1 in both BC and non-BC tissues, based on
TCGA. A. The mRNA expression levels in BC and non-BC tissues; the blue represents the mRNA level of CHEK1
in tumor tissues, and the green represents the level in normal tissues; the black dot represents each individual
expression level. B. The mRNA expression levels in different clinical stages. C. The overall survival curve of CHEK1.
D. The disease-free survival curve of CHEKZ1; the blue line represents high CHEK1 expression, and the green line

represents low CHEK1 expression.

patients’ CHEK1 levels by integrating data from
the TCGA and the GEO.

Chip screening of the GEO database: To further
validate the mRNA levels of CHEK1 in BC tis-
sues, the GEO database was searched for rele-
vant chips using the keyword “breast”. The
chips, or samples, that met the following crite-

ria were included in this study: (1) chips simul-
taneously contained RNA expression data of
both normal breast and BC tissues; (2) chips
were based on human tissues rather than ani-
mal tissues or cell lines; (3) chips contained
expression data of CHEK1 mRNA; (4) the pa-
tients included in chips had not been treated
by chemotherapy, radiotherapy, or any other

Int J Clin Exp Pathol 2019;12(1):1-20
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Figure 3. The prognostic value of CHEK1 expression levels in BC patients constructed using a Kaplan-Meier plotter.
A. Overall survival curve (n = 1402). B. Relapse-free survival curve (n = 3951). The red line represents high CHEK1
expression, and the black line represents low CHEK1 expression.

Table 1. Detailed information on the included GEO chips

GEO ID BC cases Mean = SD (BC) Normal cases Mean £ SD (Normal) P-value TP FP FN TN
GSE5764 10 4.07 £ 2.562 20 3.454 +£2.43 0.5258 6 8 4 12
GSE10797 28 2.843 £ 0.5606 5 2.508 £ 0.4031 0.2127 27 3 1 2
GSE21422 5 5.267 + 0.8651 5 3.177 £ 0.2715 0.0009 5 0 O 5
GSE33692 10 8.857 +0.73 3 6.358 + 4.057 0.065 5 1 5 2
GSE36295 45 6.697 £ 0.8267 5 5.097 + 0.4698 0.0001 41 0 4 5
GSE42568 104 2.77 £0.766 17 2.36 £ 0.1706 0.0306 55 1 49 16
GSE61304 58 5.213 + 0.6262 4 4,137 + 0.3263 0.0013 50 0 8 4
GSE61724 64 7.528 + 0.8075 4 5.549 + 0.6032 <0.0001 56 O 8 4
GSE7904 43 6.354 + 1.171 7 4,984 +0.2128 0.0036 40 1 3 6
GSE10780 42 4.179 + 0.7588 143 3.635 + 0.1508 <0.0001 31 30 11 113
GSE15852 43 8.672 £ 1.154 43 8.436 £ 0.9638 0.308 16 5 27 38
GSE22544 14 4.03 +0.7302 4 3.339 £ 0.6381 0.1073 14 1 O 3
GSE25407 5 5.457 + 0.1552 5 5.43 + 0.1903 0.8094 2 1 3 4
GSE29431 54 4.289 + 0.6965 12 3.572 + 0.2108 0.0008 36 O 18 12
GSE54002 417 5.399 + 0.9674 16 4.3 £0.2051 <0.0001 321 16 96 O
GSE61723 33 1.508 + 0.2752 17 1.208 + 0.2585 0.0005 23 4 10 13
GSE65194 153 4.829 + 1.443 11 3.358 + 0.4556 0.001 112 2 41 9
GSE6883 6 7.749 + 0.9192 3 6.301 + 0.3781 0.0381 6 0 3 3

methods of treatment; (5) the sample’s data
was derived from BC tissues instead of ductal
carcinoma in situ or BC stromal tissues.

Data analysis: After obtaining qualified chips,
all data were normalized to the log2 scale to
better display the data results, and the mean

and standard deviation (SD) of CHEK1 expres-
sion levels were calculated by GraphPad Pri-
sm 7.0 (San Diego, CA, USA). Student’s t-test
was used to verify the statistical differences
between CHEK1 expression in BC and normal
tissues. The receiver operating characteristic
(ROC) curves for each chip were also construct-
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Figure 4. The mRNA expression levels of CHEK1 between BC tissues and normal tissues in each GEO chip (P < 0.05). The blue represents BC tissue, and green
represents normal tissue.
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Sensitivity analysis evaluating the source of heterogeneity.

ed by GraphPad Prism 7.0 to assess the poten-
tial diagnostic value of CHEK1 in BC patients.
In addition, the number of true-positive (TP)
cases, true-negative (TN) cases, false-positive
(FP) cases, and false-negative (FN) cases per
chips were also calculated by IBM SPSS 24.0
(SPSS Inc., Chicago, IL, USA).

Meta-analysis for CHEK1 expression level and
potential diagnostic value: To provide a com-
prehensive assessment of CHEK1 expression
levels in BC and normal breast tissues, a meta-
analysis was performed using Stata 12.0 (Sta-
taCorp, College Station, TX, USA). The fixed
effects model was used if 1> < 50%; conversely,

ents with newly-discovered
breast carcinoma; (3) patients
classified by the fourth edi-
tion of the World Health Orga-
nization (WHO) breast cancer

classification; (4) patients with complete clini-
cal and pathological data; (5) patients with
complete immunohistochemistry (IHC) staining
of estrogen (ER), progesterone (PR), human epi-
dermal growth factor receptor-2 (HER-2), pro-
tein 53 (P53), and antigen Ki-67 (Ki-67); (6)
preoperative patients who had not received any
adjuvant therapy, such as chemotherapy, radio-
therapy, etc.

Judgment principles of immunohistochemistry

Rabbit anti-human CHEK1 monoclonal anti-
body presenting as certified positive control
was provided by the Abcam company (Cam-
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Figure 6. The meta-analysis assessing the expression level of CHEK1 in BC
patients. A. Forest plot of 16 microarrays evaluating the SMD of CHEK1 after
deletion of GSE15852 and GSE61724; B. Begg's test to evaluate the publi-

cation bias of 16 studies (P = 0.334).

bridge, MA, USA), and phosphate buffered sa-
line (PBS) was used as a negative control to
replace the primary antibody. A positive control
and a negative control were provided from the
reagent company for each stain, and all pro-
cesses were strictly carried out according to
the experimental methods of the kit’s instruc-
tions. Positive cells meant that the cells were
localized in the cytoplasm and/or nucleus,
which were stained with shakes of flakes or
granules of light yellow, brownish yellow or tan.
The positive cell rate was the percentage of
positive cells in the total number of cells. The
specimens were independently reviewed by two
specialized pathologists, with a double-blinded

trial to ensure result reliability,
and, if controversial results
were shown in the two pathol-
ogists’ interpretations, a third
pathologist was invited to
review and certify the results.

The IHC results were interpret-
ed by the following criteria: (1)
Score of staining intensity (l):
a. Unstained cell equaled zero
points. b. Light yellow equal-
ed one point. c. Brown-yellow
equaled two points. d. Dark
brown equaled three points.
(2) Score of positive cell rate
(R): The number of positive
cells with high-power fields
under the microscope were
counted by 10 random fields
of view, and then used in the
following formula: the percent-
age of positive staining cells =
(the total amount of positive
cell)/10. a. A positive cell ra-
te below 10% equaled zero
points. b. A positive cell ra-
te between 10% and 30%
equaled one point. c. A posi-
tive cell rate between 31%
and 60% equaled two points.
d. A positive cell rate above
60% equaled three points. (3)
The points gathered from the
percentage of positive cells
and the staining intensity were
added together to obtain a
final score (S). Therefore, S = |
+ R. a. When S = 0-1, it was
considered negative. b. When

S = 2-3, it was considered weakly positive. c.
When S = 4-5, it was considered moderately
positive. d. When S = 6, it was considered
strongly positive.

Statistical analysis

The experimental data were analyzed in IBM
SPSS 24.0. The differences between the ex-
pressions of CHEK1 in the BC tissues and in
the adjacent breast tissues, as well as their cor-
relations with the clinicopathological character-
istics, were calculated by x? or Fisher’s exact
test. All data were considered statistically sig-
nificant with P < 0.05. Additionally, the correla-

Int J Clin Exp Pathol 2019;12(1):1-20
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tions between the CHEK1 protein and clinico-
pathological characteristics were further de-
termined by the Spearman correlation test.

Genetic alterations and co-expressed genes of
CHEK1 in breast cancer

Genetic alterations and the corresponding
prognosis of CHEK1 in breast cancer: The cBio
Cancer Genomics Portal (cBioPortal, http://
www.cbioportal.org/) provides a comprehen-
sive analysis of genomic, clinical, and related
patient data by linking various databases
around the world [20, 23, 24]. The OncoPrint
schematic (TCGA Provisional) was constructed
by cBioPortal to reveal CHEK1 genetic altera-
tions of CHEK1, counting the types and num-
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1.00 [0.48 - 1.00] ed |ntU|.t|ver. In addition, the
0.67[0.09 - 0.99] correlations between mRNA
1.00 [0.48 - 1.00) . f CHEK1 d
0.40 [0.05 - 0.85) expression O an
0.60[0.36 - 0.81) methylation, as well as copy-
1.00 [0.29 - 1.00) .

number alterations, were also
0.85[0.67 - 0.94)

SENSITIVITY (95% CI)

explored based on TCGA se-
quencing data.

Acquisition of co-expressed
genes and gene function an-

0.73 [0.65 - 0.80] i
0.70 (051 - 0.84] notation: To further explore
gglg;g-gg;l the underlying mechanisms
040%005:035; of CHEK1 in BC patients, the
1.00 [0.77 - 1.00] -
037 [023- 053] co expressed genes of CHEK1
0.74 [0.58 - 0.86] in BC were obtained from
0.93[0.81 - 0.99] i
0.88(0.77 - 0.94] cBioPortal, foIIowgd by Gene
0.86 (0.75 - 0.94] Ontology (GO) enrichment and
8.3?}3_33:8_32} the Kyoto Encyclopedia of
?%}813'?%} Genes and Genomes (KEGG)
0.96 [0.82 - 1.00] pathway analyses provided by
0.60[0.26 - 0.88] . .
1.00(0.54 - 1.00] Metascape [25], which |§ a
web-based gene annotation
0.79[0.69 - 0.87]

tool last updated on August
1, 2018. We then used STR-
ING [26] (https://string-db.
org/cgi/input.pl?sessionld=
sideZmeD7uyT&input_page_
show_search=on), a function-
al protein association con-

structing network, to construct protein-protein
interaction (PPI) networks to show the relation-
ships among the proteins.

Results

The validation of CHEK1 mRNA level and its
clinical value in breast cancer

mRNA level of CHEK1 and its prognostic sig-
nificance in breast cancer: Based on TCGA
data, the mRNA levels of CHEK1 in 33 types
of human cancer are shown in Figure 1, from
which a consistent expressing trend was ob-
served, indicating that higher CHEK1 mRNA
levels were exhibited in different types of can-
cers compared with normal tissues, except for
acute myeloid leukemia (LAML). As for BC pati-

Int J Clin Exp Pathol 2019;12(1):1-20
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Figure 9. The sROC curve evaluating the potential diagnostic value of CHEK1
in distinguishing BC tissues from normal breast tissues. The X-axis repre-

sents specificity and the Y-axis represents sensitivity.

Table 2. The clinicopathological features from the 45 selected

breast carcinoma patients

— - 95% Confidence Elipse

relapse-free survival (HR =
1.57, P <0.001) (Figure 3B) in
BC patients.

Observed Data
ummary Operating Point

R B o]
Further validation of CHEK1
mRNA level and its diagnos-
tic value in breast cancer
by GEO chips: Altogether, 18
chips were enrolled in this
research, according to the
inclusion criteria (Table 1).
Among those 18 chips, 12
suggested that the CHEK1
MRNA level was greatly up-
regulated in the BCRA tissu-
es with P < 0.05 (Figure 4).
The results of meta-analysis
also suggested that CHEK1
mMmRNA was obviously overex-
pressed in the BC tissues
with a moderate heterogene-
ity (SMD = 1.10, 95% CI: 0.80-
1.40, I? = 66.3%) (Figure 5A).
According to the sensitivity

SROC Curve
AUC =0.88 [0.85-0.90)

-+ 95% Prediction Elipse

Clinicopathological features Groups Cases Percentage (%) analysis (Figure 5B), two stu-
Age (year) <50 23 46.0 dies (GSE15852 and GSE61-
> 50 29 44.0 Z2|4) were cor;sri]d(:red potgtn-

ial sources of heterogeneity.

Histological grade : . 200 After removing these t%vo Stli/-
I 37 74.0 dies, the heterogeneity decre-

I 7 14.0 ased to 33.9%, and a results

Lymph node metastasis Yes 25 55.6 consistent result to the afore-
No 20 44.4 mentioned was also shown

Molecular types Luminal A 23 51.1 (SMD = 1.11, 95% CI. 0.93-
Luminal B 12 26.7 1.29) (Figure 6A). Begg’s fun-

HER-2 5 111 nel plot .ind.i(?ated that' thgre

Triple-negative 5 111 was no significant publication

ents, the mRNA level of CHEK1 was obviously
higher in the BC tissues (1,089 cases) than in
the non-BC tissues (291 cases) (Figure 2A).
The mRNA level of CHEK1 was also related to
the clinical stages of BC patients (P = 0.008)
(Figure 2B). Concerning the prognostic value, a
remarkable prognostic significance of CHEK1
mRNA was shown in a survival curve for overall
survival (OS) based on the 1,089 BC patients
(HR = 1.6, P = 0.0081) (Figure 2C), but a rela-
tionship between the CHEK1 mRNA levels and
disease-free survival (DFS) in BC patients was
not found (Figure 2D). Similarly, the results ac-
hieved from larger cohorts, which integrated
TCGA and GEO data, also suggested that CH-
EK1 mRNA might act as a potential prognos-
tic indicator to predict situations of overall
survival (HR = 1.53, P < 0.001) (Figure 3A) and
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bias (Figure 6B), which further
validated the overexpression
of CHEK1 mRNA in BC tissues. Concerning the
potential diagnostic value of CHEK1 mRNA in
BC patients, 12 ROC curves with statistical sig-
nificance are displayed in Figure 7. The small-
est area under the curve (AUC) was 0.7285,
originating from GSE7904, and the AUC from
the summary ROC (sROC) (Figure 9) curve was
0.88, with a sensitivity of 0.79 and a specificity
of 0.85 (Figure 8), indicating a notable signifi-
cance of CHEK1 mRNA in distinguishing betw-
een BC tissues and non-BC tissues.

The validation of CHEK1 protein and its clinical
value in breast cancer

Information from experimental samples: Accor-
ding to the criteria mentioned above, 45 cases
of breast carcinoma were enrolled to validate

Int J Clin Exp Pathol 2019;12(1):1-20
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Figure 10. Expression levels of CHEK1 protein in BC. (A, B) CHEK1 expres-
sion is (+++) in breast cancer; (C, D) CHEK1 expression is (-) in breast can-
cer. (A and C) original magnification x 20; (B and D) original magnification
x 100).
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Table 3. The differences of the CHEK1 protein in the 45 BC tissues
and 15 adjacent tissues

Adjacent (n = 15) BC (n = 45) Sum (n = 60)
CHEK1 (-) 10 (66.7%) 5 (11.1%) 15 (25.0%)
CHEKL1 (+) 5 (33.3%) 2 (4.4%) 7 (11.7%)
CHEKZ (++) 0 (0%) 35 (77.8%) 35 (58.3%)
CHEKZ (+++) 0 (0%) 3 (6.7%) 3 (5.0%)

Fisher’s exact test: P < 0.001.

Figure 11. Expression levels of CHEK1 protein in paraneoplastic breast epi-
thelial tissues. A, C. CHEK1 expression is (+) in breast epithelial tissues; B,
D. CHEK1 expression is (-) in breast epithelial tissues (original magnification
x 10).

CHEK1 protein levels (Table
2). Luminal A included 23
cases; luminal B included 12
cases; triple negative included
five cases; and HER-2 overex-
pression included five cases.

CHEK1 protein levels in the
BC tissues and their clinical
significance: Among the 45
cases of experimental sam-
ples, the CHEK1 protein was
positively expressed in 40 ca-
ses (a positive rate of 88.9%).
Of these 40, the CHEK1 pro-
tein was weakly-positively ex-
pressed in two cases (4.4%),
moderately-positively expres-
sed in 35 cases (77.8%), and
strongly-positively expressed
in three cases (6.7%) (Figure
10). Among the 15 samples
of adjacent tissues, only five
(33.3%) showed weakly-posi-
tive expressions of CHEK1
(Table 3; Figure 11). A statisti-
cally significant difference
was observed from Fisher’s
exact test (P < 0.001), sug-
gesting that a high level of
CHEK1 protein was exhibited
in the BC tissues. However, no
statistical significance was
observed to demonstrate the
relations between CHEK1 pro-
tein levels and clinicopatho-
logical features (age, tumor
size, molecular classification,
tumor stages, lymph node
metastasis) in BC patients
(P > 0.05) (Table 4). Interes-
tingly, the CHEK1 protein was
found to be correlated with
tumor stages (P = 0.004),
which is consistent with the
aforementioned result that
the CHEK1 mRNA level was
related to tumor stages in BC
patients.

Genetic alterations and gene
functional annotations

Genetic alterations of CHEK1
and their prognostic signifi-
cance in BC patients: CHEK1's

11 Int J Clin Exp Pathol 2019;12(1):1-20
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Table 4. The correlation between the CHEK1 protein and clinical parameters

Clinical parameters CHEK1 (-) CHEKZ1 (+) CHEKZ1 (++) CHEKZ1 (+++) Sum (n=45) P-value

Menopause status (years) 0.475
Pre-menopause 2 1 8 1 12
Post-menopause 3 1 27 2 33

Molecular sub-types 0.674
Luminal A 2 2 19 0 23
Luminal B 2 0 9 1 12
Triple-negative 0 0 4 1 5
HER-2 1 0 3 1 5

Tumor sizes 0.138
<2cm 3 1 6 1 11
2-5cm 2 1 26
>5cm 0 0 3 0 3

Histological grade 0.544
| 0 0 1 0 1
Il 5 2 30 0 37
1 0 0 4 3 7

Lymph node metastasis 0.642
No 3 1 15 1 20
Yes 2 1 20 2 25

A

Altered in 92 (8%) of 1098 sequenced patients/cases (1098 total)
cHex1 IRINEITENNENNNNIES W’

B Missense Mutation (unknown significance) B Truncating Mutation (unknown significance) I Amplification I Deep Deletion

mRNA Upregulation I] mRNA Downregulation T Protein Upregulation  _ Protein Downregulation

B 100% 4
Bk ® Cases with Alteration(s) in Query Gene(s)
m Cases without Alteration(s) in Query Gene(s)
80%
Logrank Test P-Value: 0.0494
70%
-g: 60%
-
>
D 50%1
e
8 aox
30%4
20%
10% 4
0% v T v T T T v T v T T T T v
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Months Survival
Number of Cases, Total
Cases with Alteration(s) in Query Gene(s) 91 i8
Cases without Alteration(s) in Query Gene(s) 1004 133

Number of Cases, Deceased

No alterations

Figure 12. Genetic alterations
of CHEK1 and their prognostic
significance in BC patients. A.
The OncoPrint schematic re-
vealing the genetic alterations
of CHEK1 in BC patients based
on 1,098 BC sequencing data
provided by the TCGA data-
base. B. Kaplan-Meier cur-
ve evaluating the prognostic
significance between CHEK1
alterations and overall sur-
vival curves based on 1,098
BC patients. The blue line rep-
resents the cases without al-
terations, and the red line rep-
resents cases with alterations.

Median Months Survival
90.77
130.06
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Figure 13. The correlations between the mRNA expression of CHEK1 and
level of methylation.
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Figure 14. The relationships between the mRNA expression of CHEK1 and
specific copy-number alterations.

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).

The co-expressed genes of
CHEK1 in BC and relative sig-
naling pathways: The 50 most
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-

genetic alterations and their prognostic value ways in the biological process, the genes were
in BC patients were determined using the clearly enriched in protein-serine phosphoryla-
1,098 sequencing BC data samples provided tion, protein autophosphorylation, regulation of
by the TCGA database. The OncoPrint schemat- cellular response, and GO to G1 transition

13 Int J Clin Exp Pathol 2019;12(1):1-20
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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

00 05 10 15 20 25 30
Jlog10(P)

35

4.0 4.5

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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