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Abstract: Cyclin-dependent kinase 1 (CDK1) has a unique role in cell cycle regulation, as it is crucial for cell cycle 
progression and cell division. The aim of the present study was to use a combination of various detection methods 
to examine the expression and clinical significance of CDK1 in thyroid cancer (THCA). We used in-house tissue 
microarrays, immunohistochemistry, public RNA-sequencing, gene microarrays, and meta-analyses to conduct a 
comprehensive analysis of the role of CDK1 in the occurrence and development of THCA. CDK1 protein expression 
was notably higher in THCA tissues than in non-cancer tissues as evidenced by the in-house tissue microarrays. The 
expression of CDK1 protein was also significantly higher in pathologic T3-T4 than in T1-T2 samples. The pooled stan-
dardized mean difference (SMD) for CDK1 was 0.71 (95% CI, 0.46-0.95) including a total of 931 THCA and 585 non-
cancerous thyroid tissue samples. An aggregation of the immunohistochemistry results and the RNA-sequencing/
microarray findings gave a pooled SMD for CDK1 expression of 2.13 (95% CI, 1.30-2.96). The final area under curve 
(AUC) for the summarized receiver operating characteristic (sROC) was 0.7941 using all 1102 cases of THCA and 
672 cases of controls. KEGG analysis with the co-expressed genes of CDK1 in THCA demonstrated the top enriched 
pathways to be the cell cycle, thyroid hormone synthesis, autoimmune thyroid disease, etc. In summary, we reveal 
the overexpression of CDK1 in THCA based on multiple detection methods that combine independent cohorts. 
However, further studies are required to elucidate the molecular mechanisms of CDK1 that promotes the biological 
aggressiveness of THCA cells.
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Introduction

Regulation of the cell division cycle is obligato- 
ry in proliferating cells; therefore, cancer cell 
malignancy is inextricably linked to changes in 
cell cycle regulation. Cell cycle progression is 
determined by cyclin-dependent kinases (CD- 
Ks), and the activity of CDKs is precisely con-
trolled by their cooperation with cyclins. CDKs 
belong to the family of serine/threonine kinas-
es that comprise catalytic kinase subunits. 
Numerous cyclins in human cells are expressed 
and degraded in a manner that is stringently 
coordinated with cell cycle progression [1]. 
Human cells have more than 13 diverse CDKs 
and more than 25 cyclins; these can form mul-
tiple CDK-cyclin complexes at distinct stages of 

the cell cycle to exert specific effects on cell 
cycle progression [2]. 

Among all the CDK family members, only CDK1, 
2, 4, and 6 are directly involved in cell cycle 
modification. CDK2, 4, and 6 are not critical for 
the cell cycle, whereas CDK1 has a unique role 
in cell cycle regulation, as it is crucial for cell 
cycle progression and cell division [3]. CDK1 
regulates the G2 phase as part of a complex 
with cyclin A and participates in G2/M conver-
sion by forming a complex with cyclin B. Si- 
lencing of CDK1 incr eases G2/M arrest in the 
cell cycle and can lead to the production of poly-
ploid cells [4]. CDK1 is an important modulator 
of various mitotic processes, including cytoskel-
etal reorganization, chromosome segregation, 
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and daughter cell formation and isolation. De- 
regulation of CDK1 activity leads to serious 
defects in these procedures [5-7].

CDK1 expression is upregulated in several ma- 
lignancies. The upregulation of CDK1 expres-
sion or its activation has been documented in 
glioma [8], oral squamous cell carcinoma [9], 
ovarian cancer [10], colorectal cancer [11] and 
prostate cancer [12]. Therefore, CDK1 expres-
sion is remarkably correlated with the occur-
rence and progression of cancers, making this 
kinase a prospective target for targeted cancer 
therapy aimed at preventing the progression of 
the cell cycle and inducing apoptosis in various 
cancers. Several CDK inhibitors have been de- 
veloped, and their effects have also been test-
ed [13, 14]. However, the expression level of 
CDK1 in thyroid cancer (THCA) and the function 
and potential of CDK1 for targeted therapy in 
THCA have not been resolved. 

By far, the clinical value of CDK1 expression in 
THCA remains largely unclarified. Only two gro- 
ups have reported findings, but these are incon-
sistent and based on small numbers of clinical 
samples. Ito et al. were the first and the only 
group to determine the protein level of CDK1 in 
THCA using immunohistochemistry [15]. That 
group reported CDK1 upregulation in six (17.1%) 
of 35 follicular thyroid cancer (FTC) samples, in 
five (17.2%) of 29 papillary thyroid cancer (PTC) 
samples, and in 16 (76.2%) of 21 undifferenti-
ated anaplastic thyroid cancer (ATC) samples. 
The CDK1 upregulation was also closely corre-
lated to cancer differentiation. Fluge et al. [16] 
used a cDNA microarray to determine the gene 
expression profile in 10 differentiated (classic) 
PTCs and 6 aggressive PTCs. They found a 1.3-
fold change in CDK1 mRNA in classic PTC com-
pared to controls and one of the 10 cases had 
a greater than 4-fold change. A 5.9-fold change 
in CDK1 was detected in the aggressive PTCs, 
with 4 of 6 cases showing a greater than 4-fold 
change. Later, three groups re-analyzed the lim-
ited number of microarrays and concluded that 
CDK1 was differentially expressed in ATCs [17-
19]; however, the actual expression level of 
CDK1 was not calculated. 

More suitable high-throughput data on other 
subtypes of THCA are now available for data 
mining. In the past 30 years, thyroid cancer has 
become one of the most common malignant 
tumors in endocrine-related systemic tumors, 

and its incidence is still increasing. The histo-
pathological types of THCA include PTC, FTC, 
medullary thyroid cancer (MTC), and ATC. Of 
these various subtypes, PTC is the most wide-
spread. PTC has a five-year survival that ex- 
ceeds 95%, but some PTCs have a high risk of 
recurrence. The other types of THCA have a 
poorer prognosis. 

The molecular mechanisms that regulate the 
development and progression of THCA have not 
yet been elucidated. In view of the status and 
potential therapeutic effects of CDK1 in other 
malignant tumors, the aim of the present study 
was to use a combination of various detection 
methods to examine the expression and clinical 
significance of CDK1 in THCA. We used tissue 
microarray, immunohistochemistry, RNA-sequ- 
encing (RNA-seq), gene microarray, and meta-
analyses to conduct a comprehensive analysis 
of the role of CDK1 in the occurrence and 
development of THCA. In addition, signaling 
pathways related to CDK1 were studied to 
reveal the underlying molecular mechanism by 
which CDK1 may function in THCA, with the 
goal of providing a new perspective for clinical 
THCA screening and exploitation of new target-
ed drugs.

Materials and methods

Integrated assessment of CDK1 expression in 
THCA

In-house immunohistochemical detection of 
CDK1 protein: Two tissue microarrays (THC961 
and THC1021) were obtained from Fanpu 
Biotech, Inc. (Guilin, China), these contained 23 
samples of non-cancerous thyroid tissue and 
125 samples of THCA (including PTC, FTC, MTC, 
and ATC) tissues. Another 64 non-cancerous 
thyroid tissues and 46 THCA cases were col-
lected from the Department of Pathology, First 
Affiliated Hospital of Guangxi Medical Univer- 
sity, from March 1 to December 1, 2018. The 
study was approved by the Ethical Committee 
of the First Affiliated Hospital of Guangxi Medi- 
cal University. In total, this immunohistochem-
istry (IHC) study contained 87 non-cancer con-
trols and 171 THCA cases. All patients provided 
written informed consent for use of their sam-
ples in the study. Two pathologists (Wei-Jia Mo 
and Gang Chen) independently assessed all 
slides without prior knowledge of the clinical 
outcome using a semi-quantitative scoring sys-
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tem to classify the staining intensity and the 
percentage of positive tumor cells. Staining 
intensity was scored as 0 (negative), 1 (weak),  
2 (moderate) or 3 (strong). Staining proportion 
was scored as 0 (<10%), 1 (11-25%), 2 (26-
50%), 3 (51-75%), or 4 (76-100%). The final 
immunoreactivity scores were determined by 
combining the intensity and proportion scores 
[20, 21]. Enumeration data acquired from IHC 
detection were used to evaluate the relation 
between CDK1 protein expression and THCA  
by comparison to adjacent non-cancerous tis-
sues. In addition, differential expressions of 
CDK1 were calculated between two indepen-
dent clinicopathological parameter groups. St- 
udent’s independent t-test was performed in 
these evaluations using SPSS 23.0 software, 
and P<0.05 was considered statistically signifi-
cant. All data were calculated twice.

Expression of CDK1 protein in THCA tissues 
based on data from The Human Protein Atlas 
(THPA): THPA is a project for examining normal 
and carcinoma tissues based on antibody-
based imaging, mass spectrometry-based pro-
teomics, transcriptomics, and systems biology 
antibody proteomics [22, 23]. Immunohisto- 
chemical results for CDK1 from THPA were 
downloaded to verify the CDK1 protein expres-
sion level in THCA and were compared with our 
immunohistochemical experimental results.

Evaluation of CDK1 mRNA expression in THCA 
based on RNA-seq and microarray data: The 
Cancer Cell Line Encyclopedia (CCLE) contains 
over 1400 cancer cell lines and provides the 
expression data for genes in these cell lines. 
The CDK1 expression data for different cancer 
types and different cancer cell lines in the CCLE 
were retrieved and compared.

The Cancer Genome Atlas (TCGA) and The Ge- 
notype-Tissue Expression (GTEx) provided RNA-
Seq data for genes in cancer tissues and nor-
mal tissues. Expression data for CDK1 and 
clinical parameter information were download-
ed and the value of Transcripts Per Million 
(TPM) was transferred. Subsequently, RNA-seq 
or microarray datasets were screened from the 
Gene Expression Omnibus (GEO), ArrayExpress, 
Sequence Read Archive (SRA), and Oncomine 
databases. The following keywords were used 
to retrieve relative data: (thyroid) AND (can- 
cer OR carcinoma OR tumo* OR neoplas* OR 
malignan*) AND (CDK1 OR “Protein Kinase, 
CDC2” OR “Cdk1 Protein Kinase” OR “Protein 
Kinase, Cdk1” OR “cdk1 Kinase” OR “cdc2 + 

Protein” OR “Cyclin-Dependent Kinase 1” OR 
“Cyclin Dependent Kinase 1” OR “p34cdc2 
Protein” OR “Protein p34cdc2” OR “p34cdc2, 
Protein” OR “Histone Kinase p34 (cdc2)”). The 
entry type was limited to “series”, and the 
organism was filtered by “homo sapiens”. The 
PubMed, Web of Sciences, EMBASE, Google 
Scholar, Wanfang, Qvip, and CNKI databases 
were also searched for articles published be- 
fore August 1, 2019 containing RNA-seq or 
microarray data. 

The obtained RNA-seq and microarray data 
were then converted to box plots using Gra- 
phPad 8.0 software to compare the CDK1 
expression level in THCA and adjacent non-can-
cerous tissues, and receiver operating charac-
teristic (ROC) curves were also generated. The 
gathered data were statistically analyzed using 
Student’s t-test in SPSS 23.0 to compare the 
differences in CDK1 expression among the var-
ious groups. All expression values were pre-
sented as mean ± standard deviation (Mean ± 
SD). Forest plots with pooled standardized me- 
an difference (SMD) and 95% confidential inter-
val (CI), funnel plots, and sensitivity analyses 
were generated using STATA 12.0 in a random 
effects model for different subtypes. The True 
positive (TP), False positive (FP), False negative 
(FN), and True negative (TN) values of all stud-
ies were then applied in MetaDiSc 1.4 to ana-
lyze the sensitivity, specificity, positive likeli-
hood ratios, negative likelihood ratios, and di- 
agnostic odds ratio. A summarize ROC (sROC) 
curve was generated for a second evaluation  
of the difference in CDK1 expression between 
different subtypes of THCA and control sam-
ples, as well as between DTC and ATC. The 
prognostic value of CDK1 expression was as- 
sessed by both univariate and multivariate an- 
alyses with hazard ratio (HR) being computed. 

Integrated assessment of CDK1 expression 
combining tissue microarray, RNA-seq and 
gene microarray datasets: The CDK1 protein 
data in the tissue arrays were added to the 
SMD and sROC computations of the RNA-seq 
and gene microarray datasets to strengthen 
the reliability of the results. The analysis was 
performed using STATA 12.0 and Meta-DiSc 
v.1.4, as mentioned above.

Potential mechanism of CDK1 upregulation in 
THCA

Identification of CDK1 co-expressed genes in 
THCA based on Pearson correlation coefficient 
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calculation: The potential molecular mecha-
nism is closely related to the co-expressed 
genes; therefore, the correlation coefficient in- 
dexes between CDK1 and all other genes in 
each dataset were calculated using the corre- 
lation coefficient calculation method based on 
R. The CDK1 co-expressed genes were select-
ed if |Pearson’s r| ≥0.5 and P<0.05. Since this 
study contained 14 datasets (13 gene microar-
rays and one RNA-seq data), the co-expressed 
genes appearing more than twice were select-
ed as subjects for subsequent work.

Identification of differentially expressed genes 
(DEGs) in THCA: If the genes co-expressed with 
CDK1 also have roles in the carcinogenesis of 
THCA, they have more possibilities to work 
together with CDK1 to influence the biological 
function of THCA. For this reason, we also dr- 
ew a comprehensive roadmap of the DEGs in 
THCA, based on all available sources. Apart 
from the 14 datasets containing CDK1 expres-
sion, another three gene microarray datasets 
(GSE6339, GSE9115, and GSE50901) were 
available for inclusion to identify the DEG sig- 
nature in THCA. The DEGs between THCA and 
non-cancer thyroid tissues were analyzed with 
the R-based limma method for all gene microar-
ray data and edgR was used for RNA-seq data. 
The cut-off value for this step was |log2FC| >1, 
FDR <0.05. We collected the upregulated or 
downregulated genes that appeared in at least 
two independent datasets as the first part of 
the DEGs. Robust rank aggregation (RRA) was 
used for the collection of the second part of  
the DEGs; RRA uses a probabilistic model for 
aggregation that is robust to noise and calcu-
lates the significance probabilities for all the 
elements in the final ranking [24-29]. The cut-
off P-value was set at 0.05 for RRA. The second 
part of the DEGs from all gene microarray data-
sets and TCGA/GTEx RNA-seq data were ob- 
tained using the RRA method. Eventually, the 
merged first and second parts were regarded 
as the final candidates for DEGs in THCA for the 
next step. 

Related pathways of the interaction of CDK1 
co-expressed genes and DEGs in THCA: The 
genes co-expressed with CDK1 were interacted 
with the DEGs in THCA, followed by gene ontol-
ogy (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses. GO enrichment an- 
alysis was performed using the online Meta- 
scape [30] to identify the gene annotations of 

biological processes (BP), cellular components 
(CC), and molecular function (MF). KEGG path-
way analysis was carried out using ClueGo in 
Cytoscape. Protein-protein interaction (PPI) 
enrichment analysis was performed, and a PPI 
network was constructed in Metascape.

Results 

Integrated assessment of CDK1 expression in 
THCA

Expression of CDK1 protein based on tissue 
microarray in-house and from THPA: CDK1 pro-
tein expression was notably higher in THCA tis-
sues than in non-cancer tissues (Figure 1A-H). 
The relationships between CDK1 expression 
and clinical parameters are shown in Table 1. 
The expression of CDK1 protein was also sig-
nificantly higher in pathologic T3-T4 than in 
T1-T2 samples (Figure 1I, 1J). The expressi- 
on of CDK1 protein using the antibodies of 
CAB003799 and HPA003387 from THPA also 
showed a concordant upregulated pattern 
(Figure 2). However, due to the limited sample 
size, a statistical analysis could not be per-
formed with the data from THPA.

Upregulation of CDK1 in THCA and its clinico-
pathological characteristics with RNA-seq data: 
According to the data from CCLE, CDK1 was 
expressed in different cancer types, including 
THCA cells (Supplementary Figure 1). Unfortu- 
nately, no normal thyroid epithelial cells were 
available for the comparison. A better under-
standing of the clinical role of CDK1 in THCA 
was obtained by extracting the data on CDK1 
mRNA level from 512 THCA and 316 non-can-
cerous thyroid tissues from the TCGA and GTEx 
projects. The expression of CDK1 was appar-
ently higher in THCA tissues than in non-can-
cerous thyroid tissues (1.8525 ± 0.74073 vs. 
1.1769 ± 0.71166; P<0.0001; Figure 3A; Table 
2). AUC of CDK1 mRNA expression was 0.7665 
(Figure 3B, P<0.0001). Regarding the relation-
ships between CDK1 and clinicopathological 
features, a total of 504 patients with complete 
clinical data were obtained. CDK1 mRNA levels 
were obviously higher in tissues from the cases 
who aged under 45 (1.9702 ± 0.68887), com-
pared to those over 45 (1.7535 ± 0.75714; P= 
0.001, Figure 3C, 3D; Table 2). Next, we in- 
spected the prognostic significance of CDK1 
expression. The results of Kaplan-Meier (K-M) 
survival curve analysis indicated that the THCA 
cases with higher CDK1 levels tended to have a 
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slightly worse disease-free survival (DFS) (HR= 
1.3; Figure 3E, 3F) than those with lower ex- 
pression levels. Nevertheless, the log-rank P 
was 0.35 and the ability of CDK1 to predict the 
survival needs to be further validated.

Upregulated CDK1 in THCA via gene microarray 
data: We sought to strengthen the observation 
of overexpression level of CDK1 detected with 
RNA-sequencing data by looking for other inde-
pendent cohorts that included CDK1 expres-
sion data for THCA. Evaluation of the possible 
high throughput data sources revealed 16 gene 
microarrays, and CDK1 expression information 
could be extracted from 13 of them (GSE3467, 
GSE3678, GSE6004, GSE27155, GSE29265, 
GSE29315, GSE33630, GSE53072, GSE53- 
157, GSE35570, GSE58545, GSE60542, and 
GSE65144). These 13 microarrays contained 
419 THCA samples and 269 non-cancerous 

thyroid tissues (Supplementary Figure 2; Table 
3). The expression levels of CDK1 were largely 
higher in the cancerous cases than in the non- 
cancerous cases in GSE27155 (2.7388 ±  
0.2178 vs. 2.5732 ± 0.1096, P=0.0011), GS- 
E29265 (5.4644 ± 1.3456 vs. 4.4615 ± 
0.4694, P=0.0025), GSE33630 (7.0142 ± 
1.295 vs. 6.1941 ± 0.9184, P=0.0005), GS- 
E35570 (4.777 1 ± 0.9207 vs. 4.1095 ± 
1.1762, P=0.0013), GSE53072 (9.518 ± 
0.98401 vs. 6.1622 ± 0.20926, P=0.0003), 
GSE60542 (6.1474 ± 0.8125 vs. 5.7416 ± 
0.9439, P=0.0321), and GSE65144 (10.3965 
± 1.0618 vs. 8.0477 ± 0.7913, P<0.0001) 
(Figure 4). The capability of CDK1 to distinguish 
cancerous from non-cancerous thyroid sam-
ples was further identified by generating ROC 
curves. Favorable AUCs for CDK1 were obtai- 
ned from some microarray data, including 
GSE27155 (AUC=0.7643), GSE29265 (AUC= 

Figure 1. CDK1 protein overexpression in thyroid cancer (THCA) tissues assessed by in-house tissue microarrays. (A) 
Normal thyroid tissue (200×); (B, C) THCA (200×); (D) Normal thyroid tissue (400×); (E, F) THCA (400×). Immunohis-
tochemistry, 3,3’-Diaminobenzidine (DAB) staining. Expression level of CDK1 protein between THCA and non-cancer 
controls (G, H) and between patients in T1, T2 and T3, T4 stages (I, J).
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0.8172), GSE33630 (AUC=0.7330), GSE531- 
57 (AUC=0.8750), GSE35570 (AUC=0.7884), 
GSE53072 (AUC=1.0000), GSE60542 (AUC= 
0.6749), and GSE65144 (AUC=0.9551) (all 
P<0.05) (Figure 5).

Further verification of CDK1 upregulation in 
THCA via integrated assessment: Some of the 
results from the RNA-sequencing and gene 
microarray dataset analyses were inconsistent; 
therefore, we performed an integrated assess-
ment to determine the overall CDK1 mRNA 
expression from the TCGA/GTEx and microar-
ray databases; these included a total of 931 
THCA and 585 non-cancerous thyroid tissue 
samples. The pooled SMD for CDK1 was 0.71 
(95% CI, 0.46-0.95) according to the random 
effects model (Figure 6). The pooled sensitivity 
of CDK1 was 0.82, specificity 0.62, positive 
likelihood ratio 2.09, negative likelihood ratio 
0.30, and diagnostic odds ratio 7.53 (Supple- 
mentary Figure 3). Most importantly, the AUC of 
CDK1 reached 0.7959 (Supplementary Figure 

odds ratio 10.41 (Figure 7) using all 1102 
cases of THCA and 672 cases of controls; this 
value was slightly higher than the AUC generat-
ed using only mRNA expression data. We also 
compared the CDK1 expression between DTC 
and ATC. The results showed that the SMD of 
CDK1 in DTC was 0.69 (0.04, 1.35) and in ATC 
it was greatly higher (2.97 (2.18, 3.77)) (Figure 
8A). Using the three datasets containing both 
DTC and ATC information, we also made a com-
parison. The direct SMD between ATC and DTC 
was 2.80 (1.61, 4.00), which supported the 
above findings and previous reports (Figure 
8B). The AUCs of sROC were 0.9467 and 
0.8250 for ATC and DTC, respectively (Figure 
8C, 8D). We further compared the influence of 
histological subtypes on CDK1 expression. The 
SMDs were also different according to the his-
tology subtypes (Figure 9), being 0.72, 1.64 
and 2.97, and the AUCs were 0.8440, 0.9440 
and 0.9673 for PTC, FTC and ATC, respectively. 
Considering the prognostic value of CDK1 ex- 
pression in THCA, no sufficient data were avail-

Table 1. Relationship between CDK1 protein expression and clinical 
parameters in THCA detected by in-house immunohistochemistry with 
tissue microarrays

Clinicopathological features n 
CDK1 expression

Mean ± SD t/F value p value
Tissue THCA 171 7.08 ± 0.109 29.331a <0.001

Non-cancer 87 1.10 ± 0.189
Age <45 83 7.18 ± 1.27 0.934a 0.351

≥45 88 6.98 ± 1.55
Gender Male 54 7.04 ± 1.43 -0.243a 0.808

Female 117 7.09 ± 1.43
Pathological stage I Stage 1 84 7.07 ± 0.144 F=1.242b 0.296

Stage 2 52 6.85 ± 0.203
Stage 3 29 7.38 ± 0.245
Stage 4 6 7.67 ± 1.085

Pathological stage II Stage 1-2 136 6.99 ± 0.118 1.652a 0.100
Stage 3-4 35 7.43 ± 0.267

Pathological T stage I T1 14 6.86 ± 0.345 F=1.660b 0.178
T2 95 6.91 ± 0.143
T3 56 7.36 ± 0.175
T4 6 7.67 ± 1.085

Pathological T stage II T1-T2 109 6.90 ± 0.132 -2.180a 0.031
T3-T4 62 7.39 ± 0.186

Pathological N stage N0 129 7.01 ± 1.44 -1.101a 0.273
N1 42 7.29 ± 1.37

aStudent’s 2-sample independent t-test was applied. bOne-way analysis of variance (ANOVA) 
test was conducted. THCA: thyroid cancer.

3), confirming an onco-
genic role for CDK1 in 
THCA and its ability to 
discriminate THCA from 
non-cancerous tissues. 

After we obtained the 
protein and mRNA lev-
els for CDK1 in THCA, 
we also wished to have 
a comprehensive over-
view of the CDK1 level 
combining all data. An 
aggregation of the im- 
munohistochemistry re- 
sults and the RNA-sequ- 
encing/microarray find-
ings gave a pooled SMD 
for CDK1 expression of 
2.13 (95% CI, 1.30-
2.96) by the random ef- 
fects model (Supple- 
mentary Figure 4). The 
final AUC for the sROC 
increased to 0.8372, 
the pooled sensitivity of 
CDK1 was 0.74, speci-
ficity 0.78, positive like-
lihood ratio 2.72, nega-
tive likelihood ratio 
0.32, and diagnostic 
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able for a comprehensive meta-analysis to cal-
culate a pooled HR. Based on 507 cases from 
RNA-seq, the HR was 1.493 (P=0.26 by univari-
ate analysis), which suggests that higher CDK1 
had a trend to cause poorer survival (Data not 
shown). However, larger sample sizes in other 
cohorts are needed to validate this finding.

The potential functions and pathways of CDK1 
in THCA

Ranking the CDK1 co-expressed genes from 
each dataset gave 4876 genes that were pr- 
esent in more than two datasets. The process 
of screening data with gene expression in TH- 

Figure 2. Overexpression of CDK1 protein stained by CAB003799 and HPA003387 antibodies in thyroid cancer 
(THCA) from the Human Protein Atlas (THPA). (A) The expression pattern of CDK1 stained by the antibody CAB003799 
in multiple cancers. Negative staining of CDK1 in non-cancerous thyroid epithelium (B: ×40, C: ×400). Weak positive 
staining of CDK1 in THCA tissues (D: ×40, E: ×400). (F) The expression pattern of CDK1 stained by the antibody 
HPA003387 in multiple cancers. Negative staining of CDK1 in non-cancerous thyroid epithelium (G: ×40, H: ×400). 
Strong positive staining of CDK1 in THCA tissues (I: ×40, J: ×400). Immunohistochemistry, 3,3’-Diaminobenzidine 
(DAB) staining.
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Figure 3. Clinical role of upregulation of CDK1 mRNA level in thyroid cancer (THCA) based on RNA-sequencing data. 
Expression level of CDK1 mRNA between THCA and non-cancer thyroid controls (A, B) and between patients with 
different ages (C, D). Prognostic value of CDK1 mRNA in THCA: overall survival (E), disease free survival (F). 

Table 2. Expression of CDK1 in THCA based on the TCGA and GTEx RNA-seq data

Clinicopathological features n
CDK1 expression (log2 (TPM +0.001))
Mean ± SD t/F value p value

Tissue THCA 512 1.8525 ± 0.74073 12.941a <0.001
Normal 316 1.1769 ± 0.71166

Gender Male 136 1.9056 ± 0.76938 0.926a 0.355
Female 368 1.8375 ± 0.71935

Age ≤45 238 1.9702 ± 0.68887 3.347a 0.001
>45 266 1.7535 ± 0.75714

Racec Asia 51 1.9268 ± 0.71100 0.519b 0.596
Black/African American 27 1.7537 ± 0.82126
White 333 1.8856 ± 0.72397

Pathologic T staged T1-T2 308 1.8853 ± 0.70984 1.190a 0.235
T3-T4 194 1.8054 ± 0.76813

Pathologic N stagee N0 229 1.8098 ± 0.76498 -1.569a 0.117
N1 225 1.9185 ± 070954

Pathologic M stagef M0 281 1.8742 ± 0.72134 -0.879a 0.380
M1 9 2.0900 ± 0.84321

Pathologic TNM stagesg I-II 335 1.8906 ± 0.69509 1.519a 0.129
III-IV 167 1.7851 ± 0.80503

aStudent’s 2-sample independent t-test was applied. bOne-way analysis of variance (ANOVA) test was conducted. c93 samples 
were not identified. d2 TX samples were excluded. e50 NX samples were excluded. f213 MX samples were excluded and 1 
sample was not identified. g2 samples were not identified.
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CA retrieved 16 microarrays plus TCGA/GTEx. 
Supplementary Figure 5 shows the top ten 
DEGs from each microarray dataset and 
Supplementary Figure 6 displays the top 10 
from the TCGA/GTEx projects. The DEGs for 
analysis in the next step were selected from 
those that appeared at least twice in the 17 
datasets, for a total of 2248 genes. The relia- 
bility of the DEG identification was increased  
by the conduction of RRA, which identified 212 
DEGs. Interestingly, these 212 DEGs were all 
included in the 2248 candidates assessed in 
the previous step. Interaction of the 4876 co-
expressed genes with the 2248 DEGs in THCA 
led to a final total of 951 genes (Figure 10A). 

Subsequently, GO enrichment showed enrich-
ment of mitotic nuclear division, nuclear divi-
sion, and cell division in BP (Figure 10B). Con- 
densed chromosome, centromeric region, con-
densed chromosome and chromosome, and 
centromeric region were observed in CC (Fi- 
gure 10C), while amide binding, peptide bind-
ing, and tubulin binding were found in MF 
(Figure 10D; Table 4). KEGG analysis demon-
strated the top enriched pathways to be the cell 
cycle, thyroid hormone synthesis, autoimmune 
thyroid disease, rheumatoid arthritis, viral myo-
carditis, phagosome, leishmaniasis, Staphylo- 
coccus aureus infection, and tuberculosis 
(Table 4). The PPI networks for the first four 
KEGG pathways were also generated (Figure 
11). 

ods. However, the sample sizes were small and 
the findings were not consistent. Furthermore, 
no integrated analysis that combines all avail-
able data has been attempted. Among the pre-
vious reports, Ito et al. [15] performed immuno-
histochemistry on 35 FTC, 29 PTC, and 21 ATC 
samples, and they found positive ratios for 
CDK1 of 17.1% for FTC, 17.2% for PTC, and 
76.2% for the undifferentiated subtype, ATC. By 
contrast, in non-cancerous controls, the posi-
tive ratio for CDK1 was only 8.3% in 13 cases 
of follicular adenomas, as only one case 
showed positivity. Furthermore, Ito et al. [15] 
divided the THCA cases into undifferentiated, 
poorly differentiated, and well-differentiated 
groups. The positive CDK1 protein expression 
ratios in these three groups were 76.2%, 
33.3%, and 9.3%, respectively, indicating that 
CDK1 overexpression could play a pivotal role 
in the differentiation of THCA. This previous 
study, at present, is the only one to use immu-
nohistochemistry to study the clinical role of 
CDK1 in THCA tissues. In the current study, 
using a larger size (n=171) for the protein level 
detection, we confirmed the upregulation of 
CDK1 in THCA tissues. We also found that larg-
er tumors had higher CDK1 expression, sug-
gesting that CDK1 may also accelerate tumor 
growth. 

Fluge et al. [16] performed their own microarray 
with 10 differentiated (classic) PTCs and 6 

Table 3. Expression of CDK1 in THCA and non-cancerous 
thyroid tissues based on microarray data

Accession Year Exp 
n

Exp 
mean Exp sd Ctrl 

n
Ctrl 

mean Ctrl sd

GSE3467 2005 9 6.652 0.4539 9 6.5136 0.2191
GSE3678 2006 7 6.167 0.1814 7 6.0522 0.3852
GSE6004 2006 14 5.6423 0.1763 4 5.591 0.5144
GSE27155 2011 78 2.7388 0.2178 21 2.5732 0.1096
GSE29265 2012 29 5.4644 1.3456 20 4.4615 0.4694
GSE29315 2012 31 2.9157 0.2545 40 2.8367 0.2348
GSE33630 2012 60 7.0142 1.295 45 6.1941 0.9184
GSE53072 2013 5 9.518 0.9840 4 6.1622 0.2093
GSE53157 2013 24 7.0131 0.6983 3 6.4275 0.1235
GSE35570 2015 65 4.7771 0.9207 51 4.1095 1.1762
GSE58545 2015 27 2.87 0.7067 18 2.8148 0.771
GSE60542 2015 58 6.1474 0.8125 34 5.7416 0.9439
GSE65144 2015 12 10.3965 1.0618 13 8.0477 0.7913
Exp: Experimental group, Ctrl: Control group, sd: standard deviation.

Discussion

This study is divided into essentially 
two parts. The aim of the first part 
was to synthesize all available so- 
urces, including in-house tissue 
microarrays, public gene microar-
rays, and RNA-sequencing data, to 
verify the overexpression CDK1 at 
both the protein and mRNA levels. 
The goal of the second part was to 
conduct a preliminary examination 
of the possible mechanism of CDK1 
in THCA through CDK1-related 
genes. The findings of the current 
study can provide a new orientation 
for further research in THCA.

The expression levels of CDK1 pro-
tein and mRNA have previously 
been detected by different meth-
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aggressive PTCs (poorly differentiated PTC and 
those with extensive local invasion or synchro-

nous distant metastases). A modified Eberwine 
protocol for the amplification of antisense RNA 

Figure 4. Box plots of CDK1 mRNA expression 
in thyroid cancer (THCA) based on 13 GEO 
gene microarrays. 
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(aRNA) followed by aminoallyl-dUTP incorpora-
tion in cDNA and subsequent Cy3- or Cy5-
labeling was carried out. They consistently 
reported that CDK1 mRNA had an upregulated 
trend in PTCs, as the fold change of CDK1 
mRNA in classic PTC was 1.3 times higher than 
non-cancer controls and a 5.9-fold change was 
achieved in aggressive PTCs. However, this 
microarray data has not been uploaded to with 

GEO or ArrayExpress. Recently, several papers 
re-calculated the available microarrays and 
documented that CDK1 was found to be dys-ex- 
pressed in ATCs [17-19]; however, a detailed 
evaluation of CDK1 expression levels was not 
presented. In fact, more appropriate high-th- 
roughput data of THCA are available for data 
mining, including the RNA-sequencing data 
from TCGA and other microarrays included in 

Figure 5. ROC curves of CDK1 mRNA expression in thyroid cancer (THCA) 
based on 13 gene microarrays.
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the current study. Herein, one RNA-sequencing 
study and 16 microarrays containing CDK1 

expression data were recruited and set for mul-
tiple integrated analyses. We obtained an inclu-

Figure 6. Integrated assessment 
of the CDK1 mRNA level in thy-
roid cancer (THCA) based on 
gene microarray and RNA-seq 
data. A: Forest plot; B: Funnel 
plot; C: Sensitivity analysis.
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sive indication of the CDK1 level by combining 
all data with in-house immunohistochemistry 
and public RNA-sequencing/microarray sourc-
es and then computing the pooled SMD of 
CDK1 expression with all 1102 cases of THCA 
and 672 cases of controls; the SMD reached 
2.13 (95% CI, 1.30-2.96). More interestingly, 
the final AUC of the sROC reached 0.8372, also 
supported an upregulation of CDK1. We also 

confirmed that CDK1 expression level was 
greatly higher in ATC than in DTC, which verifi- 
ed the correlation between CDK1 and the dif-
ferentiation of THCA. Together with previous 
findings based on small sample sizes, we con-
firmed the upregulation of CDK1 at both the 
protein and mRNA levels in THCA tissues. The 
overexpression of CDK1 may be the cause of 
the tumorigenesis, indicating the potential use 

Figure 7. Expression level of CDK1 confirmed using sROC curves including all available data. A: Sensitivity; B: Speci-
ficity; C: Positive likelihood ratios; D: Negative likelihood ratios; E: Diagnostic odds ratio; F: AUC of sROC. 
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Figure 8. Expression level of CDK1 between anaplastic thyroid cancer (ATC) and differentiated thyroid cancer (DTC). 
A: Subgroup analysis forest plot of ATC and DTC; B: Forest plot by comparing ATC and DTC; C: SROC of ATC; D: SROC 
of DTC; E: Funnel plot of subgroup analysis about ATC and DTC; F: Funnel plot by comparing ATC and DTC.

Figure 9. Expression level of CDK1 in different histology 
subtypes among papillary thyroid cancer (PTC), follicular 
thyroid cancer (FTC), anaplastic thyroid cancer (ATC). A: 
Subgroup analysis forest plot. B: SROC of PTC; C: SROC 
of FTC; D: SROC of ATC.
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Figure 10. The potential mechanism of CDK1 in thyroid cancer (THCA) assessed by GO annotation. A: Interaction of CDK1 co-expressed genes and differentially 
expressed genes (DEGs) in THCA; B-D: GO analyses.
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Table 4. Top 10 significant GO terms and KEGG pathways of the 951 overlapped co-expressed genes of CDK1 in THCA

Ontology classification/KEGG Description negLog10_P Gene 
count

Gene 
ratio Top 10 gene symbols

BP mitotic nuclear division 14.36 42 0.16 BIRC5, BMP7, BUB1, BUB1B, CDC6, CDC20, CENPF, CHEK1, EDN3, KIF11

BP nuclear division 13.83 52 0.13 BIRC5, BMP7, BRCA2, BUB1, BUB1B, CDC6, CDC20, CDC25B, CENPF, CHEK1

BP cell division 13.72 65 0.11 BIRC5, BRCA2, BUB1, BUB1B, CDC6, CDC20, CDC25B, CENPA, CENPF, CKS2

BP chromosome segregation 12.82 44 0.14 BIRC5, BUB1, BUB1B, CDC6, CDC20, CENPF, FEN1, KIFC1, MAD2L1, MKI67

BP organelle fission 12.67 53 0.12 BIRC5, BMP7, BRCA2, BUB1, BUB1B, CDC6, CDC20, CDC25B, CENPF, CHEK1

BP cytokine-mediated signaling pathway 12.47 75 0.09 ALOX5, ANXA2, BIRC5, BST2, CASP1, CD86, CD74, CCR1, COL1A2, EGR1

BP mitotic sister chromatid segregation 12.19 29 0.19 BUB1, BUB1B, CDC6, CDC20, CENPF, KIFC1, MAD2L1, NEK2, TTK, PRC1

BP sister chromatid segregation 11.85 32 0.17 BUB1, BUB1B, CDC6, CDC20, CENPF, FEN1, KIFC1, MAD2L1, NEK2, TOP2A

BP nuclear chromosome segregation 11.27 37 0.14 BUB1, BUB1B, CDC6, CDC20, CENPF, FEN1, KIFC1, MAD2L1, NEK2, TOP2A

BP mitotic cell cycle phase transition 10.42 58 0.10 AIF1, BCAT1, BID, BUB1, BUB1B, CDC6, CDC20, CDC25B, CDKN2A, CDKN2C

CC condensed chromosome, centromeric region 12.69 26 0.22 BIRC5, BUB1, BUB1B, CENPA, CENPF, MAD2L1, NEK2, AURKA, AURKB, NDC80

CC condensed chromosome 11.99 35 0.16 ADD3, BIRC5, BRCA2, BUB1, BUB1B, CENPA, CENPF, CHEK1, MAD2L1, MKI67

CC chromosome, centromeric region 11.79 32 0.17 BIRC5, BUB1, BUB1B, CENPA, CENPF, HELLS, MAD2L1, NEK2, AURKA, TTK

CC kinetochore 11.32 26 0.20 BIRC5, BUB1, BUB1B, CENPA, CENPF, MAD2L1, NEK2, TTK, AURKB, NDC80

CC condensed chromosome kinetochore 11.25 23 0.22 BIRC5, BUB1, BUB1B, CENPA, CENPF, MAD2L1, NEK2, NDC80, SPAG5, KIF2C

CC chromosomal region 8.80 39 0.11 BIRC5, BRCA2, BUB1, BUB1B, CENPA, CENPF, CHEK1, EZH2, FEN1, HELLS

CC extracellular matrix 8.09 49 0.09 ANXA2, BMP7, C1QA, C1QB, C1QC, CDH13, CTSC, CLU, COL1A2, COL5A2

CC spindle 7.39 36 0.10 BIRC5, BUB1B, CDC6, CDC20, CDC25B, CENPF, KIF11, KIFC1, MAD2L1, NEK2

CC collagen-containing extracellular matrix 7.36 40 0.10 ANXA2, BMP7, C1QA, C1QB, C1QC, CDH13, CTSC, CLU, COL1A2, COL5A2

CC microtubule 6.73 39 0.09 BIRC5, KIF11, KIFC1, STMN1, NEK2, AURKA, TBCE, TUBA1A, PRC1, AURKB

MF amide binding 7.65 38 0.10 ACACB, ACADL, C1QA, CD14, CD74, CLU, CRYAB, EPHA4, FOLR1, GPR37

MF peptide binding 6.21 31 0.10 C1QA, CD14, CD74, CLU, CRYAB, EPHA4, GPR37, GSTM1, GSTM2, GSTM3

MF tubulin binding 5.74 32 0.10 BIRC5, BRCA2, CRYAB, GAPDH, KIF11, KIFC1, STMN1, LYN, S100A9, TBCE

MF amyloid-beta binding 5.65 14 0.17 C1QA, CD74, CLU, CRYAB, EPHA4, ITGAM, ITGB2, MSR1, TLR2, FZD5

MF microtubule binding 5.11 25 0.10 BIRC5, CRYAB, GAPDH, KIF11, KIFC1, S100A9, PRC1, VAPB, MAP4K4, KIF20A

MF peptide antigen binding 4.61 8 0.24 HLA-B, HLA-DPA1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB1, TAP1, SLC7A5

MF microtubule motor activity 3.50 11 0.13 KIF11, KIFC1, KIF20A, KIF2C, KIF4A, DNAH7, KIF15, WDR78, KIF18A, DYNLRB2, KIF18B

MF MHC class II receptor activity 3.45 4 0.40 HLA-DPA1, HLA-DQA1, HLA-DQB1, HLA-DRA

MF peroxidase activity 3.16 8 0.15 ALOX5AP, GPX1, GPX3, GSTM2, TPO, PXDN, IPCEF1, IYD

MF motor activity 3.15 14 0.10 KIF11, KIFC1, MYO1B, DNALI1, KIF20A, KIF2C, KIF4A, DNAH7, KIF15, WDR78

KEGG Cell cycle 0.00 21 0.17 BUB1, BUB1B, CCNB2, CCNE2, CDC20, CDC25B, CDC45, CDC6, CDC7, CDK1

KEGG Thyroid hormone synthesis 0.00 14 0.19 CREB3L4, DUOXA2, GPX1, GPX3, HSP90B1, HSPA5, ITPR2, IYD, LRP2, PAX8, SLC26A4, 
TG, TPO, TSHR

KEGG Autoimmune thyroid disease 0.00 11 0.21 CD86, FAS, HLA-B, HLA-DPA1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB1, TG, TPO, 
TSHR

KEGG Rheumatoid arthritis 0.00 18 0.20 ACP5, ATP6V0E2, CCL20, CD86, CXCL5, HLA-DPA1, HLA-DQA1, HLA-DQB1, HLA-DRA, 
HLA-DRB1

KEGG Viral myocarditis 0.00 12 0.20 BID, CD86, HLA-B, HLA-DPA1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB1, ICAM1, ITGB2, 
RAC2, SGCD
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KEGG Phagosome 0.00 24 0.16 ATP6V0E2, CD14, CLEC7A, CTSS, CYBB, FCGR1A, FCGR2A, FCGR3A, HLA-B, HLA-DPA1

KEGG Leishmaniasis 0.00 16 0.22 CYBB, FCGR1A, FCGR2A, FCGR3A, HLA-DPA1, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-
DRB1, ITGAM

KEGG Staphylococcus aureus infection 0.00 19 0.34 C1QA, C1QB, C1QC, C3AR1, C5AR1, CFB, FCGR1A, FCGR2A, FCGR3A, FPR1

KEGG Tuberculosis 0.00 23 0.13 BID, CD14, CD74, CLEC7A, CTSS, FCER1G, FCGR1A, FCGR2A, FCGR3A, HLA-DPA1
GO: Gene Ontology, KEGG: Kyoto Encyclopedia of Genes and Genomes, BP: Biological Process, CC: Cellular Component, MF: Molecular Function.
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of CDK1 as an indicator in THCA screening and 
as a target therapy candidate, especially in ATC. 

A previous study has also pointed out a rela-
tionship between CDK1 variation in THCA and 

CDK1 in THCA. These genes, which interact 
with CDK1, were enriched in some pathways 
specific to tumorigenesis or to the thyroid organ 
itself. In the KEGG results, the appearance of 
the cell cycle pathway is not surprising and con-

Figure 11. The potential mechanism of CDK1 in thyroid cancer (THCA) as-
sessed by KEGG analysis. A: The KEGG pathway annotations for the 951 
overlapped co-expressed genes of CDK1. PPI networks for the genes in the 
top KEGG pathways; B: Cell cycle; C: Thyroid hormone synthesis; D: Rheu-
matoid arthritis; E: Staphylococcus aureus infection.

exposure to Chernobyl radia-
tion [31]. The tissues from 33 
PTC cases exposed to Cher- 
nobyl radiation (ECR) and 32 
PTC non-ECR controls were 
used in a 3’-oligonucleotide 
microarray study. A total of 239 
genes were differentially ex- 
pressed between these two 
groups, including CDK1, which 
was further confirmed to show 
lower expression in ECR than 
non-ECR groups by quantita-
tive RT-PCR in an indepen- 
dent cohort. This phenomenon 
could be explained by an 
impaired repair of the radia-
tion-induced DNA damage in 
ECR patients related to the 
simultaneous lower expression 
of CDK1. However, due to the 
special circumstances caused 
by Chernobyl radiation, this 
hypothesis has not been veri-
fied by other groups. 

CDK1 has been well docu-
mented as a G2-M boundary 
modulator of the cell cycle, 
suggesting that it can influ-
ence tumor origin and progres-
sion. However, depending on 
the tumor type, CDK1 can 
function through different mo- 
lecular mechanisms. CDK1 
acts as a representative cyclin-
dependent kinase in THCA, 
and an interaction between 
P‑ERK and cyclin A, cyclin B1, 
or CDK1 has been reported in 
THCA [15, 32]. CDK1 is also 
regulated by miR-7 in THCA 
[33]. However, no specific 
molecular machinery for CDK1 
in THCA has been comprehen-
sively reported. We explored 
this issue by collecting data 
from 17 high-throughput data-
sets and integrating the differ-
entially expressed genes (DE- 
Gs) and co-expressed genes of 
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firms the correctness of our research method, 
as CDK1 is a typical representative of the cell 
cycle. At the same time, the pathways of thyroid 
hormone synthesis and autoimmune thyroid 
disease were also evident. These pathways and 
their related genes may provide new research 
directions for revealing the mechanism underly-
ing the effects of CDK1 expression in THCA. 

The important role played by CDK1 in the cell 
cycle makes this gene an excellent target for 
cancer treatment. Some reports on THCA treat-
ment regard the CDK1/CyclinB signaling path-
way as a potential target of intervention. 
Different drugs and other treatment me- 
thods can inhibit the growth of THCA cells by 
reducing the expression of CDK1 [34-36]. Mo- 
re interestingly, CDK inhibitors are now being 
developed and tested [13, 14]. One of these 
CDK1 inhibitors, dinaciclib, has been verified as 
highly effective in MTC cells. More CDK1 inhibi-
tors are expected to be tested in pre-clinical 
and clinical phases.  

There are several limitations of the current 
study, which could be improved in the future 
work. The prognostic role of CDK1 expression 
needs to be verified by multi-centered data. 
The biological function and importance of 
CDK1 in different subtypes of THCA remain to 
be explored. Furthermore, the prospective 
molecular mechanisms of CDK1 in THCA also 
need more evidences and clinical validation, in 
vitro and in vivo work have been expected. 

Conclusions

In summary, we demonstrate overexpression  
of CDK1 in THCA, based on multiple detection 
methods that combine independent cohorts. 
However, further studies are required to eluci-
date the molecular machinery of CDK1 that 
promotes the biological aggressiveness of 
THCA cells.
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Supplementary Figure 1. Expression of CDK1 mRNA in thyroid cancer (THCA) cell lines from the Cancer Cell Line 
Encyclopedia (CCLE). A: Expression of CDK1 mRNA in all cell types; B: Relationship between CDK1 mRNA expres-
sion and copy number; C: Expression of CDK1 mRNA in all THCA cell lines.
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Supplementary Figure 2. Flow chart of the procedure for high throughput data screening.
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Supplementary Figure 3. Expression level of CDK1 confirmed using sROC curves, including microarray and RNA-seq 
data. A: Sensitivity; B: Specificity; C: Positive likelihood ratios; D: Negative likelihood ratios; E: Diagnostic odds ratio; 
F: AUC of sROC. 
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Supplementary Figure 4. Integrated assessment of CDK1 mRNA level in THCA based on gene microarray, RNA-seq, 
and in-house tissue microarray data. A: Forest plot; B: Funnel plot; C: Sensitivity analysis.
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Supplementary Figure 5. Heatmaps of differentially expressed genes (DEGs) in 16 gene microarray datasets. Genes 
colored red color showed relatively high expression in corresponding samples (X-axis), while those colored green 
showed relatively low expression. Only the top 10 DEGs were presented for each dataset. 
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Supplementary Figure 6. Heatmaps of differentially expressed genes (DEGs) in RNA-sequencing data. Genes col-
ored red showed relatively high expression in corresponding samples (X-axis), while those colored green showed 
relatively low expression. Only the top 10 DEGs were presented for the RNA-sequencing data combining TCGA and 
GTEx projects.


