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progression via inhibiting the p53 signaling pathway 
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It has been reported that cyclin-dependent kinase like 3 (CDKL3) plays a crucial role in cell proliferation and migration 
in several cancers. However, the function of CDKL3 in triple-negative breast cancer (TNBC) is still unclear. In the present 
study, immunohistochemistry (IHC) was conducted to detect the CDKL3 expression. CCK-8, �ow cytometry, Transwell 
assays, and mice xenogra� models, were performed to explore the roles of CDKL3 on the proliferation and migration of 
TNBC in vitro and in vivo. Besides, protein chip analysis was used to screen the potential pathways, which was further 
con�rmed by promoter activity assay, western blotting, and CCK-8 assay. Our �ndings reveal a high expression of CDKL3 
in TNBC tissues, which is closely related to a poor prognosis of patients with TNBC. In TNBC cells, CDKL3 knockdown 
inhibits cell proliferation and migration, whereas CDKL3 overexpression has exactly the opposite e�ect. Consistently, 
CDKL3 knockdown induces cell apoptosis in vitro but suppresses tumor growth in vivo. Furthermore, CDKL3 knockdown 
increases p53 expression and reduces cell viability, and these e�ects are signi�cantly weakened by the p53 inhibitor, PFT-α. 
In conclusion, the current study highlights that CDKL3 promotes TNBC progressions via regulating the p53 signaling 
pathway, suggesting that CDKL3 is a novel therapeutic target for TNBC treatment. 
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Breast cancer (BC) is the most frequently diagnosed 
cancer and the leading cause of cancer death in women [1]. 
�e incidence of this lethal disease with almost 1,700,000 new 
cases every year. Nowadays, available treatments for patients 
with BC include surgery, chemotherapy, radiation therapy, 
targeted therapy, and hormone therapy [2, 3]. Unfortunately, 
despite important advances in BC research, about 15–25% 
of triple-negative breast cancer (TNBC) patients present 
poor outcomes due to the unavailable targeted treatment, 
suggesting TNBC is still a major health problem [4]. TNBC, 
characterized by the absence of estrogen, progesterone, and 
human epidermal growth factor 2 receptors, is an aggres-
sive subtype that frequently develops a resistance to chemo-
therapy and presents a particularly challenging therapeutic 
target [5]. Nowadays, therapies directed to speci�c molec-
ular targets have rarely shown to be clinically meaningful 
to improve disease outcomes of patients with TNBC, and 
chemotherapy remains the standard of care [6]. Survival of 
TNBC patients a�er metastatic relapse is shorter compared 
to other breast cancer subtypes, treatment options are few, 
and response rates are poor and lack durability [7]. Identi�-

cation of novel biomarkers that can help to guide treatment 
decisions in TNBC remains a clinically urgent need.

Cyclin-dependent kinase like 3 (CDKL3), also known as 
NKIAMRE, is a putative serine kinase that is homologous 
to MAPKs and CDKs, and participates in cell growth and/
or cell di�erentiation [8, 9]. Although some researchers 
have revealed the important role of CDKL3 in cancers, such 
as esophageal squamous cell carcinoma and cholangiocarci-
noma (CCA) [10, 11], there is still a lack of reliable evidence 
to support the action and mechanism of CDKL3 for TNBC 
progression.

In the present study, we aimed to explore the e�ects 
of CDKL3 in the progression of TNBC through a series 
of lab experiments, both in vitro and in vivo. We focused 
on exploring the underlying molecular mechanisms and 
revealed the vital functions of CDKL3 on TNBC. �e present 
�ndings provide a base that CDKL3 is able to serve as a novel 
biomarker for studying TNBC prognosis and may develop a 
new candidate gene for TNBC targeted therapy. Results in 
our study may provide insight into how CDKL3 regulates the 
progression of TNBC both in vitro and in vivo.
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Materials and methods

Cell culture. In this work, we used three TNBC cell lines 
MDA-MB-468, MDA-MB-231, BT549, and the normal 
breast epithelial cell line MCF10A, which were all obtained 
from the Chinese Academy of Sciences (Shanghai, China). 
All cells were cultured and maintained in DMEM (Corning, 
Manassas, VA) supplementing with 10% fetal bovine serum 
(FBS) (Gibco, Grand Island, NY), and then incubated under 
the conditions of 5% CO2 at 37 °C.

RNA extraction and RT-PCR. Total RNA was extracted 
carrying out from tissues and cultured cells using TRIzol 
reagent (Pufei Biotech Co, Ltd, Shanghai, China). Total RNA 
was reverse-transcribed into cDNA using PrimeScriptTM 

RT reagent kit with gDNA Eraser (Takara, Dalian, China). 
�e cDNA samples were used as templates with appropriate 
primer sets to perform RT-PCR using SYBR Premix Ex Taq 
II (Takara, Dalian, China) on a Light Cycler 480 II RT-PCR 
System (Roche, Basel, Switzerland). GAPDH was used to 
normalize the relative mRNA expression as an internal refer-
ence. �e primers information was as shown as follows: 
CDKL3 (Forward): 5’-TATCTGGGCTTTGGGCTGTA-3’, 

CDKL3 (Reverse): 5’-TGGGGTGTTGAACTTGAGGA-3’; 
p53 (Forward): 5’-TCTGACTGTACCACCATCCACTA-3’; 
p53 (Reverse): 5’-CAAACACGCACCTCAAAGC-3’; 
GAPDH (Forward): 5’-TGACTTCAACAGCGACACC-
CA-3’; GAPDH (Reverse): 5’-CACCCTGTTGCTGTAGC-
CAAA-3’. �e formula 2–ΔΔCT method was used to process the 
relative gene expression data.

Immunohistochemical analysis. �e clinical tissue 
microarray (TMA) was obtained from Shanghai Outdo 
Biotech Co., Ltd. TNBC tissues samples of TMA were 
obtained from the Changzhou Tumor Hospital A�liated to 
Soochow University and Shanghai Shuguang Hospital A�li-
ated to Shanghai University of Traditional Chinese Medicine. 
No patients received chemotherapy or radiotherapy before 
surgery and all samples were followed up regularly for up 
to 5.6–10 years. �ese tissue samples contained 137 TNBC 
tumor tissues and 12 normal esophageal tissues and included 
125 complete patient clinical information. �e basic clinico-
pathological characteristics of 125 patients are summarized 
in Table 1. Brie�y, sections (4 µm) were depara�nized and 
then treated using 3% hydrogen peroxide for 10 min for 
quenching the endogenous peroxides activity. Sections were 
submerged into citric acid (pH 6.0) for antigenic retrieval. �e 
slides were treated with 3% H2O2 and were then incubated 
with the primary antibodies (diluted at 1:100), including 
CDKL3 (bs-5747R, Bioss) and Ki-67 (ab15580, Abcam) at 
4 °C overnight. Unrelated rabbit IgG secondary antibodies 
served as a negative control for primary antibodies and the 
slides were visualized using DAB. Each pathological section 
was evaluated by three independent pathologists who did 
not know the characteristics of all cases. A positive signal for 
CDKL3 was observed as dark brown/yellow brown coloring. 
�e proportion of tumor cells was scored as follows [12]: 
0, no tumor cells stained positive; 1, <25% of tumor cells 
stained positive; 2, 25–50% of tumor cells stained positive; 
3, 50–75% of tumor cells stained positive; and 4, ≥75% of 
tumor cells stained positive. And the grade of staining inten-
sity (SI) was classi�ed as: 0, no cells stained positive; 1, weak 
stained positive, light yellow; 2, moderate stained positive, 
yellow brown; and 3, strong stained positive, dark brown. �e 
patients were divided into two groups by median baseline 
CDKL3 expression.

Lentivirus packaging and infection. All plasmids used in 
our study were synthesized by GeneChem. �e information 
of sequences was listed as follows: shCDKL3-1: 5’-GAGGA-
GATATCTCAGAACCAA-3’; shCDKL3-2: 5’-ACTAACTG-
TAATGGCTTGAAA-3’; shCDKL3-3: 5’-CACACAGTATT-
AGATGAGTTA-3’.

�e scrambled control shRNA was used as a negative 
control. BT549 and MDA-MB-231 cells were selected and 
infected with lentiviral vectors using ENI.S and Polybrene 
with a multiplicity of infection at 10 for overnight culture, 
followed by a changing of complete growth medium the 
next day. A�er 72 h, the infection e�ciency of over 90% was 
evaluated using a �uorescence microscope (Olympus).

Table 1. Correlation between CDKL3 expression and clinical character-
istics.

Variable
CDKL3 expression

p-value
low high

All patients 64 61
Age (years) 0.247

≤57 36 (56%) 28 (46%)
>57 28 (44%) 33 (54%)

Grade 0.009**
I/II 41 (64%) 25 (41%)
III 23 (36%) 36 (59%)

AJCC stage 0.709
1 13 (20%) 9 (15%)
2 35 (55%) 35 (57%)
3 16 (25%) 17 (28%)

T stage 0.117
1 22 (34.4%) 12 (19.7%)
2 36 (56.3%) 43 (70.5%)
3 4 (6.3%) 6 (9.8%)
4 2 (3.0%) 0 (0%)

N stage 0.304
0 34 (53.1%) 29 (47.5%)
1 17 (26.6%) 18 (29.5%)
2 10 (15.6%) 6 (9.8%)
3 3 (4.7%) 8 (13.1%)

Tumor size 0.414
≤3 cm 33 (51.6%) 27 (44%)
>3 cm 31 (48.4%) 34 (56%)

Lymph node positive 0.532
=0 34 (53.1%) 29 (47.5%)
>0 30 (46.9%) 32 (52.5%)
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Cell proliferation assay. The effect of CDKL3 on cell 
proliferation was measured by the CCK-8 assay. A total of 
2×103 cells/well were seeded in a 96-well plate and incubated 
at 37 °C in a 5% CO2 incubator. After culturing for 24, 48, 72, 
96, 120 h, 10 µl/well of WST-8 working solution was added to 
each well. Next, the incubation for another 3 h at 37 °C away 
from light was performed. Finally, the absorbance at 450 nm 
was measured by a microplate reader. All experiments were 
performed in triplicate.

Cell apoptosis and cycle assays. The impact of CDKL3 
on cell apoptosis and cell cycle distribution was detected 
using flow cytometry (FCM, Becton Dickinson, San Jose, 
CA, USA) with Annexin V-APC staining. Each experiment 
was performed in triplicate. Briefly, after 96 h of lentiviral 
infection, cells were washed twice with ice-cold binding 
buffer, centrifuged at 395×g for 3 min, and stained with 5 
µl of Annexin V-APC reagent (eBioscience) for 15 min at 
room temperature in dark. Cell apoptosis was then analyzed 
by FCM. After infection for 96 h, cells were collected and 
flushed twice with ice-cold PBS on 4 °C. Then, 70% ice-cold 
ethanol was added for overnight incubation. The next day, 
cells were washed twice with PBS, adjusted to a concen-
tration of 1×106 cells/well, and then stained with 500 µl 
propidium iodide (PI) in dark at room temperature for 
30 min. Cell cycle distribution of G0/G1, S, and G2 was 
analyzed by FCM.

Transwell assay. Transwell chambers (Corning Inc., 
Corning, NY) were used to examine the impact of CDKL3 
on the migration capacity of TNBC cells. Briefly, 6×104 cells 
in 100 µl serum-free DMEM medium were seeded into each 
upper chamber of 24-well Transwell, and 600 µl DMEM with 
30% FBS was added into the lower chamber. After incubated 
24 h for BT549 or 16 h for MDA-MB-231 in a 37 °C, 5% CO2 
incubator, the non-migrated cells in the upper chamber were 
gently removed with cotton swabs and the migratory cells 
were fixed with ethyl alcohol and then stained with 0.1% 
crystal violet (Yuanye Biotechnology Co. Ltd., Shanghai, 
China) for 5 min at room temperature. The migratory cells 
were counted under an inverted microscope, photographed, 
and then analyzed.

Western blotting assay. Cultured cells and tumors samples 
were lysed using passive lysis buffer (Roche). Total protein 
was determined using the BCA protein assay kit (Pierce), 
and the protein sample was separated by 12% SDS-PAGE, 
and electroblotted onto the polyvinylidene fluoride 
membranes. After blocking with TBST buffer containing 5% 
BSA and 0.02% sodium aside for 1 h, followed the incuba-
tion with 1:1000 diluted rabbit primary antibodies, including 
CDKL3 (Bioss), p53 (Abcam), and GAPDH (Bioworld), at 
4 °C overnight. After being washed twice with TBST, the 
membranes were incubated with the secondary antibody 
horseradish peroxidase-conjugated goat anti-rabbit IgG 
(1:1000 diluted, Beyotime) for another 2 h. Target proteins 
were examined using the Pierce™ Fast Western Blot Kit (No. 
35050, chemiluminescent substrate) (Thermo Fisher Scien-

tific) and images were photographed using AI600 (GE). 
GAPDH was used as a loading control.

Cell growth and tumor size in athymic nude mice 
determination. MDA-MB-231 cells transfected with 
shCtrl or shCDKL3-1 were washed and then resuspended 
in saline. Using trypan blue staining, cell number and cell 
viability was determined. 4-weeks old female athymic nude 
mice (Shanghai SLAC Laboratory Animal Co. Ltd.) were 
randomly divided into two groups (3 mice/each group) 
followed by the subcutaneous injection with 200 µl saline 
or MDA-MB-231 cells (1×107 cells/injection site). The 
mice were observed every day and data were measured 
twice a week after 27 days of injection. Tumor photo-
graphing and tumor weighting of tumor-bearing mice was 
performed immediately after euthanizing using CO2 with 
control ventilation flow rate at 50% of sealed container 
volume/minute for 5 min in a sealed container on day 58 
post-inoculation. Tumor volume was calculated following: 
½ (Length × Width2). All animal experiments in our study 
were consistent with the ethical guidelines of the Helsinki 
Declaration and approved by the Ethics Committee of 
Changzhou Tumor Hospital Affiliated to Soochow Univer-
sity (approval NO: IACUC-2020-04-A).

Protein chip assay. Following the manufacturer’s instruc-
tions, the apoptosis related signaling pathways underlying 
CDKL3 in MDA-MB-231 cells were identified using a 
Human Apoptosis Antibody Array Kit (Abcam, Cambridge, 
MA) after cell collection and lysis.

Promoter activity assay. MDA-MB-231 cells were trans-
duced for 4–6 h with lentivirus encoding shCDKL3 or 
control shRNA. Then, the cells were transfected for 4–6 h 
with a plasmid expressing luciferase reporter under the 
control of a p53-driven promoter. Quantitation of lucif-
erase activity allowed the assessment of promoter activity. 
Briefly, after 48 h transfection, cells were washed with PBS 
twice and harvested with passive lysis buffer from the dual-
luciferase reporter assay system (Promega). Cells were lysed 
and centrifuged, and the cell supernatant was collected for 
detection. Aliquots of supernatant (40 µl) were added into 
96-well plates, followed adding of 20 µl luciferase assay 
reagent (Promega) at room temperature. Luciferase activity 
was measured immediately using a luminometer (Orion 
II Microplate Luminometer, Berthold Detection Systems). 
Data were normalized to the results obtained for the internal 
control Renilla luciferase.

Statistical analysis. Prism8 (GraphPad) was used for 
statistical analysis of all collected data. Survival of 125 TNBC 
patients was performed using Kaplan-Meier analysis. The 
time from the date of diagnosis to the date of the last follow-
up or death from any cause was defined as the overall survival. 
The clinical differences between patients with high or low 
expression of CDKL3 were analyzed using the Chi-square 
test. The difference was assessed using the Student’s t-test 
between two groups. p values were a two-tailed test, and the 
level of significance was set at p<0.05.
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could reduce the apoptosis of MDA-MB-231 and BT549 
cells. In addition, the cell cycle blockade is one of the well-
established antitumor mechanisms for many cancers. To 
understand the mechanism by which CDKL3 promotes BC 
cell proliferation, we thus analyzed the cell cycle of cells trans-
fected with shCDKL3, shCtrl, or CDKL3. �e population of 
the G1-phase and G2 cells were signi�cantly increased in the 
shCDKL3 group but decreased in the CDKL3 group when 
compared with the Ctrl group, while cell populations in the 
S-phase were distinctly decreased in the shCDKL3 group 
(Figure 2E) but increased in the CDKL3 group (Supplemen-
tary Figure S1C). All these �ndings indicate that the CDKL3 
knockdown could inhibit the proliferation of TNBC cells 
by blocking the cell cycle. Subsequently, CCK-8 assays and 
Transwell assays were performed to analyze cell viability and 
migration, which suggested that overexpression CDKL3 has 
exactly the opposite e�ect, compared with the shCDKL3 
knockdown (Figures 2F–2I). Collectively, our results proved 
that CDKL3 could promote the proliferation and migration 
of TNBC cells in vitro.

Knockdown of CDKL3 inhibits tumor growth of TNBC 
cells in vivo. Xenogra� assays were performed in nude mice 
and the development of solid tumors was monitored. A total 
of 1×107 shCDKL3-modi�ed MDA-MB-231 cells and their 
control cells (shCtrl) were injected subcutaneously into the 
nude mice (n=3). �e mice were weighed and tumor volumes 
were measured once a week from its formation until day 58. 
�e xenogra�s produced from MDA-MB-231 cells with 
shCDKL3 were signi�cantly slower than that of the shCtrl, 
and a smaller �nal tumor volume and weight (0.083±0.126 
g vs. 0.779±0.347 g, *p<0.05) was observed a�er the knock-
down of shCDKL3 (Figures 3A–3C). Furthermore, the 
expression of Ki-67 was detected by IHC, and tumor slides 
were stained by H&E. As shown in Figure 3D, Ki-67 expres-
sion in the shCtrl group was distinctly increased compared to 
the shCDKL3 group. Meanwhile, the CDKL3 expression of 
indicated tumors showed that CDKL3 was stable decrement 
during the growth of MDA-MB-231 in the mice (Figure 3E 
and Supplementary Figure S2A). Together, these �ndings 
demonstrated that CDKL3 contributed to promoting TNBC 
tumor growth in vivo.

CDKL3 inhibits the p53 signaling pathway in TNBC 
cells. A protein chip was performed to explore the possible 
function pathways using shCtrl or shCDKL3 MDA-MB-231 
cells. �e results proved that CDKL3 knockdown inhibited 
the protein expression level of Survivin and XIAP, while the 
protein expression level of Caspase3, BIM, Fas, IGFBP-5, 
p21, p27, and p53 were increased in MDA-MB-231 cells 
(Figures 4A, 4B, and Supplementary Figure S1D). Combined 
with the KEGG pathway analysis and protein network 
analysis using online tools, the p53 signaling pathway was 
identi�ed as the most correlated signaling axis downstream 
with CDKL3 (Figure 4C). CDKL3 knockdown increased 
luciferase activity in the p53-driven luciferase reporter assay 
(Figure 4D). RT-PCR assays con�rmed increased expression 

Results

CDKL3 is overexpressed in breast cancer tissues and 
is associated with a poor prognosis. To understand the 
functions of CDKL3 in TNBC, IHC was conducted to 
detect the CDKL3 expression in non-tumor tissues (n=12) 
and tumor tissues (n=137), and a higher expression level 
of CDKL3 was observed in TNBC tissues than those in 
non-tumor tissues (Figure 1A). Besides, CDKL3 was 
obviously higher in patients with higher histological grade 
(Figure 1B) and their corresponding statistical quantitative 
results are presented in Supplementary Figure S1A. Further-
more, a total of 125 patients with TNBC were divided into a 
high CDKL3-expression group and a low CDKL3-expression 
group with the median protein expression level as the cuto� 
value. Kaplan-Meier analysis indicated that a distinct longer 
overall survival was observed in the patients with a low 
expression of CDKL3, but patients with a high expression 
of CDKL3 possessed shorter overall survival (Figure  1C). 
In addition, the correlation between CDKL3 expression 
and clinical characteristics had been presented in Table 1, 
which revealed that high expressions of CDKL3 were mainly 
correlated with high tumor grade (p=0.009). �e results of 
the RT-PCR assay revealed that CDKL3 expression was 
signi�cantly higher in three TNBC cell lines (MDA-MB-468, 
MDA-MB-231, and BT549) than that in the human normal 
epithelial cell line, MCF-10A (Figure 1D). Moreover, bioin-
formatic analyses of the GEPIA2 databases (http://gepia2.
cancer-pku.cn/) [13] indicated that a high CDKL3 expression 
closely correlated with low overall survival for breast invasive 
carcinoma (BRCA), liver hepatocellular carcinoma (LIHC), 
and stomach adenocarcinoma (STAD) in the GEPIA2 data 
set (Figure 1E). In conclusion, the present study demon-
strated that CDKL3 is distinctly upregulated in TNBC tissues 
and cells, and associates with a poor prognosis, suggesting 
that CDKL3 may have a potential e�ect on the development 
and prognosis for TNBC.

CDKL3 promotes the proliferation and migration of 
TNBC cells in vitro. To determine the functional roles of 
CDKL3 in TNBC, CDKL3 was knocked down and overex-
pressed by using a lentiviral delivery system. Western blot 
analysis showed the successfully transfected shCDKL3-1~3 
into MDA-MB-231 cells and shCDKL3-1 was the most e�ec-
tive interference target by the con�rmation of the CCK-8 
assay (Figures 2A, 2B). Hence, shCDKL3-1 was chosen for 
the follow-up experiments. To further disclose the function 
of CDKL3 in TNBC cells, we also checked the overexpres-
sion CDKL3 roles in MDA-MB-231 and BT549 cells, and the 
results of RT-PCR veri�ed that both TNBC cells were success-
fully transfected with Ctrl, CDKL3, or shCDKL3 (Figure 2C). 
As shown in Figure 2D, the percentage of apoptotic cells was 
upregulated in the shCDKL3 group while reduced in the 
CDKL3 group (Supplementary Figure S1B) comparing to 
the Ctrl group, which indicated that the CDKL3 knockdown 
could increase apoptosis while the CDKL3 overexpression 
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Figure 1. CDKL3 is highly expressed in breast cancer and is associated with a poor prognosis. A) �e relative expression of CDKL3 protein in 137 BC 
tissues and 12 adjacent non-tumor tissues was checked by IHC. B) Representative images of CDKL3 expression in non-tumor tissues and di�erent 
grade tumor tissues revealed in IHC analysis (bar: 50 µm). C) �e relationship between overall survival and CDKL3 expression was detected by Kaplan-
Meier analysis. Median was de�ned as the best cut-o� to divide the patients into the CDKL3 low group (n=64) and the CDKL3 high group (n=61). D) 
�e relative expression of CDKL3 in three TNBC cell lines (MDA-MB-468, MDA-MB-231, and BT549) and the normal cell line MCF-10A was detected 
by RT-PCR. E) �e relationship between overall survival and CDKL3 expression was obtained by GEPIA2. All experiments were performed in tripli-
cate and results are presented as the mean ± S.E.M, **p<0.01; ***p<0.001
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Figure 2. CDKL3 promotes the proliferation and migration of TNBC cells in vitro. A) Knockdown e�ciency of CDKL3 in MDA-MB-231 cells was con-
�rmed by WB. B) CCK-8 assays were performed to examine the viability of MDA-MB-231 cells transfected with shCDKL3 or shCtrl. C) �e relative ex-
pression of CDKL3 in Control (Ctrl), CDKL3 knockdown (shCDKL3), and overexpression (CDKL3) cells was detected by RT-PCR. D) Flow cytometry 
was performed to analyze cell apoptosis of MDA-MB-231 and BT549 cells transfected with shCDKL3 or shCtrl. E) Flow cytometry was performed to 
analyze the cell cycle of MDA-MB-231 and BT549 cells transfected with shCDKL3 or shCtrl. F) CCK-8 assays were performed to examine the viability 
of MDA-MB-231 cells transfected with Ctrl, CDKL3, or shCDKL3. G) CCK-8 assays were performed to examine the viability of BT549 cells transfected 
with Ctrl, CDKL3, or shCDKL3. H) Transwell assays were performed to examine the migration of MDA-MB-231 and BT549 cells transfected with Ctrl, 
CDKL3, or shCDKL3 (scale bar: 200 µm). I) �e ability of cells to migrate is shown in the histograms. All experiments were performed in triplicate and 
results are presented as the mean ± S.E.M, *p<0.05; **p<0.01; ***p<0.001
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of p53 at the mRNA level (Figure 4E). Western blot analysis 
veri�ed that CDKL3 knockdown and CDKL3 overexpres-
sion increased and decreased the expression of p53 at the 
protein level, respectively (Figure 4F and Supplementary 
Figure S2B). As present in Figure 4G, the inhibitory e�ects 
of CDKL3 knockdown on cell viability of TNBC cells were 
attenuated when cells were treated with a p53 inhibitor 
Pi�thrin-α (PFT-α, 10 µM). In short, the knockdown of 
CDKL3 could induce apoptosis in MDA-MB-231 and BT549 
cells by negatively regulating the p53 signaling pathway.

Discussion

In this study, combing in vitro and in vivo experiments, we 
uncover that CDKL3 is identi�ed as an oncogene in TNBC. 
IHC data indicates that CDKL3 is upregulated in breast 
cancer tissues, and overexpression of CDKL3 is related to a 
poor prognosis of BC patients, suggesting a potential role of 
CDKL3 in the carcinogenesis of breast cancer. Consistently, 
bioinformatic analyses of public databases con�rmed the 

IHC results. Furthermore, a series of experiments in vitro 
and in vivo notarize the positive role of CDKL3 in promoting 
TNBC cell proliferation, cell cycle progression, apoptosis-
resistance, migration, and tumor growth. Mechanistically, 
CDKL3 knockdown suppresses the progression of TNBC 
cells through activating the p53 signaling pathway. Conse-
quently, this is the �rst report showing the roles and mecha-
nism of CDKL3 as an oncogene in TNBC.

It is well known that TP53 encodes the transcription 
factor and tumor suppressor p53 [14]. It plays a central 
role in response to cellular stress signals, such as oncogenic 
stress or DNA damage [15]. If p53 is activated, transactiva-
tion of target genes by p53 leads to cell cycle arrest, DNA 
repair, or in cases of serve damage-apoptosis [14–16]. In 
addition, the p53 target genes are also involved in senes-
cence, angiogenesis, and autophagy [17, 18]. In this present 
study, we con�rm that CDKL3 serves as a novel oncogene 
in TNBC, inhibiting cell cycle arrest and cell apoptosis. To 
explore the further mechanisms, anti-apoptotic proteins 
(Survivin and XIAP) and pro-apoptotic proteins (Caspase3, 

Figure 3. Downregulation of CDKL3 impairs tumor cells growth in vivo. A) Tumor volume was calculated every 8 days as the length × width2 × 0.5. 
B) Tumor weight was measured a�er implantation a�er sacri�cing mice. C) BALB/C nude mice (n=3) were simultaneously transplanted with MDA-
MB-231 cells transfected with shCtrl or shCDKL3. D) Ki-67 (le�) and H&E (right) staining were performed in xenogra� (scale bar = 100 µm). E) �e 
expression of CDKL3 in MDA-MB-231 cells was con�rmed by western blot. All experiments were performed in triplicate and results are presented as 
the mean ± S.E.M, *p<0.01
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Figure 4. Exploration of the downstream 
molecular mechanism of CDKL3 in 
TNBC cells. A) Human apoptosis an-
tibody array analysis was performed 
in MDA-MB-231 cells transfected with 
shCtrl or shCDKL3. B) �e di�eren-
tial protein expression was performed 
in MDA-MB-231 cells transfected with 
shCtrl or shCDKL3. C) Di�erential 
Protein Network Analysis through the 
STRING database. D) A dual-luciferase 
assay was performed to determine the 
e�ect of CDKL3 knockdown on the tran-
scriptional activity of TP53 in MDA-
MB-231 cells. E) RT-PCR was performed 
to determine levels of p53mRNAs in 
both MDA-MB-231 and BT549 cells. F) 
�e downstream proteins expression 
of p53 was observed by WB in MDA-
MB-231 and BT549 cells transfected 
with Ctrl, shCDKL3, or CDKL3 OE. G) 
CCK-8 assays were performed to exam-
ine the viability of MDA-MB-231 and 
BT549 cells transfected with shCtrl or 
shCDKL3 and treated with or without 
PFT-α. All experiments were performed 
in triplicate and results are presented as 
the mean ± S.E.M, *p<0.05; **p<0.01; 
***p<0.001
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BIM, Fas, IGFBP-5, p21, p27, and p53) were obtained by 
protein chip. Survivin and XIAP were members of the 
inhibitor of apoptosis (IAP) gene family, which encodes 
negative regulatory proteins that promote cell proliferation, 
prevent apoptotic cell death in the G2/M phase, and serve 
as an inhibitor of CASP3 and CASP7 [19–22]. Caspase3 is a 
cysteine-aspartic acid protease that plays a central role in the 
execution phase of cell apoptosis [23]. BIM is an apoptosis-
inducing member of the Bcl-2 protein family and one of the 
potential mediators of p53-induced apoptosis [24, 25]. Fas is 
another potential mediator of p53-induced apoptosis, which 
belongs to the classic ‘death-signal’ receptors [26]. IGFBP5 
has been demonstrated as a tumor suppressor, which induces 
apoptosis and cell cycle arrest in breast cancer cells [27, 28]. 
�e p53 protein directly stimulates the expression of p21, an 
inhibitor of cyclin-dependent kinases (CDKs) that inhibits 
both the G1-to-S and G2-to-mitosis transitions [29]. �e 
p53/p21 axis plays an important role in cell cycle inhibi-
tion and tumor suppression [30-32]. p21/p27 are cell cycle 
inhibitors that mediate CDK inhibition [33]. Together, the 
existing evidence supports the p53 signaling pathway as a 
tumor promotional mechanism in TNBC and p53 plays a 
central role in response to oncogenic stress from CDKL3. 
�e data presented herein show that CDKL3 regulated p53 
activity and its expression in TNBC cells. In addition, the 
inhibitory e�ects of CDKL3 were attenuated when cells were 
treated with the p53 inhibitor PFT-α. We thus proved that 
the CDKL3 knockdown inhibits TNBC by regulating the p53 
signaling pathway.

Although the data in this study have demonstrated that 
CDKL3 is a de�nite oncogene for TNBC, more data are needed 
to validate it repeatedly. For instance, how is the biological 
change of CDKL3-overexpressing cells in vivo? Further study 
about the xenogra� in nude mice and protein chip is needed 
as data shown here are from in vitro cell models.

In conclusion, our �ndings indicated that CDKL3 acts 
as an oncogene in TNBC, and the p53 signaling pathway is 
the main downstream e�ector underlying CDKL3 in TNBC. 
�ese �ndings reveal that CDKL3 is an ideal therapeutic 
target for TNBC treatment.

Supplementary information is available in the online version 
of the paper.
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Supplementary Figure S1. CDKL3 regulates cell apoptosis and cell cycle of TNBC cells in vitro. A) �e quanti�cation of CDKL3 IHC score strati�ed 
by tumor grade (Grade I/II and Grade III) in Figure 1B. B) Flow cytometry was performed to analyze cell apoptosis of MDA-MB-231 and BT549 
cells transfected with Ctrl or CDKL3. C) Flow cytometry was performed to analyze cell cycle of MDA-MB-231 and BT549 cells transfected with Ctrl 
or CDKL3. D) �e original image of the human apoptosis antibody array analysis was performed in MDA-MB-231 cells transfected with shCtrl or 
shCDKL3. All experiments were performed in triplicate and results were presented as the mean±S.E.M, *p<0.05; **p<0.01; ***p<0.001

https://doi.org/10.4149/neo_2021_210331N427

Cyclin-dependent kinase like 3 promotes triple-negative breast cancer 
progression via inhibiting the p53 signaling pathway 
Dong-Xiang ZENG1, Gui-Feng SHENG1, Yong-Ping LIU1, Ya-Ping ZHANG1, Zheng QIAN2, Zhe LI2,*, Yan-Zhi BI1,* 

Supplementary Information



2 Dong-Xiang ZENG, et al.

Supplementary Figure S2. Grayscale analysis of protein bands from western blot. A) �e histogram shows the statistical results of gray level analysis 
of CDKL3 in Figure 3E. B) �e histogram shows the statistical results of gray level analysis of CDKL3 and P53 in Figure 4F. All experiments were per-
formed in triplicate and results were presented as the mean±S.E.M, **p<0.01; ***p<0.001.




