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ABSTRACT

Introduction: Chronic kidney disease (CKD) is a risk factor for bladder cancer (BC) and is reportedly involved in its recurrence
and progression. This study aimed to determine the molecular mechanisms underlying the development of BC in patients with
CKD.

Methods: First, we generated the CKD mouse model according to a unilateral two-stage renal ischemia-reperfusion injury pro-
tocol using wild-type C57BL/6 mice. Second, we conducted a molecular functional analysis of DGKa in BC and investigated the
contribution of DGKa to cell invasion, migration, and proliferation activity using human BC cell lines.

Results: After confirming elevated serum creatinine levels in mice, the bladder was dissected, and mRNA sequencing of blad-
der urothelial cells was conducted. Gene expression profiling revealed remarkable upregulation in diacylglycerol kinase alpha
(DGKa) level compared to that in control urothelial cells. DGKa-knockdown cells displayed significantly decreased invasion,
migration, and proliferation activity compared to the controls. Next, we conducted a clinical analysis of DGKa in BC patients
and performed immunohistochemistry (IHC) on samples from patients treated with radical cystectomy. IHC staining revealed
that DGKa-positive cases had significantly worse recurrence-free and cancer-specific survival rates (p=0.036 and =0.003,
respectively).

Conclusion: DGKa expression is associated with tumorigenic activity in BC. Therefore, it is speculated that increased expres-
sion of DGKa in CKD cases is involved in the malignant potentials in BC. In conclusion, the crucial role of DGKa in BC is sug-
gested, and it may be one of the factors contributing to poor prognosis in BC patients with CKD.

1 | Introduction greatest risk factor for BC, and this is explained by exposure

to carcinogens such as cigarette smoke and, less commonly,
Bladder cancer (BC), a common urological malignancy of the benzene chemicals and aromatic amines, combined with an
bladder urothelium, is the ninth-most commonly diagnosed age-related reduction in the ability to repair DNA [2]. Other
cancer worldwide, with approximately 613,000 new cases risk factors include bacterial and parasitic infections, chronic
and 220,000 deaths reported in 2022 [1]. Advanced age is the indwelling Foley catheter use, prior bladder augmentation,

Abbreviations: BC, bladder cancer; BUN, blood urea nitrogen; CKD, chronic kidney disease; DGKa, diacylglycerol kinase alpha; IRI, ischemia-reperfusion injury; PA, phosphatidic acid.
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and pelvic radiation. These risk factors are mostly associated
with chronic inflammatory processes and are strongly linked
to each other, and consequently, they play a crucial role in
cancer progression.

Chronic kidney disease (CKD) is a representative disease related
tochronicinflammation in the systemic and urinary systems. Our
previous study reported that CKD is an independent predictor of
recurrence and progression in primary non-muscle-invasive BC
[3]. Recently, various reports have revealed the important role of
CKD in BC recurrence and progression, not only in non-muscle-
invasive BC but also in muscle-invasive BC [4, 5]. Although it is
becoming clear that CKD, a non-specific phenomenon related to
various factors in vivo, is a risk and poor prognostic factor for BC,
the molecular mechanisms underlying the effects of CKD on the
tumorigenicity of BC have not been clarified.

In this study, we searched for tumorigenic genes associated
with CKD. Remarkable upregulation of diacylglycerol kinase
alpha (DGKa) was evaluated in the CKD mouse model blad-
der urothelium. DGKa acts as a modulator that competes with
protein kinase C for the second messenger diacylglycerol in
intracellular signaling pathways. It also plays an important
role in the synthesis of phosphatidic acid (PA), an intracellu-
lar signaling molecule, by phosphorylating diacylglycerols.
DGKa has been shown to have relations with the activation
of HIF-1a, ¢c-MET, ALK, and VEGF [6-9]. Herein, we report
a novel role of DGKa in BC and that the expression of DGKa
is closely related to the poor prognosis of patients with BC
treated with radical cystectomy, in association with its en-
hanced invasion, migration, and proliferation activity in BC
cell lines. Furthermore, via DGK-mediated pathways, there is
a possibility that DGKa becomes a therapeutic biomarker and
new therapeutic target in BC.

2 | Material and Methods
2.1 | CKD Model Mice

To generate CKD mouse model, weinduced a “unilateral two-stage
ischemia-reperfusion injury (IRI)” in 8-week-old male C57BL/6J
mice (Charles River) using a previously reported method [10]. At
the beginning of Stage I (Day 1), IRI was performed by clamping
the left renal pedicle with a silver clip for 24 min. At the time, the
right kidney remained intact. The wound was sutured after the
release of the clip, and the mice were allowed to recover for 14 d.
The right kidney was removed at the beginning of Stage II (Day
14). Mice that underwent right kidney nephrectomy on Day 14,
but not left renal pedicle clamping on Day 1, served as controls.
For the next 70days, the mice were maintained in an appropriate
environment. Eighty-four days after the start of this experiment,
after confirming elevated serum blood urea nitrogen (BUN) and
creatinine levels, the mice were sacrificed, and their bladder
urothelium was excised under a microscope. Total RNA excised
from the bladder urothelium was converted into libraries using a
SureSelect Strand-Specific RNA Library Preparation Kit (Agilent
Technologies, Santa Clara, CA, USA). Transcriptome analy-
sis was performed using the next-generation sequencer HiSeq
2500 (Illumina, San Diego, CA, USA). In this RNA sequencing
analysis, the CKD and control groups were compared using two

mice each. All animal experiments were performed in strict ac-
cordance with the recommendations of the Guide for the Care
and Use of Laboratory Animals of Hiroshima University Animal
Research Committee (permission nos. 29-58).

2.2 | RNA Sequencing Analysis and GSEA

Total RNA extracted from the excised bladder urothelium of
the CKD model and control mice was converted into libraries
using the SureSelect Strand-Specific RNA Library Preparation
kit (Agilent Technologies). The next-generation sequencer HiSeq
2500 (Illumina) was used for transcriptome analysis. The gener-
ated sequence tags were mapped to human genomic sequences
(hg38). Gene Set Enrichment Analysis software (version 4.1.0)
was downloaded from the websites of the Broad Institute (San
Diego, CA, USA; http://software.broadinstitute.org/gsea/downl
oads.jsp).

2.3 | Tissue Samples

Forty-two patients diagnosed with BC who underwent radical
cystectomy without neoadjuvant chemotherapy at Hiroshima
University Hospital between April 1999 and May 2011 were
included in this study. Patients who had received neoadjuvant
chemotherapy were excluded because of the associated renal
dysfunction. Pathological diagnoses were made based on the
World Health Organization (WHO) classification [11]. Tumor
grade was classified according to the 1973 WHO grading system.
Upon evaluating the patients’ backgrounds and survival progno-
ses, we obtained relevant clinicopathological data from medical
records, such as age, sex, pathological tumor, node, metastasis
(TNM) stage, tumor grade, and blood biochemical tests. Tumor
staging was performed according to the 2010 American Joint
Committee on Cancer TNM Staging System [12]. This study was
conducted in accordance with the guidelines of the Declaration
of Helsinki and Good Clinical Practice. All experimental proce-
dures were approved by the Ethics Committee of the Hiroshima
University Hospital (approval no. E-326-2). All patients provided
written informed consent before participation.

2.4 | Immunohistochemical Staining

Immunohistochemical (IHC) staining was performed on
tumor sections obtained by radical cystectomy as described
previously [13]. THC staining analysis was performed with a
Dako Envision+ Mouse Peroxidase Detection System (Dako
Cytomation, Carpinteria, CA, USA). Antigen retrieval was per-
formed by microwave heating in citrate buffer (pH8.0) for 1h.
Peroxidase activity was blocked with 3% H,O,-methanol for
5min, and the sections were incubated with normal goat serum
(Dako Cytomation) for 10min to block nonspecific antibody
binding sites. Sections were incubated with a rabbit polyclonal
anti-DGKa antibody (11547-1-AP; Proteintech Group, Rosemont,
IL, USA, 1:200) for 1h at room temperature, followed by incu-
bation with Envision+ anti-rabbit or -mouse peroxidase for 1h.
The sections were incubated with DAB Substrate-Chromogen
Solution (Dako Cytomation) for 5min for color reaction and then
counterstained with 0.1% hematoxylin. DGKa expression in BC
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was scored in all tumors as positive or negative, upon blind ex-
amination by two independent uropathologists.

2.5 | Cell Culture

Human BC cell lines T24 (Research Resource Identifier (RRID)
number: CVCL_0554), 5637 (CVCL_0126), RT-4 (CVCL_0036),
RT-112 (CVCL_1670), UM-UC-3 (CVCL_1783), and UM-UC-13
(CVCL_2746) were purchased from the Japanese Collection
of Research Bioresources Cell Bank (Osaka, Japan) and main-
tained at 37°C in a humidified atmosphere containing 5% CO, in
RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO, USA) sup-
plemented with 10% fetal bovine serum (FBS) (Gibco, Paisley,
UK) and 1% penicillin-streptomycin (FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan).

2.6 | Transfection and RNA Interference

To knock down DGKa expression in T24, 5637, RT-4, RT-112,
UM-UC-3, and UM-UC-13 cells, we used small interfering RNA
(siRNA)-based RNA interference technology. Cells were inde-
pendently transfected with two different siRNAs against human
DGKaoa (si DGKa-1; #s3912 and si DGKa-2, #s3913; Stealth RNA;
Thermo Fisher Scientific, Waltham, MA, USA) or control siRNA
(siCtrl; Silencer; Thermo Fisher Scientific) using Lipofectamine
RNAiIMAX reagent (Thermo Fisher Scientific). Cells were col-
lected 48 and 72 h after RNA and protein extraction, respectively.

2.7 | Quantitative RT-PCR Analysis

Quantitative RT-PCR was performed as previously described
[13]. Total RNA was isolated using NucleoSpin RNA (Takara,
Japan), and 500ng of total RNA was reverse-transcribed into
cDNA using PrimeScript RT Master Mix (Takara). Quantitative
PCR (qPCR) was performed for cDNA with SYBR Select
Master Mix (Applied Biosystems, Austin, TX, USA) using the
StepOnePlus Real-Time PCR System (Applied Biosystems). The
cycle threshold (Ct) values were normalized to the expression of
an endogenous housekeeping gene, hypoxanthine phosphoribo-
syltransferase (HPRT), and 2¢-24CY values were calculated for
relative quantification. Reactions were performed in triplicate
using the qPCR primers listed in Table S1.

2.8 | Western Blotting Analysis

Western blotting was performed as previously described [13].
Briefly, protein samples were electrophoresed on 5%-20% pre-
cast polyacrylamide gels (SuperSep Ace; FUITFILM Wako Pure
Chemical Corporation) and transferred onto nitrocellulose blot-
ting membranes (GE Healthcare Life Science, Uppsala, Sweden)
by electroblotting. Membranes were blocked with 5% nonfat dry
milk in TBST (10mM Tris, 150mM NacCl, and 0.05% Tween 20;
pH 8.0) for 30 min and incubated with primary antibodies at 4°C
overnight. The primary antibodies used in these assays were as
follows: anti-human DGKa (1:1000; 11,547-1-AP; Proteintech
Group) and anti-f-actin (1:5000; #A2228; Sigma-Aldrich).

2.9 | Transwell Invasion Assay

We evaluated the cell invasion ability using a transwell inva-
sion assay. For this assay, 24-well cell culture inserts (Corning,
NY, USA) and 8.0-pum pore size ThinCerts membranes (Greiner
Bio-One, Kremsmunster, Austria) were used. Cells suspended
in serum-free medium were seeded into the top chamber after
serum-containing medium (10% FBS) was added to the bottom
chamber. Twenty-four hours later, the cells that translocated
to the bottom surface of the membrane were recovered and
counted using Diff-Quick staining.

2.10 | Wound-Healing Assay

We conducted a wound-healing assay to evaluate cell migration.
Cells were seeded into a culture insert (ibidi Culture-Insert 2
Well; ibidi GmbH, Martinsried, Germany) at a density of 5.0 X 10°
cells/mL. After allowing the cells to adhere overnight, the cul-
ture insert was recovered and washed with PBS to remove the
non-adherent cells. The cells were then cultured in fresh me-
dium for 10h. After photographing the plate at the beginning
and end of the culture period, the cells that had migrated into
the wound space were manually enumerated in three fields per
well under a light microscope at x50 magnification. Cell mi-
gration areas were quantified using the ImageJ software (NIH,
Bethesda, MD, USA; https://imagej.nih.gov/ij/).

2.11 | Cell Proliferation Assay

Cells (5.0 x 103/mL) were incubated in a 96-well cell culture plate
for 24 h. Cell proliferation was assessed using the Premix WST-1
Cell Proliferation Assay System (Takara) and expressed as the
absorbance measured at 450nm using a microplate reader. For
each measurement, wells with untreated cells and media with-
out cells served as controls and blanks, respectively.

2.12 | Statistical Analyses

Multiple group comparisons were performed using one-way
ANOVA with Dunnett's multiple comparison test. Statistical anal-
yses were performed using GraphPad Prism 8 software (GraphPad
Software Inc., San Diego, CA, USA; RRID:SCR_002798). Linear
regression analysis, Fisher's exact test, unpaired t-test, y? test,
and log-rank test were performed to compare the two groups.
Univariate and multivariate Cox regression analyses were per-
formed using JMP software (SAS Institute Inc., Cary, USA;
RRID:SCR_008567). p-values less than 0.05 were considered to
indicate statistically significant differences.

3 | Results

3.1 | Generation of CKD Model Mouse and RNA
Sequencing Analysis

First, the CKD mouse model was generated according to the
“unilateral two-stage IRI” protocol. For the unilateral IRI (uIRI)
time, we used the 24-min protocol that resulted in continuous
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FIGURE 1 | Generation of chronic kidney disease (CKD) model mice and Gene Set Enrichment Analysis (GSEA) of the bladder urothelium of
CKD mice. (A) The elevation of serum blood urea nitrogen and creatinine in CKD model mice. (B) The upregulation of DGKa expression in the
bladder urothelium of CKD mice compared with control mice. (C) Normalized enrichment scores of the top 10 upregulated pathways of hallmark
gene sets enriched in the bladder urothelium of CKD mice compared with control mice. (D-F) Enrichment pattern of hallmark angiogenesis rerated
(D), hallmark epithelial-mesenchymal transition related (E), and G2M checkpoint-related (F) gene sets determined by GSEA comparing CKD and
control mice.
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increases in creatinine levels and declines in the glomerular
filtration rate. The survival rate associated with this procedure
was approximately 80%. The dead mice exhibited marked edema
throughout their bodies, suggesting that the cause of death was
likely renal failure. At the end of the experiments (Day 84), we
collected blood samples from the surviving mice, performed
blood tests, and measured serum BUN and creatinine levels.
After confirming elevated serum BUN and creatinine levels
(Figure 1A), the mice were euthanized and only the bladder
urothelium was excised under a microscope. Total RNA was
extracted from the excised bladder urothelium, and gene expres-
sion profiles were evaluated via mRNA sequencing analysis.
Among the different upregulated genes, we especially examined
DGKa, which had the least gene expression level dispersion
within each group, and previous studies have suggested its in-
volvement in tumorigenic activity in other types of carcinomas.
DGKa was remarkably upregulated in the bladder urothelium
of CKD mice compared to that of the control (Figure 1B). RNA
sequencing was performed on the excised bladder urothelium.
A series of hallmark gene sets were extracted from the GSEA
(Figure 1C). Several notable pathways were identified, including
angiogenesis, epithelial-mesenchymal transition (EMT), and
G2M checkpoint pathways (Figure 1D-F).

3.2 | Expression of DGKa in Patients With BC
Treated With Radical Cystectomy

Expression levels of DGKa in tumor specimens from patients
with BC treated with radical cystectomy were analyzed. All

(A) )

Positive

patients are pure urothelial carcinoma, with no cases contain-
ing histological variants. THC staining patterns of BC specimens
were classified as positive or negative based on the judgment of
independent uropathologists. Weak or no staining of DGKa was
observed in non-neoplastic urothelium, whereas stronger and
more extensive staining was observed in BC tissues (Figure 2A).
Even in tumor samples, DGKa-positive and -negative specimens
were evidently distinguishable (Figure 2B). Staining of DGKa
was mainly observed in the cytoplasm in BC. Twelve (29%) of
the 42 tumor specimens were positive for DGKa. Kaplan-Meier
analysis revealed worse recurrence-free survival and cancer-
specific survival rates in DGKa-positive patients compared to
DGKa-negative patients (p=0.036 and=0.003, respectively)
(Figure 2C). On the other hand, DGKa expression was not as-
sociated with pathologic T stage and grade; however, lymph
node metastasis rate was significantly higher in DGKa-positive
patients. Furthermore, the estimated glomerular filtration rate
(eGFR) tended to be lower in the DGKa-positive group (Table 1).

3.3 | DGKa Promotes Cell Invasion, Migration,
and Proliferation Activities In Vitro

To determine the functional significance of DGKa in BC, we
investigated the contribution of DGKa to cell invasion, migra-
tion, and proliferation by knocking down DGKa in the following
well-known BC cell lines: T24, 5637, RT-4, RT-112, UM-UC-3,
and UM-UC-13 cells. Successful knockdown of DGKa was
confirmed at the mRNA (Figure 3A) and protein (Figure 3B)
levels using qRT-PCR and western blotting, respectively. We
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Relationship between DGKa expression and bladder cancer (BC) patients treated with radical cystectomy. (A) Immunohistochemical

DGKa staining in BC patients. The results shown are representative of 42 independent specimens. Original magnification, x100. Scale bar, 200 um.

(B) Immunohistochemical staining of DGKa-positive and -negative tumors. The results shown are representative of 12 DGKa-positive and 30 DGKa-

negative specimens. Original magnification, X400. Scale bar, 50 um. (C) Kaplan-Meier plots of recurrence-free (left) and cancer-specific (right) sur-

vival rates for DGKa-positive and -negative BC patients. p-values calculated by a log-rank test are also indicated.
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TABLE 1 | Comparison of clinical characteristics between DGKa-
positive and -negative BC patients treated with radical cystectomy.

Case (% of total)

DGKa-positive DGKea-negative

(n=12) (n=30) P
Age, years
<70 7(58.3) 15 (50.0) 0.62
>70 5(41.7) 15 (50.0)
Gender
Male 9 (75.0) 24 (80.0) 0.72
Female 3(25.0) 6 (20.0)
eGFR, mL/min/1.73 m?
>45 8(66.7) 25(83.3) 0.24
<45 4(33.3) 5(16.7)
Pathologic T stage
<pT3 7 (58.3) 22(73.3) 0.35
>pT3 5(41.7) 8 (26.7)
Tumor Grade
G1/2 3(25.0) 5(16.7) 0.54
G3 9 (75.0) 25(83.3)
Lymph node status
NO 9 (75.0) 29 (96.7) 0.04
N1 3(25.0) 1(3.3)

investigated the effect of DGKa knockdown on cell invasion, mi-
gration, and proliferation activities to determine the functional
significance of DGKa in BC. First, we performed a Transwell
invasion assay to measure cell invasion activity, which revealed
that DGKa-knockdown cells displayed significantly decreased
invasive activity compared to control cells (Figure 4A). Second,
a wound-healing assay was performed to measure cell inva-
sion activity. Consistent with the Transwell invasion assay re-
sults, the migration activity of BC cells was downregulated by
knockdown of DGKa (Figure 4B). Third, we evaluated cell pro-
liferation activity using the WST-1 assay, which revealed that
knockdown of DGKa decreased cell proliferation activity in
5637 and UM-UM-13 cells (Figure 4C).

4 | Discussion

CKD is a poor prognostic factor in patients with BC [14].
However, the molecular mechanisms underlying the effects of
CKD in BC have not been thoroughly investigated. This is the
first study to clarify the critical contribution of CKD to BC using
a CKD mouse model. In the CKD mouse model, the survival rate
of the uIRI-24min group was 75%, consistent with a previous
study [10]. Consistent with the results of this study, during the
process of generating CKD mouse models, the survival rate was
almost 80%. Although there are likely to be a certain number

of deaths due to nephrectomy invasion, the dead mice showed
marked edema throughout the body, suggesting that the cause
of death was renal failure. Only surviving mice could be used for
the analysis, which may explain why there were no significant
differences in elevated serum creatinine levels. RNA sequencing
analysis revealed a remarkable upregulation of DGKc, an en-
zyme that converts the membrane lipid diacylglycerol to phos-
phatidic acid, in the bladder urothelium of CKD mice. Hence,
we focused on DGKa and evaluated its functional role in BC.
The expression of DGKa was correlated with poor prognosis in
patients with BC treated with radical cystectomy. Furthermore,
DGKa significantly contributes to the increased invasion, mi-
gration, and proliferation ability of BC cell lines in vitro.

The relationship between DGKa expression and cancer progres-
sion has been reported in several cancers, including hepatocellu-
lar carcinoma, melanoma, glioblastoma, colon adenocarcinoma,
and breast adenocarcinoma [15-18]. In this report, we showed
the potential utility of CKD-induced DGKo upregulation and its
corresponding molecular mechanisms in predicting the progno-
sis of patients with BC. Expression of DGKa was found to be
deeply involved in tumorigenic activity through its involvement
in invasion, migration, and proliferation activity. These results
provide a reasonable explanation for our clinical findings indi-
cating that CKD is a risk factor for recurrence and progression
in patients with primary non-muscle-invasive BC [19] and for
other reports suggesting that patients with CKD have a poor
prognosis after radical cystectomy [20].

Li et al. [21] reported that DGKa elicits platinum resistance in
ovarian cancer. In particular, they clarified that loss of DGKa
selectively ameliorates cisplatin sensitivity in cisplatin-resistant
ovarian cancer in a kinase-dependent manner via its metabolic
product, PA. PA activates the transcription factor c-JUN by bind-
ing to it and translocating it into the nucleus to promote WEE1
expression. WEETI is a regulator of cell cycle progression upon cis-
platin exposure, which regulates the G2 checkpoint and prevents
entrance into mitosis in response to DNA damage [22, 23]. This
DGKa-c-JUN-WEEI] signaling pathway reportedly provides cis-
platin resistance in ovarian cancer. Considering its involvement in
the G2M checkpoint pathways observed in the RNA sequencing
analysis in this study, DGKa may have been considered to contrib-
ute to cisplatin resistance in BC through WEELI. Platinum-based
compounds, such as cisplatin or carboplatin, are standard che-
motherapy agents in patients with BC and have been commonly
used for decades. There is a possibility that the activation of DGKa
induces platinum resistance in patients with CKD and signifi-
cant poor prognosis in BC patients with CKD. Furthermore, Fu
et al. [24] clarified that DGKa phosphorylated the proto-oncogene
tyrosine-protein kinase Src (SRC) protein and focal adhesion ki-
nase 1 (FAK) protein to form and activate the DGKoa/SRC/FAK
complex, thereby initiating the downstream WNT/B-catenin
and VEGF signaling pathways, promoting EMT and angiogene-
sis, and resulting in the metastasis of non-small cell lung cancer.
Consistent with this result, GSEA in this study revealed an asso-
ciation between EMT and angiogenesis pathways. This molecu-
lar mechanism might reasonably explain the significantly higher
lymph node metastasis rate in DGKa-positive patients treated
with radical cystectomy in our clinical cohort. Furthermore, they
additionally reported that DGKa also mediates PD-1 blockade
[25]. Currently, in BC, drug therapy using immune checkpoint
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inhibitors, represented by PD-1 antibodies, is the mainstream
treatment. This suggests that DGKa may become not only a prog-
nostic predictor for BC through CKD but also a new potential ther-
apeutic target. BC is a diverse disease concept ranging from low to
high grade. Although molecular mechanisms and prognostic indi-
cators have been reported [26, 27], the pathogenesis of BC remains
largely unknown.

Our study had certain limitations. First, in the IHC analysis,
DGKa-positive cases tended to exhibit reduced kidney function
compared to DGKa-negative cases, although no significant dif-
ference was observed. This may be owing to the fact that only
a small number of cases treated with radical cystectomy were
included in the retrospective analysis. Therefore, a prospective
study using a large number of patients with BC will be necessary
to verify the present data. Second, the mechanisms underlying
the upregulation of DGKa in the bladder urothelium of CKD
mice remain unclear.

In summary, a significant upregulation of DGKa was observed
in CKD mouse models. The expression of DGKa was associated
with poor prognosis of patients with BC treated with radical

cystectomy. In addition, the DGKa-mediated cellular invasion,
migration, and proliferation activity was suggested. DGKa
could be developed as a predictor for BC patients with CKD and
potential new therapeutic targets.
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FIGURE4 | Role of DGKa in BC cell invasion, migration, and proliferation in vitro. (A) DGKa-knockdown cell lines were subjected to transwell
invasion assay with corresponding control cells (siCont) (n=4). *p <0.05, **p <0.01, and ***p <0.001 by one-way ANOVA combined with Dunnett's
multiple comparisons test, compared with siCont. Representative Diff-Quick-stained transwell membranes using T24 cells were shown in left panels.
Scale bar, 50 um. (B) DGKa-knockdown cell lines were subjected to a wound healing assay with corresponding control cells (siCtrl) (n =3). *p <0.05
and **p <0.01 by one-way ANOVA combined with Dunnett's multiple comparisons test, compared with siCont. Representative images of migrated
cells using T24 cells were shown in the left panels. Scale bar, 50 um. (C) DGKa-knockdown cell lines were subjected to a cell proliferation assay with
corresponding control cells (siCont) (n=4). **p<0.01 and ***p <0.001 by one-way ANOVA combined with Dunnett's multiple comparisons test,
compared with siCont.
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