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KDELR2-KIF20A axis facilitates bladder i
cancer growth and metastasis by enhancing
Golgi-mediated secretion

Xiangui Meng "' Weiquan Li'**, Hongwei Yuan'**, Wei Dong'?3", Wen Xiao'**" and Xiaoping Zhang'**"

Abstract

Background: Bladder cancer (BCa) is a fatal form of cancer worldwide associated with a poor prognosis. Identifying
novel drivers of growth and metastasis hold therapeutic potential for the disease. Transport homeostasis between
the endoplasmic reticulum and Golgi and the secretion of matrix metalloproteinases (MMPs) mediated by Golgi have
been reported to be closely associated with tumor progression. However, to date, mechanistic studies remain limited.

Results: Here, we identified KDELR2 as a potential risk factor with prognostic value in patients with BCa, especially
those harbouring the KDELR2 amplification. In addition, we found that KDELR2 is a regulator of BCa cell proliferation
and tumorigenicity based on bioinformatic analysis with functional studies. Mechanistically, we revealed that KDELR2
could regulate the expression of KIF20A, thus stimulating the expression of MMP2, MMP9 and MKI67. Functionally,
the overexpression of KDELR2 and KIF20A markedly promoted proliferation, migration, and invasion in vitro and
enhanced tumor growth in vivo, while knockdown of KDELR2 and KIF20A exerted the opposite effects. And the over-
expression of KDELR2 also enhanced lymph node metastasis in vivo.

Conclusions: Collectively, our findings clarified a hitherto unexplored mechanism of KDELR2-KIF20A axis in increas-
ing Golgi-mediated secretion of MMPs to drive tumor progression in BCa.

Keywords: KDEL endoplasmic reticulum protein retention receptor 2 (KDELR2), Kinesin family member 20A (KIF20A),
Bladder cancer (BCa), MMPs, Prognosis

Background

Bladder cancer (BCa) is one of the most lethal malignan-
cies, with an increasing incidence worldwide [1]. Approx-
imately 573,000 new cases of BCa and 213,000 deaths
were reported worldwide in the past 2020 [2]. It has been
estimated that 83,730 new cases of BCa will be diagnosed
in the United States this year, with approximately 17,200
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individuals succumbing to the disease [3]. Despite signifi-
cant advances in the treatment of BCa, including tradi-
tional surgical resection, chemotherapy, radiotherapy and
immunotherapy, postoperative recurrence and distant
metastasis affect the five-year survival rate of patients
with advanced BCa [4]. Therefore, prompt identification
of the potential therapeutic targets and biomarkers for
BCa is essential.

The KDEL (Lys-Asp-Glu-Leu) receptors (KDELRs),
proteins with seven transmembrane domains, includ-
ing KDELR1-3, localise mainly on the Golgi complex
(usually cis side), the endoplasmic reticulum (ER), and
the intermediate ER-Golgi compartment (ERGIC) [5].
KDELRs are known to regulate the trafficking of proteins
between the Golgi and the ER, aiming to retrotransport
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chaperones from the Golgi complex to the ER. KDELRs
play a key role in maintaining transport homeostasis
between the Golgi and the ER. KDELR1-3 has different
binding substrates, with KDELR2 being specific and the
others being general [6]. Previous studies have shown
that KDELR?2 is involved in the regulation of cellular
functions, including cell proliferation, survival, migra-
tion, cytoskeletal rearrangements, secretion and other
biological activities [7], regulating the ER stress [8, 9], cel-
lular secretory traffic [10], and immune responses [11].
However, the roles of KDELRs family remain unclear,
especially in tumor progression. The existing research
state that human glioma tissues and cell lines highly
express KDELR2 [12, 13]. KDELR?2 is a poor prognos-
tic factor for glioblastoma and acts as a direct target of
HIF-1a, a regulator of p-mTOR as well as the down-
stream protein in glioblastoma cells [12]. KDELR2
knockdown could inhibit the viability of glioma cells,
promote cell cycle arrest at the G1 phase and induce
apoptotic cell death by targeting CCND1 [13]. In mela-
noma cells, KDELR activity promoted invadopodia for-
mation and extracellular matrix (ECM) degradation [14].
Overexpression of KDELR? is sufficient to independently
trigger lung cancer invasion and metastasis by an EMT-
independent mechanism [15]. Increasing evidence has
revealed that cellular KDELR2 has more complex roles
in tumor progression. Nonetheless, to date, no study has
demonstrated the putative role of KDELR2 and its func-
tion in the Golgi-mediated expression of proteins, as well
as in the invasion and metastasis of BCa cells driven by
matrix metalloproteinases (MMPs).

Comparatively, the pivotal role of the kinesin family
member 20A (KIF20A) has been extensively explored
in cancer. In 2015, upregulation of KIF20A was first
identified in pancreatic cancer, and KIF20A inhibi-
tion appeared to significantly inhibit the proliferation of
pancreatic cancer cells [16]. Subsequently, a prominent
increase in KIF20A expression was observed in several
malignancies, such as lung [17, 18], breast [19], gastric
[20], liver [21], bladder [22], and pancreatic cancers [23,
24]. Moreover, overexpression of KIF20A was tightly
associated with a poor prognosis and the clinical param-
eters in patients with gastric cancer [25]. Currently,
although studies have reported that KIF20A induced the
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progression of BCa by promoting the growth, viability
and metastasis of BCa cells [22], the specific regulatory
and molecular mechanisms of KIF20A and its potential
role in BCa tumorigenesis remains largely elusive.

Through the current study, we have provided mecha-
nistic insights into the effect of KDELR2 activation on
the behaviour of BCa cells. Our results revealed that
KDELR?2 positively modulates the expression of KIF20A,
while knockdown of KDELR2 downregulated KIF20A
and further attenuated the growth, migration, and inva-
sion of BCa cells.

Results

Identification of KDELR2 upregulation is prognostically
significant in patients with BCa

Three microarray datasets (GSE3167, GSE52519,
GSE65635) were first downloaded from the GEO data-
base to identify the candidate genes associated with the
carcinogenesis and progression of BCa. The DEGs (765
in GSE3167 [upregulated, 232; downregulated, 533], 573
in GSE52519 [upregulated, 236; downregulated, 337], and
1746 in GSE65635 [upregulated, 929; downregulated, 817])
were identified (Fig. 1A). Those genes that were not differ-
entially expressed in BCa, such as EGFR, p53, and FGFR3,
were excluded (data not showed). Surprisingly, the three
datasets contained one overlapping co-dysregulation gene
in BCa, KDELR2, as shown in the Venn diagram (Fig. 1B).
Furthermore, the results revealed that KDELR2 was sig-
nificantly elevated in BCa tissues relative to normal tissues
(Fig. 1C). The ROC curves, based on the GSE3167 data-
set, revealed that the level of KDELR2 could differenti-
ate BCa from normal tissues with an AUC of 0.9101 (95%
CI: 0.8389 to 0.9814, P<0.0001) (sFig. 1A). Consequently,
we investigated the changes in the expression of KDELR2
in TCGA database and assessed its prognostic correla-
tion in patients with BCa. As expected, this upregulation
of KDELR?2 expression was also observed in TCGA-BLCA
database (Fig. 1D). Correspondingly, the in-depth analy-
sis revealed a significant positive correlation between the
level of KDELR?2 and the clinical stage of patients with BCa
(Fig. 1E). The ROC curves showed that KDELR2 exhib-
ited considerable diagnostic efficiency for BCa (P<0.0001;
AUC=0.8286, 95% CI: 0.7572 to 0.8999) (sFig. 1B). Here,
for the first time, Kaplan—Meier curves revealed that

(See figure on next page.)
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Fig. 1 Identification and clinical characterisation of KDELR2 in BCa. A Volcano maps of the DEGs in BCa based on the GSE3167 (n=765:
upregulated, 232; downregulated, 533), GSE52519 (n= 573, upregulated, 236; downregulated, 337) and GSE65635 datasets (n= 1746, upregulated,
929; downregulated, 817). B A Venn diagram of the three independent GEO datasets (GSE3167, GSE52519 and GSE65635). C Expression profiles

of KDELR2 mRNA in the three independent GEO datasets. D Expression profiles of KDELR2 mRNA in TCGA-BLCA dataset (normal, n=19;

tumor, n=408). E KDELR2 mRNA levels at different clinical stages (normal, n=19; Stagel, n=2; Stagell, n =130; Stage Ill, n = 140; Stage IV,

n=134). F-G Kaplan-Meier curves of KDELR2 expression in patients with BCa in TCGA-BLCA dataset (OS: high, n=204; low, n =204; DFS: high,
n=160; low, n=159). H Multivariate analyses of the KDELR2 mRNA level and OS of patients with BCa. p<0.05, *; p<0.01, **; p<0.001, ***;
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KDELR2 was statistically associated with the OS and DFS
rates (Fig. 1F-G). The survival time of patients with BCa
with low KDELR?2 expression was longer than that of those
with high KDELR?2 expression. Similar survival analysis out-
comes were observed in the additional dataset GSE32894
(sFig. 1C). Next, KDELR2 was identified through multivari-
ate Cox regression analysis to construct a predictive signa-
ture. The multivariate analysis showed that high KDELR2
expression was an independent predictor of poor OS (HR,
1.359; 95% CI, 1.003—1.84; p=0.0481) (Fig. 1H) and DFS
(HR, 1.394; 95% CI, 0.993-1.96; p=0.0552) (sFig. 1D). Thus,
we focused on this significant prognostic or clinical out-
come-related gene in our further research.

KDELR2 functions as an oncogene in BCa cells

In addition to the data obtained from publicly available
clinical cohorts, we further verified the aberrant expres-
sion of KDELR2 in 24 clinical samples. The qRT-PCR
assay indicated that KDELR2 was upregulated in BCa
compared to normal bladder tissues, which was consistent
with the results of the bioinformatic analysis (Fig. 2A). The
ROC curves showed a similar high diagnostic efficiency
of KDELR?2 in the 24 clinical samples (sFig. 1E). Immu-
nohistochemical analysis of the clinical samples revealed
positive KDELR2 staining in the cytoplasm of tissues, indi-
cating that KDELR2 is commonly overexpressed in BCa
(Fig. 2B). In addition, higher expression levels of KDELR2
were detected in BCa cell lines (T24 and UMUC3) than in
the urothelial cell line SV-HUC-1 (Fig. 2C, sFig. 1F), imply-
ing the potential role of KDELR2 in promoting bladder
tumorigenesis. Subsequently, we evaluated the potential
biological function of KDELR2 in BCa cells by introduc-
ing three independent siRNAs targeting KDELR?2 into the
UMUCS3 and T24 cells. Interestingly, although all three siR-
NAs significantly inhibited the mRNA levels of KDELR2,
only siKDELR2-3 significantly reduced the protein expres-
sion (Fig. 2D). Thus, siKDELR2-3 was introduced into BCa
cells to observe cell growth. We found that KDELR2 sup-
pression significantly reduced cell viability (Fig. 2E). Inva-
sion and metastasis are hallmarks of cancer cells. KDELR
malfunctions have been reported to be associated with
changes in ECM degradation and cellular adhesion [14,
26]. We observed that the control cells had a high level of
mobility and invasiveness than the siKDELR?2 cells, indicat-
ing that siKDELR2 induced tumor suppression (Fig. 2F).
We also established exogenous KDELR2-overexpressing
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T24 and UMUCS cell lines to further understand the onco-
genic functions of KDELR2 (Fig. 2G). Increased KDELR2
expression significantly increased the proliferation, migra-
tion, and invasion of BCa cells (Fig. 2H-I). Taken together,
the results provide strong evidence that KDELR2 has onco-
genic properties in vitro.

KDELR2 is a positive regulator of MMP2, MMP9, MKI67

in BCa

We performed GSEA to establish the potential biological
functions of KDELR2 using the LinkedOmics tool. KEGG
pathway enrichment analysis revealed that KDELR2 was
related to protein processing in the ER, phagosome, ECM-
receptor interaction, focal adhesion, cell adhesion mol-
ecules (CAMs), and regulation of the actin cytoskeleton
(sFig. 2A). GO analysis showed that KDELR2 was mainly
involved in the biological processes of immune responses,
collagen metabolic process, phagocytosis and in regulat-
ing the ER stress and Golgi vesicle transport (Fig. 3A). To
identify the components that assist KDELR2-mediated
proliferation, we investigated its correlation with MKI67.
We observed that the mRNA levels of KDELR2 positively
correlated with those of MKI67 (r=0.2401, p<0.001)
(Fig. 3B) in TCGA-BLCA dataset. In addition, we investi-
gated some of the known proteases secreted by the Golgi,
such as MMPs, to identify the components that assist
KDELR2-mediated invasion. It has been well established
that MMP2 [27] and MMP9 [28] enhance BCa invasion
and metastasis. We observed a close correlation between
KDELR2 and MMP2 (r=0.2230, p<0.001) (Fig. 3C). How-
ever, the correlation between KDELR2 and MMP9 was not
statistically significant (r=0.01280, p=0.7966) (Fig. 3D).
Next, we profiled the expression of these genes by RT-
qPCR and western blot analysis after silencing or overex-
pressing KDELR2 in UMUC3 and T24 cells. The results
revealed that altering KDELR2 regulated the expressions
of MMP2, MMP9 and MKI67 in BCa cells (Fig. 3E-H).
Taken together, our data suggest that KDELR2 regulates
the expression of MMP2, MMP9 and MKI67 in BCa cells.

Upregulation of KIF20A promotes tumor progression

in BCa

Furthermore, we observed that KDELR2 might be
involved in gene regulation through regulation of epige-
netic, gene silencing, RNA splicing or mRNA processing
(sFig. 2B). Thus, we sought to investigate the regulatory

(See figure on next page.)

Fig. 2 KDELR2 functions as an oncogene in BCa. A-B Verification of KDELR2 expression in clinical tissues by gRT-PCR (normal, n=24; tumor,

n=24) and immunohistochemical (IHC) staining (200x, 400x). C Detection of KDELR2 expression by western blot analysis in cell lines (n=3). D,

G Identification of knockdown or overexpression efficiency of KDELR2 by gRT-PCR and western blot analysis (n = 3). E, H Proliferation analysis of
UMUC3 orT24 cells in the control (con) and siKDELR2-3 or KDELR2-overexpressing (ov) group (n=4). (F, I) Migration and invasion (200x) of BCa cells
in the control and siKDELR2-3 or KDELR2-overexpressing group (n=3). p<0.05, *; p<0.01, **; p<0.001, ***; p <0.0001, ****
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effects of KDELR2 in BCa, and performed further bio-
informatics analysis based on data from the GEO data-
base. Based on the median value of KDELR2 expression,
every GSE expression matrix was divided into high and
low groups, and then limma package was used to accessed
top DEGs that related to KDELR2. |Foldchange|>1.5
and p-value<0.05 were considered statistically signifi-
cant. As shown in the Venn diagram, we identified six
commonly up-regulated DEGs (KIF20A, CDK1, CAPG,
NOP10, PKM, IP6K2) in KDELR?2 high expression group
(Fig. 4A) and one commonly down-regulated DEG (CRP)
in KDELR2 low expression group (Fig. 4B). To further
analyse the clinical significance of these prospective can-
didates in BCa, we evaluated their differential expres-
sion by analysing the TCGA-BLCA dataset. Accordingly,
KIF20A, CAPG, and CDK1 were dysregulated in BCa,
but no significant difference was observed in the other
genes (sFig 2C). Importantly, we profiled the expression
of KIF20A, CAPG, CDK1 by RT-qPCR analysis after
silencing or overexpressing of KDELR2 in UMUC3 and
T24 cells. The results revealed that altering KDELR2
regulated the expression of KIF20A, but not CAPG and
CDK1 (Fig. 4C-D). We also observed that the mRNA lev-
els of KIF20A were positively related to those of KDELR2
in BCa tissues (r=0.2975, p<0.001) (Fig. 4E). And
changes in protein levels of KIF20A was also observed
in BCa cells after altering KDELR2 (Fig. 4F). In addition,
the ROC curves revealed that up-regulated KIF20 pos-
sess high diagnostic efficiency in BCa (sFig 2D). Thus,
we identified KIF20A as a potential regulatory target of
KDELR?2 for further study.

To explore the underlying role of KIF20A in BCa, its
abnormal expression in clinical samples and BCa cells
were also evaluated. The results revealed that KIF20A
was highly expressed in clinical samples and BCa cells
(Fig. 4G-H), which implied that an abnormality in
KIF20A might induce potential oncogene function in
BCa. Similar to KDELR2, exogenous KIF20A and three
independent siRNAs targeting KDELR2 were introduced
into UMUCS3 and T24 cells. The efficiency was profiled
by RT-qPCR and western blot analysis (sFig. 3A-D).
As expected, KIF20A knockdown markedly impaired
the growth of UMUCS3 and T24 cells (Fig. 41I), while its
overexpression significantly increased cell proliferation
(sFig. 3E). Transwell assays were performed to confirm
the role of KIF20A as a driver of invasion and metastasis.
KIF20A silencing significantly reduced cellular mobility

Page 6 of 15

and invasiveness (Fig. 4]), while higher KIF20A expres-
sion increased the invasiveness of UMUC3 and T24 cells
compared with the control group (sFig. 3F). Collectively,
these results suggest that upregulation of KIF20A pro-
motes tumor progression in BCa.

KDELR2 promotes BCa cell proliferation and metastasis

in a KIF20A-mediated manner

To investigate the underlying mechanism by which
KIF20A drives BCa progression, we tested the expres-
sion levels of MMPs after altering KIF20A. As expected,
overexpression and knockdown of KIF20A significantly
upregulated and downregulated the protein expression
of MMP2 and MMP9 in BCa cells, respectively (Fig. 5A-
B). To further explore whether KDELR2 exerts regula-
tory effects via KIF20A, functional rescue experiments
were performed. We evaluated the expression of MMP2
and MMP9 upon knockdown of KIF20A in KDELR2-
amplified BCa cells. The results confirmed that silenc-
ing KIF20A in these cells reduced the levels of MMP2
and MMPY, thereby reducing its induction by KDELR2
(Fig. 5C). The CCK-8 assay results revealed that over-
expression of KDERL2 promoted the proliferation of
UMUCS3 and T24 cells, which was nonetheless impaired
by simultaneous knockdown of KIF20A (Fig. 5D). Tran-
swell assays also revealed that KIF20A knockdown par-
tially attenuated the effects of overexpression of KDELR2
on BCa cell metastasis compared with that of the con-
trols (Fig. 5E), indicating that KDELR2 promotes BCa cell
proliferation and metastasis in a KIF20A-mediated man-
ner in vitro.

KDELR2 is important for BCa progression in vivo

To further confirm the aforementioned in vitro findings,
T24 cells stably transfected with KDELR2 or control
vector were subcutaneously injected into BALB/c nude
mice. Supporting the results obtained in vitro, the xeno-
graft experiments showed that the tumor volume and
weight significantly increased in the KDELR2 overex-
pression group (Fig. 6A-D). As evidenced by IHC stain-
ing, the expression levels of KIF20A, MMP-2, MMP-9
and MKI67 increased significantly in tumor tissues in the
KDELR2 overexpression group (Fig. 6E). Furthermore,
T24 cells were injected into the footpads of nude mice to
construct a lymph node metastasis model to confirm the
role of KDELR? in facilitating tumor metastasis (Fig. 6F).
We found that the volumes of popliteal LNs increased

(See figure on next page.)

Fig. 3 KDELR2 is a positive regulator of MMP2, MMP9, MKI67 in BCa. A Biological processes of KDELR2 mainly involved in BCa analysed using the
GO and LinkedOmics tools. B-D The correlation of KDELR2 mRNA levels with MKI67, MMP2 and MMP9 in BCa (n =408). E-F Detection of gene
expression by gRT-PCR and western blot analysis in the sikDELR2 and control group UMUC3 and T24 cell lines (n = 3). G-H Detection of gene
expression by gRT-PCR and western blot analysis in the KDELR2-overexpressing and control group UMUC3 and T24 cell lines (n=3). p<0.001, ***;

p<0.0001, ****
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in the stable KDELR2 overexpression group (Fig. 6G).
HE staining of the popliteal LNs further indicated that
upregulation of KDELR2 could promote lymphatic
metastasis of BCa in vivo (Fig. 6H). We also observed a
significant reduction in tumor volume and weight in the
stable KDELR2 silence group (Fig. 6I-L). Additionally,
overexpression of KIF20A resulted in an increased tumor
growth, which also reversed KDELR2 silence-induced
decreased tumor growth (Fig. 6I-L). Taken together,
the present study indicated that KDELR2 facilitated the
expression of KIF20A, MMP-2, MMP-9 and MKI67 and
BCa growth and metastasis in vivo.

Discussion

Postoperative recurrence and distant metastasis remain a
conundrum for BCa prognosis. Therefore, understanding
the regulators of these processes is important to thera-
peutically prevent BCa metastasis. KDELR2 has been
reported to be a robust and independent driver of lung
cancer invasion and metastasis [15]. In the current study,
we revealed that KDELR2 was highly expressed in BCa,
especially advanced BCa tissues. In addition, we identi-
fied KDELR2 as a potential risk factor with prognostic
value in patients with BCa, especially those harbouring
the KDRLR2 amplification. Moreover, bioinformatic
analysis with a gain-of-function invasion screen revealed
that KDELR2 was a robust and independent driver of
BCa cell proliferation and tumorigenicity. Our data indi-
cated that KDELR2 could alter cellular proliferation and
robustly promote invasion and metastasis.

There has been a long-established connection between
cancer outcomes and the transport homeostasis between
the Golgi and the ER; however, mechanistic studies
remain limited. After KDELR/ligand interaction, the
active G, subunits activate their specific target protein
kinases, which subsequently modulate gene transcrip-
tion followed by regulation of the anterograde or retro-
grade trafficking [10, 29]. Our results provide the first
evidence that active KDELR?2 regulates the transcription
and expression of MMP2, MMP9 and MKI67. Previ-
ous reports showed that MMP secretion was modulated
by alterations in KDELR2. RT-qPCR revealed that the
MMPs 1la, 2 and 9 were transcriptionally upregulated
upon KDELR2 overexpression; however, they did not
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show any change upon gene repression [15]. Interest-
ingly, in this study, we observed alterations in mRNA
and protein expression in both MMP2 and MMP9 upon
KDELR2 overexpression or repression. Thus, the tumor-
promotive function of KDELR2 on MMP2 and MMP9
might be tissue/cell-specific. Detailed parallel studies on
different tissue/cell types are required to further eluci-
date the complex functionality.

Despite evidence highlighting the roles of KIF20A in
various tumor cells and its importance in regulating tum-
origenesis, the underlying mechanism in BCa remains
largely elusive. KIF20A could promote the growth of
colorectal cancer cells via the JAK/STAT3 signalling
pathway [30]. Moreover, inhibiting KIF20A resulted
in gastric cancer cell mitosis (G2/M phase) arrest and
improved drug resistance to chemotherapy [20]. How-
ever, KIF20A overexpression conferred resistance to
paclitaxel in breast cancer cases [9]. Collectively, the
results demonstrated that KIF20A played a critical role
in the proliferation, invasion and chemotherapeutic drug
sensitivity of the tumor cells. Although abnormal expres-
sion of KIF20A has been reported in BCa, the present
study is the first to reveal its specific mechanism in pro-
moting tumor progression and regulating the expression
of MMPs. Mechanistically, this study identified KIF20A
as a regulatory target of KDELR?2, in which KDELR2 pro-
motes KIF20A expression and KIF20A enhances MMP2
and MMP9 expression to drive cellular invasion and
metastasis. Therefore, our findings elucidate a hitherto
unexplored mechanism of KDELR2 and KIF20A in BCa,
linking a Golgi-ER traffic transport protein to a critical
kinesin during cancer progression.

MMP2 and MMP9 are two major MMPs that play
critical roles in the degradation of various ECM compo-
nents. Both two MMPs are overexpressed in many can-
cers, which correlate with increased cancer cell invasion
and metastases [31, 32]. Interestingly, MMP2 and MMP9
have been studied extensively considering their prognos-
tic values and pro-invasive functions in BCa [28, 33]. The
results of the current study showed that the expression
levels of MMP2 and MMP9 correlated well with KIF20A
and KDELR2 overexpression and BCa cell invasion. The
experiments further revealed that both KIF20A and
KDELR2 upregulated the transcription and expression

(See figure on next page.)

Fig. 4 Upregulation of KIF20A promotes tumor progression in BCa. A A Venn diagram of the six commonly up-regulated DEGs (KIF20A, CDK1,
CAPG, NOP10, PKM, IP6K2) in KDELR2 high expression group in the three independent GEO datasets (GSE3167, GSE52519 and GSE65635). B A

Venn diagram of the commonly down-regulated DEGs (CRP) in KDELR2 low expression group. C-D Expression profiles of KIF20A, CAPG, and CDK1
MRNA in the siKDELR2 or KDELR2-overexpressing and control group UMUC3 and T24 cell lines (n =3). E The correlation of KDELR2 mRNA levels with
KIF20A in BCa (n=408). F Detection of KDELR2 and KIF20A protein expressions by western blot analysis in the sikDELR2 or KDELR2-overexpressing
group (n=3). G Verification of KIF20A expression in clinical tissues by gRT-PCR (n = 24). H Detection of KIF20A expression by western blot analysis

in cell lines (n=3). I Proliferation analysis of UMUC3 or T24 cells in the control, siKIF20A-1, and siKIF20A-3 groups (n =4). J Migration and invasion
(200x) of BCa cells in the control, siKIF20A-1, and siKIF20A-3 groups (n=3). p<0.05, *; p<0.01, **; p<0.001, ***; p <0.0001, ****




Meng et al. Biological Procedures Online (2022) 24:12 Page 9 of 15
GSE3167 GSE52519 GSE3167 GSE52519
1319 2 241 KIF20A 1012 0 236
CDK1
CAPG CRP
x Noro 1
IP6K2
743 847
GSE65635 GSE65635
2.0 mm U3-control 5
¢ —1mm U3-control KDELR2-KIF20A
g |Sudhe = Bk
® ~CC » mm  T24-control S 200+ =0.2975
? = T24-si-KDELR2 a4 -OV-| o r=u.
g 13 g 7|, TeAovKDELRZ o 95% C1:0.2036 to 0.3860
§ X T Fkkk o 150 - P<0.0001
O 3 Q
S 1.0 < & <
z 1. (=)
"E‘ Z i qg0
2+ I~ T
s E "3 ns TNS ns DE: s
£ 0.5+ 2> I 7 ] T o
° B 1 =
© =
o ° ©
0.0- ® 2 ]
control 4o - 4o 4= CONtrOl o m mpm e - 0 200 400 600 800
SIKDELRZ - 4-+4 -4-4 -4-+ GOVKDELR2 -4-4 -4-4 -+-4+ Relative mRNA expression
KIF20A CAPG CDK1 KIF20A CAPG CDK1 of KDELR2
F si-KDELR2 ov-KDELR2 G H
- + - + s 6E:Iinical samples N
KDELR2 |' ” 2 -l c a ) * &0' \5(;5 N
= g » X
KIF20A [ o | o | S £< 404 & & <
o - = \_
-acti 3] < £
B-actin [ e | @ — | - F i KIF20A | w— -
KDELR2 |- - ||- -l ES 144 o7 .
4 o Vo B-actin |...|
KIF20A | I — | £
B-actin e e | e - g 187 “
»
2 o
\;o‘& &"&
UMUC3
I T24 J
o et 39 — con
Zo|—sis g = | T S 5
3 27 o2 — s/l i
© e} -
E .g 2
= 1- 2 £
8 R
© S
2
0 g
0123435 012345 £ i
Days Days

Fig. 4 (Seelegend on previous page.)




Meng et al. Biological Procedures Online (2022) 24:12 Page 10 of 15
A si-KIF20A B control + - c uMUC3
control si-1  si-3 ov-KIF20A - + 124
control + + + - + + + -
MMPo MMP9 [S=m gl |
[= c ov-KDELR2 - - + + - - + +
MmP2 (G- ] 2 MMP2 [# e || = SiKIF20A - + - + - 4+ - 4
wvez [ T | r s
MMP9 mmpo (S .|
ouel_T SRR
ez [ e ]| e [ -]
KIF20A[S5 = «||®  rzon [ | r20n [ == G o | (S0~ WD 4|
B-actin | D WD WD | B-actin [P | Bractin [ we—— —] [ ——— |

D E control
4- —— con/con ov-KDELR2
—=— si-KIF20A si-KIF20A
—— ov-KDELR2
£ 39 —— si-KIF20A+ov-KDELR2 c
= ‘e ]
% HH B
= 2 |§ ©
S o | >
= ol s
8 14 >
uMucs3 = -
0 -
T T T T 1 ®
0o 1 2 3 4 5 Days 5
4 — con/con E
— siKIF20A
— ovKDELR2 c
g‘ 3- — siKIF20A+ovKDELR2 vi '%
a ) ©
© >
S £
3 S
8 1l c
]
=
o
=
£
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of MMP2 and MMP9, further promoting the invasion of
BCa cells.

Nevertheless, our research has certain limitations.
We conducted the survival analysis on KDELR2 using
a reliable public database; however, additional studies
are needed to evaluate the role of KDELR2 in patients
with BCa. In subsequent work, we will enlarge the
KDELR2 sample amount and supplement sufficient fol-
low-up information of clinical patients. Furthermore,

additional studies are needed for an in-depth investiga-
tion of the mechanism by which KDELR2 promotes the
expression of KIF20A.

Conclusions

In summary, our study elucidated the individual roles
of KDELR2 and KIF20A in driving BCa tumorigenesis
and metastasis. In addition, our study revealed that the
combined inhibition of KDELR2 and KIF20A could be a

(See figure on next page.)

Fig. 6 Upregulation of KDELR2 and KIF20A promotes tumor progression in vivo. A-D Subcutaneous tumor in mice, its growth curve and final
volume and weight (n=5). E IHC staining (20x) for KDELR2, KIF20A, MMP2, MMP9 and MKI67. F-G Footpad tumor in mice as well as popliteal LNs
and volume (n=5). H HE staining (20x, 40x) of the popliteal LNs. I-L Subcutaneous tumor in mice, its growth curve and final volume and weight

(n=5). p<0.05,* p<0.01, **: p<0.001, ***
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promising therapeutic option in patients with BCa. Our
findings may have broader implications for targeted ther-
apies that could be extended to other cancers.

Materials and methods

Human BCa and paired adjacent specimens

Human BCa tumor samples were obtained from the
Department of Urology, Union Hospital, Tongji Medi-
cal College, Wuhan, China. The study complied with the
relevant ethical regulations regarding research involv-
ing human participants. Written informed consent was
obtained from each participant, and the local ethics com-
mittee approved this study.

Cell culture and reagents

The T24, UMUC3 and SV-HUC-1 cells were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA). Cells were cultured in DMEM (for
UMUCS3), 1640 (for T24) and F12K (for SV-HUC-1)
mediums supplemented with fetal bovine serum (10%)
and incubated in 5% CO2 at 37 °C.

Gene expression and gene silencing

UMUC3 and T24 cells were cultured in 6-well plates
with approximately 60%-70% confluence. KDELR2 and
KIF20A-specific overexpression plasmids were obtained
from Genechem, China. Cells were transfected with 3 pg
of the overexpression plasmids or controlled plasmid
using 3 ul Lipofectamine 3000 (Invitrogen, CA, USA) per
well. The lentivirus-transduced stably expressed KDELR2
or control was structured by Generulor Company Bio-X
Lab (Zhuhai, Guangdong, China). Briefly, KDELR2-spe-
cific overexpression plasmids and helper plasmids were
transiently co-transfected into highly transfectable 293 T
cells to generate high-titre lentivirus. The lentivirus-
transduced stably expressed KIF20A or control, and the
shRNA for KDELR2 (target sequences: GTCCAGACC
ATCCTATACT) or control was structured by Genechem,
China. The lentiviral transduction system contained 25 ul
of the transfection reagent A/P (Genechem, China) and
40 MOI lentivirus.

KDELR2 and KIF20A siRNAs were obtained from
GenePharma, China. Cells were transfected with 5
ul KDELR2/KIF20A siRNA (10 uM) or siRNA con-
trol using 3 ul Lipofectamine RNAIMAX (Invitrogen,
Thermo Fisher Scientific Inc.) per well. The sequences
of the siRNA fragments used are as follows: siKDELR2-1
(KDELR2-homo-395): 5-CCGCAGCUAUUUAUGAUC
ATT-3, 5-UGAUCAUAAAUAGCUGCGGTT-3/; siK-
DELR2-2 (KDELR2-homo-466): 5-CCUCUAUCGUGC
UUUGUAUTT-3, 5- AUACAAAGCACGAUAGAG
GTT-3; siKDELR2-3 (KDELR2-homo-554): 5'-GUC
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CAGACCAUCCUAUACUTT-3/, 5-AGUAUAGGAUGG
UCUGGACTT-3/; siKIF20A-1 (KIF20A-homo-1958):
5'-GCAUCUACCUAUGAUGAAATT-3/, 5-UUUCAU
CAUAGGUAGAUGCTT-3;  siKIF20A-2  (KIF20A-
homo-2823), 5-CCACUUGUGAUGACAUCUUTT-3/,
5'-AAGAUGUCAUCACAAGUGGTT-3;  siKIF20A-3
(KIF20A-homo-3068), 5'-CCAACCUGCCAAAGCUCA
ATT-3, 5'-UUGAGCUUUGGCAGGUUGGTT-3'. Sub-
sequently, the cells were collected after incubation for
48 h. The efficiency of silencing and overexpression was
validated by qPCR and western blot analysis.

Cell proliferation assays

The cell proliferation assay was performed based on a
method described previously [34]. Briefly, 2000 cells were
plated in 96-well plates, and the cell proliferation rates
were measured using the MTS method according to the
manufacturer’s instructions.

Transwell assays

The migration assays were performed based on a method
described previously [35]. Briefly, after pretreatment with
serum-free medium for 24 h, 50,000 UMUC3 and T24
cells were seeded in the top chamber (8 um pore size,
Corning). After 12 h (T24) and 24 h (UMUCS3), the cells on
the lower surface were fixed in 100% methanol and stained
with 0.05% crystal violet, photographed randomly (200x)
and counted. A similar protocol was followed for the inva-
sion assays, except that the cells were further required to
invade through Matrigel (Thermo Fisher Scientific).

RNA isolation and qRT-PCR

Total RNA was extracted using the TRIzol reagent
(Thermo, Massachusetts, USA) and reverse-transcribed
as described previously [36]. The real-time PCR analysis
was performed using SYBR Green mix (Thermo, Mas-
sachusetts, USA). Results were normalised to GAPDH in
each sample. Gene primers were obtained from Sangon
Biotech (Shanghai) and are listed:

GAPDH

Forward 5-GAGTCAACGGATTTGGTCGT-3’
Reverse 5-GACAAGCTTCCCGTTCTCAG-3.
KDELR2
Forward5’-ACCTTCCGAGTGGAGTTTCTGG-3’
Reverse5’-ATAGCCACGGACTCCAGGTAGA-3.
KIF20A
Forward5’-GCCGCAGTCACAGCATCTTCTC-3’
Reverse5’-TTCCTTCAACCGTTCACCACTCTT
C-3.

MKI67
Forward5’-CCAAGCCACAGTCCAAGAGAAGTC-3'
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Reverse5-TGCTGATGGTGTTCGTTTCCTGAG-3.
MMP2
Forward5-CACCTACACCAAGAACTTCCGTCTG-3
Reverse5-GTGCCAAGGTCAATGTCAGGAGAG-3.
MMP9
Forward5’-CGGTTTGGAAACGCAGATGG-3'
Reverse5’-CGGAGTAGGATTGGCCTTGG-3.
CAPG
Forward5’-GCAGCTCTGTATAAGGTCTCTGA-3’
Reverse5-TTTCGCCCCTTCCAGATATAGA-3.
CDK1
Forward5’-AAACTACAGGTCAAGTGGTAGCC-3'
Reverse5’-TCCTGCATAAGCACATCCTGA-3.

Western blot

The assays were performed as described previously [37].
Antibody recognizing KDELR2 (1:1000, DF4047) was
obtained from Affinity Biosciences, China. Antibod-
ies for KIF20A (1:1000, A15377) and B-Actin (1:10,000,
AC004) were obtained from ABclonal. Antibodies for
MMP2 (1:1000, GB11130) and MMP9 (1:1000, GB11132)
were obtained from Servicebio, Wuhan, China.

Animal experiments

BALB/c nude mice (5-6 weeks old) were purchased
from Beijing HFK Bioscience (Beijing, China). All animal
care and experimental procedures were approved by the
Institutional Animal Use and Care Committee of Tongji
Medical College, Huazhong University of Science and
Technology and were performed according to established
guidelines. The study complied with the relevant ethical
regulations pertaining to animal research.

For the tumor growth study, 5x 10° T24 cells were
injected subcutaneously into the flank of mice. Each group
contained five mice. Tumor size was measured every
three days. Four weeks later, the mice were sacrificed, and
the weight and volume of the tumors were assessed.

For the popliteal lymph node (LN) metastasis assay, 10
mice were randomly assigned to two group. 5 x 10° lenti-
virus-transduced stably expressed KDELR2 or control T24
cells were inoculated into the footpads. After 5 weeks, the
popliteal LNs were enucleated and measured. The tumor
and LN volumes were measured using the following for-
mula: length x width? x 0.52. Tumor specimens and pop-
liteal LNs were fixed and embedded in paraffin for HE
staining and immunohistochemical (IHC) analysis.

Analysis of differentially expressed genes

The gene expression profiles in three BCa datasets,
including GSE3167 [38], GSE52519 [39], and GSE65635
[39], were obtained from the Gene Expression Omni-
bus (GEO) database. GSE3167 contained 41 BCa and 19
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normal tissue samples. GSE52519 contained 3 BCa and 9
normal tissue samples. GSE65635 contained 4 BCa and 8
normal tissue samples. The differentially expressed genes
(DEGS) between BCa and normal samples were screened
using GEO2R. DEGs with log,FoldChange (logFC)>1.0
(upregulated) or logFC< —1.0 (downregulated) and
p-value <0.05 were considered statistically significant.

Bioinformatic analysis

The UCSC Xena browser (https://xenabrowser.net/) was
used to investigate the gene expression profiles and the
correlation of between KDELR2 and KIF20A, MMP2,
MMP9, and MKI67 in bladder urothelial carcinoma
(BLCA) from The Cancer Genome Atlas (TCGA) data-
base. The normalisation of gene expression was performed
using the edgeR package. The gene expression profiles of
KIF20A, CDK1, CAPG, NOP10, PKM, IP6K2, and CRP
was obtained from the GEPIA [40]. TCGA-BLCA dataset
contained 414 BCa tissue samples and 19 non-cancerous
samples. The clinical information and pathology records
of the patients with BCa were also obtained from TCGA-
BLCA database and were used to evaluate the overall sur-
vival (OS) and disease-free survival (DFS) of the patients.
The GSE32894 dataset [41], contained the clinical infor-
mation and gene expression profile of 224 patients with
BCa, which was also used for the survival analysis.

To identify the underlying biological functions of
KDELR2, Gene Set Enrichment Analysis (GSEA) was per-
formed in the LinkInterpreter module of the LinkedOm-
ics tool [42]. GO assessed the biological processes (BP).
The minimum number of genes (size) was set at 10 and
simulations as 500. The P-value cut-off was set at 0.05.

Statistical analysis

GraphPad Prism 8.0 (GraphPad Software Inc.) was used
to perform the statistical analyses. Results are presented
as means *standard error of the mean (SEM). Student’s
t-test or one-way analysis of variance (ANOVA) was used
to evaluate the differences in KDELR2 gene expression
between different subgroups of patients. In addition, the
Pearson correlation coefficient and chi-squared test were
performed to assess the associations between KDELR2
expression levels and clinicopathological characteristics.
Receiver operating characteristic (ROC) curves were
plotted, and the area under the curve (AUC) was calcu-
lated to analyse the diagnostic efficiency. The prognostic
significance of KDELR2 to predict the OS and DEFS of
patients with BCa were estimated by the Kaplan—Meier
method. Furthermore, the log-rank test was used to
depict the OS or PFS distributions of the patients with
different expression levels of KDELR2. A confidence
threshold, p<0.05, was considered statistically signifi-
cant. ¥, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001.
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Data Availability

The data analyzed in this study were obtained from Gene
Expression Omnibus (GEO) at GSE3167, GSE52519,
GSE65635. The gene expression profiles were obtained from
The Cancer Genome Atlas (TCGA) database. The datasets
used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
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