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Claspin overexpression is associated with high-grade histology
and poor prognosis in renal cell carcinoma
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1 | INTRODUCTION

Abstract

Renal cell carcinoma (RCC) is one of the most common human cancers. We previously
reported that claspin is a key regulator in the progression of gastric cancer, and it
likely plays an important role in cancer stem cells of gastric cancer. However, the sig-
nificance of claspin in RCC has not been examined. First, we analyzed the expression
and distribution of claspin in 95 RCC cases by immunohistochemistry. In the nonneo-
plastic kidney, the staining of claspin was either weak or absent, whereas RCC tissue
showed nuclear staining. In total, claspin expression was detected in 45 (47%) of 95
RCC cases. The claspin staining appeared relatively stronger in high nuclear grade
RCC than in low nuclear grade RCC. Claspin-positive RCC cases were associated
with higher T grade, tumor stage, nuclear grade, vein invasion, and poorer prognosis.
CLSPN siRNA treatment decreased RCC cell proliferation. The levels of phosphoryl-
ated Erk and Akt were lower in CLSPN siRNA-transfected RCC cells than in control
cells. In addition, claspin was coexpressed with CD44, epidermal growth factor re-
ceptor, p53, and programmed death ligand-1. These results suggest that claspin plays
an important role in tumor progression in RCC and might be a prognostic marker and

novel therapeutic target molecule.
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RCC is often resistant to traditional therapies such as radiation

therapy and chemotherapy. Epidermal growth factor receptor-ty-

Renal cell carcinoma is a common type of human cancer that ac-
counts for 3% of adult malignancies worldwide.! Although thera-
peutic outcomes have recently improved for surgical treatment of
early RCC, it remains one of the world’s leading causes of cancer-re-

lated death.? The prognosis of advanced RCC is poor in part because

rosine kinase inhibitors and immunocheckpoint inhibitors targeting
PD-1 or its ligand PD-L1 showed promising therapeutic efficacy in
advanced RCC.37 Recent reports showed that the expression of
EGFR and PD-L1 is a poor prognostic factor in Rcc.6® Prognostic

biomarkers are important in the guidance of therapeutic options and

Abbreviations: ALDH1, antialdehyde dehydrogenase isoform 1; ATR, ataxia-telangiectasia-mutated and Rad3-related kinase; Chk1, checkpoint kinase 1; CSC, cancer stem cell; EGFR,
epidermal growth factor receptor; GC, gastric cancer; HER2, antihuman EGFR type 2; PD-1, programmed death-1; PD-L1, PD-1 ligand; RCC, renal cell carcinoma; RNAi, RNA

interference; TCGA, The Cancer Genome Atlas.
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surveillance strategies.9 Tumor-node-metastasis staging, nuclear
grade, and vein invasion have been the most reliable prognostic fac-
tors in RCC.7* However, their predictive accuracy remains limited
due to individual variations. Therefore, there is a requirement for
identifying new prognostic markers and new potential therapeutic
targets in advanced RCC. Cancer stem cells are closely associated
with chemotherapy resistance, recurrence, and metastasis. In RCC,
CSCs have been reported as useful prognostic markers.’?

Claspin is a nuclear protein related to DNA replication and damage
response and is an important regulator for the S-phase checkpoint.!!
Phosphorylated claspin interacts with Chk1 to promote its activation by
ATR-dependent phosphorylation.“’13 Downregulation of claspin, and
ATR and Chk1, greatly reduces cell survival and promotes alterations
in cell cycle checkpoints and DNA repair systems.'? These alterations
could lead to genomic instability that triggers cancer development.#1¢
However, it has been reported that overexpression of claspin con-
tributes to tumor proliferation in several human solid tumors, such
as colon, lung, bladder, breast, ovarian, and cervical cancers. 26
Previously, we identified upregulation of the CLSPN gene in spheroid
body-forming GC cell lines.?’ We also reported that overexpression of
claspin is found in 47% of GC cases and is associated with tumor pro-
gression in GC.2° Therefore, depending on the circumstances, claspin
plays an ambivalent function of tumor suppression and promotion. To
our knowledge, however, detailed function and expression profiles of
the CLSPN gene in RCC have not previously been analyzed.

The present study is the first detailed analysis of claspin expres-
sion in RCC including its clinicopathological significance and biolog-
ical function. To clarify the pattern of expression and localization
of claspin in RCC, we undertook immunohistochemical analysis of
surgically resected RCC samples and investigated the association
between claspin expression and various clinicopathological charac-
teristics. We also analyzed the effect of inhibiting claspin expression
on cell growth of RCC cells. In addition, we investigated the relation-
ship between claspin expression and representative cancer-related

molecules, including CSC markers, in RCC.

2 | MATERIALS AND METHODS
2.1 | Tissue samples and cell lines

In this retrospective study, 95 primary tumors were collected from
patients diagnosed as having RCC who underwent curative resection
surgery at Hiroshima University Hospital (Hiroshima, Japan). All sam-
ples were obtained with patient consent, and the present study was
approved by the Ethical Committee for Human Genome Research of
Hiroshima University. However, written informed consent was not
obtained; thus, for strict privacy protection, all identifying informa-
tion associated with the samples was removed before the analysis.
Only patients without preoperative radiotherapy or chemotherapy
were enrolled in the study. The study cohort included 70 men and
25 women. Postoperative follow-up was scheduled every 1, 2, or

3 months during the first 2 years after surgery and every 6 months
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thereafter, unless more frequent follow-up was deemed necessary.
Chest X-rays, chest computed tomography scans, and serum chem-
istry analyses were undertaken at every follow-up visit. Recurrence
was evaluated from the patient records at Hiroshima University
Hospital. Patients were followed by their physician until the patient’s
death or date of the last documented contact. Tumor staging was
evaluated according to the TNM stage grouping system.

Human RCC-derived cell lines ACHN, Caki-1, and 786 were pur-
chased from the Japanese Collection of Research Bioresources Cell
Bank (Osaka, Japan). All cell lines were maintained in RPMI-1640
(Nissui Pharmaceutical) containing 10% FBS (Whittaker) in a humid-
ified atmosphere of 5% CO, and 95% air at 37°C.

2.2 | Immunohistochemistry

We used archival formalin-fixed, paraffin-embedded tissues from 95
patients who had undergone surgical excision of RCC between 2002
and 2012 at Hiroshima University Hospital. Immunohistochemical
analysis was carried out with a Dako Envision+ Mouse Peroxidase
Detection System (Dako Cytomation). Antigen retrieval was car-
ried out by microwave heating in citrate buffer (pH 8.0) for 60 min-
utes. Peroxidase activity was blocked with 3% H,O,-methanol for
5 minutes, and the sections were incubated with normal goat serum
(Dako Cytomation) for 20 minutes to block nonspecific Ab binding
sites. Sections were incubated with a rabbit polyclonal anti-claspin
Ab (1:20 000, clone ab3720; Abcam), anti-CD44 Ab (H-CAM) (1:00,
clone DF1485; Novocastra), ALDH1 Ab (1:400, clone 44/ALDH1; BD
Biosciences), anti-CD133 Ab (1:00, clone AC133, Miltenyi Biotec), anti-
L-EGFR Ab (1:20, clone EGFR 113; Leica Biosystems), anti-HER2 Ab
(1:300, clone PN2A; Dako Cytomation), anti-p53 Ab (1:50, clone DO-7;
Dako Cytomation) and anti-PD-L1 Ab (ab205921, 1:300, clone 28-8;
Abcam) for 1 hour at room temperature, followed by incubation with
Envision+ anti-mouse peroxidase for 1 hour. The sections were incu-
bated with DAB Substrate-Chromogen Solution (Dako Cytomation) for
5 minutes for color reaction and then counterstained with 0.1% hema-
toxylin. Negative controls were created by omission of the primary Ab.

When more than 10% of tumor cells were stained, immunostaining
was considered positive for claspin (according to the median cut-off val-
ues rounded to the nearest 10%). Using these definitions, 2 observers
(GK and KS) without knowledge of the clinical and pathologic param-
eters or patient outcomes, independently reviewed immunoreactivity
in each specimen. If there were either slight discrepancies between 2
sections or interobserver differences, they were resolved by consen-
sus review at a double-headed microscope after independent review.
The expressions of CD44, ALDH1, CD133, EGFR, HER2, and PD-L1
were scored in all tumors as positive or negative. When more than 10%
of tumor cells showed membranous staining, the immunostaining was
considered positive. Scoring of ALDH1 was according to the intensity
of Ab staining (0, no staining; 1+, weak staining; 2+, moderate staining;
3+, intense staining). All cases with Ab staining of 3+ or 2+ were defined
as ALDH1 positive. The expression of PD-L1 in RCC has been reported

in several studies, and various criteria have already existed. Thus, we
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decided that the immunostaining of PD-L1 was considered positive ac-
cording to median cut-off values rounded off to the nearest 5%.

2.3 | Western blot analysis

Tumor cells were lysed for western blotting as described previ-
ously.?! The lysates (40 pg) were solubilized in Laemmli sample buffer
by boiling and then subjected to 10% SDS-PAGE and electrotrans-
ferred onto a nitrocellulose filter. The filter was incubated with the
primary Ab against claspin. The claspin Ab was a polyclonal Ab that
had been raised in our laboratory, and its specificity has been char-
acterized in detail. Peroxidase-conjugated anti-mouse IgG was used
in the secondary reaction. Immunocomplexes were visualized with
an ECL Western Blot Detection System (Amersham Biosciences).

B-Actin antibody (Sigma Chemical) was also used as a loading control.

2.4 | RNA interference

To knock down endogenous claspin, RNAi was carried out as described
previously.?? Small interference oligonucleotides for claspin and a nega-
tive control were purchased from Invitrogen. Transfection was carried
out using Lipofectamine RNAIMAX (Invitrogen) according to the manu-
facturer’s protocol. Briefly, 60 pmol siRNA and 10 pL Lipofectamine
RNAIMAX were mixed in 1 mL RPMI medium (10 nmol/L final siRNA

concentration). After 20 minutes of incubation, the mixture was added

to the cells, and these were plated on dishes for each assay. The cells
were analyzed at 48 hours after transfection in all experiments.

2.5 | Cell growth assays

An MTT assay was carried out to examine cell growth. The cells were
seeded at a density of 4000 cells/well in 96-well plates. Cell growth
was monitored after 1, 2, and 4 days. We undertook 3 different ex-
periments and calculated the mean and SD in each of the MTT as-

says and the modified Boyden chamber assays.

2.6 | Statistical analysis

Correlations between the clinicopathological parameters and claspin
expression were analyzed using Fisher’s exact test. Kaplan-Meier
survival curves were constructed for claspin-positive and claspin-
negative patients, and the survival rates of the 2 groups were com-
pared. Differences between the survival curves were tested for
statistical significance by log-rank test. Univariate and multivariate
Cox regression analyses were used to evaluate the associations be-
tween clinical covariates and survival as described previously.?® A P
value of less than 0.05 was considered to indicate statistical signifi-
cance. The SPSS software program (SPSS Inc.) was used for all sta-
tistical analyses. Another gene expression profile and survival data
are available on a total of 843 RCC patients from TCGA database.?*
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Immunohistochemical analysis of claspin. A, Claspin expression in renal cell carcinoma (RCC) tissue (anticlaspin Ab

immunohistochemical staining; magnification, x100). B, High-magnification image of claspin expression in high nuclear grade tumors
(anticlaspin Ab immunohistochemical staining, x400). C, High-magnification image of claspin expression in low nuclear grade tumors
(anticlaspin Ab immunohistochemical staining, x400). D, Claspin expression in corresponding nonneoplastic kidney (anticlaspin Ab
immunohistochemical staining, x100). E, Kaplan-Meier plot of survival for patients with RCC by tumor claspin expression
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3 | RESULTS
3.1 | Expression analysis of claspin in RCC

Claspin expression was detected in 45 (47%) of 95 RCCs by immunohis-
tochemistry, and it showed nuclear staining in tumor cells (Figure 1A).
In high-power fields, claspin staining in the high nuclear grade tumors
appeared relatively stronger than that in the low nuclear grade tumors
(Figure 1B,C). In the nonneoplastic kidney, the staining of claspin was
either weak or absent in epithelial and stromal cells (Figure 1D). Next,
we analyzed the relationship between claspin expression and various
clinicopathological characteristics. Claspin expression was associ-
ated with higher T grade (P = .0251), tumor stage (P = .0211), nuclear
grade (P = .0105), and vein invasion (P = .0347) in claspin-positive than

in claspin-negative RCC cases (Table 1). Claspin expression was not

TABLE 1 Relationship between claspin expression and
clinicopathologic characteristics in the 95 renal cell carcinoma cases

Claspin expression

Positive (%) Negative P value
Age, years
<65 (n =48) 24 (50) 24 NS
>66 (n = 47) 21 (45) 26
Sex
Female (n = 25) 11 (44) 14 NS
Male (n = 70) 34 (49) 36
T grade
T1 (n = 60) 23(38) 37 .0209
T2/T3/T4 (n = 35) 22(62) 13
N grade
NO (n = 82) 38 (46) 44 NS
N1/2/3 (n = 13) 7 (54) 6
M grade
MO (n = 78) 34 (44) 44 NS
M1 (n = 17) 11 (65) 6
Stage
Stage | (n = 58) 22(38) 36 .0211
Stage II/111/1V 23(62) 14
(n=237)
Histology
Clear (n = 68) 33 (42) 35 NS
Non-clear (n = 27) 12 (44) 15
Nuclear grade
Grade 1/2 (n = 65) 25(38) 40 .0105
Grade 3 (n = 30) 20 (67) 10
Vein invasion
vO (n = 69) 28 (41) 41 .0301
vl (n = 26) 17 (65) 9

Note: P values were calculated with Fisher’s exact test.
Abbreviation: NS, not significant.

= 1023
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associated with age, sex, N grade, M grade, or histology. We next ex-
amined CLSPN expression in TCGA kidney RCC RNA sequencing data-
base that included 488 clear cell RCCs, 160 papillary type 1 RCCs, 70
papillary type 2 RCCs, and 81 chromophobe RCCs. Through bioinfor-
matics analysis, we found that expression of CLSPN was significantly
higher in all 4 of these types of RCC tissues than in adjacent normal
tissues.

3.2 | Relationship between claspin expression and
prognosis in RCC

We undertook a Kaplan-Meier analysis to investigate the asso-
ciation between claspin expression and patient prognosis. Claspin
expression was significantly associated with a poorer prognosis

(P =.0432, log-rank test; Figure 1E). We also undertook univariate

TABLE 2 Univariate and multivariate analysis of factors
influencing survival in 95 renal cell carcinoma patients

Univariate analysis Multivariate analysis

P
HR (95% Cl) Pvalue HR(95% Cl) value
Age, years
<65 1 (reference) .0875
>65 2.16 (0.92-5.46)
Sex
Female 1 (reference) 2111
Male 2.04 (0.70-8.66)
T grade
T1 1 (reference) .0002
T2/T3/ 5.01(2.16-12.53)
T4
N grade
NO 1 (reference) <.0001
N1/N2/ 8.17 (3.11-20.29)
N3
M grade
MO 1 (reference) <.0001
M1 16.00 (6.31-42.05)
Stage
Stage | 1 (reference) <.0001 1 (reference) .0042
Stagell/ 6.01(2.53-15.72) 4.03 (1.54-11.42)
/v
Nuclear grade
Grade 1 (reference) .0003 1 (reference) .0434
1/2
Grade3 4.78(2.08-11.89) 2.59 (1.03-6.87)
Claspin expression
Negative 1 (reference) .0437 1 (reference) .1896

Positive  2.36 (1.02-5.89) 1.77 (0.75-4.29)

Note: P values were calculated with Fisher’s exact test.
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and multivariate Cox proportional hazards analyses but did not
find claspin expression to be an independent prognostic predictor
(Table 2). Furthermore, the RNA sequencing data from TCGA pro-
vided the survival analysis between RCC cases and CLSPN mRNA.
The result showed a tendency for claspin expression to be associ-
ated with poor prognosis in RCC patients.

3.3 | Effect of claspin downregulation on cell
growth activity of RCC cells

We next investigated the effect of claspin inhibition on cell growth
on RCC cells using siRNA. Western blot analysis of claspinin 3 RCC
cell lines (ACHN, Caki-1, and 786) showed that expression of claspin
was detected in all 3 lines (Figure 2A). We selected ACHN cells
for knockdown analysis because the highest claspin expression
was detected in these cells. Claspin expression was suppressed by
treatment with siRNA2 and siRNA3, as confirmed by western blot
analysis (Figure 2B). To investigate the possible antiproliferative ef-
fects of CLSPN knockdown, we carried out an MTT assay at 4 days
after the transfection of siRNA. Cell proliferative ability was sig-
nificantly reduced in CLSPN knockdown RCC cells compared with
negative control siRNA-transfected RCC cells (Figure 2C).

3.4 | Effect of claspin inhibition on Akt and
Erk pathways

To clarify the molecular signaling pathways associated with prolifer-
ation activities, we elaborated the phosphorylation of EGFR down-
stream molecules. Because EGFR activates the RAS-MAPK-Erk and
Akt-phosphatidylinositol-4,5-bisphosphate 3-kinase signaling path-

ways, thus leading to cancer cell proliferation and survival, the effect

TABLE 3 Relationship between claspin expression and various
molecules including cancer stem cell markers in the 95 renal cell
carcinoma cases

Claspin expression

Positive (%) Negative P value
CD44
Positive (n = 27) 21(78) 6 .0002
Negative (n = 68) 24 (35) 44
ALDH1
Positive (n = 64) 33(52) 31 NS
Negative (n = 31) 12 (38) 19
CD133
Positive (n = 14) 5(36) 9 NS
Negative (n = 81) 40 (49) 41
EGFR
Positive (n = 32) 22 (69) 10 .0029
Negative (n = 63) 23(37) 40
HER2
Positive (n = 20) 10 (50) 10 NS
Negative (n = 75) 35 (47) 40
p53
Positive (n = 37) 24 (65) 13 .0064
Negative (n = 58) 21 (36) 37
PD-L1
Positive (n = 33) 24(73) 9 .0003
Negative (n = 62) 21 (33) 41

Note: P values were calculated with Fisher’s exact test.

Abbreviations: ALDH1, aldehyde dehydrogenase isoform 1; EGFR,
epidermal growth factor receptor; HER2, antihuman EGFR type 2; NS,
not significant; PD-L1, programmed death ligand-1.
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of CLSPN inhibition on EGFR signaling was analyzed in the present
study. The results indicated that the levels of phosphorylated Akt
and Erk were lower in claspin siRNA2- and siRNA3-transfected
ACHN cells than in control cells (Figure 2B).

3.5 | Analysis of the correlation between claspin
expression and various cancer-related molecules

We revealed that claspin could contribute to tumor progression
in RCC and that it was associated with the Akt and Erk pathways
in EGFR downstream molecules. We thus next performed im-
munohistochemical analysis of various cancer-related molecules
in 95 RCC cases. Of these 95 RCC cases, 27 (28%) were posi-
tive for CD44, 64 (67%) were positive for ALDH1, 12 (15%) were
positive for CD133, 32 (34%) were positive for EGFR, 20 (21%)
were positive for HER2, 35 (37%) were positive for p53, and
33 (35%) were positive for PD-L1. Claspin expression was sig-
nificantly associated with the expression of CD44 (P = .0002),
EGFR (P =.0029), p53 (P =.0062), and PD-L1 (P =.0003; Table 3;
Figure 3).

'r"(i,»‘s v a
® s
oo .

‘;;’ e
&'s/ c5te

©

o . ® iy ] -
0. PN re. 0 HEO R
Segy 8L 47 ) @')1 o ‘ € ®” ¥ P
@ 3 g - P (7 ¥

& . d % l’ ¥

2R
Dy
TR,

oo (A0 I“,

© cDaa.

FIGURE 3

Cancer Science NI e

4 | DISCUSSION

In the present study, we investigated the clinicopathological signifi-
cance of claspin expression in RCC. The analysis of data in TCGA
showed that claspin expression was upregulated in RCC tissues.
Our immunohistochemical analysis showed claspin expression was
detected in 45 (47%) of 95 RCCs. Claspin staining appeared to be
relatively stronger in high nuclear grade tumors than in low nuclear
grade tumors. Moreover, claspin expression was associated with T
grade, tumor stage, nuclear grade, vein invasion, and poor prognosis.
In addition, knockdown of CLSPN by RNAi was found to inhibit can-
cer cell proliferation and the levels of phosphorylated Akt and Erk.
Taken together, these results suggest that claspin serves an impor-
tant role in the progression of RCC.

Cancer stem cells are thought to be responsible for recurrence or
distant metastasis and for chemotherapy and radiotherapy resistance
in many malignancies.?> Cancer stem cells are frequently identified by
surface protein markers such as CD44, CD105, CD133, ALDH1, and
CXCR4 in RCC.>2%?” Among these surface markers, CD44 is the most
frequently reported, and a positive correlation has been suggested

with aggressive behavior in RCC.2%%7 In fact, many studies have shown

Immunohistochemical analysis of claspin and various molecules in consecutive tumor sections of renal cell carcinoma. A, C,

E, G, Nuclear expression of claspin (anticlaspin Ab immunohistochemical staining; magnification, x400). B, Membrane expression of CD44
(anti-CD44 Ab immunohistochemical staining, x400). D, Membrane expression of epidermal growth factor receptor (EGFR) (EGFR Ab
immunohistochemical staining, x400). F, Nuclear expression of p53 (p53 Ab immunohistochemical staining, x400. H, Membrane expression
of programmed death ligand-1 (PD-L1) (PD-L1 Ab immunohistochemical staining, x400)
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that CD44 expression was reported to significantly correlate with high
nuclear grade, vein invasion, recurrence, and poor prognosis, and it
has been suggested to be a useful prognostic marker.2”-32 Moreover,
CD44 promotes EGFR-mediated pathways, consequently leading to
tumor cell growth, tumor cell migration, and chemotherapy resistance
in solid cancers.®® Therefore, as claspin expression in RCC was closely
associated with CD44 expression in the present study, claspin might
play an indispensable role in CSCs of RCC and might contribute to
higher tumor stage, nuclear grade, and vein invasion in collaboration
with CD44. In fact, overexpression of claspin increases resistance to
radiotherapy and chemotherapy in lung and ovarian cancers.!”34%°
Furthermore, we revealed that claspin expression was associated with
p53 and poor prognosis. Similar to claspin, the tumor suppressor p53 is
one of the key regulators in DNA damage response and the cell cycle
checkpoint, and mutations of p53 have also been shown to lead to the
generation of C5Cs.3%% In addition, several reports have shown that
p53 expression in RCC predicts a poorer outcome.®® A recent study
reported that claspin is also a marker of prognosis in non-small-cell lung
cancer.®® Thus, these results indicate that claspin might be one of the
potential prognostic factors in RCC.

CLSPN knockdown affects the levels of EGFR downstream mol-
ecules. We showed that the levels of phosphorylated Akt and Erk
were lower in claspin siRNA-transfected RCC cells than in control
cells. As the phosphorylation of Akt and Erk results in the inhibi-
tion of apoptosis and contributes to tumor progression,39 these
results suggest that apoptosis could be induced in claspin-knock-
down RCC cells. Moreover, our results showed that claspin ex-
pression was frequently observed in EGFR-positive RCC cells by
immunohistochemistry. Epidermal growth factor receptor plays a
significant role in promoting tumor progression, and its associated
signaling pathways are well established targets in cancer therapy.*°
Overexpression of EGFR in RCC is correlated with cell proliferation,
high tumor stage, high nuclear grade, tumor recurrence, and overall
survival.*
of RCC and a potential target for the treatment of RCC. Li et al*?
reported the inhibition of EGFR-induced apoptosis by the suppres-

Thus, EGFR was considered a key factor in the prognosis

sion of claspin protein in drug-sensitive breast cancer cells. Taken
together, these findings indicate that claspin could participate in
the activation of EGFR, and the inhibition of claspin could suppress
the EGFR signaling pathway and induce apoptosis in RCC cells.
The present study found that claspin expression was signifi-
cantly associated with PD-L1 expression. The PD-1/PD-L1 pathway
is one of the most important signaling pathways in immune check-
point therapy. Recent studies have revealed that immune checkpoint
inhibitors targeting PD-1/PD-L1 signaling have shown a promising
response in patients with advanced RCC.8*3 Also, PD-L1 expression
was associated with adverse clinicopathological features, includ-
ing higher nuclear grade, necrosis, and sarcomatoid transforma-
tion. Interestingly, positive correlations have been shown between
PD-L1 and EGFR expression in RCC.8 Therefore, the present study
showed that claspin might be a promising molecule for treating RCC.
However, further extensive study will be required to elucidate the

detailed molecular mechanism of its activity in tumor cell biology,

which might improve our understanding of RCC carcinogenesis and
tumor progression.

CONFLICT OF INTEREST
The authors declare no conflicts of interest in association with the

present study.

ORCID

Kazuhiro Sentani https://orcid.org/0000-0002-8987-5414

Wataru Yasui https://orcid.org/0000-0002-8647-8405

REFERENCES

1. Sandock DS, Seftel AD, Resnick MI. A new protocol for the fol-
lowup of renal cell carcinoma based on pathological stage. J Urol.
1995;154:28-31.

2. Hsieh JJ, Purdue MP, Signoretti S, et al. Renal cell carcinoma. Nat
Rev Dis Primers. 2017;3:17009.

3. Hainsworth JD, Sosman JA, Spigel DR, Edwards DL, Baughman
C, Greco A. Treatment of metastatic renal cell carcinoma
with a combination of bevacizumab and erlotinib. J Clin Oncol.
2005;23:7889-7896.

4. Jermann M, Stahel RA, Salzberg M, et al. A phase Il, open-la-
bel study of gefitinib (IRESSA) in patients with locally advanced,
metastatic, or relapsed renal-cell carcinoma. Cancer Chemother
Pharmacol. 2006;57:533-539.

5. Lopez-Beltran A, Henriques V, Cimadamore A, et al. The
Identification of immunological biomarkers in kidney cancers. Front
Oncol. 2018;8:456.

6. Carlsson J, Sundqvist P, Kosuta V, et al. PD-L1 expression is
associated with poor prognosis in renal cell carcinoma. Appl
Immunohistochem Mol Morphol. 2019. https://doi.org/10.1097/
PAI.OOO0000000000766.

7. Ueda K, Suekane S, Kurose H, et al. Prognostic value of PD-1 and
PD-L1 expression in patients with metastatic clear cell renal cell
carcinoma. Urol Oncol. 2018;36:499.€9-499.e16.

8. Shin SJ, Jeon YK, Kim PJ, et al. Clinicopathologic analysis of PD-L1
and PD-L2 expression in renal cell carcinoma: association with on-
cogenic proteins status. Ann Surg Oncol. 2016;23:694-702.

9. Cheng B, Yang G, Jiang R, et al. Cancer stem cell markers predict a
poor prognosis in renal cell carcinoma: a meta-analysis. Oncotarget.
2016;7:65862-65875.

10. Ljungberg B, Cowan NC, Hanbury DC, et al. EAU guidelines on renal
cell carcinoma: the 2010 update. Eur Urol. 2010;58:398-406.

11. Chini CC, Chen J. Claspin, a regulator of Chk1 in DNA replication
stress pathway. DNA Repair (Amst). 2004;3:1033-1037.

12. Chini CC, Chen J. Human claspin is required for replication check-
point control. J Biol Chem. 2003;278:30057-30062.

13. Jeong SY, Kumagai A, Lee J, Dunphy WG. Phosphorylated
claspin interacts with a phosphate-binding site in the kinase
domain of Chk1l during ATR-mediated activation. J Biol Chem.
2003;278:46782-46788.

14. Focarelli ML, Soza S, Mannini L, Paulis M, Montecucco A, Musio
A. Claspin inhibition leads to fragile site expression. Genes
Chromosomes Cancer. 2009;48:1083-1090.

15. Azenha D, Lopes MC, Martins TC. Claspin functions in cell homeo-
stasis-A link to cancer? DNA Repair (Amst). 2017;59:27-33.

16. Lin SY, Li K, Stewart GS, Elledge SJ. Human Claspin works with
BRCA1 to both positively and negatively regulate cell proliferation.
Proc Natl Acad Sci USA. 2004;101:6484-6489.

17. Tsimaratou K, Kletsas D, Kastrinakis NG, et al. Evaluation of claspin
as a proliferation marker in human cancer and normal tissues. J
Pathol. 2007;211:331-339.


https://orcid.org/0000-0002-8987-5414
https://orcid.org/0000-0002-8987-5414
https://orcid.org/0000-0002-8647-8405
https://orcid.org/0000-0002-8647-8405
https://doi.org/10.1097/PAI.0000000000000766
https://doi.org/10.1097/PAI.0000000000000766

KOBAYASHI ET AL.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Benevolo M, Musio A, Vocaturo A, et al. Claspin as a biomarker of
human papillomavirus-related high grade lesions of uterine cervix. J
Transl Med. 2012;10:132.

Ito F, Yoshimoto C, Yamada Y, Sudo T, Kobayashi H. The HNF-
1p-USP28-Claspin pathway upregulates DNA damage-induced
Chk1 activation in ovarian clear cell carcinoma. Oncotarget.
2018;9:17512-17522.

Kobayashi G, Sentani K, Hattori T, et al. Clinicopathological signif-
icance of claspin overexpression and its association with spheroid
formation in gastric cancer. Hum Pathol. 2019;84:8-17.

Yasui W, Ayhan A, Kitadai V, et al. Increased expression of p34cdc2
and its kinase activity in human gastric and colonic carcinomas. Int
J Cancer. 1993;53:36-41.

Sakamoto N, Oue N, Sentani K, et al. Liver-intestine cadherin
induction by epidermal growth factor receptor is associated
with intestinal differentiation of gastric cancer. Cancer Sci.
2012;103:1744-1750.

Hattori T, Sentani K, Naohide O, Sakamoto N, Yasui W.
Clinicopathological significance of SPC18 in colorectal can-
cer: SPC18 participates in tumor progression. Cancer Sci.
2017;108:143-150.

Ricketts CJ, De Cubas AA, Fan H, et al. The cancer genome atlas
comprehensive molecular characterization of renal cell carcinoma.
Cell Rep. 2018;23:313-326.e5.

Nguyen LV, Vanner R, Dirks P, Eaves CJ. Cancer stem cells: an evolv-
ing concept. Nat Rev Cancer. 2012;12:133-143.

Corro C, Moch H. Biomarker discovery for renal cancer stem cells. J
Pathol Clin Res. 2018;4:3-18.

Khan MI, Czarnecka AM, Helbrecht |, Bartnik E, Lian F, Szczylik C.
Current approaches in identification and isolation of human renal
cell carcinoma cancer stem cells. Stem Cell Res Ther. 2015;6:178.
Lim SD, Young AN, Paner GP, Amin MB. Prognostic role of CD44
cell adhesion molecule expression in primary and metastatic renal
cell carcinoma: a clinicopathologic study of 125 cases. Virchows
Arch. 2008;452:49-55.

Zanjani LS, Madjd Z, Abolhasani M, et al. Increased expression of
CD44 is associated with more aggressive behavior in clear cell renal
cell carcinoma. Biomark Med. 2018;12:45-61.

Li X, Ma X, Chen L, et al. Prognostic value of CD44 expression in
renal cell carcinoma: a systematic review and meta-analysis. Sci Rep.
2015;5:13157.

Lee YM, Kim JM, Lee HJ, Seong IO, Kim KH. Immunohistochemical
expression of CD44, matrix metalloproteinase2 and ma-
trix metalloproteinase9 in renal cell carcinomas. Urol Oncol.
2019;37(10):742-748.

Mikami S, Mizuno R, Kosaka T, Saya H, Oya M, Okada Y. Expression
of TNF-a and CD44 is implicated in poor prognosis, cancer cell

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cancer Science NuIia e

invasion, metastasis and resistance to the sunitinib treatment in
clear cell renal cell carcinomas. Int J Cancer. 2015;136:1504-1514.
Thapa R, Wilson GD. The importance of CD44 as a stem cell
biomarker and therapeutic target in cancer. Stem Cells Int.
2016;2016:2087204.

Choi SH, Yang H, Lee SH, Ki JH, Nam DH, Yoo HY. TopBP1 and
claspin contribute to the radioresistance of lung cancer brain me-
tastases. Mol Cancer. 2014;13:211.

Bianco JN, Bergoglio V, Lin YL, et al. Overexpression of Claspin and
Timeless protects cancer cells from replication stress in a check-
point-independent manner. Nat Commun. 2019;10:910.

Lakin ND, Jackson SP. Regulation of p53 in response to DNA dam-
age. Oncogene. 1999;18:7644-7655.

Shetzer Y, Solomon H, Koifman G, Molchadsky A, Horesh S, Rotter
V. The paradigm of mutant p53-expressing cancer stem cells and
drug resistance. Carcinogenesis. 2014;35:1196-1208.

Noon AP, Vlatkovi¢ N, Polanski R, et al. p53 and MDM2 in renal
cell carcinoma: biomarkers for disease progression and future ther-
apeutic targets? Cancer. 2010;116:780-790.

Takeuchi K, Ito F. EGF receptor in relation to tumor development:
molecular basis of responsiveness of cancer cells to EGFR-targeting
tyrosine kinase inhibitors. FEBS J. 2010;277:316-326.
Seshacharyulu P, Ponnusamy MP, Haridas D, Jain M, Ganti AK,
Batra SK. Targeting the EGFR signaling pathway in cancer therapy.
Expert Opin Ther Targets. 2012;16:15-31.

Dordevi¢ G, Matusan llijas K, HadZisejdi¢ |, Marici¢ A, Grahovac B,
Jonji¢ N. EGFR protein overexpression correlates with chromosome
7 polysomy and poor prognostic parameters in clear cell renal cell
carcinoma. J Biomed Sci. 2012;19:40.

Li J, Lv B, Li X, He Z, Zhou K. Apoptosis-related molecular differ-
ences for response to tyrosin kinase inhibitors in drug-sensitive
and drug-resistant human bladder cancer cells. J Cancer Res Ther.
2013;9:668-671.

Alsaab HO, Sau S, Alzhrani R, et al. PD-1 and PD-L1 checkpoint sig-
naling inhibition for cancer immunotherapy: mechanism, combina-
tions, and clinical outcome. Front Pharmacol. 2017;8:561.

How to cite this article: Kobayashi G, Sentani K, Babasaki T,
et al. Claspin overexpression is associated with high-grade
histology and poor prognosis in renal cell carcinoma. Cancer
Sci. 2020;111:1020-1027. https://doi.org/10.1111/cas.14299



https://doi.org/10.1111/cas.14299

