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Abstract. Background/Aim: DNA damage response (DDR),
wherein p21 is a cell fate determinant, is a potential cancer
therapeutic target. Molecular expression during DDR was
explored in ovarian clear-cell carcinoma (CCC). Materials
and Methods: CHKI, CHK2, TP53 and p21 expression in
DDR was examined using immunostaining in surgical sections
of CCC (n=22). Molecular alterations in two types of CCC
cell lines, JHOC-5 and JHOC-9, were investigated using
western blot analysis. Results: Expression of DDR-associated
molecules was noted in most patients. While high p21
expression was found in half of the patients, the remaining
patients exhibited low p2l expression. Treatment with
UC2288, a p21 inhibitor, attenuated proliferation of both cell
lines, more prominently in JHOC-9, resulting in reduced
viability and subsequent apoptosis. Conclusion: p21 Inhibitor
induced cell death in cells with high p21 expression,
suggesting that p21 suppression can be a therapeutic strategy
to treat patients with CCC.

The DNA damage response (DDR) plays an important role in
the maintenance of genetic integrity in normal as well as in
carcinoma cells (1). When DNA is damaged, sensors such as
poly (ADP ribose) polymerase (PARP) and 80 kDa Ku protein
(KU80) activate ataxia-telangiectasia mutated (ATM) and
ATM- and RAD3-related (ATR). Subsequently, transducers,
checkpoint kinase 1 (CHK1) and checkpoint kinase 2 (CHK2),

This article is freely accessible online.

Correspondence to: Kousuke Ishino, Department of Integrated
Diagnostic Pathology, Nippon Medical School, 1-1-5 Sendagi,
Bunkyo-ku 113-8602, Tokyo, Japan. Tel: +81 338222131, e-mail:
kishino@nms.ac.jp

Key Words: Ovarian clear-cell carcinoma, DNA damage response,
cisplatin, p21.

organize cell-cycle arrest and repair of damaged DNA. Tumour
protein pS3 (TP53) and 21-kDa protein (p21) suppress the cell
cycle, and damaged DNA is repaired. If the DNA repair is
incomplete, the cell undergoes apoptosis. The susceptibility of
tumours to chemotherapeutic agents, such as cisplatin, cis-
diamminedichloridoplatinum(Il), is regulated by molecules
expressed during DDR (1, 2), which can be a target of
molecular targeting therapy (1, 3). p21, one of the molecules
involved in DDR, is an inhibitor of cyclin-dependent kinase
(CDK) and a key regulator of the cell cycle in DDR (4-6). It
is also suggested that p21 regulates apoptotic cell death (4-7).

Epithelial ovarian cancer (EOC) is the most lethal
malignancy, and a leading cause of gynaecological cancer-
related deaths worldwide. Clear-cell carcinoma (CCC), a
subtype of EOC, accounts for more than 20% of EOC in
Japan (8). Compared to other subtypes, the prognosis of
patients with CCC is poor due to a high recurrence rate and
chemotherapy resistance (9, 10). Owing to its aggressive
behaviour, patients with CCC predominantly follow an
unfavourable clinical course.

The molecules highly expressed during DDR in CCC have
been described in literature (3). For example, the expression
levels of CHK1, CDK2, and p27 correlated with the degree
of chemoresistance in patients with CCC (11, 12). Although
understanding the functional state of DDR is beneficial to
predicting sensitivity to treatment, molecular expression in
DDR has not been fully elucidated in CCC due to the limited
number of studies.

In the present study, we explored the clinicopathological
significance of DDR in CCC. The expression of CHK1, CHK2,
TP53 and p21 were examined by immunohistochemical (IHC)
staining of surgical sections of CCC. As a DNA-damaging
agent, we chose cisplatin in order to observe its effect on
molecular expression in DDR using two types of CCC cell
lines. The effect of UC2288, an attenuator of p21 (13-15), was
also examined to investigate how functional modulation of p21
may alter CCC cell viability.

5631



ANTICANCER RESEARCH 40: 5631-5639 (2020)

Materials and Methods

Cases of CCC. A total of 22 CCC cases were retrieved from
pathological records in the archives at the Department of Diagnostic
Pathology, Nippon Medical School Hospital, and used for
histological and IHC studies. These cases underwent ovarian
resection from 2013 to 2019. Histology was reviewed by two
investigators (YM and RW). The clinicopathological features of the
cases are listed in Table I. Pathological T-factor and lymph node
metastasis were reviewed. The study was approved by the Ethical
Committee of Nippon Medical School Hospital (Approval no. 30-
06-944). Written informed consent was obtained from all patients.

IHC staining and semi-quantitative evaluation. IHC staining of
molecules involved in DDR was performed using the polymer-based
two-step method. Briefly, paraffin sections were deparaffinized and
hydrated in phosphate-buffered saline (PBS). Following blocking of
endogenous peroxidase, sections were pre-treated with appropriate
buffer, if necessary. Thereafter, sections were incubated with
antibodies against CHK1, CHK?2, TP53, and p21 at 4°C overnight
(Table II). Following washing three times with PBS, sections were
subsequently incubated with MAX-PO (cat. no. 424134 Mouse,
424144 Rabbit; Nichirei Biosciences Inc., Tokyo, Japan). Peroxidase
activity was visualized with diaminobenzidine (DAB), using the
DAB Substrate Kit (Nichirei Biosciences Inc.).

The expression of molecules was evaluated by a semi-
quantitative method. For CHK1, CHK2, and TP53, nuclear staining
was considered as a positive reaction. Case were considered positive
when =20% of tumour cells showed nuclear staining, whereas cases
were considered negative when positive cells were <20%.

IHC staining of p21 was evaluated by a semi-quantitative method
(16). Nuclear staining was considered a positive reaction. The
intensity score was divided into four grades as follows: When no
staining was found in carcinoma cells, intensity was scored 0; for
standardization, moderate staining was given a score of 2. A score
of 1 was defined as clear but staining weaker than that of cells with
a score of 2. A score of 3 was defined as staining stronger than that
of a score of 2. Thereafter, the proportion of positive cells of each
score intensity was evaluated as a percentage in 10% increments.
The total score was calculated using the formula: 1 x (proportion of
cells with score 1) + 2 x (proportion of cells with score 2) + 3 x
(proportion of cells with score 3). The staining was reviewed in a
blind manner two investigators (YM and RW). When discrepancy
in scoring occurred, the two Authors discussed the results and the
most appropriate value was determined.

Cell culture. Human CCC of ovary cell lines JHOC-5 (RBRC-
RCB1520) and JHOC-9 (RBRC-RCB2226) were obtained from
RIKEN BioResource Center (Ibaraki, Japan). Cells were cultured in
a mixture of Dulbecco's modified Eagle’s medium and Ham F12
medium (Thermo Fisher Scientific, Rockford, IL, USA)
supplemented with 10% foetal bovine serum (Nichirei Biosciences,
Inc.) and 0.1 mM non-essential amino acids (Thermo Fisher
Scientific) at 37°C.

Counting of cultured cells treated with cisplatin and UC2288.
JHOC-5 and JHOC-9 cells were plated in 96-well plates at a density
of 1x104 cells/well, respectively. Cells were cultured at 37°C for 24
h. Thereafter, 10 pg/ml cisplatin (FUJI Film Wako Pure Chemical
Corp., Osaka, Japan) with/without 10 pM UC2288 (Sigma-Aldrich;
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Merck KGaA, St. Louis, MO, USA) were added to culture medium,
and the cells were cultured at 37°C. Viable cells were determined
using Cell Counting Kit-8 (DOJINDO Molecular Technologies, Inc.,
Kumamoto, Japan) at 0, 24, 48, and 72 h. Experiments were
performed in triplicate. The viable cells were indicated as
absorbance at 450 nm.

Preparation of protein samples. Cultured cell of JHOC-5 and
JHOC-9 were plated in 100 mm dish at density of 5x105 cells/dish
and 1x10° cells/dish, respectively. The cells were cultured at 37°C
for 72 h. Then, 10 pug/ml cisplatin and 10 uM UC2288 were added
to the culture medium, and cells cultured at 37°C for 24 h.
Thereafter, cells were washed three times with PBS and
subsequently lysed in 50 mM Tris-HCl (pH 7.6)/0.5% sodium
dodecylsulfate and sonicated in iced water for 60 min. Protein
samples were used for western blot analysis.

Western blot analysis. Protein samples were mixed with 2 x
Laemmli Sample Buffer (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) and boiled at 95°C for 10 min. Protein samples were
electrophoresed in 5-20% polyacrylamide gel (e-PAGEL, ATTO
Corporation, Tokyo, Japan) and transferred onto a polyvinylidene
difluoride membrane. Following blocking with 5% skim milk in
Tris-buffered saline/0.05% Tween 20 at room temperature for 30
min, the membrane was incubated with the antibodies listed in Table
I at 4°C overnight. Following washing with 25 mM Tris-HCl
(pH8.0)/150 mM NaCl/0.01% Triton X, membranes were incubated
with horseradish peroxidase-conjugated anti-mouse immunoglobulin
(dilution, 1:10,000) or anti-rabbit immunoglobulin (dilution,
1:10,000, both from American Qualex Scientific Products, Inc., San
Clemente, CA, USA) at room temperature for 1 h. Peroxidase
activity was detected as chemiluminescence using SuperSignal West
Dura Extended Duration Substrate (Thermo Fisher Scientific).

Preparation of cell block and IHC staining. Cells were plated in 150
mm dishes and cultured at 37°C for 96 h. Thereafter, 10 pg/ml
cisplatin and 10 pM UC2288 were added to the medium, and cells
were cultured at 37°C for 24 h. Cells were collected with a scraper
and transferred to 15 ml conical tubes. Following centrifugation at
400 x g at 4°C for 5 min, the supernatant was removed, and cell
pellets were fixed in 10% buffered formalin. Cell pellets were
processed with ethanol and xylene and embedded into paraffin. IHC
staining was performed using the same method described in
previous sections using antibody against cleaved caspase-3 at 4°C
overnight (Table II).

Statistical analysis. All data are expressed as the meantstandard
deviation. The data of two groups were compared by the Mann—
Whitney U-test. The data of three or more groups were compared
by the Kruskal-Wallis test followed by Dunn’s post-hoc test. All
statistical analyses were performed using R (The R Foundation,
https://www.r-project.org). A value of p<0.05 was considered to
indicate statistical significance.

Results

IHC of DDR pathway proteins in patients with CCC. The
molecular expression of CHK1, CHK2, TP53, and p21
during DDR are shown in Figure 1, and the results are
summarized in Table I. Most CCC cases were at stage [ at



Minagawa et al: p21 Expression in Ovarian Clear-cell Carcinoma

Table 1. Clinicopathological characteristics and immunohistochemical results of the cases of clear-cell carcinoma of the ovary.

Case  Age (years) TNM Stage* CHK1 CHK2  TP53 p21 p21 score Time of Outcome
no. at diagnosis recurrence

1 55 pT3aNOMO IIA2 + + + High 200 2 Months DOD, 4 months
2 48 pT1cNOMO IC(1) + + - High 210 -

3 56 pT1cNOMO I1C(1) + + + Low 100 -

4 49 pT1cNOMO 1C(1) + + + High 210 -

5 40 pT1cNOMO 1C(3) + + + High 200 -

6 43 pT1aNOMO 1A + + + High 240 -

7 67 pT1cNOMO 1C(1) + + - Low 30 -

8 46 pT1aNOMO 1A + + + Low 20 -

9 79 pT1aNOMO 1A - + - Low 110 -

10 53 pT1c3NOMO 1C3 + + + High 270 -

11 62 pT1cINOMO IC1 + + + Low 170 -

12 69 pT1cNXMO I1C(1) + + + Low 30 -

13 78 pT1cNOMO 1C(3) + + + High 230 - DOOD, 3 months
14 58 pT1cNOMO IC(1) + + + Low 150 -

15 65 pT1aNOMO 1A + + + High 240 -

16 60 pT1c3NOMO 1C3 + + + High 230 -

17 53 pT3cNXMX IcC - + + High 230 36 Months

18 62 pT3bNXMO 111B + + + High 260 -

19 48 pT1cNOMO 1C(2) + + + Low 180 -

20 58 pT1aNOMO 1A + + + Low 20 -

21 39 pT1c3NOMO 1C3 + + + Low 140 9 Months DOD, 15 months
22 59 pT1cINXMO IC1 + + + Low 10 70 Months

DOD: Died of disease; DOOD: died of other disease; High: score =200; Low: score <200. *International Federation of Gynecology and Obstetrics

(FIGO) staging classification 2014 (26).

Table II. The list of antibodies used in the present study.

Dilution

Antibody Cat. no. Clone no. Company WB IHC Pretreatment
CHK1 2360S Cell Signaling Technology 1:1000 1:500 121°C, 15 min, pH 9.0
p-CHK1 123028 Cell Signaling Technology 1:1000 - -

CHK2 63348 Cell Signaling Technology 1:1000 1:1000 121°C, 15 min, pH 6.0
p-CHK2 21978 Cell Signaling Technology 1:1000 - -

TP53 DO-7 DO-7 Agilent Technologies 1:1000 1:200 121°C, 15 min, pH 6.0
p21(WAF1) OP64 EA10 Sigma-Aldrich; Merck KGaA 1:100 1:100 121°C, 15 min, pH 6.0
Cleaved caspase-3 9661S Cell Signaling Technology 1:1000 1:300 121°C, 15 min, pH 6.0
B-Actin A5316 AC-74 Sigma-Aldrich; Merck KGaA 1:10000 - -

Cat. no., Catalogue number; IHC, immunohistochemistry; WB, western blot.

the time of surgery. Recurrence was noted in only four cases.
CHK1 expression was found in 20 cases (90.9%), and the
complete loss of CHK2 expression was found in none (0%).
TP53 expression was noted in 19 cases (86.4%). Based on
the p21 THC results, we stratified cases into groups with high
(score =200) and low (score <200) expression. Eleven cases
(50%) were in the high expression group and 11 were in the
low expression group. In the high group, nuclei were
strongly positive for p21, while a faint positive nuclear
reaction was observed in the low group.

Expression and phosphorylation of proteins in cultured CCC
cells. The expression and phosphorylation state of CHK1,
CHK2, TP53, and p2l after cisplatin treatment were
examined by western blot analysis in cultured CCC cells
(Figure 2A). CHK1, CHK2, TP53, and p21 were expressed
in untreated JHOC-5 and JHOC-9 cells. The expression level
of TP53 was higher in JHOC-9 than in JHOC-5 cells.
Treatment with 10 ug/ml cisplatin for 24 h induced
phosphorylation of CHK1 and CHK?2 in both JHOC-5 and
JHOC-9 cells (Figure 2A). An increase in the expression
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Figure 1. Representative images of immunostaining for checkpoint kinase 1 (CHK]I), checkpoint kinase 2 (CHK2), tumour protein p53 (TP53) and p21
in clear-cell carcinoma cases. Significant expression of CHKI, CHK2, and TP53 was noted for the majority of these cases. In contrast, p21 expression
levels by immunohistochemistry were categorized as low (score=20, case 8) and high (score=270, case 10). Original magnification x400.

level of TP53 was noted after cisplatin treatment of both cell
lines. Prior to treatment, p21 expression was higher in
JHOC-9 cells, while its expression was minimal in JHOC-5
cells. Cisplatin treatment had a mild suppressive effect on
JHOC-9 cells, preserving significant p21 expression.

IHC expression and location of TP53 and p21 before and
after cisplatin treatment. TP53 and p2l1 expression was
examined in cell blocks (Figure 2B). TP53 was sporadically
positive in untreated JHOC-5 and JHOC-9 cells, and the
number of positive cells increased after cisplatin treatment in
both groups. Regarding p21, a clonal positive reaction was
evident in untreated JHOC-9 cells compared to JHOC-5 cells.
The nuclear expression of p21 in JHOC-9 cells remained high
even after cisplatin treatment, whereas the number of p21-
positive cells increased in the JHOC-5 cell line.

Collectively, the above results using cell culture and cell
block indicated that the sensors and transducers we examined
in the DDR pathway were operational in two types of
cultured CCC cells. Notably, the expression pattern of p21
was different between JHOC-5 and JHOC-9 cells; p21 was
highly expressed in JHOC-9 cells regardless of cisplatin
treatment. Hence, we subsequently performed the study
using UC2288, an attenuator of p21.

Susceptibility of cultured cells to cisplatin and UC2288.
Cultured cells were treated with either cisplatin or UC2288
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alone, or a combination of cisplatin and UC2288. The
concentrations of cisplatin and UC2288 were 10 pug/ml and
10 uM, respectively. In both cultured cell lines, proliferation
was inhibited by treatment with cisplatin alone, and was
suppressed to a greater extent by UC2288 alone, and by
cisplatin plus UC2288 (Figure 3). Notably, JHOC-9
underwent cell death after treatment with UC2288 alone, or
combined with cisplatin (Figure 3). No significant difference
was observed in the suppressive effect between UC2288
when used alone and in combination with cisplatin,
suggesting that combining these two agents did not result in
a synergistic effect.

Cell fate-determinant proteins in cultured cells and cell block
with cisplatin and UC2288 treatment. TP53 and p21
expression was investigated in cultured cells treated with
either cisplatin or UC2288 alone, or their combination. p21
expression was eliminated by UC2288 in JHOC-5 cells. In
JHOC-9 cells, the expression level of p21 was reduced by
UC2288 with and without cisplatin (Figure 4A). Caspase-3
activation was examined in cell blocks (Figure 4B). No
significant positivity for cleaved caspase-3, the active form
of caspase-3, was noted in JHOC-5 cells treated with agents
alone nor in combination. In contrast, the number of cleaved
caspase-3-positive JHOC-9 cells significantly increased after
UC2288 treatment with and without cisplatin. Cisplatin alone
induced caspase-3 activation in a few JHOC-9 cells. These
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Figure 2. Expression and phosphorylation of molecules in DNA-damage response of cultured ovarian clear-cell cancer cell lines JHOC-5 and
JHOC-9 treated with 10 ug/ml cis-diamminedichloridoplatinum(Il) (cisplatin) for 24 h. A: Western blot analysis. B: Immunohistochemical staining

of cell block sections.

results indicate that p21 inhibition is more likely to reduce
cell viability, causing cell death in CCC cells with high p21
expression compared to those with low p21 expression.

Discussion

The present study investigated molecular expression during
DDR occurring in CCC using surgical sections and two types
of cultured cells. We first evaluated IHC expression of CHK1,
CHK2, and TP53 in DDR (Figure 1 and 5). Half of our cases
demonstrated high p21 expression, whereas the remainder
exhibited low p21 expression. In treated cultured CCC cells,

phosphorylation or activation of CHK1, CHK?2, and TP53
was also identified. There was a different pattern of p21
expression between the cell types. Prior to stimulation, p21
was constitutively expressed in JHOC-9 cells, whereas its
expression was minimal in JHOC-5 cells. p21 Inhibition by
UC2288 reduced cell viability in both JHOC-5 and JHOC-9
cells; however, its suppressive effect was more substantial in
JHOC-9 cells causing cell death, which was confirmed by
cleaved caspase-3 activation.

We examined the DDR pathway in cultured CCC cells and
found that CHK1 and CHK2 were phosphorylated after
incubation with cisplatin, indicative of preserved functions
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Figure 3. Cultured cells were treated with 10 ug/ml cis-diamminedichloridoplatinum(Il) (cisplatin) or 10 uM UC2288, a p21-specific inhibitor, or
their combination and proliferation was analysed. A: The microscopic appearance of JHOC-5 and JHOC-9 cells treated for 24 h. B: Proliferation
of JHOC-5 and JHOC-9 cells. Significantly different at *p<0.01 vs. untreated; Tp<0.05 vs. cisplatin.

upstream of DDR. TP53 expression level increased in JHOC-
9 cells, which may be due to 7P53 mutation (17), compared
with that of JHOC-5 cells. p21 Exerts multiple functions
during DDR; it determines whether a cell goes through the
cell cycle or undergoes death, depending on the
microenvironment (4, 5, 18). Although the precise mechanism
of enhanced p21 expression remains unclear, there are a few
hypotheses. The first possibility is that increased p21
expression may represent a response to non-functioning
mutated TP53. The second is that high expression of p21 can
be driven by overexpression of mutated 7P53. Some studies
reported that transcription of p2/ is induced by TP53 (5, 18,
19). A third possibility is a genetic alteration in molecules
regulating p21 expression. In our study, it should be noted
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that UC2288, an attenuator of p2l, suppressed cell
proliferation and induced apoptotic cell death. As the
suppressive effect of UC2288 was observed in both cell lines,
it is probable that the effect was induced regardless of the
mutational status of 7P53. Other researchers have
demonstrated that p21 can be degraded by ubiquitination (13,
14). Further studies are necessary to determine the molecular
alterations in UC2288 treated CCC cells.

Itamochi et al. showed that inhibition of DDR-related
molecules, including CHK1, CHK2 and CDK inhibitor p27,
with small molecule inhibitor suppressed the proliferation of
CCC cell lines (11, 12), showing that DDR molecules may be
potential targets for CCC treatment. However, these inhibitors
are not yet clinically applied. Here, we demonstrated that
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Figure 4. Cultured cells were treated with 10 ug/ml cis-diamminedichloridoplatinum(II) (cisplatin) or 10 uM UC2288, a p21-specific inhibitor, or
their combination for 24 h and then analysed for proteins involved in determining cell fate. A: Western blot analysis of JHOC-5 and JHOC-9 cells.
B: Immunohistochemical staining of cleaved caspase-3 in JHOC-5 and JHOC-9 cell blocks.
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Figure 5. The signalling pathway of the DNA-damage response. PARP:
Poly (ADP ribose) polymerase; KUSO: 80-kDa Ku protein; ATR: ATM-
and RAD3-related; ATM: ataxia-telangiectasia mutated;, CHKI:
checkpoint kinase 1; CHK2: checkpoint kinase 2; TP53: tumour protein
pS53; p21; 21-kDa protein; PCNA: proliferating cell nuclear antigen;
CDK2: cyclin-dependent kinase 2.

growth of CCC cell lines was inhibited by a UC2288. To our
knowledge, this is the first report to demonstrate the anticancer
property of a p21 inhibitor in CCC cell lines. Although p21
acts as an inhibitor of CDK in the nucleus, it also acts as a
regulator of cell death in the cytoplasm. p21 binds to caspase-
3 and inhibits cleavage and transformation to the activated
form of caspase-3 (20). Additionally, it was shown that p21
forms a complex with apoptosis signal-regulating kinase 1 and
inhibits the apoptosis signal (4). Therefore, it is conceivable
that UC2288 attenuates the inhibitory effect of the p21-
dependent mechanism on pro-apoptotic molecules in
cytoplasm. Our findings, in which caspase-3 cleavage was
enhanced in JHOC-9 cells supports this hypothesis. However,
the exact aetiology underlying the different expression levels
of p21 between JHOC-5 and JHOC-9 cells leading to a
subsequent cellular response is unclear, and additional studies
may reveal the mechanism in future.

Nuclear expression of p21 was documented in renal cell
carcinoma (RCC) (21), prostate cancer (22), breast cancer (23),
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and ovarian cancer (24, 25). Others demonstrated that
enhanced nuclear expression of p21 was associated with a
favourable clinical course in localized RCC (21) and ovarian
cancer (25), whereas the opposite was reported in metastatic
RCC (21) and prostate cancer (22). In the present study, we
classified surgical sections from patients with CCC into groups
with high and low p21 expression. However, we were unable
to demonstrate an association between the p21 expression
pattern and patients’ clinicopathological characteristics. This is
because most patients had disease at an early pathological stage
and were followed-up for a short period of time. Based on our
findings, in which UC2288 induced death in cells with high
p21 expression, it is anticipated that UC2288 may serve as a
therapeutic agent to treat patients with CCC highly expressing
p21. However, future studies using a larger cohort of patients
with CCC with a longer follow-up period are required to
validate our hypothesis.
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