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Abstract

Background: The role of calcineurin/NFAT signaling in ovarian cancer has been unknown. NFAT was significantly
overexpressed in ovarian cancer tissues and that overexpression of NFAT was significantly associated with
metastasis and poor prognosis on clinical tissue level. To investigate whether NFAT upstream protein, calcineurin
(CN), affects the prognosis in various histological subtype of ovarian cancer (OC).

Methods: The association between CN and clinical features was analyzed in 50 OC patients treated from 2007 to
2012. CN expression was examined using immunohistochemistry. We observed the association of CN expression
with the prognosis in these patients.

Results: CN expression was significantly increased in later-stage tumor tissue of serous carcinoma compared with
those with early-stage. The expression of CN positively correlated with the serum cancer antigen 125 (CA125) level
in ovarian clear-cell carcinoma and the serum alpha-fetoprotein (AFP) level in papillary serous cystadenocarcinoma.
Particularly, higher CN expression in tumor tissues significantly correlated with reduced overall survival among
patients with serous carcinoma. In addition, the serum cancer antigen 72-4 (CA72-4) level, serum carcinoembryonic
antigen (CEA) levels, pathological stage, lymph node metastasis, and chemotherapeutic resistance were identified as

cystadenocarcinoma.

72-4

significant prognostic factors in ovarian clear-cell carcinoma, serous carcinoma, or papillary serous

Conclusions: CN is upregulated in ovarian cancer tissues with later-stage and that the expression of CN, CA72-4,
and CEA was remarkably associated with poor prognosis in unique subtype of ovarian cancer. CN levels may be
investigated for use as a prognostic biomarker for risk assessment in unique subtype of OC patients.
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Background

Ovarian cancer (OC) is the leading cause of death from
gynecological malignancies, accounting for 4% of all
cancers in women in the worldwide [1]. Ovarian cancers
can be classified into three large groups: epithelial, germ
cell, and specialized stromal cell tumors. The vast
majority of ovarian cancers are epithelial ovarian cancers
(EOCs). EOC can be further subdivided into various
histological subtypes that fall into two main groups:
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Type I and Type II tumors. Type I tumors include low-
grade serous, mucinous, endometrioid, clear cell
carcinomas and tend to grow more slowly, often from an
identifiable precursor. In contrast, Type II tumors are
characterized by high-grade and rapidly progressive
disease. High-grade serous ovarian carcinoma and
papillary serous cystadenocarcinomas are the most
common Type II tumor. Unfortunately, it is also one of
the most aggressive. Patients with stage III or IV disease
have a dismal 25% 5-year survival rate [2]. In spite of
improvements of treatment, survival rates for patients
with advanced disease remain gloomy [3]. However, the
molecular mechanism of ovarian cancer initiation and
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progression has been still poorly understood. Therefore, it
is essential to understand its molecular mechanism before
establishing novel therapeutic and diagnostic strategies
against the deadly disease.

Calcineurin (CN) is composed of two subunits, a cata-
lytic subunit called calcineurin A (CNA) encoded by
three separate genes (PPP3CA, PPP3CB and PPP3CC),
and a regulatory subunit, calcineurin B (CNB) encoded
by two genes, PPP3R1 and PPP3R2, with the latter
restricted to testis and brain. CN is a calcium dependent
serine/threonine phosphatase that plays a central role in
immunity, as demonstrated by the use of calcineurin
inhibitors cyclosporine A and tacrolimus (FK506) as
immunosuppressants [4]. In the presence of elevated
calcium, calmodulin binds to calcineurin, displacing the
autoinhibitory domain from the active site, leading to
activation of calcineurin and subsequent dephosphoryla-
tion of target proteins. Calcineurin substrates include
transcription factors, proteins involved in cell cycle and
apoptosis, cytoskeletal proteins, scaffold proteins, mem-
brane channels and receptors [5]. The best characterized
calcineurin substrates are the nuclear factor of activated
T cells (NFAT) transcription factors. Following dephos-
phorylation by calcineurin, NFAT is translocated to the
nucleus where it regulates gene expression. The calcine-
urin/NFAT pathway is activated in diagnostic breast
cancer cases and is essential to survival and metastasis
of mammary cancer cells [6]. However, the role of
calcineurin/NFAT signaling in ovarian cancer has been
unknown.

Recently study revealed that both knockdown and re-
expression of NFAT on ovarian cancer cells were
employed to observe the effect overgrowth [7]. It was
found that NFAT was significantly overexpressed in
ovarian cancer tissues in comparison with paired normal
control tissues and that overexpression of NFAT was
significantly associated with metastasis and poor progno-
sis on clinical tissue level [7]. Thus, this study aims to
investigate whether NFAT upstream protein, calcineurin,
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affects the prognosis in various histological subtype of
ovarian cancer, we have detected the status of calcineurin
expression in ovarian cancer tissues and analyzed its clini-
copathological significance of calcineurin expression.

Materials and methods

Patients

The retrospective study cohort consisted of 50 ovarian
cancer patients (19 clear-cell carcinoma, 15 serous
carcinoma and 16 papillary serous cystadenocarcinoma)
with ovarian cancer who underwent surgical resection at
Shengjing Hospital in China between 2007 and 2012.
The clinical and pathological characteristics were
obtained from patient charts. Tumors were staged
according to the Seventh Edition of the Cancer Staging
Manual by the American Joint Committee on Cancer,
and the histological grade was scored according to the
World Health Organization classification. This study
was approved by the Ethics Committee of Shengjing
Hospital (No0.2017PS233K), and written informed
consent was obtained from each patient.

Immunohistochemical staining

Tissues were fixed in formalin and embedded in paraffin,
and 2-um-thick consecutive sections were sliced and
mounted on glass slides. The slides were first incubated
at 65 °C for 30 min and then subjected to deparaffiniza-
tion in xylene followed by rehydration in a graded
ethanol series. Then, the sections were boiled in Trilogy
reagent (Cell Marque, Rocklin, CA, USA) for 10 min for
antigen retrieval. After washing with 1 x PBS, the slides
were immersed in 3% hydrogen peroxide for 10 min to
suppress endogenous peroxidase activity. After three
rinses with 1 xPBS, the sections were exposed to a
mouse anti-calcineurin antibody (Genetex, Irvine, CA,
USA) for 1h at room temperature. After three rinses
with 1 x PBS, the slides were incubated in a biotinylated
secondary antibody (Dako, Glostrup, Denmark) for 25
min. The slides were then rinsed three times with 1 x
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Fig. 1 Immunohistochemical staining for CN in ovarian cancer. The tumor tissues of ovarian cancer patients were analyzed for CN expression by
immunohistochemical staining as described in Methods. CN(—) indicated the CN-negative expression; CN(+) indicated the CN-positive expression.
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Fig. 2 The expression of the CN in ovarian cancer with later-stage or early-stage. The different subtypes of human ovarian cancer, including (a)
total type, (b) clear cell carcinoma, (c) serous carcinoma, and (d) papillary serous cystadenocarcinoma, were examined the expression of CN via
IHC staining (CN-positive percentage). The results were presented as the percentage-change in CN expression of later-stage tumor tissue (stage
ll1~IV) relative to that in early-stage tumor tissue (stage I~Il). The CN expression of serous carcinoma was significantly higher in later-stage tumor

tissue than in early-stage tumor tissue (p < 0.05)

PBS, followed by the addition of horseradish peroxidase
(HRP)-conjugated streptavidin for 25min at room
temperature. Peroxidase activity was detected by incu-
bating the slides in the chromogenic substrate 3, 3"-di-
aminobenzidine (DAB) (Dako) at room temperature.
The slides were then counterstained with hematoxylin.

Statistical analysis

The original IHC data were recorded as continuous vari-
ables and were analyzed using Mann-Whitney U-test.
Kaplan-Meier curve with log-rank test presenting the
disease-free survival and overall survival of ovarian can-
cer exhibiting high or low CN expression. All statistical
analyses were performed using SPSS 16.0 and Excel
2007 software. All statistical tests were two-sided, and

Results

CN is downregulated in later-stage tumors in unique
subtype of ovarian cancer

To analyze the biological significance of CN expression
in various histological subtype of ovarian cancer, the
levels of CN were analyzed in 19 clear-cell carcinoma,
15 serous carcinoma and 16 papillary serous cystadeno-
carcinoma via immunohistochemical staining. The CN
expression was assessed by the percentage of CN-posi-
tive cells in tumor tissues (Fig. 1). The CN expression in
different stage of tumor tissue in ovarian cancer is
shown in Fig. 2. Compared with early-stage (I~II) tumor
tissue, the CN expression was significantly increased in
later-stage (III~IV) tumor tissue of serous carcinoma (p <
0.05). Further, we evaluated the association of CN expres-
sion with tumor size in various histological subtype of

the thresholds for significance were set at P < 0.05 (*). ovarian cancer. Consistently, upregulation of CN
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Fig. 3 The expression of the CN in ovarian cancer with large or small tumor sizes. The different subtypes of human ovarian cancer, including (a)
total type (b) clear cell carcinoma, (c) serous carcinoma, and (d) papillary serous cystadenocarcinoma, were examined the CN expression via IHC
staining (CN-positive percentage). The results were presented as the percentage-change in CN expression of large tumor size (2395 mm3) relative
to that in small tumor size (< 395 mm3). The CN expression of clear-cell carcinoma, serous carcinoma, or papillary serous cystadenocarcinoma was
higher in large tumor size than in small tumor size, but was not statistically significantly (p > 0.05)
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Table 1 Nonparametric analysis of CN expression in relation to various clinical parameters
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Clinical CN expression
PArMETErs 1o type Clear-cell carcinoma Serous carcinoma Papillary serous cystadenocarcinoma
N Mean+SD p-value N  Mean+SD p-value N  Mean=+SD p-value N Mean + SD p-value
Age (years)
<50 20 3825 £ 3581 0.14 9 51.11 £ 38.87 0.63 3 2667+£2517 0.38 8 28.13 £3443 0.15
250 21 5333 +3039 8 60.00 + 31.17 6  4833+3550 7 50.00 +£28.28
Pathological stage
[~Il 22 31.00 = 2273 0.16 8 4500 + 21.86 0.10 4 18002250 0.03* 10 25.00£31.23 0.25
I~V 18 60.28 + 33.72 8 7125 £ 2248 5 5800+21.50 5 45.00+32.75
Tumor size (mm3)
<395 20 3525+ 3567 0.04* 5 36.00 £ 39.12 0.20 6 3667 +2830 0.35 9 33.89£36.55 0.39
2395 21 56.19+ 2872 12 6333 +£3085 3 50.00=20.00 6 45.00+27.39
LN metastasis
No 24 3125+ 3153 0.26 10 46.00 + 32.04 0.12 4 2000+ 2450 0.1 10 2500+31.23 0.25
Yes 17 5265+ 36.23 7 6857 + 36.25 5 5800+29.50 5 45.00+32.75
Distant metastasis
No 40 40.13 + 3402 0.89 16 4025 + 3557 0.68 9 41.11+£3258 — 15 3833£3261 —
Yes 1 40+ 0 1 60+ 0 0o — 0 —
Ascites
No 21 4524 + 3311 0.88 10 52.00 + 3490 0.66 6 3667 +3830 0.55 5 42.00 +25.88 0.68
Yes 20 46.75 + 3495 7 60.00 + 36.52 3 50.00+20.00 10 36.50 +£36.67
Chemotherapeutic response
No 2 50.00 = 56.57 091 1 90.00 £ 0 0.32 o — — 1 10£0 0.62
Yes 32 4734 + 3341 13 5385+ 3572 7 5000+31.09 12 38.75+33.04
Chemotherapeutic resistance
No 18 35.83 + 3001 049 5 46.00 + 28.81 0.81 2 1500+£21.21 — 1 35.00£31.86 049
Yes 8 45.00 + 33.81 4 42.50 + 35.00 0o — 4 4750+ 37.75
CA125 (U/ml)
<324 22 4886 * 34.22 0.66 11 51.82+37.10 0.04* 3 50.00+20.00 0.55 8 4438 +37.36 0.61
2324 18 4444 + 3347 5 7200 = 21.68 6 36673830 7 3143 +27.34
CA19-9 (U/ml)
<2155 21 5000 +3768 069 8  6500+3423 090 6 4167+39.71 1.00 7 40.00 +39.58 071
22155 17 4471 + 2875 7 50.00 £ 36.52 3 4000+£17.32 7 4143 +26.73
CA72-4 (U/ml)
<7.89 19 4789 + 3794 0.98 8 58.75 £ 39.80 0.83 3 2333+£4042 0.38 8 46.25+3543 0.39
27.89 21 4595 £+ 29.90 8 5750 £ 29.16 6  50.00+2757 7 2929 +£2893
AFP (ng/mL)
<29 22 2886 = 20.08 0.24 7 5714 £ 2752 0.63 3 40.00+36.06 091 12 6.67 £5.77 0.03*
229 18 4444 + 2808 9 58.88 £ 39.51 6 4167 +3430 3 46.25+31.70
CEA (ng/mL)
<148 17 4882 + 27.36 0.83 8 4500 + 34.23 0.14 4 4750£32062 056 5 56.00 £23.02 0.15
2148 22 4705 + 38.07 8 71.25 £ 2949 5 3600+4159 9 31.67 £35.36

Statistical analysis using Mann-Whitney U test; LN, lymph node; CA125, cancer antigen 125; CA19-9, cancer antigen 19-9; CA72-4, cancer antigen 72-4; AFP,
alpha-fetoprotein; CEA, carcinoembryonic antigen; *p < 0.05
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expression was observed in large tumor size (> 395 mm?)
of total types (Fig. 3, p <0.05), but was not statistically
significantly in large tumor size of each subtype (Fig.
3, p>0.05). The results suggested its potential function
as a tumor progressor in ovarian serous carcinoma.

The upregulation of CN expression is associated with a
poor prognosis in unique subtype of ovarian cancer

To determine the clinical significance of CN expression in
various histological subtype of ovarian cancer, we per-
formed linear regression analysis using these samples. The
examined clinical characteristics of the patients included
the following: age, pathological stage, tumor size, lymph
node metastasis, distant metastasis, ascites formation, che-
motherapeutic response, chemotherapeutic resistance, and
the levels of cancer antigen 125 (CA125), cancer antigen
19-9 (CA19-9), cancer antigen 72—4 (CA72-4), alpha-fe-
toprotein (AFP), and carcinoembryonic antigen (CEA).
These characteristics of the recruited ovarian cancer
patients are summarized in Table 1. Based on univariate
analysis, the CN expression positively correlated with
pathological stage in ovarian serous carcinoma, with
serum CA125 level in ovarian clear-cell carcinoma, and
with serum AFP level in ovarian papillary serous cystade-
nocarcinoma (Table 1, p <0.05). No significant associa-
tions of CN expression with other clinical or pathological
parameters were found (Table 1).

We further determined whether the CN expression
correlated with survival outcomes of patients with ovar-
ian cancer after surgery. Kaplan-Meier survival analysis
followed by the log-rank test showed that higher CN
expression (expression level >50%) in tumor tissues not
significantly correlated with reduced disease-free survival
among patients with each subtype (Fig. 4 and Table 2,
p>0.05). Particularly, higher CN expression in tumor
tissues significantly correlated with reduced overall
survival among patients with serous carcinoma (Fig. 5
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and Table 3, p <0.05). The results were further verified
by TCGA survival data analysis (http://www.oncolnc.
org/). Similarly, a catalytic subunit of CN, PPP3CA, is
significantly associated with reduced overall survival in
ovarian serous carcinoma (Additional file 1: Figure S1,
p <0.05). In addition, pathological stage, lymph node
metastasis, chemotherapeutic resistance, serum CA72-4
level, serum CEA level and age were identified as signifi-
cant prognostic factors in ovarian clear-cell carcinoma,
serous carcinoma, or papillary serous cystadenocarci-
noma, respectively (Table 2 and Table 3, p < 0.05).

Discussion

Ovarian cancer (OC) is one of the most common malig-
nant cancers worldwide and is the tenth leading cause of
cancer-related death. Although clinical symptoms are not
commonly observed during the early stages of OC devel-
opment, in most cases, the detection of symptoms during
the advanced stage leads to a poor prognosis at the time
of diagnosis. Thus, the exploration of new diagnostic and
therapeutic molecular targets for ovarian cancer is par-
ticularly crucial. In apparent contradiction, activation of
calcineurin and its downstream targets also increases
tumorigenic potential. As observed by Peuker et al. [8],
calcineurin and downstream signalling pathways are
activated in colorectal cancer tumors and cell lines, and
inhibition of calcineurin decreases cancer stem cell
survival and proliferation. Similarly, calcineurin is acti-
vated in breast cancer, specifically in triple negative breast
cancer, and promotes migration and invasion in vitro and
growth and metastasis in vivo [6, 9]. Analogous findings
by others support a pro-tumorigenic role for calcineurin
signaling in lung, prostate, bladder, pancreatic, and liver
cancer, as well as glioblastoma, melanoma and leukemia
[10-18]. However, only one report has addressed the
function of calcineurin in ovarian cancer. Jin et al. [19]
found that Calcineurin B homologous protein isoform 2

-
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Fig. 4 Association of CN expression with disease-free survival in ovarian cancer. The different subtypes of human ovarian cancer, including (a)
total type, (b) clear cell carcinoma, (c) serous carcinoma, and (d) papillary serous cystadenocarcinoma, were examined the expression of CN via
IHC staining (CN-positive percentage). Kaplan-Meier curve presenting the disease-free survival of ovarian cancer exhibiting high or low CN
expression. Higher CN expression level (expression level > 50% positive percentage) in tumor tissues of each subtype was not significantly

Months after surgery Months after surgery



http://www.oncolnc.org/
http://www.oncolnc.org/

Page 6 of 12

(2019) 12:75

Xin et al. Journal of Ovarian Research

SEYL'SI6C SLLS 8 6€YLL 1099 006 6 GE'68 599 0095 L 98001 '0CSL €088 ¢ YeeZ

8C0 €188 ‘TS Ll 8 S80 YTELT 'SOLLL 7ol S LC0 €86 '80°C9 8L Ll 810 96691 Y06 0S€eel 174 e >
(lw/n) STLvD

66'LS L8 0C0¢ S 00Ce ‘00Ce 00ce L €805 'L€8 09¢e S €€/ '9591 S6'Le Ll SOA

«l00> GL/8 ¥0€9 60'S. Ll %C00 LETLT '6C0L 0e' 1Lyl S Lo 7956 '9£°05 0ces S %100 > 96'€vL Y6601 S69¢C1L Lc ON
2oueIsIsal dlinadesayiowayd

SL'L8 ‘se6l ST 4! LE'SEL '6T0L 08¢0l ol €98 '68'LY 9019 Gl SOvLL LS.t 1856 LE SOA

L00 00'0C '000¢ 000¢ L — — — 0 8’0 008 008 008 L 090 S0S0L 0 00'LS 4 ON
asuodsal dinadelsylowsyd)

L9°€L '6E7E 0075 L1 YT Lyl 'S99/ 6126 4 0L06'6Lvy WY/ 6 20'T6 '€T6S €96L ¢ SOA

620 1988 '€6'99 08'/L S [T0  €STITOLELL  €EVOL L 860 1688 ‘60°tY 0099 Ol €90 vSS8L ‘TL LTl €9¢€slL 9¢ ON
S9YDSY

000 '000¢ 000¢ | — — 0 00°CZ '00'CC 00ce L 96'CC v061 00’1 14 SOA

SLo 0l'6L '0g6y 0Tr9 Sl —  ey¥0CLUlEL 0891 Sl 10 6858 '81'CS 6169 8l *C00 €0'LL1'L00EL GgesL  8h ON
siseIselaul Juelsig

91’59 /8L L10Y 9 S69L1 'S99 0898 S 19/8 '68'6C S/8S 8 9868 '0'Sk vrs9 6l SOA

«¥00 0€'98 ‘0509 ov'es 0l 660  €9Clc'/6ecl  0€89L Ol S50 SLI'L6 ‘ELYS 9L Ll 800 90061 'SELEL  0L€9L 13 ON
SIse1se1aul N1

758/ 'SE8E 785 L 7LOvL 'S5/ 6¢'96 € 9941 vl or'ey ¥l 0001 ‘0T 0€98 174 G6£Z

800 LT/8 '9€°ey 659 6 9¢’0 €5°70C '9L°€01 EEPSL 4 900 816 'L¥6S 0962 S 610 vT/91 ‘0526 LE7CEL 9C S6¢ >
((Ww) 9z)s Jown .

or'S9 '/8YL L10Y 9 S69L1 'S99 0898 S 91'68 '6C6€ w9 6 75°/8'96'8Y g9 0¢ A

700 0€98 0509 ores 0l 660 €9cie'eett 0€'891 0l ¢s0 1956 '68/S 8/°9L 6 600 6L€61 '[8LYL €8/91 6C [1~1
abels
|ed1bojoyied

61'8/ '89¢ €E/S L YTyl 'S9LL 6786 8 /897 '1€9¢C 09'1LS 6 61501 'S0'6S cles 174 0S2

050 Cl/8'0E9p 1299 6 «700 €9T1T '16'€91 0€'881 L L00 0576 /169 €EE8 ol %100 > Y€S0T 'L¥/SL 8¢'181L 74 05>
(s1eak) aby

7€T8 ‘889 099 S 71091 ‘5566 6911 4 [T98'0€9¢C 695 ol 6LC0L ‘Tles Sl1'/8 L1 0s<

680 6878 'LLTh 08¢9 0l 1540 €S'L61 '9/°T6 eyl L L0 0T'G6 '0C09 0L'LL L 170 9oLl 'L9€L JASYAS ¢ 0SS
uolissaldxe ND

anjea-d 1D %56 ues| N onjead 1D %S6 ueal N onjead D %S6  uesyy N onjead 1D %S6 uea N

PUIOUIDIEI0USPEISAD SN0Jas Alejjided eWOUIDIRD SNOJS eUIOUDIED ||92-183]D adAy |e1oL s1ojawesed
(SYIUOW) [PAIAINS 9314-95e35IQ [ea1u1D

[PAIAINS 931}-95R3SIP pue Ssia1aulesed [BDIUlD ‘UOISsadXe ND USSMIS] SUONRIDOSSY T dlqel



Page 7 of 12

(2019) 12:75

Xin et al. Journal of Ovarian Research

500 > dy ‘usbrue djuofiquiaouidied ‘y3) ‘uivloidolsy-eydie ‘d4y ‘-g/ usbnue Jadued ‘b-g/yD ‘6-61 Usbiue Jadued ‘6-6LYyD ‘Gzl usbnue 1adued ‘GzLyD ‘Ppou ydwA| ‘N7 Huel Boj Buisn 1591 Ja1ay-ueldeyl

8v'/8 L6y v1'89 6 99TkL ‘609, 8EE0L A [895°'1€91  09l€ 8 T0TLL €199 L1068 ¥ 812

6€0 S96L '69LE 1985 9 190  88STCI¥SL  vlLLL 8 %00 05262169  6V18 Ol «£00 6£50C '8TSSL €08l ¥C 8yl >
(qu/bu) vId

vy €8 1591 000$ 4 AN dIIVAS €866 6 YO8 ¥SLE 0LL9 Ll 6VSTL'6198  ¥8S0L T 672

6v0 SI'L8 ‘Se6r sTs9 Tl 0£0  CSLTT LSkl €eesl 9 L€0 [TI67EL99  006L L 280 [6T8LTUELL  ¥O8FL ST 67>
(qu/bu) d4v

9€'9/ '8/'ST STl 8 LESLL 2079 1968 9 [E€87LL8E  $/09 Ol 8098 '65CS €669 T 6812

%500 8868 7965 SLL 3 080  l6TLT'9LSLL  €€49l 6 170 L1001 ‘€865 0008 8 00 €007 '8Pl 0TYLL ST 681>
(lW/n) v=24¥D

/8 'S0 00%9 / 76TSL 8096 0S¥l / €768 68K 9099 / LE/TL'20%8  £9S0L € SS1TE

550 LE'SL PiSe 855 3 1S0 8LTIT'6LE6  6TESI 3 120 91'S6 65y 8ELL 8 980 6£T8L VLTIl 9Pl ¥T  SSlT>
(W/N) 6-61%D

anjea-d 1D %56 ues|y N onead 1D %56 uespy N onead D %S6  uesy N onead 1D %56 uespy N

BLIOUIDIEDOUSPEISAD SNOJSS Alejjided euiouIDIed sNoJes euloulDIeD ||92-1es|D) adA jero| sisraweed
(Syiuow) [eAIAINS 93.4-25easI] L==IlVI1p)

(PaNuIU0D) [PAINNS 931}-9583SIP pue siaiawieled [edjul]d ‘UoIssaIdxa ND USSMIS SUONRID0SSY T ajqel



Xin et al. Journal of Ovarian Research (2019) 12:75

Page 8 of 12

Papillary serous

Months after surgery Months after surgery

reduced overall survival (p < 0.05)

Total type Clear-cell carcinoma Serous carcinoma cystadenocarcinoma
1.0 1.0 1.09 . 1.0 ]
= Low CN expression p=0.03 Low CN expression
2 08 . Low CN expression 0.8 0.8 081
E 0.6 e+ 064 061 061
» High CN expression Low CN X
3 04 ) ) 0.4 0.44 ow CN expression 0.44
o High CN expression High CN expression
6 024 024 021 ) ) 0.29
p=0.53 p=0.73 High CN expression p=0.27
OYO- 00- T T T T T T 0 0- 0 0-
0 25 5 75 100 125 0 20 40 60 & 100 0 25 5 75 100 125 0 20 40 60 80 100

Fig. 5 Association of CN expression with overall survival in ovarian cancer. The different subtypes of human ovarian cancer, including (a) total
type, (b) clear cell carcinoma, (c) serous carcinoma, and (d) papillary serous cystadenocarcinoma, were examined the expression of CN via IHC
staining (CN-positive percentage). Kaplan-Meier curve presenting the overall survival of ovarian cancer exhibiting high or low CN expression.

Higher CN expression level (expression level > 50% positive percentage) in tumor tissues of serous carcinoma was significantly associated with

Months after surgery Months after surgery

(CHP2) was identified to be expressed in ovarian cancer
cell line [19]. CHP2-transfected OVCAR3 cells showed
increased proliferation rates and exhibited increased activ-
ities of cell adhesion, migration and invasion [19]. Further,
the present study expanded these studies and identified a
potential target, calcineurin, and demonstrated its tumor-
progressive effect on ovarian cancer. We found that the
calcineurin expression was significantly upregulated in
later-stage specimens of ovarian serous carcinoma, associ-
ated with serum CA72—4 level in ovarian clear-cell carcin-
oma, and that higher CN expression in unique subtype of
ovarian cancer correlates with a poor prognostic outcome.
In addition, pathological stage, lymph node metastasis,
chemotherapeutic resistance, serum CA72-4 level, serum
CEA level and age were identified as significant prognostic
factors in ovarian clear-cell carcinoma, serous carcinoma,
or papillary serous cystadenocarcinoma.

The CN/NFAT pathway is activated in diagnostic
breast cancer cases and is essential to survival and me-
tastasis of mammary cancer cells [6]. Recently, Xu et al.
[20] provided clinical evidence regarding NFAT expres-
sion and its clinicopathological significance, finding that
overexpression of NFAT in ovarian cancer tissues was
significantly associated with metastasis and poor overall
prognosis. Mechanistically, it is through activation of
ERK1/2/p38/MAPK signaling pathway that NFAT up-
regulated the c-myc expression [20]. According to these
studies, we further examined whether NFAT-related poor
overall prognosis is through its upstream protein CN.
However, our data exhibited that NFAT expression was
not significantly associated with CN expression in various
histological subtype of ovarian cancer (data not shown).
Taken together, we suggest that CN-related poor overall
survival may be through CN-mediated dephosphorylation
of other substrates in ovarian cancer. The substrates of
CN, including c-Jun [21], DAXX [22], BAD [23], Rb [24]

and Drp1 [25], were associated with the prognosis in ovar-
ian cancer. Further investigations should determine the in-
trinsic relationship of CN and these downstream proteins
on the prognosis of ovarian cancer.

The present study showed that higher CN expression
in ovarian serous carcinoma correlates with a poor prog-
nostic outcome. Moreover, the results of TCGA data
analysis showed that higher PPP3CA expression (a cata-
lytic subunit of the calcineurin) is associated with
reduced overall survival in ovarian serous carcinoma.
Recent study reported that a novel significantly mutated
gene PPP3CA in lung adenocarcinoma, but not in lung
squamous cell carcinoma [26]. The mutations in
PPP3CA clustered in the autoinhibitory domain near the
C-terminus suggesting it may be gain-of-function alter-
ations [26]. Based on these findings, we suggest that
CN-related poor overall survival may be due to the
mutation of PPP3CA gene in unique subtype of ovarian
cancer. Certainly, it merits further investigation.

Carcinoembryonic antigen (CEA) is one of the longest
known tumor antigens [27], and at present is still the
most widely used tumor marker in the management of
colorectal cancer [28, 29]. Elevated serum levels of this
assay were demonstrated in patients with ovarian adeno-
carcinomas, up to 87-88% in mucinous histotypes [30].
Elevation of preoperative serum CEA was also strongly
correlated with advanced stage in patients with primary
MOC and most likely indicated a poor prognosis [31].
Similarly, cancer antigen 72—4 (CA72-4), a glycoprotein,
which increases in gastric, colon, breast, and ovarian
adenocarcinomas, may be employed alone or in combin-
ation with CA125. CA72—4 is less sensitive than CA125
for EOC, but it is not influenced by pregnancy or the
menstrual cycle, and it is only slightly influenced by
inflammatory conditions [32, 33]. The present study
expanded these findings and further showed that higher
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serum CEA level is associated with poor disease-free
survival in patients with ovarian clear-cell carcinoma. In
addition, higher serum CA72-4 level is associated with
poor disease-free survival in patients with ovarian papil-
lary serous cystadenocarcinoma and poor overall sur-
vival in patients with ovarian clear-cell carcinoma. The
results indicate that CEA and CA72-4 as well as CN
may be the potential biomarkers for the prediction of
prognosis in unique subtype of ovarian cancer.

There are some limitations of the present study. First,
this study is the retrospective design, thereby the possi-
bility of residual measured or unmeasured confounding
cannot be eliminated, as with any observational investi-
gation. Second, the study was also conducted in a single
hospital in an area of China noted for patients diagnosed
as ovarian cancer; therefore, the results may not be
generalizable to other population. Future studies must
broaden the sources of ovarian cancer cases to enhance
the reference of research results.

Conclusion

In the present study, we have, for the first time, found
that CN is significantly upregulated in ovarian cancer
tissues with later-stage and that the expression of CN,
CEA, and CA72—-4 was remarkably associated with poor
prognosis in unique subtype of ovarian cancer. CN levels
may be investigated for use as a prognostic biomarker
for risk assessment in unique subtype of ovarian cancer
patients.

Additional file

Additional file 1: Figure S1. Association of CN expression with overall
survival in ovarian cancer by TCGA data analysis. A pan-cancer analysis
using data in Oncolnc, which linked TCGA survival data to mRNA.
Kaplan-Meier curve presenting the overall survival of ovarian cancer
exhibiting high or low PPP3CA (a catalytic subunit of CN) expression.
Higher PPP3CA expression (expression level > 50%) in the tumor tissues of
serous carcinoma was significantly associated with reduced overall
survival (p < 0.05). (TIF 3186 kb)
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