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ABSTRACT Objective: To explore the change and effect of NCDase in pancreatic 8 cell lipotoxicity. Methods: Cell viability was
detected by MTT assay after being incubated with 0.5 mM palmitate for different time periods and cell proliferation was measured by
MTT assay after transfected with pPEGFP-C3-NCDase or NCDase siRNA. NCDase activity and protein expression were investigated by
HPLC and Western Blot assay, respectively, after INS-1 cells were treated with 0.5 mM palmitate for 24 h. Stable clones of INS-1 cell
line transfected with recombinant plasmids pEGFP-C3-NCDase and pEGFP-C3 vector were established and NCDase siRNA was
transiently transfected into INS-1 cells. Then they were incubated with palmitate for 24 h. The apoptosis rate was detected by flow
cytometry. Results: Compared with the controls, cell viability was decreased by (52+ 3.2) % (P<0.01), treated with 0.5 mM palmitate for
24 h. Compared with BSA group, NCDase activity and protein expression were markedly inhibited (P<0.01). NCDase overexpression
markedly enhanced -cell proliferation, while NCDase siRNA significantly inhibited -cell proliferation, compared with BSA group (both
P<0.05). Compared with pEGFP-C3 plus palmitate group, NCDase overexpression alleviated palmitate-induced apoptosis in INS-1 cells
(P<0.01). In contrast, NCDase siRNA significantly enhanced palmitate-induced apoptosis (P<0.01), compared with con. siRNA plus
palmitate group. Conclusion: NCDase activity and protein expression were inhibited by palmitate. In addition, NCDase overexpression
promoted cell proliferation and protected against palmitate-induced lipotoxicity in pancreatic 3-cell.
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BB INS-1 I bR (R 5 BRI el 2 )
RPMI-1640 72 5 (3 [# Gibeo), MTT Fl A i (24 [H Sigma),
A-1M3E A BSA (GBI IR ITR)(3E [ Roche), BCA FE &
R & (7 5UYL3E), Annexin-V-FITC/PT J8 T- ka3 5 & (2%
[# BD),ECL & {437 & (1% & Millipore), /)N 37T K fil, B-actin
By RERUA (35 Santa Cruz), btk NCDase fiiff (£
Abcam /7)), C12-ceramide £ C17-D-erythro-SPH(3% [# Avanti
Polar Lipids), C12-D-erythro-SPH (% #. Larodan),
1.2 RXWHE
1.2.1 INS-1 glifatEss S MIATEATA9 77155 H RPMI-1640
TEA RIS INS-1 410, AN EF 37°C .5 %CO, it Al
TR B PR R
122 IFHEBHEE S EESMYSCIIRIES, BOE 5 A4
FRTE 70°C /KB T 0.1 M NaOH £ 30 min, Pia% 100 mM
HIRERBR AR . SRGBGE i BSA 5T 55 CE BRI PEd
5 Y%(W/V) BRI, SR 5 LG 1& 1 LU TR 5 A7 IR /5 % BSA
Bl A% 5 mM PR A, ARE I TE T 20C kA 617
1.2.3 MTT ;xR RILEE  BlE 5oL i MTT A
Wo INS-14UAELL 1% 10Y FLEERN T 96 LA [, 0.5 mM AR
A3 B SR AN AR A ] (0 .24 .48 1 72 h), 52 6 A~ 5L,
SERT LA 10 %(viv) (4 ER MTT #R4kLER5 3R 4 h,
FEEBFFWL ARG I AL A 150 WL DMSO,  7843%
¥ 15 min J5 A2 490 nm AWOEEE(ANE
1.2.4 NCDase &R 0.5mM A7 % 4b 2 INS-1 44 g
24h, FIRATCHGE LMY HPLC J7 il NCDase 1§ PE9, £21
BRI .0 REAHIAS: LIS PBS MBE 2 WKJE , IR 4,
JINA 150 WL & H RS 1 mM 2 E B HIF,4°C L 12000%
g B0 20 min, 4 IEW BCA IREHE R, 0 BHER N - 7F
100 pg ZEFRE S AIAZLOREE N 100 WM 1 NI C12-Ce-
ramide, B4R S 1 37°C/KIE 2 h 581, A HPLC %% H R AR
15,955 30 s, FUEANER RN =1, o A HLAERL . 72 RN =1
rhn A 50 pmol C17-D-erythro-SPH, 37°C## 3% 7K ¥4 120 min, ¥
g, MAGDT S%H BT A PR, IR % Ep-

pendorf I F N, Wk T AT WL REA HEBLRY) , il A MeOH %5
fi# , -20°C fRAFEHAT HPLC A5l . o SLni™#)¥ HPLC A5 -
TERE G T K 8 BL I 1Y o-phthaldehyde, LA C12-D-ery-
thro-SPH {4 N AR#E i , C17-D-erythro-SPH 4y SR e s , 38
i HPLC 4388 K5 GHR M 2% 2 f kil o-phthaldehyde—SPH fif
k¥ . HPLC Ji sl AH Jy H I - B2 0 = 90:10(v/v), i K 0.8
mL/min, FEH SRS I 345 nm, LKA 455 nm,
1.2.5 Western Blot L F 0.5 mM £ 2 H 3% INS-1
4G 24 h, WA 4, T RIPA 2L (POO13E-1, 13 = K)
WEATZR, IFINALYWEEE N 1 mM g PMSF (K (A EfFHI5),
4°C [14000% g B.0> 30 min Y4E 5K . FH BCA 2 =i 7)
EMEEAWE . 40 pg DEETE 10 % RN W B ke 5k R
(SDS-PAGE)H HL K 43 , L 4% 2 PVDF Jii I+, B 5% i iR 2F 7%
ZREH] W B-actin il NCDase —4t T 4'C KA 4, %%
TEE PR IO ALY RS (HRP) R — 40, TBST M5 A E-
CL %5t Soxt o e i TR 5 4% . A Quantity One
BAFHSDL % (1 (NCDase/B-actin)ff: 7 NCDase 25 11 (1 AH
xR IE
12,6 ARG NMAAT  CBEIEEER INS-1 40 g iE 1k
JE SR AL, TS PBS VPR AR 3 35, A 1% buffer Z% nfr
W A AR, FE AT, a0 & R BB AT Annexin
V-FITC F1 P Je 6, ff = i 5544 Ml 15 min J5 , N4l AR
R INS-1 4 125
1.2.7 pEGFP-C3-NCDase EH R R LK iFiE  pEGFP-C3
23 #5504 Clontech ; pEGFP-C3-NCDase & 41 Jifi §7 iy Prof.
Hannun (Medical University of South Carolina, USA) 1514 . 4%
Invitrogen 2\ B ERVEVEIE , W IR /& LipofectamineTM 2000
A5 pEGFP-C3 23 i ki Fll pEGFP-C3-NCDase 5 25 Jii o % Y
INS-1 4ififd, % 4% 24 h J5 , T GA18(Zk 24y 400 g/mL)F)
1640 215 FR A0k, 5 3-4 K H— & A G418 K,
Ve G , B4 G418 MREE Ky 200 g/mL, AR AERET UL , 070
J 5 AR T T UL e A A O3 SUAHAN ST AR v R A
Wity GFP (48, PREL GFP PHH: B 5w MRS AR SR b 4k s
Fide R E RIS AR
1.2.8 NCDase /N RNA F#  #EERATCRE LA HIE Wik
TR B NCDase £:[H/N RNA T4, FZLHRAN . INS-1 4
HAR T 60 mm A IR L, 7o 240 M 5 BE ik 70-80 %, #44%
iR G 43 T e K BT 40X B (Con. siRNA) Jz NCDase
FLH siRNA(NCDase siRNA)(3¢ [E Thermo Fisher Scientific), #%
Yt siRNA ¥4 20 nmol/L., %4 36 h Jii , Western blot #:ill
B-actin & NCDase ik
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Syt IEAE L 0.5 mM ESAE R VT 24 h 4R A4S ek
52+ 3.2)%(P<0.01)(IX] 1),48 Fi1 72 h i 4RAE TS 143 5505401
(68.7% 5.01)%F1(78+ 2.6)%(P<0.001).
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Fig. 1 Effect of palmitate on the cell viability of INS-1 cell
i S3ERAMELL P<0.01,*** S3ERAELL P<0.001,
Note: **P<0.01, ***P<0.001, compared with the control.

2.2 EAAEESE INS-1 4BAE A NCDase & 49540

0.5 mM 5 RAL B INS-1 4fff2 24 h J5, i} HPLC A6l
Y0P NCDase [V, %of B 4140 2 P9 (&9 NCDase 11y i
(19.76% 1.6)pmol SPH- min* -mg’', 5 BSA X BBZHAH L, bk
1% 8 2 T 40 NCDase 975 VE(P<0.01)(& 2).

1.5 7

o o =
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1 1 1

NCDase activity (of the control)

o
w
1

0.0 -

BSA PA
B 2 ERAEEE X INS-1 4B A NCDase i& RIS 0E
Fig. 2 Effect of palmitate on the NCDase activity in INS-1 cells
. ** 5 BSA 18LL P<0.01;PA: #RHIER
Note: **P<0.01, compared with BSA group; PA: palmitate.

2.3 tRHEEEXT INS-1 4AfE A NCDase & H R IEHIF 0

JH Western Blot 1545 4 fifd N NCDase £ [ & iAKF, 5
Sof FEZE AR L , AR HE R 55 Z 1045 NCDase & (1234 (B 3A), #47
TR AH 208 : A R 41 NCDase %5 14 &8 F & T (73.0% 5.1)%
(P<0.001)(#l 3B),
2.4 j33ki% NCDase Xf INS-1 40 fi& A FniE A BL 5 S 40 B =
sap= Al

4 ffiki pEGFP-C3-NCDase fiEfi%7r INS-1 4l ig ]y fa 2 1
Fik (1 4A). 5 BSA X HRZ414 H,NCDase i 3 1k . 53 fin
INS-1 4 4FETE T (P<0.05)(& 4B),0.5 mM H i B 4 il

A BSA PA
[rr— NCDase (86 KDa)
B 1.5

*kk

° © =
o © X}
1 1 1

NCDase protein (of the control)

©
©
1

o
)
I

BSA PA

3 BRAEE T INS-1 ZHAE A NCDase & A RIZHIFIT
Fig. 3 Effect of palmitate on the NCDase protein expression in INS-1 cells
i *** 5 BSA 4248tk P<0.001,
Note: ***P<0.001, compared with BSA group.

4 E Y pEGFP-C3-NCDase T 41 [fiki fil pEGFP-C3 =3 [
A INS-1 ZHfifd 24 b, FGR A REASCAR 4 i 0 T AT A -
5 pEGFP-C3+BSA 2 # tt., pEGFP-C3+PA 41 Iff -5 g 2 14 in
(P<0.01), 5 pEGFP-C3+PA £ b # , pEGFP-C3-NCDase+PA 4
AR T EL i 3 R A (P<0.01)(B] 4C).
2.5 siRNA F#i NCDase kXS INS-1 4@ Fiz i fE 5 S
AT RIS

NCDase siRNA HEf% T4 INS-1 4 ifi P NCDase & [ %15
(K 5A). 5 BSA X} HRZHAH b ,NCDase siRNA {2 #l1 i INS-1
AR IGFETEME (P<0.05)(&] 5B),NCDase #:H T4E/5 0.5 mM
PR VE A INS-1 40/ 24 h, 3t =40 A A AS 0 240 298 1 : con.
SIRNA+PA ZH 4 =544 I8 con. siRNA+BSA 41 g 24
(P<0.01); 5 con. siRNA+PA Zi#f| Lt ,NCDase siRNA+PA 2 4f
HLYA T 5 21 in (P<0.01)(I& 5C),
3 3tig

FERER A UL S B A0MENE 251k 0 1 R i 2 R 1D R,
P AEAE L AN Cer A, 1734 5 Y Cer i1 J 51 P4 J5 99 7
1 (endoplasmic reticulum stress, ERS) . %04k )i 18 5% & B 42275 1k
c-Jun & K K Ui ¥ i (c-Jun NH2-terminal kinase,JNK),Cas-
pase-3 5553 B UM, i 2R IR A BT DA S %
FRAFARIRE S0 B ANREETEAE RN, tiut, PR mERE & e
HRR5S B A MG TEIE A R v R 48 A . Cer 7E4HE
WA PSR A RGE AR (1) FI 22 & BRFRIRTE -CoA M3k & %
(2) HPIARIRERR M B B B AR A . AR 2 SR IR Tk
-CoA WHIRYIE, SMIEPERAFHRIR BEAS L SE i W e Y 7
K,

NCDase j Cer MRt A9 SCHERE, Jori iy hd) S % 0
Ui 5 N f T g 3 ok 41 4 R BRUUL PR 4 21 NCDase 17 1 DA 17T 155
FZE IR S BRI, ARS8 000 1 K & BRAE R R R 5 B
4T 8 NCDase |1 2635 1512 NCDase 15 MRS, $2RBR
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Fig. 4 The effect of NCDase overexpression on INS-1 cells proliferation and palmitate-induced apoptosis in INS-1 cells
i * 5B AL P<0.05;** 5 pEGFP-C3+BSA £H18EE P<0.01;## 5 pEGFP-C3+PA Z48LL P<0.01,
Note: *P<0.05,compared with the control; **P<0.01, compared with thepEGFP-C3+BSA group; ##P<0.01, compared with the pEGFP-C3+PA group.

A c
sl [ esa
\g & 2 507 PA ss
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W (-actin g,
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B 5 siRN FHi NCDase Fei& 3t INS-1 4018 58 FIAAE 8415 S 40 B T 52 1
Fig. 5 the effect of NCDase siRNA on INS-1 cells proliferation and palmitate-induced apoptosis in INS-1 cells
i+ 54ERAMLL P<0.05;%* 5 con. siRNA+BSA 4L P<0.01,$$5 con. siRNA+PA 4ifEE P<0.01,
Note: *P<0.05, compared with the control; ** P<0.01, compared with the con. siRNA+BSA group, $$ P<0.01, compared with the con. siRNA+PA group.
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25 LA BRI A EUS H) T B B 4 NCDase i 1
FIEE 13RI, 4458 NCDase 16 PEDI RESZ b il R 1Y 5 B 28
Mafga e E . I, 4 NCDase (58 A 30 B 41
BEPEIRY T B AERTI T

% % 3L #f (References)

[1] Giacca A, Xiao C, Oprescu A I, et al. Lipid-induced pancreatic
beta-cell dysfunction: focus on in vivo studies [J]. Am J Physiol
Endocrinol Metab, 2011, 300(2): E255-E262

[2] Chaurasia B, Summers S A. Ceramides - Lipotoxic Inducers of
Metabolic Disorders [J]. Trends Endocrinol Metab, 2015, 26 (10):
538-550

[3] Ito M, Okino N, Tani M. New insight into the structure, reaction
mechanism, and biological functions of neutral ceramidase [J].
Biochim Biophys Acta, 2014, 1841(5): 682-691

[4] Zhu Q, Jin J F, Shan X H, et al. Chronic activation of neutral
ceramidase protects beta-cells against cytokine-induced apoptosis[J].
Acta Pharmacol Sin, 2008, 29(5): 593-599

[5] Zhu Q, Kang J, Miao H, et al. Low-dose cytokine-induced neutral
ceramidase secretion from INS-1 cells via exosomes and its
anti-apoptotic effect[J]. FEBS J, 2014, 281(12): 2861-2870

[6] Cousin S P, Hugl S R, Wrede C E, et al. Free fatty acid-induced

inhibition of glucose and insulin-like growth factor I-induced



- 2610 -

DREYES#HE wwwshengwuyixue.com Progressin Modern Biomedicine Vol17 NO.14 MAY.2017

deoxyribonucleic acid synthesis in the pancreatic beta-cell line INS-1
[J]. Endocrinology, 2001, 142(1): 229-240

[7]1 Hao F, Kang J, Cao Y, et al. Curcumin attenuates palmitate-induced
apoptosis in MIN6 pancreatic beta-cells through PI3K/Akt/FoxO1 and
mitochondrial survival pathways[J]. Apoptosis, 2015, 20(11): 1420-1
432

[8] Galadari S, Rahman A, Pallichankandy S, et al. Role of ceramide in
diabetes mellitus: evidence and mechanisms [J]. Lipids Health Dis,
2013, 12: 98

[9] El-Assaad W, Joly E, Barbeau A, et al. Glucolipotoxicity alters lipid
partitioning and causes mitochondrial dysfunction, cholesterol, and
ceramide deposition and reactive oxygen species production in
INS832/13 ss-cells[J]. Endocrinology, 2010, 151(7): 3061-3073

[10] Lang F, Ullrich S, Gulbins E. Ceramide formation as a target in
beta-cell survival and function[J]. Expert Opin Ther Targets, 2011, 15
(9): 1061-1071

[11] Lupi R, Dotta F, Marselli L, et al. Prolonged exposure to free fatty
acids has cytostatic and pro-apoptotic effects on human pancreatic
islets: evidence that beta-cell death is caspase mediated, partially
dependent on ceramide pathway, and Bcl-2 regulated [J]. Diabetes,
2002, 51(5): 1437-1442

[12] Hage H R, Pacheco D S A, Mahfouz R, et al. Sustained Action of
Ceramide on the Insulin Signaling Pathway in Muscle Cells:
Implication of The Double-Stranded RNA-Activated Protein Kinase
[J]. J Biol Chem, 2016, 291(6): 3019-3029

[13] Blachnio-Zabielska A, Baranowski M, Zabielski P, et al. Effect of
high fat diet enriched with unsaturated and diet rich in saturated fatty

acids on sphingolipid metabolism in rat skeletal muscle [J]. J Cell

Physiol, 2010, 225(3): 786-791

[14] Alcazar O, Qiu-Yue Z, Gine E, et al. Stimulation of islet protein
kinase C translocation by palmitate requires metabolism of the fatty
acid[J]. Diabetes, 1997, 46(7): 1153-1158

[15] Chathoth S, Thayyullathil F, Galadari A, et al. Purification and
biochemical characterization of membrane-bound neutral ceramidase
from camel brain (Camelus dromedarius)[J]. Int J] Biochem Mol Biol,
2013, 4(1): 54-66

[16] Geoffroy K, Wiernsperger N, Lagarde M, et al. Bimodal effect of
advanced glycation end products on mesangial cell proliferation is
mediated by neutral ceramidase regulation and endogenous
sphingolipids[J]. J Biol Chem, 2004, 279(33): 34343-34352

[17] Mao C, Obeid L M. Ceramidases: regulators of cellular responses
mediated by ceramide, sphingosine, and sphingosine-1-phosphate [J].
Biochim Biophys Acta, 2008, 1781(9): 424-434

[18] Nojima H, Freeman C M, Schuster R M, et al. Hepatocyte exosomes
mediate liver repair and regeneration via sphingosine-1-phosphate[J].
J Hepatol, 2016, 64(1): 60-68

[19] Kuzmenko D I, Klimentyeva T K. Role of Ceramide in Apoptosis and
Development of Insulin Resistance[J]. Biochemistry (Mosc), 2016, 81
(9): 913-927

[20] Ueda N. Ceramide-induced apoptosis in renal tubular cells: a role of
mitochondria and sphingosine-1-phoshate [J]. Int J Mol Sci, 2015, 16
(3): 5076-5124

[21] Choi M S, Anderson M A, Zhang Z, et al. Neutral ceramidase gene:
role in regulating ceramide-induced apoptosis [J]. Gene, 2003, 315:
113-122



