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[Abstract] Objective In this study, we aimed to investigate whether oral cancer cells affect pancreatic B-cells func-
tion through transmissible endoplasmic reticulum stress (TERS). Methods Tunicamycin (TM) was selected as the en-
doplasmic reticulum stress (ERS) inducer. The human oral cancer cell lines CAl-27 and SCC-25 were selected as the do-
nor cells, and mouse insulinoma 6 (MIN6) cell lines were chosen as the recipient cells. Quantitative real-time polymerase
chain reaction (qQPCR) and Western blot (WB) analysis were used to detect ERS markers and insulin expression. The TdT-
mediated dUTP nick-end labeling (TUNEL) method was applied to detect apoptosis levels. The clone formation method
was utilized to detect cell proliferation capability. The secretory function of pancreatic B-cells was detected with an en-

zyme linked immunosorbent assay (ELISA) kit and a bicinchoninic acid (BCA) kit. Results The MING6 cells were sub-

jected to TM stimulation. qPCR and WB analysis re-
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[EE1EE] 22—, #d%, f+, E-mail: liyil012@163.com natant of oral cancer cells under ERS was added to the

vealed that ERS markers were upregulated. This result

implied that the MING6 cells can induce ERS. The super-
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MING cells. qPCR and WB analysis showed that the oral cancer cells that had been subjected to ERS could induce ERS

in the MING cells, that is, the phenomenon of TERS occurred. The TUNEL assay indicated that the apoptosis of the

MING cells increased under TERS. The clone formation assay demonstrated that the proliferation capability of the MIN6
cells decreased under TERS. qPCR and WB analysis revealed that under TERS, insulin synthesis by the MING6 cells de-

creased and insulin synthesis was inhibited at the translation level. The ELISA and BCA kits demonstrated that insulin se-

cretion by the MING cells was reduced under TERS. Conclusion Oral cancer cells can affect pancreatic f-cells through

TERS, resulting in increased apoptosis, decreased viability, and reduced insulin secretion and synthesis capability.
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NS S AN &2 CAL-27. SCC-25, /MR
55 3980 6 41 R 1 MING 41 (D)1 K2 s e
W R E e = P2 i), AR v ek RS R
(Dulbecco’ s modified eagle medium, DMEM) X%
Frk, DMEM/F-12 3R 5E, e - iAo 20 Gt
%% Fr-1640 (Roswell Park Memorial Institute-1640,
RPMI-1640) }iFf%E, Ji“F1LE (fetal bovine se-
rum, FBS), 0.25% Jik & 1 (Gibco 28 H], 3%
), WL 5% vh Eh % W (phosphate buffer saline,
PBS) (RN RAEMRHARAF), KEER
(tunicamycin, TM) (k50T A g g 8 I RH A7
BRAF]D), RNAREGAG] (Trizolif#]) (TAKARA
oA, HA), Wi st & (Thermo Fisher Sci-
entific/AF], SEE), ST 1 R A BHEE N
(quantitative real-time polymerase chain reaction,
gPCR) ¥ H8{H] & (Bimake A wl, EE), HiH
it -3- Wi ik i &l (glyceraldehyde-3-phosphate de-
hydrogenase, GAPDH) . B-Wlzi & H (B-actin) .
2E &4 % BRE 1 (binding immunoglobulin protein,
BiP). U1 X- G455 8 M 1 (spliced form of X-
box binding protein 1, XBP1S) . CAAT X/}
iS5 HE A FJEEH (C/EBP-Homologous Protein,
CHOP) . %% (insulin, INS) -1. INS-2 Y qP-
CRAEIY (L TAY TRERGARAR),
RYLBIP LR, RHTHATEN (tubulin, TUB) #T
T (ML A H ARG BR AR, BT INS F 5
BBk (Sigma-Aidrich A, R, Hifh i,
DU (SABAH], SCHE), AR H MR i
FE Rl A 1 SRR =B Bk R A 1] (TdT-
mediated dUTP nick-end labeling, TUNEL) 4fl Jifd ]
TR0 &, —EMH iR (Bicinchoninic acid,
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BCA) AW E & (LR RAEYHA
ARAFED, /NGNS BRI B2 (enzyme
linked immunosorbent assay, ELISA) {7 &, /Ml
CHR ELISAIHI G (HIFHRAYRHARAF),
1.2 4iffessz

CAL-27 41 il FHl ¥ 10%FBS ) DMEM ks 37 3
SCC-25 4 s i & 10%FBS ) DMEM/F-12 55 3 5 |,
MING 41 Jifd FH 5 10%FBS ) RPMI-1640 K5 35 5L, ‘&
F37°C., 5%CO, M FRAE 175 o 40 AL AR HT
0.25% JHEHE BT ALV BE 2B, FHRR . A 15 SR
BT L, ERFEM T .
1.3 5 1 a0 ERS
1.3.1 %% 040 CAL-27 7= /£ ERS HH T™M
(2 pgrmL™") Ak ERS R B0, 437 25 i 38k 26 1 1
TMEFEEALFE3 . 6. 17, 24 hJaWiokE; Tl Bkl
A TM AL 32 h, PBS ¥ Uk 3 Ui £- JC T™ 5% B3
o, PR IEE R, kSRR 1. 4. 15, 22h
J&, 0.25% JBRAR B AL RELR M, ok
132 55 OB 40 M0 SCC-25 7=/ ERS  J/I T™M
(2 pg'mL") fEN ERS R 37, 4725 i i 241 16
TMEFEEALFE 3. 6. 24 hF ke, AT BCRIFLA A
TMALFR2 h, PBSIHYE3 IR L TM AR )5, #
BOE R BRI, RS 1. 4. 22h)5, 0.25% %
B B AR BE B, JORE .
1.4 5 MIN6 41 Jifs ERS

M TM (2 pg'mL") {E4 ERS W5, MIN6
AN Al TM FRZ2 b B3, 6. 17, 24 h)5, 0.25%
R P It T A U B AR, AR
1.5 HiVESR MR AL

A 0.2% — H 3 WK (dimethyl sulfoxide,
DMSO) %2 pg-mL'TM 4b I BB AL 2 h )5,
PBS W ¥t 3 KB4 JC DMSO 8 TM 3% B ), #e 8 iE
WAL, ML 120 s, WE BB, B
(1000 rmin”, Smin), 9 (0.22 pmfLER), 2%
SR T M AR o WSO Y AR PR SR 00 B FR A Xt
ME&M59R3E  (control conditional medium, CCM) .
IS TERS B0 1Y 45 14 15 97 3L (TERS conditional
medium, TCM), SCC-254iiJffif) CCM. TCM ¥ K
CCM25, TCM25, CAL-27 4fifiiy CCM., TCM F&
J CCM27, TCM27,
1.6 TERS 5L

MING6 2L L 60 J7 /L5 FE R T 6 fLARH o ffi ]
DMSO (0.2%, BHMEXTH) . T™M (2 pg'mL", FH
PEXFHR) . CCM25, TCM25, CCM27, TCM27 4t
FEMING i 24 h, 48 hJg, 0.25% fBiaE AN b
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I REANAE, WAOkE
1.7 qPCRA&IM]

FH Trizol YAHR HUAH i S RNA, 7 T JCHEAK
FH 52504306016 B 1 i A7 ik B R 4l B A A B
10 pL GV RNA,  FH g i spaal ) G il e s o B A 4R
W 4% 1R (complementary deoxyribonucleic acid,
¢cDNA), i qPCR §" 8§ 150 G AT 97 1 o i H]
GAPDH 1E°h CAL-27. SCC-25 iffiiy N2, fifi H
B-actin {5 MIN6 4N S . KW AR R R 10 pL:
5 uL qPCR IR W, 0.5 uL F3F514, 0.5 uL Fif
1%, 4 uL cDNA., WE3NEAL, MR-
WiASPE 95 °C 3 min, 95°C 5s, 55°C30s, 72 °C
30s, 40MEFR . 2 GeitaE ik A H AR
PRIARXS ikt . ARG IFFI L1,

* 1 5|1¥9F75
Tab 1 Primer sequence

EIEZER S eIkl
NGAPDH Ll 5’ - CTTTGGTATCGTGGAAGGACTC -3’

Tlf: 57 - GTAGAGGCAGGGATGATGTTCT -3’
/N B-actin - E¥F: 57 - GGCTGTATTCCCCTCCATCG -3’
TUf: 57 - CCAGTTGGTAACAATGCCATGT -3’
A BiP k¥ 57 - TTCTTGTTGGTGGCTCGACT -3’
T#: 57 - GTCAGCATCTTGGTGGCTTT -3’
/N BIP B 57 - TGTGTGTGAGACCAGAACCG -3’

Ti#f: 57 - TAGGTGGTCCCCAAGTCGAT -3’
AXBPIS  Lifi: 57 - CCGCAGCAGGTGCAGG -3’

TlE: 57 - GGGGCTTGGTATATATGTGG -3’
MR XBPIS  LiF: 57 - CTGAGTCCGCAGCAGGTG -3’
TUf: 57 - TTCCAGCTTGGCTGATGAGG -3’
ANCHOP  Eiff: 5 - GGAAACAGAGTGGTCATTCCC -3’
i 57 - CTGCTTGAGCCGTTCATTCTC -37
/NELCHOP  Lif: 57 - GCAGCGACAGAGCCAGAATAA -3’

TUf: 57 - ACCAGGTTCTGCTTTCAGGT -3’
/NEINS-1 - LBiff: 57 - CACCCCACCTGGAGACCTTA -3’
’ - AAGTACCTCCTCTCTGCCCC -3’
/NEINS-2  Bif: 57 - CATCAGCAAGCAGGAAGCCT -3’
" - GGACTCCCAGAGGAAGAGCA -3’

1.8 WBHi

FEE 24 i P B A e S B 1, FE R R
MAEH EFEZE M, 99°C. 1400 rrmin™., 5 min
PEATARME o BE S HEAT T bd S R A R TN s T e
BERSHL UK G FEIEE, 5% 4 % AR AIE RS R B
P30 min, VYRR MIRIEYE. BEHE —$0: PLTUB
(1:5000), HLBiP (1:1000), HLINS (1 :500),
4 °CHI I o VRIRZE MR E % 3 U, B 20 min,
T E P 1 ho MR RO R, IR TR
b, “HMEA/MNSER” Fn.
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1.9 MING 4 i 114 200 i o 1~ 5 56

MING6 4 A 2 T3 /L% BEsl T 96 Lk b o i
DMSO (0.2%, BHMEXTH) . T™M (2 pg'mL", FH
PEXTIE) . CCM27. TCM27 Ab 3 MING 4 i 24 h.,
PBS VU — W, A G g% e o [ e W S A i
30 min. PBS PRI —UC, A G it (3R ) i %
W, ZIEIE 5 min, PBS YL 2WK, HIA TUNEL
Ko I e 1 T 40, 37 °ClE G 60 min, PBS
VR 3K, INA 4 ,6-Bk k-2 - R ILI| Ik (4 ,6-di-
amidino-2” -phenylindole, DAPI) ¥ {f % 4 Fir 45 4fl
M40 A%, EIRMFH S min, PBSTEH 3K, Il
APUDIEER B i, EPOC DM P g, T
200 5RO WA T, THE e MM ILEF IR T 40
MOECR S A Mg, BOE, THEAME TR A
P9 T AR =1 T 2R B R S A A< 100% o
1.10  MING 4 Jifd 1) 5 BT Bl 52 56

MING6 il L 500 >/FL% ERE T 12 Ltk b il
HIDMSO (0.2%, BHMEXTIE) . T™M (2 pg'mL",
BHAE X BE) . CCM25, TCM25, CCM27, TCM27
AEFEMING Al 24 hf5 , i IE % B 9 SRR 235 5%
7dJEWeE B, 4% £ 8 WS IR 1 E 10 min,
PEADAGE S22 gL f5, 10 min J5 JH PBS YR 27K, 47
MO SR SR A5 I B AL b LA T %, e
FET = (GOREBUHEERNAIIEED) x100%.
1.11 MING6 2 Jfd (1) 53-1h ) HE 5 e
1111 7 26 0 ) 3 i 1% 2 /0 % (glucose-stimulat-
ed insulin secretion, GSIS) 34 MING 44 fift L)
60 JT AL ST 6 fLAR . i DMSO (0.2%, [f]
PEXTHR) . TM (2 pg-mL", BHPEXHE) . CCM27.
TCM27 A BEMING 4l 24 h e, FH 78 3 A W ke 2%
M (Krebs-Ringer Buffer, KRB) ¥ 2¥K, JH7E
KRBZEM 3555 L h)g, —410808 % 3.3 mmol-L”!
WA R, S — A 16.7 mmol L
R R IR . kSR L h e, RN &
WEW, F/INEUINS ELISA 3551 & 46 I 41 i oy K
W INS i, MING 41 A7) INS 43 0t 5%
“ LR INS VR /AR N INSVREE” .
1112 7 25 0 R C K 23 WA 52 38 MIING 4 fitw LA
60 JTHLE AT 6 fLR . I DMSO (0.2%, [f]
PEXTHE) . TM (2 pg-mL", BHPEXTER) . CCM27.
TCM27 4 P MING 408 24 h 5, Fi KRB 2% th i 1%
W2, JFEKRBZE P38 1 he, —dHHiK
B E 3.3 mmol L #j A WA RE FR 3L, O — ALk
167 mmol-L" #3575 . 42558 1 h
Jo, WA S BRI, T BCA IR A I 40 i
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MEAS R, H/NER CAK BELISA 57 &R i
W C K&, MING 20 i A9 C K 23 o 2R
“ VW C AR BT FOR.
112 G453

% ] Graphpad Prism 8 /%) 52 5 45 R A 740
i, PRALZ ] LAl T ek g, 2241 2 ] LK
i 225007, P<0.05Fm2EFHAGI#E L.

2 FR

2.1 S0 B AN ERS SL5 45

TE CAL-27 4 s rh, ERS b5 BiP 78 13 4L
AL N ] R S 4 A4S B ] Y mRNA A X 2R
R AEAREIEHY ST (BI1A. D, E),
ERS #1#) XBP1S . CHOP /i) mRNA A Xf 3 15 &
PERF S 3 RN ] BRI Y 3 h 3 T
0h (K 1B, C), BiP. XBPIS. CHOP ) mRNA
AHXT 3K 5 Ko BiP 1Y 28 11 3R 3K 5 78 5 2L 1) 20 i
Vi) g 3] 35 2 2 1] [ B[] U AN 22 S e e it 20 2
X (1)

1E SCC-2541fifg+, BiP., XBP1S., CHOP fEff
S fil] 355 2L R[] ) 3 2 H 3 0 B TR) A A mRNA A
X B R T 0 by, RRSE 2 R [R) ORI 35 4H 2
Ji) [ s [ 6 bR 22 S i b2 S (E12)

2.2 iEFMING 4 fifl ERS 525644

3. 6. 17. 24 h iy BiP, XBPIS, CHOP ff]
mRNA MX R AR ET0h (K3A~C), 3. 6. 17.
24 W BIP I HEIAFEFE T0h (BI3D. E).

2.3 MING 4 g A% 20 it o 1~ S g 245 IR

TM A A% 040 . TCM27 ZH 41 %% CCM27 4.,
BER UL MING i i py 4 i T L gl m (&14), 4
Mg TR (E5).

2.4 MING 4 1 e R TP Al S 35 45

TM ZHAHEE 0 41 . TCM25 4 A #8 CCM25 4
TCM27 ZHAH%: CCM27 4, MING 41 Jifd 7 B JE A A
HEIEBOR L, SEREIE BRI (E6) .

2.5 TERSSZHG4E B

TM 4 A% 0 40 . TCM25 2H 4 %% CCM25 4 .
TCM27 2 A% CCM27 41, BiP. XBPIS /i) mRNA
X FeikE FiE (K 7A~D), BiPHEME LR I
¥ (E7E~H).

TM ZHAHE 0 41 . TCM25 41 A8 CCM25 4 .
TCM27 2% CCM27 41, INS HZE Rk T
(1 8A~D), INS i mRNA X} £k FiF (K8
E~H),
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A: qPCRH BiP iy mRNA AIXF £k & ; B: qPCREM XBP1S () mRNA X Eiki; C: qPCRAM CHOP () mRNA AIX} ki D,
E: WBN BiP (Y8 (k. 8 20 Mt in TM 1 2 h S4B TM. *P<0.05, ***P<0.001, ****P<0.000 1, ns2ERIEHI24= L .
# 1 CAL-27 401 ERS prali ik

Fig 1 Expression of ERS markers in CAL-27 cells

A: qPCREZI BiP i) mRNA #HXf %Kikt ; B: qPCRAIM XBP1S iy mRNA #HXf #ikth; C: qPCR A CHOP iy mRNA AHXf %Kikt . +
TR AN TM BB 2 h SR TM. #%P<0.01, **#P<0.001, ns 227 LG8 X,
[l 2 SCC-25#tiffifY) ERS bri ik

Fig 2 Expression of ERS markers in SCC-25 cells

2.6 MING6 4 i 1) 53 WA D RE 5L S 4t 2R

2.6.1 GSISSZER %5 £33, 16.7 mmol-L' # Ff
e BE A 2 RE IR . TMZHARER 041 . TCM27 4
B CCM27 41, INS Zr b iEfEAE (E19).

2.6.2 i A BE I C BR 3 WA ) S A5 R FE 3.3,
16.7 mmol- L™ P Ffr e JiF %) 8] 26 BRI, TM 4041
RO, TCM27 M5 CCM27 4, C k23 b
ik (B10).

3 g

TM A DLBH W7 N-ZE 3 AL, DA T 52 i) A% 2
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MBI AT &, 774 ERS, #3% UPR, J& ERS
IR 2 — o UPR A 300G J2 KA Y I o 22
R B R T S SR 3T & B 1 0 3 4 M b 5 BiP 45
A, 3FERSIERAZ % (HE F1I T RNA A N 5T ) i
fitg . WUBETEEEMG 1, WO SR T 6) 5 BiPfif 5
RGN RS R e 3 N EEAE S (EAK
fitf RNA FE P J5E o0 80 /A% B 0 Y F 200, LI
B Ux-E4AEA . WG EETe6) M,
1ot ) SCRRPORA G TM A BE 20 M RO v B L, R4
TS G . WAL g, N R B Y T™ 43 ) Ab 2R
CAL-27, SCC-25. MING 40, 55 T W54 ik
%, JHiliT qPCR KGN ERS ARE M MY 63k . Wi
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RILTM W FETE 2 ng-mL ' BF, 55 40 R A KT W, BE TAMIGE TMHE N 2 pg'mL",
PSP, It qPCR A ERS bR i i I

A: qPCRAG BIiP 1) mRNA X Fik 45 B: qPCRA XBP1S ) mRNA HIXf #ikH; C: qPCRAGM CHOP 1 mRNA MIXf £ ik ; D,
E: WBAH BiP (Y8 (HF ik, *P<0.05, ***P<0.001, ****P<0.000 1.
&l 3 MING 4l ERS brii ik
Fig 3 Expression of ERS markers in MING6 cells

Ao PTOAINE (BRE); b iR GEE); £ SR,
Kl 4 MINGAIN TUNEL (4558 {8 B3R B x 200
Fig 4 TUNEL staining of MING cells inverted fluorescence microscope x 200
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**#%P<0.000 1,
Bl 5 MING 4%
Fig 5 Apoptosis rate of MING cells

TE 55 CAL-27 41 Jfd ERS 5286 F, & ¥ ERS
T 2540 190 2 38 A S0 ) S5 L 0 T ) 38 2 4L ] [
I fB) A LU AR I 25 S G 2R 0 L. R BIXT CAL-27
S BTt i TM I 2 h 5 R T™, 5 #e&Litin T™M
3, WA RO 2 A ERS SO I W25 0. 7E

55 SCC-25 41 il ERS S50 b, 4% 515 % CAL-
27 20 Bt ERS SZ 58 AH A ) T™M il it 2 h, &8
ERS F iz 1) 19 2 35 16 4357 465 40 385 20 R ] i ] 9 21 4
] [ ) B) A LA I 22 g X, IR S
CAL-27 I HUAH IR (O 2538, TEWREE T URcAE T™ 3%
2 hJE AN F TM Y 11 R i 240 L% P 355 o I )5 282 52
5. %55 MING 41 Jifd ERS 5256 & #1, MING6 4 Jifd n]
DI ERS S .

TERS 256 & B, ERS B9 I 15 98 40 itg 7] 4 ERS
533 45 MING 40 its, TERS 53k MING 48 Jfd i) Ji5 5
FEA D, A BRI ES EA R
MING6 40 A A 2 L g T 5250 % B, TERS ) MING 2
JLJH T PR G 35 00 . MING 40 M (4 5 [ I 1 52 46 &
B, TERS /Y MIN6 4 U345 AE S N RE, Xl RERE
Wk TERS 15 & B 40 Mo A7 B8 71 N RE . MING 4
JILF4 43 5 T BE 2 56 % B, MING 41 it A 3 i 3 i
TR,

7e: SEREREVEIE GOl 47 SREIEAUE, **P<0.01, ***P<0.001, ****P<0.000 1,
6 MING it e eI i e
Fig 6 Colony formation ability of MING cells
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A: qPCREZIM 43 24 h 5 BiP i mRNA F X} 25 ; B: qPCRAGMALHE 48 h /5 BiP i mRNA MIXf ik & ; C: qPCRAZIMALFE 24 h 5
XBPIS [ mRNA A%} F ikt ; D: qPCRAGIMALHE 48 h )5 XBP1S [ mRNAMIX A ; E. F: WBKIALFE 24 hJ5 BiP &K IR E; G.
H: WBGIALBE 48 h /5 BiP (WAL 1 3R5k 1 . **##P<0.001, ***%P<0.000 1,

[l 7  MING 4HffifY) ERS bRy #eik

Fig 7 Expression of ERS markers in MING6 cells

A, B: WBEIIWALFE24 h)5 INSHYZEFIRIAE; C. D: WBAZIALHL48 h)5 INS (9 &1k ; E: qPCRAGIALFE 24 h )5 INS-1 11
mRNA X Fiktt; F: qPCRAGMIALHE 48 h )5 INS-1 Y mRNA X FRiE i, G: qPCRAGMIALH 24 h 5 INS-2 ) mRNA AHXf Fikft; H: qP-
CREGIALPE 48 h J5 INS-2 1 mRNA AHXS E ik ft . *#P<0.01, *#*P<0.001, ****P<0.000 1,

Kl 8 MING 4 INS ik
Fig 8 Expression of INS in MING6 cells

7 TERS 52 56 A1 MING6 21 g ) 40 36 21 RE 52 56 PP o PRI 020 T3 D P A 1 B E I
Hr, MING 40 4 5 5 3R & e K7 B, 7E ERS 512 1 48 H BT/ WA 284k 5 PN J5T I R AR BRI
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