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(V58 DY ZE = K 2 R R 2 B DU K BA, V522 710032; 2565 DU %2 5= K 27 Al 2 25 g 05 5236 R O, 1 %2 710032;
S P KR — BB EE B & N L, TE%2 710032)

e RALAR ) S M 45 A4 4% BX (mitochondria-associated endoplasmic reticulum membranes,
MAMSs)& ARSI EE L 1 i P JBE 18] S ek, 0« BLAA A4S S 180 BB 6 AR ZLAR R JEE 25 4, 2 A5 70 am it 25 18)
ty M el Bt i KA KA . AR AW, MAMs Lo AR K ZCa*' 4428 8 A A XA R G,
TTAF IR BAARC2 LS RATPA R A =5 — 29| T Z Wt %5, t—FARELIN,
MAMs L5 &7 X EMBAIX ST, Bk, H AL T L A 69 VF K AUb ik i A B 98 s AR 5
e GE. 1% LB SEMAMSA & AR Ca> BRI AN 78 X A PRI e R R SR T ALz L, B AR —
7 28 AR B I K TR AL R AT 64 B s AR I

KEEIR) 2R 2RI Py ot X S5 R ARG, Ca™ (5 5 IR

Progress in the Study of the Relationship between Mitochondria Ca*
Intake Mediated by Mitochondria-Associated Endoplasmic

Reticulum Membranes and Tumorigenesis

Zhu Zijian', Zhang Jiayu', Sun Xiacheng®, Guo Xin’, Ji Lele’*, Huang Qichao™*
('The Fourth Brigade, School of Basic Medical Sciences, The Fourth Military Medical University, Xi’an 710032, China;
*Preclinical Medical Teaching Experiment Center of Fourth Military Medical University, Xi’an 710032, China;
3First Affiliated Hospital Neurology, The Fourth Military Medical University, Xi’an 710032, China)

Abstract Mitochondria-associated endoplasmic reticulum membranes (MAMs) are regions of the
endoplasmic reticulum (ER) tethered to mitochondria, which play a key role in mediating material transfer and
signal transduction between the two organelles. Recent studies have demonstrated that a large number of Ca?®*
transporter proteins and their regulatory proteins are located on MAMs, which can finely regulate a series of
important cellular activities such as mitochondrial Ca** homeostasis, ATP production and cell apoptosis. Further
studies also imply that MAMs are also enriched with many oncogenic proteins and tumor suppressor proteins,
which are closely related to the regulation of Ca*" transport. Therefore, the role of MAMs in tumorigenesis has
received extensive attention. In this review, we focus on the regulatory mechanisms of Ca*" transport mediated by
MAMs and their role in tumorigenesis, aiming to acquire the new insight to further understanding the pathogenesis
of tumors.
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28 LK (mitochondria) F1 P Jfi M (endoplasmic
reticulum, BR)E > B 4% 41 g H A% 25 2 1% 40 Jfd #5% 0
Ca” [, fEAEMIEAI T A EE R E KR, EHRT
DB EE PRV BB HAR D A
TERARKIRE, NTBEAEZ M ZAZ AN PRI, 2
LA P J5 14 T AT e 5 2 A B AR R R Bk
PIPLEERL, JERG TP I B iy 44 9 WL P9 it X 45 4
P (mitochondria-associated endoplasmic reticulum
membranes, MAMs). >Rtk % [FIEH5 K B, MAMs
B B S D RE 2 — i i HE 2 KL A4 Ca™ $ I, 71T
T T =R R A A o< B i S A, 0T ATPAI 4 i I
AR HEEE M, BRI, A FEARS
KPR, M IRAT IR ARDE NI 2 MR S
MAMs/ T FAFARCa™ TR T A K. AT A, MAMs
25 ¥4 55 Ty E O RS A8 2 1R 40 N 15 2R A T B A
B — o FEMRE AR TT T, MAMsA S 22 KL
PR Ca S H 2 52 BIBE A L i PRI 7038 1) SRUE,
HHAT T YR . I, RS0 T AR O AR
— D INR PR IR A A AL R SRR TR 5 vk
HAHER IR TR TR .

1 MAMsHYZERERE
FLZE201H £ 704 4%, Morrs 3k 7 4 R W 52

Mitochondrion
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B LR AR &M IE RN P 5T D) 5 [ A7 2 B ik, (LGS 3L
SEN S IREMANE 2. ELFI90AERAII, Jean VanceSK
6 2 U i 7 o B 0 SRR B IR 43 B AR X R Y R
W5 2R AR A AR RS, 4, X R L0 34T T
T, I Hr 4 ONMAMSs. ISR, B ok £
FKFMAMs T T2 i S T RERE 72 TAE T R, AATTxE
MAMSHIIA A B i 48, BIMAMSs 2 $5 28 i 4 41 it
TP JoiE [P JI65 2 [T Fs P 5 2 ) B 22(10~25 nm), i
S 2 PR PR AN () SR S B B 1 1 R A L 2 1)
SIS IR T 67, B LR P 5 R Sh R K .
20, MAMS T AT TR R Ca kX, etk 2k i Ca® 45
0, SR 2 R e driGsh. thah, MAMSIE R &
MEAMEAR A REEEEE I,

2 MAMs/T SHICa* 8 E8 9 FHIRK

HAT, ANTERIEC R A € AL TMAMsIE
E5MAMsY) g % VI AH G, Hodr — &8 7 85 3 Ca*
W IE, W1,4,5-= % B WL BE 52 A& 2 H (inositol 1,4,5-
trisphosphate receptor, IP;R) i AR P [H &5 i@
# F(voltage-dependent anion channel, VDAC) VL X fi7
T BORLAR P JIE (1) 2 L 4 475 R 17 4% 32 44 (mitochondrial
calcium uniporter, MCU)%& . b4k, —L8ifij#Ca* iz
(2R 141 A R IE A T MAMSs X I8(E 1)

e Calcium

Bl ZeriFR RN BEL(MAMS) LSRR R BB (RIS £ STk 8112250

Fig.1 Schematic representation of the mitochondria-associated endoplasmic

reticulum membranes (MAMs) (modified from reference [8])
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2.1 NREMBE E#91,4,5- = BEBL R EZ A (IP:R)

IP;R& — Fift 3 38 77 76 T P 5 199 (1) Ca? R J0E 1
BA, AN S A 1,4,5- = W R LR (1P S
HZ 5MAMsX 8 ICa> ¥ i i 1% . IPRE =
WA, BPIP;R1. IPsR2. IP3R3, 43 %l HH2 749, 2 709
22 TOIA SRR TR FE A B, A i B [RR P, B
Pl R O R B O R S U B [ DRaal ) S 7
S T O G AR B E S ORI, A P T T v 1)
IP; Al 3@ it 51PsR&5 & 5 30 i I Ca® B T, #E 1M 7F
MAMSs T i Ca? T X, FI8 I 1 R ATHEE PSR
PR TSR 2 i A7 AE P 5 I FR R Ca™, A2 a3k 2 R 4 5 5%
B M4 P3G 9 Ca? 4 5 8 32300 nmol/LI, U 471
SAMHIIP,RIG Mo b, 40 i Py — L2 4
2338 3L I TIPSR 1 52 M AMSs [X 38 3 Ca* [ 7 32
. N, & BE R Y 8 E 78(glucose-regulated
protein 78, GRP78)HE {i¢ ZEIP-RiF 14, AT 38 i £k Kii
PRxFCa (RN, 1 [F) AR A7 FMAMs_E ¥ 4 53 W 2
[ 44(endoplasmic reticulum protein 44, ERP44) | 5
GRP7875% 4+ #H [A] (¥ 4 FH ¥ 55, *MERP44FRIE L)
W 0 B TPSR (1 35 4, 9k > ER A Ca> B TS, It 4B,
ATPA] & FEIPsRA 5 (I Ca® Bk, 1M 1T 25 2 1P;R (1)
RF S PR 7RO
22 ZRRIMNE LR EKRBEREFBE
(VDAC)

VDAC /2 52 2 R R SR H 38 32 1) — S R 1
HIE, "I EFECTEN M Z MIHE T BT
AR ARSI RYM . VDACH VDACI. VDAC2.
VDAC3 =AY, I HLis i 5 A [ 5 5 E
SEAMATHEAFIEE. Hd, VDACTAT ALK 45
F HRIEFMAMSs, | [k, 77/ S ERBE 1) Ca? 1k
AU B B AR N A1 TR T, 45, Rapizzi&E™)
RIN, £ FERBECa> 1B L T, 1d R IAVDACI
frIHe LaZi At AN H% AN A 28 s 1A PN Ca® 3k 15 42 3% T
1, W R VDACT I 5 35 4 b A Ca® ik FF ik 35 PRI
AR, A7 T MAMSs X 35 ) 76 28 715 22 1 75(glucose-
regulated protein 75, GRP75) 1] LAi2 3 VDAC1AIIP;R
] I R, T ik 2R R R Ca B . (Rl ik, AT 3@ it
% /> VDAC FIIP;R 8] FAH FLAF FH SR i) e R Ca®*
B0,

2.3 ZERRARE E B RS 8 [[5E 1B R (MCU)
RHEEERK
MCU 7 T 25 R Py S - 8 22 1) Ca® 5% i Jl

8 H. B FLR B, Ca K IMCURE N 28 K7 14 5k
JOR P 3ok R — AN AR T 2R AR N B L AL JCa”
LAk 2 B FE I B I A2 . IMCU R A §Ca> W Ui
A 5 HBE T, WO MCURE FR Sy 2807 44 45 AL i
BIZ AN, MCUEANCa I iE B FHE L AN REEE
R R Ak, AFHEMICUL. MICU2. MCUDbBAI
EMRE!''"2: 5 [, H &, MICUIKHF“5F ] R
M fA s, BT R MCUSE A W) BT 7E (1) 45 M 3 42
ilCa® 7 4 i i Hh IR R, W7 1E 2R R Ca HE 4 1Y
KA, TTEMRE N 453 8 45 MICUHMIMCU[H] [ 4 2
1EH, MiBREMREJG, MCUIEPE 2 B#K, S8Rk
Hof Ca? $ LI 2« MCU R 3R 3 38 52 2 33k /N 1% W %
Fi%-25(microRNA-25, miR-25)ff) i #5, miR-25% i&
b VR RE A ) I MIC U ) 2 32 177 Jak 2D 28 67 44 o Ca* 1Y)
FRE, H A W, MCUR%igCa® & — A = 5 24
52 B AR P LR .

3 Cat BB AT BERO B

MAMs/i 3 Ca™ HIERFEJEHE N Zoki ik, 512 4k
WL N B — FRF A A SRE, DT Y428 25 b 40 P A i
Wal. —J7IH, EHEURES T GORLARCa Tt 8 A Y
Krebsff 5 H 22 P i 7% 4 3 177 12 13 8 RL AR ATP () A
F. A5 4n, 7 B R i & 8§ (pyruvate dehydrogenase,
PDH)H] 52 | 2 R Ak Ca® 300G & A L R 1k, e 2t
AT TR SR B PR O TR SR BB A . AT R TR i S
(isocitrate dehydrogenase, ICDH)F i 1% — & it &
(oxoglutarate dehydrogenase, OGDH)7E £k i /A Ca® 4%
FIYHTAE R, AT 9 5 IR SR A & Krebs
RO b, AR FUUE B, SokiiACa® A] BREHUE
AR AL IR BE N OF, ATPA B (17 P22 T
Iy —J7 Hl, SRR I BT A Ca® [ B R AR 2 T B
ROSHAE A28 11 2 127, Al SobL A i 378 1 4 46t
4L (mitochondrial permeability transition pore, mPTP)
TEIR, B 0 15 r A7 B S A B RR A4 H,
T T - BULE A o I 25 A B A 9 1 BT BRI,
RAGIURAMMIET . IR W, 2Rk ) Ca* 1 ds
R 3 25 5 T A 4 L ) 2B i sh AR

4 MAMSsiEECa™ 15 Xt Bl % £ RIS

AR, MR (OB TUE SR, LebfCa® (£
BIMAEAR . TR R DR EERER. )
0, A5 22 T S TR T 44, R P Ca® T A,
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17 00 3 S8 T A SR R [ B AR A, e
MG A . AL, SRR Ca KT R BRAR IR B A N
J2 5 B0 R A0 R TP AZ O, BRI A
FEME, FHLw 7t R, MAMs_E €A £ RhileE
TAMEUEEA, HXTEEMAMSs XI5 280 7k Ca®
HIZROCEIER . —MRIENT, #E R AR e
MAMSs X IRZE Rk Ca® i iz, T £ 2 1 0 ] LA
Hgiatd, Rk, #IEMAMs X IRk Ca® i ia
X5 R R A R T A R
4.1 BZRAETHE i B E-2(B-cell CLL/lymphoma-2,
Bel-2)RKEEHR

Bel-2 5% 1% £ 1175 1 45 28 R A FH O 20 P O T2 3
R R PESRBEAE . ARHE T REAS [F), Bel-2 5K % B
AL 23 N AR VR TR T 25, AR SRR £
WL R W, Bel-25K % B [ ] LLFIIPSR ¥ A [A] 3 g
DXAH LA F, 2 3 B 1P R A 3 1 Ca* (5 45,
T U 2 ek R 4 B R T 2T, o TSR A
Bel-22 55 — N Bl IE S ik 1 45 26 b ARk Ca? R H1]
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£ TMAMSsIX 311, 7] il it 5 1PsRAH LA A #0 1
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