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Abstract

Extensive research has reported that various chemical substances, bioactive molecules, and pathogen
invasions can all cause cytoplasmic vacuolization. Vacuolization is often associated with cell death,
but its specific role in the cell death process remains unclear. This is mainly due to the fact that studies
on vacuolization have long been concentrated on the morphological level. However, in recent years,
new data on the molecular mechanisms of vacuole formation and structure have been continuously
emerging. Therefore, this review aims to summarize the origin, mechanism, and potential conse-
quences of cellular vacuolization, and to deeply explore the role of cytoplasmic vacuolization in cell
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1. 5|

FEREY) . JURE DR R AR AR, AR A 2 B N DG S R 25 A0 BT, I o U A LS AR AR B2
Eefsl, FPAT 2 B S5 AU Dh RE X SRR pR S AR A Al sh B O 1] [2]. MHLLZ N, Shimaip A A
PET WSS MR I, ARTERRE AR B BUR BT T, Sh4H Mt nT R I H B RS S —— R4
i 7= WAL I S (cytoplasmic vacuolization). %I GAER N A BT AR A RE R0k R 3 nT g2 2, BT AR
RreA, WMPTREAERERE TR TR . TR B R IR =N LA BN oy T A D) (S L4k 77 2547))
JE R [2] [3]o MBI H BB T 4 X A0 SRR AR A0 1) — b O TP AR AF A& RV SR [2], X A2 i AL
TR PR AN AR AL, SR ASHFIE S ThRE 2 R 6 R 5 45 & BAR AV 518 Sel AT 486 i .

2. MAARE BRI SHLE
2.1. WigEE A

MR 7L BP0 40 P P 0 4 B o 2 YA BT D R PR BN A PRSI A R AR AR A R T
FELETE A, TR A0 M I NIE G 4] o RT3 A 5 A VA SR B L A S R
SRIGTE A . BT 20 M AR AN 20 P99 pH {E7E 7.35~7.45 LUK 6.8~7.4 Z[A], it LUK SESE IR RS DA
R TS, A e, RV IEN sy Bk E shictn 7 Bt N g0, JEAAIL)S el LA
HiH 2 N AR RS IES] [6]. SRTT, 4 S 2 AR A0 5 U aE N A TR PO A - T R 200 6D 25 250 v /0% 2 VR Y
SRR N IE AT A, AT eV 1 20 25 R (R 40 5« X 4Bty L B T AL S ) A T AR 2R
RGBS NBELT &, K THANUCHTZER, SRA&SIRTRNERMR. B, wdyEsigi
(OATLAR 2 25 AR 5 Y S TP R AL SR B IEB RN A 5%, AR LR A TR A h s A B 15 [3] [7].

2.2, AA[gEEER

AT HAAN A, AT S WA RS S AR AE T SR A BLRS , i RAR IR 55 R R R B A7 A
A FEAMIET . B TR ERSL, AT A Al o SRR A A o 0 DA R v R A . X
BT 2 WO AL X 240 B DS AN TR T A A2 S 2 22 5. B H AN, D2 UEW] 2 Rl B AR 2 450
I RARAN 5 AL B W (B A8 25N b T5 e B AN T G o7 23 AL O e 71 (8] [91. BeAh, Rl
2 A ] A0S B S RO D ot L S B AN T A A T B, X 8 AR T 51 A 7 R AR N S AN B D
FEXFPIGOL T, Al B A 3 R AN R IR B R e 8 B ] DM 24 35 S RI[10] . (EARERRIZ, AR
WA P ) ER U R TR A R A R SR PRI ER [10] [12] 5 Sl [ 1R AT BT 1 VacA 35 3Kt
NGRNLE, 58 AL T MY AR MIE B AR, S INAAE s 9 HOREZ, (ERERRSSIMAR R, B@& LT,
K BEN S B AE[13] [14]
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ANHL I S WAL S BN AR AE T TE IR VA 2N B AT 2 AN AT A 28 A4 [15] [16]. MHLLZ R, S AN Al s i
FE S S S AR T AR AE T, B EE BV A0 T (methuosis) I T (paraptosis) Az H 2400
T 40 AK T (oncosis) L R PR LI T (necroptosis) [17]-[19]. BB, X Lei st T 28758 4 1 BlAE
R4, BRI T BAT P AR, R A A e AT A SO T IR R I R R T SR s B
X [20] [21].

3. FRISEMPARSTAEXTET
3.1. BT

BB T — PR R AR A BB T, PR BT BRI R R SR B M A [18]. B
WA 8 S BRI A TC S H b N ISR AR As A, SRR IR R B L, 1 2 7R 40 AR
R, MEBA IR, XS A B B AR (LC3). 51 4 &k (Rab5 FiT EEAL)BKIE A [H] 31 5 i
(1) A A4 (Rab11) AR IC A BE M o AFEUGT G A PR A4 RV AR I AR 1 SR PRV . JRTTT, 53X e i 45 SO RN 2
PTG KRR, AR TE[18] [22]. I H 2, EASET @ al A dEThREER N k. 72 B
Jeet R I BRI BT AN A v, FRE80E Ras 15 5B v] i S B 0T [20] . H 210 i i% O HLi] 2 Racl
WSS Arfe A ETT: IELH) H-RASG12 3%/ GTP B Racl, i Racl 4T GTP &5&4s, MHsRE K
YEF, RO B E MR [23]. AR, yE1LAY Racl 454 Arfe () GTP i GITL, {2t Arfe ) GTP /Kfi#,
P TEE ArF6 , IR XA B AR PN A [ 0 2, 5 B0 E AR AR TGV A 2 A P B S VA R R R
FESHMBT A S AR BRI Rl G i BRI [ 23]

E BTN 2 A S it 7R a7 SEES , JU LB X U T KT 0 b 8 (n R o BRI ) e i
% Racl-Arf6-GIT1 #l, W] LLAIF 48 ) 2540 (Racl #3773 Arfe $0 i 77) e {6 e e 4 i By 0BT .

3.2. BAL

FRIE T — PR Bl A P4 T I (ER) B 25 AL AR R B K R AR PR T MR A B AE T2 28 8 . A T e WA T
/IR AR S 4 4 AN T LR N S 40 i P o RIA TR B B AR K R 1 Z2AR(IGFIR) G g2 2 1 [21] . &IV
TR T BB R R EHIE1E[24], HARAFEEHRRLH-9. ZTheEAMEIER, DKk
MAPK/ERK 1 INK/SAPK I % (13 [25] - mllJA T2 A 290 B A oL 2 B9 AN A7 T . — 7 THI A2
PR I AF DG 2 1 PR (ERAD) T RERR RS, 40 Hsp9O0 0|71 5 2 gAMb FIBC &, SRS E N
ER W&, UG RIT2EARN, KNS5 ERAD £245d#, 159 ERAD Ihfg, RN ER W& AWK
FETF R 5 RIBIE R, KA WIREUE ER IZIKIE RS Wi R AITE ER PR WS TH % ER-Golgi
(DX, 42 s, 51 R ZRAAGSE J[26]-[28]. F3—J7 i K HL G40 05 #1118 (BK Ca) 7 5, aniis PR
(ROS)¥if ER A K44 F 1) BKCa s, fff KoM, filk Nat/HO P DA4ERFES 11, Na*FlzK 4y
HEN ER FIZbifk, SEuanpasib ik masitiie, R ZeRiikohae 20051 & ATP #E35[29] [30]. #L[7 ERAD
B¢ BKCa I8 18 7] F Fl 8 T AH DGR, 2538 Zlad o5 S W TR i A8 T R A IR 40 i [31]

3.3. IR AT KT

IRFETE TR TR AT R SE R A B AE TR A, ARG AR ZRRL A i A DL K P Jo 0 A s 2R B4 R 7
A . CAMIE, RFENERTRAE DR 2B A1 T4 82 3 (|AP) B Z I U T 2 AR 0 5 K 2B —
FREFIERGE . AR AH EAE AR A (RIP) G 1 A0 3 LU Dy MLKL S IR BEPE I T2 32 2230 47 K 1 [32]
[33] MRFEME I T IR A0 B N A5 5 3 B B0 S BUR A N AR, W] RE SN AR 1) R DR, HE
M5, AHBARR > THLE AR B2, IRTBOANRAEG L. HUEZH S35 05 A0 rh o
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KL FREN RSO AINRTET [34]. SATH, SOMAGEARF W, KSR o USRS LR HLIRIBE R 20 40
MO PORIMIN S (A« ARBIEE 11 2 FILME BRI, BLE RS IER (TR k. Tl 72
R 5 AL R-1 FRBERARE-1, TR T NF-B (R S Tk T[35]. 3% He e (A i i
LA ST o KT o 2 7 T R Y e AL (MP TP R ITF I, S A b s
LT3 5, ATP 25 A Ik, BRI AL AR 1 o ATP (978 T 00 1 6 A, YW Tz,
A AN R 20 M 0 S T BT B 5 3K A AR R A % GBI, SR I 19] . A0
PLTE SR BEPEVE TR B A PR B I el TR SERE I T T A (5 e SRR, AT AR A0 AT
AR I —AEBEILR T AR ST TR R B (KB (R LU AR A 5 A A
TR, B 2 5 I Y A KRR TCS , (PLIKReR T5 BE0  (F URIIE SR . ST 2 AR IRE T 2600
2 DUCE AR, DA KR TE RIS T A T3 B2 00 B 1647 AR 295 T2 36]

4. D&

ULVE NN N — PR 0, HRIERI I RE S AR A B . REDIRSFE UG . SRR
KZ RN EE . 2B T, Sl mANENER) A, 248 5 B RERERS R, W A FRTS
S A DG A B R (ERAD) R 48 32 40 8BS 1P e 1, #1mT Ae 3 350 B 9 sk I T i . fE R
TR, #0H] Hsp90 AR BRI G AEH, iR iRITSEAE ER AR, 51K ER Bill, R#%&
$30 ERAD IhRERAS, /KN ER LRSI, FEELmERIE YL, W AR ER(HBV), HKRMPUEAE ER
WIS, FHAGEE W, 51 ERGIC DyRefnG, #1123 ER ZAK[37]. HIk, WAK-IAEEE RSt 2
T HEERE . —. EEEASETH, HTERRERRE, BERRAEICE S H AR 2 15 5 e
TEIN BN, TR P A RIFAH RS, B R A B AR RN A PRI I 29, (IR LR
NG KAl A P AERRYE, AT AEThREVEM I N i . — SO R 2R, WAl JIRAT B 1Y VacA i+
AT AR - SRR ACRIE B ST R, X R Rl SR T 2R L &, NS 1R T Ak - i
Btk R4, SR HE TP A A EIE M, S8,

I AV EAE A R A, M IR EAS 40 AR sE R Z A, XA A A RS TH
HEWE . L2 BUIET, SR At T BB A, TR g0 e T R R i — MBI
BN, 7552 3 5 EE 20 bR 85 21 BUW BRI, AR T AR SRR L T kA, HAEIREE S
MMAE T R A DR EHA G SR, ESEEERR e IL T, AT Re S S e gt st . fEME
i, 75T R BRSO T AERE I R v R B R A F A D) RE R AR, RABUEAMIAET, XN
JR VA T SR T VAR A RE A RN A WA AE — e FE R AT VR N A Y — i@ N OB, A BT AR R
WA N AERF N IR SREARE o 91 0 0 T H 2 20 BT P 5T P ST, A AT B I P N A, R
BT S EE R, BEANFME7EE, A EAs SRR IR D Re S U E] . I BAE4H 2 206 R
IR G At AT F AR 2RI, AT LKA FY0 0, AR B R S R RORLSE, R S AR E 1 X,
/0 B O A AR AL R R, R — AR ORI T 4. AEERIETIF, KB ERAD RS S5
KEE OGP W, gIRTE4ERFRE, ER S LB E 5 5w bR T8, I T si st .
5. RE

JUE AT RN A AL LB A AR T, (B e R A, ARSI EARFA
MO R FAE SR B 26 T, IR AR T R R . 25 B R AERE I G . 1 e TE R AL I I T SV AR R
S FHAMMIET:, PAKANMAET R fE VA B ARAE LS, X0 B TR N B AR 40 M A T i
Bl o

DOI: 10.12677/hjbm.2025.153062 542 AW


https://doi.org/10.12677/hjbm.2025.153062

=

i, %t

BT WA 2RI (AR AR SR, IR TE 2 A AL AT RE D s iR T 1R SR (Y

B BB A b 5 AR DG A5 5 I B (U0 Ras-Racl-Arf6 3@ %) /£ ELEASE TP PEH], TR RE
A R 4 AT RE A 25, AT S EDURT e 240 L R BT ) R A o X T B R e R B A, AT
AN R AR R AR 25, AR 4 45 105 A it e

SE K

(1]
(2]
(3]
(4]
(5]
(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Klionsky, D.J., Herman, P.K. and Emr, S.D. (1990) The Fungal Vacuole: Composition, Function, and Biogenesis. Mi-
crobiological Reviews, 54, 266-292. https://doi.org/10.1128/mr.54.3.266-292.1990

Henics, T. and Wheatley, D.N. (1999) Cytoplasmic Vacuolation, Adaptation and Cell Death: A View on New Perspec-
tives and Features. Biology of the Cell, 91, 485-498. https://doi.org/10.1016/s0248-4900(00)88205-2

AKki, T., Nara, A. and Uemura, K. (2012) Cytoplasmic Vacuolization during Exposure to Drugs and Other Substances.
Cell Biology and Toxicology, 28, 125-131. https://doi.org/10.1007/s10565-012-9212-3

Cohen, K.L., Van Horn, D.L., Edelhauser, H.F., et al. (1979) Effect of Phenylephrine on Normal and Regenerated En-
dothelial Cells in Cat Cornea. Investigative Ophthalmology & Visual Science, 18, 242-249.

Ohkuma, S. and Poole, B. (1981) Cytoplasmic Vacuolation of Mouse Peritoneal Macrophages and the Uptake into Ly-
sosomes of Weakly Basic Substances. The Journal of cell biology, 90, 656-664. https://doi.org/10.1083/jcb.90.3.656

Morissette, G., Moreau, E., Gaudreault, R.C. and Marceau, F. (2004) Massive Cell Vacuolization Induced by Organic
Amines Such as Procainamide. The Journal of Pharmacology and Experimental Therapeutics, 310, 395-406.
https://doi.org/10.1124/jpet.104.066084

Hu, W., Xu, R., Zhang, G., Jin, J., Szulc, Z.M., Bielawski, J., et al. (2005) Golgi Fragmentation Is Associated with
Ceramide-Induced Cellular Effects. Molecular Biology of the Cell, 16, 1555-1567.
https://doi.org/10.1091/mbc.e04-07-0594

Rogers-Cotrone, T., Burgess, M.P., Hancock, S.H., Hinckley, J., Lowe, K., Ehrich, M.F., et al. (2010) Vacuolation of
Sensory Ganglion Neuron Cytoplasm in Rats with Long-Term Exposure to Organophosphates. Toxicologic Pathology,
38, 554-559. https://doi.org/10.1177/0192623310369343

Suérez, Y., Gonzalez, L., Cuadrado, A., et al. (2003) Kahalalide F, a New Marine-Derived Compound, Induces Oncosis
in Human Prostate and Breast Cancer Cells. Molecular Cancer Therapeutics, 2, 863-872.

Morinaga, N., Yahiro, K., Matsuura, G., Watanabe, M., Nomura, F., Moss, J., et al. (2007) Two Distinct Cytotoxic
Activities of Subtilase Cytotoxin Produced by Shiga-Toxigenic Escherichia coli. Infection and Immunity, 75, 488-496.
https://doi.org/10.1128/iai.01336-06

Paton, A.W., Beddoe, T., Thorpe, C.M., Whisstock, J.C., Wilce, M.C.J., Rossjohn, J., et al. (2006) AB5 Subtilase Cyto-
toxin Inactivates the Endoplasmic Reticulum Chaperone Bip. Nature, 443, 548-552. https://doi.org/10.1038/nature05124

Nagahama, M., Itohayashi, Y., Hara, H., Higashihara, M., Fukatani, Y., Takagishi, T., et al. (2011) Cellular VVacuolation
Induced by Clostridium perfringens Epsilon-Toxin. The FEBS Journal, 278, 3395-3407.
https://doi.org/10.1111/].1742-4658.2011.08263.x

Genisset, C., Puhar, A., Calore, F., de Bernard, M., Dell’ Antone, P. and Montecucco, C. (2007) The Concerted Action
of the Helicobacter pylori Cytotoxin VacA and of the V-ATPase Proton Pump Induces Swelling of Isolated Endosomes.
Cellular Microbiology, 9, 1481-1490. https://doi.org/10.1111/j.1462-5822.2006.00886.x

Carraro-Lacroix, L.R., Lessa, L.M.A., Fernandez, R. and Malnic, G. (2009) Physiological Implications of the Regulation
of Vacuolar H+-ATPase by Chloride lons. Brazilian Journal of Medical and Biological Research, 42, 155-163.
https://doi.org/10.1590/s0100-879x2009000200002

Bouzas-Rodriguez, J., Zarraga-Granados, G., del Rayo Sanchez-Carbente, M., Rodriguez-Valentin, R., Gracida, X.,
Anell-Rendon, D., et al. (2015) Correction: The Nuclear Receptor NR4A1 Induces a Form of Cell Death Dependent on
Autophagy in Mammalian Cells. PLOS ONE, 10, e0118718. https://doi.org/10.1371/journal.pone.0118718

Li, X., Sui, C., Chen, Q., Chen, X., Zhang, H. and Zhou, X. (2013) Promotion of Autophagy at the Maturation Step by
IL-6 Is Associated with the Sustained Mitogen-Activated Protein Kinase/Extracellular Signal-Regulated Kinase Activity.
Molecular and Cellular Biochemistry, 380, 219-227. https://doi.org/10.1007/s11010-013-1676-9

Shubin, A.V., Demidyuk, 1.V., Lunina, N.A., Komissarov, A.A., Roschina, M.P., Leonova, O.G., et al. (2015) Protease
3C of Hepatitis a Virus Induces Vacuolization of Lysosomal/Endosomal Organelles and Caspase-Independent Cell Death.
BMC Cell Biology, 16, Article No. 4. https://doi.org/10.1186/s12860-015-0050-z

Overmeyer, J.H., Kaul, A., Johnson, E.E. and Maltese, W.A. (2008) Active Ras Triggers Death in Glioblastoma Cells
through Hyperstimulation of Macropinocytosis. Molecular Cancer Research, 6, 965-977.

DOI: 10.12677/hjbm.2025.153062 543 VR


https://doi.org/10.12677/hjbm.2025.153062
https://doi.org/10.1128/mr.54.3.266-292.1990
https://doi.org/10.1016/s0248-4900(00)88205-2
https://doi.org/10.1007/s10565-012-9212-3
https://doi.org/10.1083/jcb.90.3.656
https://doi.org/10.1124/jpet.104.066084
https://doi.org/10.1091/mbc.e04-07-0594
https://doi.org/10.1177/0192623310369343
https://doi.org/10.1128/iai.01336-06
https://doi.org/10.1038/nature05124
https://doi.org/10.1111/j.1742-4658.2011.08263.x
https://doi.org/10.1111/j.1462-5822.2006.00886.x
https://doi.org/10.1590/s0100-879x2009000200002
https://doi.org/10.1371/journal.pone.0118718
https://doi.org/10.1007/s11010-013-1676-9
https://doi.org/10.1186/s12860-015-0050-z

=
R
N
N

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

https://doi.org/10.1158/1541-7786.mcr-07-2036

Weerasinghe, P. and Buja, L.M. (2012) Oncosis: An Important Non-Apoptotic Mode of Cell Death. Experimental and
Molecular Pathology, 93, 302-308. https://doi.org/10.1016/j.yexmp.2012.09.018

Chi, S., Kitanaka, C., Noguchi, K., Mochizuki, T., Nagashima, Y., Shirouzu, M., et al. (1999) Oncogenic Ras Triggers
Cell Suicide through the Activation of a Caspase-Independent Cell Death Program in Human Cancer Cells. Oncogene,
18, 2281-2290. https://doi.org/10.1038/sj.0nc.1202538

Sperandio, S., de Belle, I. and Bredesen, D.E. (2000) An Alternative, Nonapoptotic Form of Programmed Cell Death.
Proceedings of the National Academy of Sciences of the United States of America, 97, 14376-14381.
https://doi.org/10.1073/pnas.97.26.14376

Overmeyer, J.H., Young, A.M., Bhanot, H. and Maltese, W.A. (2011) A Chalcone-Related Small Molecule That Induces
Methuosis, a Novel Form of Non-Apoptotic Cell Death, in Glioblastoma Cells. Molecular Cancer, 10, Article No. 69.
https://doi.org/10.1186/1476-4598-10-69

Bhanot, H., Young, A.M., Overmeyer, J.H. and Maltese, W.A. (2010) Induction of Nonapoptotic Cell Death by Activated
Ras Requires Inverse Regulation of Racl and Arf6. Molecular Cancer Research, 8, 1358-1374.
https://doi.org/10.1158/1541-7786.mcr-10-0090

Sperandio, S., Poksay, K., de Belle, 1., Lafuente, M.J., Liu, B., Nasir, J., et al. (2004) Paraptosis: Mediation by MAP
Kinases and Inhibition by AIP-1/Alix. Cell Death & Differentiation, 11, 1066-1075.
https://doi.org/10.1038/sj.cdd.4401465

Sperandio, S., Poksay, K.S., Schilling, B., Crippen, D., Gibson, B.W. and Bredesen, D.E. (2010) Identification of New
Modulators and Protein Alterations in Non-Apoptotic Programmed Cell Death. Journal of Cellular Biochemistry, 111,
1401-1412. https://doi.org/10.1002/jcb.22870

Mimnaugh, E.G., Xu, W., Vos, M., Yuan, X. and Neckers, L. (2006) Endoplasmic Reticulum Vacuolization and Valosin-
Containing Protein Relocalization Result from Simultaneous Hsp90 Inhibition by Geldanamycin and Proteasome Inhi-
bition by Velcade. Molecular Cancer Research, 4, 667-681. https://doi.org/10.1158/1541-7786.mcr-06-0019

Mimnaugh, E.G., Xu, W., Vos, M., Yuan, X., Isaacs, J.S., Bisht, K.S., et al. (2004) Simultaneous Inhibition of Hsp 90
and the Proteasome Promotes Protein Ubiquitination, Causes Endoplasmic Reticulum-Derived Cytosolic Vacuolization,
and Enhances Antitumor Activity. Molecular Cancer Therapeutics, 3, 551-566.
https://doi.org/10.1158/1535-7163.551.3.5

Ding, W., Ni, H. and Yin, X. (2007) Absence of Bax Switched MG132-Induced Apoptosis to Non-Apoptotic Cell Death
That Could Be Suppressed by Transcriptional or Translational Inhibition. Apoptosis, 12, 2233-2244.
https://doi.org/10.1007/s10495-007-0142-0

Hoa, N., Myers, M.P., Douglass, T.G., Zhang, J.G., Delgado, C., Driggers, L., et al. (2009) Molecular Mechanisms of
Paraptosis Induction: Implications for a Non-Genetically Modified Tumor Vaccine. PLOS ONE, 4, e4631.
https://doi.org/10.1371/journal.pone.0004631

Hoa, N.T., Zhang, J.G., Delgado, C.L., Myers, M.P., Callahan, L.L., Vandeusen, G., et al. (2007) Human Monocytes
Kill M-CSF-Expressing Glioma Cells by BK Channel Activation. Laboratory Investigation, 87, 115-129.
https://doi.org/10.1038/labinvest.3700506

Morin, D., Barthélémy, S., Zini, R., Labidalle, S. and Tillement, J. (2001) Curcumin Induces the Mitochondrial Perme-
ability Transition Pore Mediated by Membrane Protein Thiol Oxidation. FEBS Letters, 495, 131-136.
https://doi.org/10.1016/s0014-5793(01)02376-6

Galluzzi, L., Vitale, I., Abrams, J.M., Alnemri, E.S., Baehrecke, E.H., Blagosklonny, M.V., et al. (2011) Molecular
Definitions of Cell Death Subroutines: Recommendations of the Nomenclature Committee on Cell Death 2012. Cell
Death & Differentiation, 19, 107-120. https://doi.org/10.1038/cdd.2011.96

Han, W., Xie, J., Li, L., Liu, Z. and Hu, X. (2009) Necrostatin-1 Reverts Shikonin-Induced Necroptosis to Apoptosis.
Apoptosis, 14, 674-686. https://doi.org/10.1007/510495-009-0334-x

Majno, G. and Joris, 1. (1995) Apoptosis, Oncosis, and Necrosis. An Overview of Cell Death. The American Journal of
Pathology, 146, 3-15.

Weerasinghe, P., Hallock, S., Brown, R.E., Loose, D.S. and Buja, L.M. (2013) A Model for Cardiomyocyte Cell Death:
Insights into Mechanisms of Oncosis. Experimental and Molecular Pathology, 94, 289-300.
https://doi.org/10.1016/j.yexmp.2012.04.022

Kornienko, A., Mathieu, V., Rastogi, S.K., Lefranc, F. and Kiss, R. (2013) Therapeutic Agents Triggering Nonapoptotic
Cancer Cell Death. Journal of Medicinal Chemistry, 56, 4823-4839. https://doi.org/10.1021/jm400136m

Foo, N., Ahn, B.Y., Ma, X., Hyun, W. and Benedict Yen, T.S. (2002) Cellular VVacuolization and Apoptosis Induced by
Hepatitis B Virus Large Surface Protein. Hepatology, 36, 1400-1407. https://doi.org/10.1002/hep.1840360616

DOI: 10.12677/hjbm.2025.153062 544 VR


https://doi.org/10.12677/hjbm.2025.153062
https://doi.org/10.1158/1541-7786.mcr-07-2036
https://doi.org/10.1016/j.yexmp.2012.09.018
https://doi.org/10.1038/sj.onc.1202538
https://doi.org/10.1073/pnas.97.26.14376
https://doi.org/10.1186/1476-4598-10-69
https://doi.org/10.1158/1541-7786.mcr-10-0090
https://doi.org/10.1038/sj.cdd.4401465
https://doi.org/10.1002/jcb.22870
https://doi.org/10.1158/1541-7786.mcr-06-0019
https://doi.org/10.1158/1535-7163.551.3.5
https://doi.org/10.1007/s10495-007-0142-0
https://doi.org/10.1371/journal.pone.0004631
https://doi.org/10.1038/labinvest.3700506
https://doi.org/10.1016/s0014-5793(01)02376-6
https://doi.org/10.1038/cdd.2011.96
https://doi.org/10.1007/s10495-009-0334-x
https://doi.org/10.1016/j.yexmp.2012.04.022
https://doi.org/10.1021/jm400136m
https://doi.org/10.1002/hep.1840360616

	细胞质空泡化在细胞死亡与存活中的作用
	摘  要
	关键词
	The Role of Cytoplasmic Vacuolization in Cell Death and Survival
	Abstract
	Keywords
	1. 引言
	2. 细胞质空泡化的诱导机制
	2.1. 可逆性空泡化
	2.2. 不可逆性空泡化

	3. 不可逆细胞质空泡相关死亡
	3.1. 巨泡式死亡
	3.2. 副凋亡
	3.3. 坏死性凋亡和胀亡

	4. 总结
	5. 展望
	参考文献

