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Background and Objectives Metoclopramide is an antagonist of dopamine D2 receptor
and is capable of alleviating chemotherapy-induced nausea and vomiting. However, its under-
lying mechanisms and function in improving the efficiency of chemotherapy are not fully un-
derstood. In this study, we investigated the sensitizing effect of metoclopramide on the plati-
num-based drugs-mediated apoptosis in human head and neck cancer cells.

Subjects and Method Apoptosis was analyzed using a cell-based cytometer. The protein ex-
pression and messenger ribonucleic acid (nRNA) levels were assessed by Western blotting and
real-time polymerase chain reaction, respectively.

Results Metoclopramide sensitized the platinum-based drug (cisplatin and oxaliplatin)-me-
diated apoptosis in AMC-HN4 cells, but not in normal cells. Mechanistically, we found that
metoclopramide decreased Mcl-1 protein expression through post-translational regulation.

Moreover, the overexpression of Mcl-1 prevented apoptosis by combined treatment of meto-
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clopramide and platinum-based drugs.
Conclusion Metoclopramide induced proteasome-mediated Mcl-1 downregulation, resulting
in increased sensitivity to platinum-based drugs.
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ul=t 339 oF YEYA dAF X= AR (National Compre-
hensive Cancer Network guideline)ol] wF=H &<} s}s Q¥
Al et F24R8 skl EE AASt= OF== meto-
clopramide, ondansetron 2 palonosetron®] A2 HAils}
I QIeE? o FAE G EE o] 43t oFol A Er
ol|A] metoclopramide®} cisplatin®] H-8]2]o)| ut2 et
Aeads slstelod A4 714l g A4t B
=]7] ¢k9trt” Ondansetrond} 2 AR EY 84 LA
(antagonist)2} ©2] metoclopramide~ =341 D2 84| =
Aold 4= = A2 554173419 Zapql =842 7]
o2 A Apdste] LEE ARt B3 ohE & FEAE
o} 71zjo] AFsl grtollAl A2 Heto] Ak o]d 1
15 o =ul D2 4=8A419] Wdo] =2 FF 22 ofA
Lyl D2 -84 A9 ek avtE Slsialon,
metoclopramide”} A543k AlZ O] FA4 waL A}
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2 Aol ARE-E 917 £
o} AMC-HNG6 A|2Z+= o}4hy
ZHA| 3E (mesangial cell, MO} L A AMT Al 3 (kidney epi-
thelial cells, TCMK-1)+= American Type Culture Collec—
tion (Manassas, VA, USA)ollA] F-Jshlct, M2 viekS
3t vl A= 10% Efjol--& A (fetal bovine serum: Welgene,
Gyeongsan, Korea)Z} 1% antibiotics (Gibco BRL, New
York, NY, USA)S #7183t Dulbeccos Modified Eagle's
Medium (Welgene)S A3t 37°CE GAEE 5%
CO, HiF71E ol-8-sto] wiFalaich. Addell AHg-H oFAlQl
metoclopramide, cisplatin, oxaliplatin, cycloheximide,
MG132, lactacystin & actin &= Sigma (Saint Louis,
MO, USA)A, z-VAD-fmk+= Calbiochem (San Diego,
CA, USA)olIAl 1313}, PARP, Bel-2, Mcl-1, Bel-xL,
Bax, cIAP1, cIAP2 ¥ DR5 &A= Cell Signaling Tech—
nology (Beverly, MA, USA)oA F-181%aL, c~-FLIP A
= Enzo Life Sciences (San Diego, CA, USA)ol|A] Z+zF 7t
I

SAIZ 2

AMC-HN4 1x10°7}2] AJ3£Z 100 uL9] phosphate-buff-
ered salineE go] & &ol& 3, 200 uL2] 95% ethanol=
R EotshHA 2AAHA WolF=8inh AlZE 4°ColA 14]
7F5oF A4S 3 250 uL9] 1.12% sodium citrate buffero]]
12.5 ug RNase7} =0} Q= 885 o] 37°CoflA] 301t
wjoFsliT), 1 % 250 pL propidium iodide (50 ug/mL)E
do] MEZE gM 3 BD Accuri™ C6 flow cytometer (BD
Biosciences, San Jose, CA, USA)E o]&35}9] sub-Gl7|&

A3,

Western blotting

A% Az lysis buffer (137 mM NaCl, 15 mM EGTA,
0.1 mM sodium orthovanadate, 15 mM MgCl,, 0.1% Tri-
tonX-100, 100 mM phenyl methyl sulfonyl fluoride, 20
mM leupeptin, pH7.2)& &7lslal A& E3}sto] AlxE
gt 5, 13000 rpm 2 1527 94 2ajsle] AL
22715k}, Sodium dodecyl sulfate polyacrylamide gel
electrophoresise ©]-8-3}¢] A7] %95 & immobilon mem-
brane (Milipore, Billerica, MA, USA)o| Tl 2L o] 4]
7131 A2} A E A0 4 HHA RESAIZIT o)A} Aot A



L-0f|&] 2A17F HF-2- & enhanced chemiluminoscence (Pierce,
Rockford, 1L, USA) 8915 o] 85t Eo]zQl drid S 4

4 6-diamidino—2-phenyl-
Ak A&E A Az
DAPI fMoFS H7ste] 5E7F AAskl 3 duldo=
sio] WS st DNA THs) date] 245 95}
cell death detection ELISA plus kit (Boehringer Mannheim
corporation, Indianapolis, IN, USA)E A8-5F3t) ¥4 &
gf5te] A AATIL A2z lysis bufferg 200 ul %
2 5 AF2olA 3084 AITE YAl wefsto] ¥

o 100 pLell anti-histone @A|2He] ¥H-g- & FHAISLS
182 gol 453715 ol83to] 405 nm FF=E 5

b

N ol)l: rl
ot B ox df

ol

Caspase 84 =4

Caspase 2A3+& F74517] floto] 20 ugd @ dS
caspase substrate (Asp—Glu-Val-Asp—-chromophore-p—ni-
troanilide [DVAD-pNAD7} S°1%)= 100 pLe| -5
(1% NP-40, 20 mM Tris—HCI, pH 7.5, 137 mM NaCl, 10%
glycero)ell %7} & 37°CollA} 2417t BEGAIZTE £ 5%
71Z o] 83}o] 405 nm EH=E A5

32 F9(transfection)

AMC-HN4 A3z Mcl-1& 223 A717] 918 peD-
NA3.1/Mcl-1 Ze+AR|EE Lipofectamine ™ 2000 (Ther—
mo Fisher Scientific, Waltham, MA, USA)S o]-&35}o] &
A R T 2447 B3 37CE FAIER= 5% CO, g7 &

ol-g-3ke] vieFskTt

X7t 3 a4 A4 ¥k-E(quantitative polymerase
chain reaction)

TRIzol reagent (Life Technologies, Carlsbad, CA, USA)
£ °]83to] RNAE F&3I3H 2 ug® RNAE M-MLV
reverse transcriptase (Gibco BRL)E ©]-835}9] complemen-—
tary DNA (cDNA)E ?Hdstar 212H9] f34; 574 Zetoln
£ 0]83}9] quantitative polymerase chain reaction (QPCR)
= oyskeleh fA; Zefoln] FRE oh3k 2k Mcl-1
(forward) 5'-TCC TGA TGC CAC CTT CTA GG-3, (re—-
verse) 5'— ATG CTT CGG AAA CTG GAC AT-3'; actin
(forward) 5= TGG GGT GTT GAA GGT CTC-3,, (re-
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verse) 5= CTACAATGAGCTGCGTGTG-3.

2]
=AY Avke] BA 4 SPSS ver. 22.0 (IBM Corp.,
Armonk, NY, USA)& AF&ste] it (mean)+ EFHA}
(standard deviation)2 UEFHTE 7} A9 9] 4] 5
EA19] §-oJ4 AFL BAL A (analysis of vatiance, ANO-
VA)S A3t 5 Student’s t-testS o83} pgho] 0.05 ©]
5 749 Fsirtar skl

42 3

TABOF A|3Zo A metoclopramide?} platinum 7]¥t
AL Al ot Al=ZAE gl

FAE} M| 3Eof| Al metoclopramide?] E43S EHolskA}
XTT 718& o]-§dto] &S Rlstqlty. AMC-HN4<}
AMC-HN6 F F79] T8 A2z metoclopramide &
0.1-5 mM7H] ttfet 22 Aot o, | mMFH 9F
A|3E A-E0] 20% oA AT THSupplementary Fig.
1A). Annexin V @S o]-§5tof APES SRRISHIS we
AMC-HN4 A3zo]| 4] metoclopramide 1 mMF-E] A|3ZAPE
o] S-x x|tk Supplementary Fig. 1B). wheha] F74He) A2
o4 metoclopramide®| E4do] YEIUA] &= 0.5 mM9] =
L5 Agsial 3| Wit Fxlo) tigk AE XISkt

AMC-HN4 Ao 4] metoclopramide®] 7] platinum
718k Aol tigk otMIE APE 3] 7He A ERlsk] 9
3] #°5=2] metoclopramide®} cisplatin F+= oxaliplatine
A2lstoitt. Aseo] 247H9] ofE the A2l AlEAFEO]
Aojubx] &FAWF metoclopramide®} cisplatin = meto-
clopramide¥} oxaliplatin &2l &Js] AZZAPE-S &9l
4= 9= sub-G1719] 571 ¢ PARP £4& glsioltt
(Fig. 1A). DAPI @MHZ Sl FgdnZ o2 o] FejE

SFol3t A} metoclopramide?} cisplatin T+ oxaliplatin

ol

W3zl o) &2 9 w3l oligonucleosome associ—
ated histone kitE |85} E5F WA 2] A] DNA £49]
57151t (Fig. 1B and C). Metoclopramide®} platinum
719k FetAle] WA el 25k A|ZZAFES] caspase?] ©]&
AL 5] QA caspase-32] B3 AEE SHelskg]
2 o] $-9F 0 7 metoclopramide?} cisplatin T+ oxali-
platin ®ggFA{2lol]l 2Jato] caspase-3 AT S7FskAT
(Fig. 1D). Caspase A3lAIQ! z-VADS] HAg]= F oF=9]
WA e o) 7tk MEARE 2 caspase-39] HES
A5} cH(Fig. 1E). ©] Z3}& metoclopramide-2 platinum
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- - + -+ - Cisplatin 30 uM IEIPro-Caspase:i EPro-Caspase3
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Fig. 1. Metoclopramide enhances platinum-based drugs-induced apoptosis in AMC-HN4 cells. A-C: AMC-HN4 cells were treated with 0.5
mM metoclopramide or/and 30 uM platinum-based drugs (cisplatin and oxaliplatin) for 24 h. The sub-G1 population and protein expres-
sion were determined using flow cytometry and western blotting, respectively (A). DNA fragmentation was analyzed using DAPI staining
and kit (B). Measurement of DEVDase (caspase-3) activity using substrate (C). D: AMC-HN4 cells were treated with combination of 0.5
mM metoclopramide and 30 uM platinum-based drugs (cisplatin and oxaliplatin) after pretreatment with 20 uM zVAD and for 24 h. Values
in the graphs represent the meantstandard deviation of three independent experiments. *p<0.05 compared to the control; Tp<0.05 com-
pared to combinations of metoclopramide and platinum-based drugs.

718k Al tiet MASE SHAPZIAL TR Al2ZAF 9 platinum 7|HF FoFA|9] -8 2yl ofstEE o 4= Stk
e S55t= AL Flsiich AMC-HN4 A= metoclopramide®] 5= 0.2 mM&-E|

Mcl-1 ¥rdo] ZHASIAE AMC-HN6 Al Zo A= 5= 1| mM
Metoclopramide®] 2J8F Mcl-1 98 7149} platinum — FE Mcl-19] H&E-& gAATItHFig. 2A). F $79 T35

715k FUA F= Al ZAFE TR

Metoclopramide®l] &J3F platinum 7|9F &FFAol] 2J3t A
EZAME §= 7)AS Folslr| 915+ metoclopramide THE
Aol ofgt HlazAbE T Tz o] vkl S R AlsGITE F
F50 T AlEZl AMC-HN49F AMC-HNG6 A0
metoclopramide® sEHE 2|5t uf thE AzARE
T ghalz o] vke WHl= 919l 09U anti-apoptotic Bel-2
ol 2= 9 & Mcl-19] Wralo] 7hAsktH(Fig. 2A). Mcl-1
4 7447} metoclopramide®} platinum 7]4¥F SF4HA)|
WA ol ot A|azAbdE] Bolst=A] F85E] 215k
Mcl-10] T PN EZE AHE-SFATE Mcl-19] o] =
2 u metoclopramide®} cisplatin ®+= oxaliplatin 4]
2ol 23t sub-G17] %71 & PARP £Ho] 4|5 ich(Fig.
2B). o] A= Mcl-1 IFPEEE A|2Eof| A= metocloprimide

19

116

& AEZFE vjwsH AMC-HN4 A)|32oj| 4] metoclopramide
€} platinum 7]¥F A BH-E&A Al HE FHold Fota vt

£ 218 4= Itk (Supplementary Fig. 2). ©] A¥}=2 meto-
clopramide®] ©J3F Mcl-19] #4447} platinum 7|5 Ao

OIgt MZEAPE o] 83 RS & 4= ok

HY & A& F3 metoclopramide?] Mcl-19] &
27
B

Metoclopramide®] #2]of oJgt Mcl-19] W& =4 o7

= Z2AFSFTE WA gPCRE ©]-8-3F messenger ribonucleic
acid (mRNA) Hd 2AME F8 AAF oA 245 gelstsl
O} metoclopramide®]] 2J3] Mcl-12] mRNA2] H3}= 91
SItH(Fig. 3A). Metoclopramide?] W9 & ©AE =3t
Mcl-19] e 28-& E21skr] Qaf Thalldl g4 AsliA|

o
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A B
Metoclopramide Metoclopramide
02051 02051 (mM) ® HN4/Vec ® HN4/Mcl-1 = HN4/Vec ® HN4/Mcl-1
[== || m=== | o, =
——— s 40 S 40
[l [===e sz . € %
Q Q
| -.o-” ...-chl-xL 2 20 £ 20
. 9 10 . 9 10
| - || R | Bim 0 0
| e | | s - |cIAP1 -+ o+ - M.etoclc_>pramide -+ o+ - Metc»_clop_ramide
- - + + Cisplatin - - + + Oxaliplatin
| o
HN4/Vec HN4/Mcl-1 HN4/Vec HN4/Mcl-1
| e ||"""""" | XIAP -+ +- -+ + - Metoclopramide -+ +- -+ + - Metoclopramide
-- ++ - - ++ Oxaliplatin -- ++ - - ++ Oxaliplatin

|‘m|| 88 88 | survivin [s_8 S&&S| ;o i
Sﬂl IWDM |- - ....| Mecl-1 |-.. ” c.o-| Mecl-1
{" -..-|c-FL|P

|.-- --¢|actin |-—- -..-| actin

| - o — | | - |actin
AMC-HN4  AMC-HN6

Fig. 2. Downregulation of Mcl-1 by metoclopramide is involved in platinum-based drugs-mediated apoptosis in AMC-HN4 cells. A: AMC-
HN4 and AMC-HNG cells were treated with 0.2—1 mM metoclopramide for 24 h. B: AMC-HN4 were transfected with vector and Mcl-1
plasmid, and then treated with combinations of 1 mM metoclopramide and 30 uM platinum-based drugs (cisplatin and oxaliplatin) for 24 h.
The sub-G1 population and protein expression were determined using flow cytometry and western blotting, respectively. Values in the
graphs (B) represent the meanztstandard deviation of three independent experiments. *p<0.01 compared to combinations of 1 mM meto-
clopramide and 30 uM platinum-based drugs.

A B CHX CHX+ C . 4+ + .. Metoclopramide

20 pg/ml Metoclopramide C - 4+ -+ - MG132
1.2 -010512 -0.1051 2 (h) - - + - + Lactacystin

$3 e @y Mcl-1

nE: < 0.8 '

- -% 0d - — e actin = =emw=mw=m= | actin

So

=

-=- CHX
- 0.2 051 (mM) -8 CHX+TBMS-1

Metoclopramide

©o o -

Mcl-1 protein
(Relative fold)
o h N

- 136 9 (h

Fig. 3. Metoclopramide induces downregulation of Mcl-1 at the post-translational level. A: AMC-HN4 cells were treated with 0.2—1 mM
metoclopramide for 24 h. B: AMC-HN4 cells were treated with 0.5 mM metoclopramide after pretreatment with 20 ug/mL cycloheximide
(CHX) for the diverse times. C: AMC-HN4 cells were treated with 0.5 mM metoclopramide after pretreatment with 0.25 yM MG132 or 2.5
UM lactacystin for 24 h. The protein expression was detected using western blotting. Values in the graph represent the meanz+standard
deviation of three independent samples.

cycloheximide (CHX)E ©|-8-5F3itk CHXS] AAE Saf WS 2ok B4 AsiAlol sl AAI= Ak (Fig. 30).
AN2-& o] skgo] dojua] 9kS 1] metoclopramide | A3} metoclopramide+ W & THA|E E3) Mcl-19]
Al Mcl-10] v F2sHA 2= 30ct(Fig. 3B). T o] qe Feshe e o o Ak
o= ZRHoRE] 243} FastH, Fig. 3Bo| A&

H}ELO 2 metoclopramideo]] &J3F Mcl-19] @& Zhaofl X HAF A Zo| A metoclopramide®} platinum 7|8k
EHjo}Ee BS 85| flote] Z2HobE B4 Aaf  gFbA| kA Elof ogh A|EAbE Hhg-

Aol MG132¢} lactacystine ©]-8-alo thzlo] Hsls = A 220 A metoclopramide®} cisplatin 4= oxalipl—
A8t} Metoclopramide©l| ©Js 74l Mcl-12] T2l atin WA 7} AZZAPES fedh=A] 2RIskSITh 4A)

(]

e}
-2
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Metoclopramide
Cisplatin Oxaliplatin Cisplatin Oxaliplatin

scale bar—50 pm

— m Caki

2 80 mMC

5 60 TCMK-1

a 40

a 20

0 .

- + o+ + - - Metoclopramide 0.5 mM
= + - + - Cisplatin 30 pM

+ Oxaliplatin 30 pM

C TCMK-1 HN4

Metoclopramide

Cisplatin Oxallplatln Cisplatin Oxaliplatin

scale bar=50 pm

— m Caki
x 80 mMC
5 9 TCMK-1
o 40
@ 20
0 .
= + o+ + - - Metoclopramide 0.5 mM
= s + - + - Cisplatin 30 pM
- - - + - + Oxaliplatin 30 pM
MC HN4
-0.2051 - 0.5 (mM)
~ |Mcl1
actin

Fig. 4. Effect of combined treatment with metoclopramide and platinum-based drugs on apoptosis in normal cells. A and B: AMC-HN4
and normal cells (mesangial cell [MC], and kidney epithelial cell [TCMK-1]) cells were treated with 0.5 mM metoclopramide or/and 30 uM
platinum-based drugs (cisplatin and oxaliplatin) for 24 h (A) or 48 h (B). Cell morphology was assessed using a microscope. Scale bar:
50 ym. The sub-G1 population was determined using flow cytometry. C: TCKM-1, MC, and AMC-HN4 cells were treated with 0.2—1 mM
metoclopramide for 24 h. The protein expression was detected using western blotting. Values in the graph represent the meanztstandard

deviation of three independent samples.

Q1 EUTAIEZMO)9F 8 A A Z(TCMK-D ol A =
metoclopramide®} cisplatin T+= oxaliplatin B &HA]2]of| =
A2z o] Fefsly] Wg}t 9 sub-G17]9] E2 % F7FskA] &%
tHFig. 4A and B). E3F F A 2= (MC2F TCMK-1)+=
AMC-HN4%t}t g15HA] Mcl-10] H&o] Wr] wjo
metoclopramide®]] tgt HH-&-Ao] ¢lef platinum 7]HF &k
Alell gt Aol Ueht= Ao 2 Al th(Fig. 40). o] 4
T= E3l metoclopramide®} platinum 7|8+ 3FokA| 2] Wk
A= M EANA BolH o8 NEZAPEE Fhdts As
o} 2= 9]},

9] platinum 7|8t A Y] FeF At SH o FE 2lskel
t}l Metoclopramide?] T *2]+= T35 A 3ZQ] AMC-
HN42] AFEE §%3H4] OJ'Z]UP A== 9] cisplatin =
oxaliplatin®]] &Jgt H|ZAIES EJ}X49_§ %lefhi]- T3}
metoclopramide+
S T, Ol% HS
& &8 Mcl-1 @4 EolE frglitt 4
metoclopramide®} platinum 7 ]E‘l Pl ]94
Abgo] elojuz] okoret o]

pramide®} platinum 7|9t 3}

Z-835ko] Abd 22 32 AF
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_t_.
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-111
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2 °
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(¢}
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Q,
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]Ek]

2

R
o ‘/}EMV] ks
EX) ;h:}“” 3 x4
platinum 7|8 &FA st
e 7H*L6‘}7l %‘H et obETt g AHEA] etaat
U0 A7t Z7kshe AL =4 A
g OIZ}—’F— 4A4|(epidermal growth factor recep—
tor, EGFR)9] &t&lo] o} &x}o] e M=8-9 el
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The Data Supplement is available with this article at https:/doi.
org/10.3342/kjorl-hns.2023.00962.

Acknowledgments

This research was supported by a grant of the MD-Phd/Medical
Scientist training program through the Korean Health Industry De-
velopment Institute (KHIDI), funded by the Ministry of health &
Welfare, Republic of Korea.

Author Contribution

Conceptualization: Jong Won Park, Seon Min Woo, Taeg Kyu
Kwon. Data curation: Jong In Jeong, Jae Man Lee, Ji Won Lee.
Funding acquisition: Taeg Kyu Kwon. Investigation: Jong Won Park,
Seon Min Woo. Supervision: Dong Eun Kim, Taeg Kyu Kwon. Writ-
ing—original draft: Jong Won Park, Seon Min Woo, Dong Eun Kim,
Taeg Kyu Kwon. Writing—review & editing: Jong Won Park, Seon
Min Woo, Dong Eun Kim, Taeg Kyu Kwon.

ORCID

Jong Won Park https://orcid.org/0009-0003-1377-5024
Dong Eun Kim https://orcid.org/0009-0001-2161-1439
Taeg Kyu Kwon https://orcid.org/0000-0003-1204-2059

REFERENCES

1) Simard EP, Torre LA, Jemal A. International trends in head and
neck cancer incidence rates: differences by country, sex and
anatomic site. Oral Oncol 2014;50(5):387-403.

2) Sroussi HY, Epstein JB, Bensadoun RJ, Saunders DP, Lalla RV,
Migliorati CA, et al. Common oral complications of head and neck
cancer radiation therapy: mucositis, infections, saliva change,
fibrosis, sensory dysfunctions, dental caries, periodontal disease,
and osteoradionecrosis. Cancer Med 2017;6(12):2918-31.

3) Nwizu T, Ghi MG, Cohen EE, Paccagnella A. The role of
chemotherapy in locally advanced head and neck squamous cell
carcinoma. Semin Radiat Oncol 2012;22(3):198-206.

4) Pfister DG, Ang KK, Brizel DM, Burtness BA, Busse PM, Caudell
JJ, et al. Head and neck cancers, version 2.2013. Featured updates
to the NCCN guidelines. J Natl Compr Canc Netw 2013;11(8):917-
23.

5) Jung Y, Lippard SJ. Direct cellular responses to platinum-induced
DNA damage. Chem Rev 2007;107(5):1387-407.

6) Rottenberg S, Disler C, Perego P. The rediscovery of platinum-

www.kjorl.org 119



Korean J Otorhinolaryngol-Head Neck Surg 1 2025;68(3):113-20

based cancer therapy. Nat Rev Cancer 2021;21(1):37-50.

7) Zhou J, Kang Y, Chen L, Wang H, Liu J, Zeng S, et al. The drug-
resistance mechanisms of five platinum-based antitumor agents.
Front Pharmacol 2020;11:343.

8) Cooley ME, Davis L, Abrahm J. Cisplatin: a clinical review. Part
II-nursing assessment and management of side effects of cisplatin.
Cancer Nurs 1994;17(4):283-93.

9) Dilruba S, Kalayda GV. Platinum-based drugs: past, present and
future. Cancer Chemother Pharmacol 2016;77(6):1103-24.

10) Wheate NJ, Walker S, Craig GE, Oun R. The status of platinum
anticancer drugs in the clinic and in clinical trials. Dalton Trans
2010;39(35):8113-27.

11) Treat J, Schiller J, Quoix E, Mauer A, Edelman M, Modiano M, et
al. ZD0473 treatment in lung cancer: an overview of the clinical
trial results. Eur J Cancer 2002;38(Suppl 8):S13-8.

12) Berger MJ, Ettinger DS, Aston J, Barbour S, Bergsbaken J, Bierman
PJ, et al. NCCN guidelines insights: antiemesis, version 2.2017. J
Natl Compr Canc Netw 2017;15(7):883-93.

13) Kjellén E, Wennerberg J, Pero R. Metoclopramide enhances the
effect of cisplatin on xenografted squamous cell carcinoma of the
head and neck. Br J Cancer 1989;59(2):247-50.

14) Anvari K, Seilanian-Toussi M, Hosseinzad-Ashkiki H, Shahidsales
S. A comparison of 5-HT3 receptor antagonist and metoclopramide
in the patients receiving chemotherapeutic regimens including
CMEF, CAF and CHOP. Iran J Cancer Prev 2015;8(2):84-8.

15) Weissenrieder JS, Neighbors JD, Mailman RB, Hohl RJ. Cancer
and the dopamine D2 receptor: a pharmacological perspective. J
Pharmacol Exp Ther 2019;370(1):111-26.

16) Chen Y, Zhang M, Ji X, Zhao J, Qin S, Ji Y, et al. The anti-cancer
effect of metoclopramide on triple-negative breast cancer cells.
Pharmazie 2021;76(4):172-4.

17) Rubin Grandis J, Melhem MF, Gooding WE, Day R, Holst VA,
Wagener MM, et al. Levels of TGF-alpha and EGFR protein in
head and neck squamous cell carcinoma and patient survival. J
Natl Cancer Inst 1998;90(11):824-32.

18) Temam S, Kawaguchi H, El-Naggar AK, Jelinek J, Tang H, Liu DD,

120

et al. Epidermal growth factor receptor copy number alterations
correlate with poor clinical outcome in patients with head and neck
squamous cancer. J Clin Oncol 2007;25(16):2164-70.

19) Fan Z, Baselga J, Masui H, Mendelsohn J. Antitumor effect of anti-
epidermal growth factor receptor monoclonal antibodies plus cis-
diamminedichloroplatinum on well established A431 cell xenografts.
Cancer Res 1993;53(19):4637-42.

20) Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rottey
S, et al. Platinum-based chemotherapy plus cetuximab in head and
neck cancer. N Engl J Med 2008;359(11):1116-27.

21) Okamoto I, Tsukahara K, Sato H. Single-center prospective study
on the efficacy of nivolumab against platinum-sensitive recurrent
or metastatic head and neck squamous cell carcinoma. Sci Rep
2022;12(1):2025.

22) Yamashita G, Okamoto I, Ito T, Tokashiki K, Okada T, Tsukahara
K. Efficacy of nivolumab and pembrolizumab in platinum-sensitive
recurrent or metastatic head and neck squamous cell carcinoma.
Anticancer Res 2023;43(8):3679-83.

23) Lee A, Kuo B. Metoclopramide in the treatment of diabetic
gastroparesis. Expert Rev Endocrinol Metab 2010;5(5):653-62.

24) Wang H, Guo M, Wei H, Chen Y. Targeting MCL-1 in cancer:
current status and perspectives. ] Hematol Oncol 2021;14(1):67.

25) Senichkin V'V, Streletskaia AY, Gorbunova AS, Zhivotovsky B,
Kopeina GS. Saga of Mcl-1: regulation from transcription to
degradation. Cell Death Differ 2020;27(2):405-19.

26) Grabbe C, Husnjak K, Dikic I. The spatial and temporal organization
of ubiquitin networks. Nat Rev Mol Cell Biol 2011;12(5):295-307.

27) Wu X, Luo Q, Liu Z. Ubiquitination and deubiquitination of MCL1
in cancer: deciphering chemoresistance mechanisms and providing
potential therapeutic options. Cell Death Dis 2020;11(7):556.

28) Thomas LW, Lam C, Edwards SW. Mcl-1; the molecular regulation
of protein function. FEBS Lett 2010;584(14):2981-9.

29) Elmore S. Apoptosis: a review of programmed cell death. Toxicol
Pathol 2007;35(4):495-516.

30) Cohen GM. Caspases: the executioners of apoptosis. Biochem J
1997;326(Pt 1):1-16.





