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Anticancer Drugs at Low Concentrations Upregulate the
Activity of Natural Killer Cell
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Natural killer (NK) cells are innate cytotoxic lymphoid cells that actively prevent neoplastic development, growth, and
metastatic dissemination in a process called cancer immunosurveillance. Regulation of the cytotoxic activity of NK cells
relies on integrated interactions between inhibitory receptors and numerous activating receptors that act in tandem to

eliminate tumor cells efficiently. Conventional chemotherapy is designed to produce an anti-proliferative or cytotoxic effect
on early tumor cell division. Therapies designed to kill cancer cells and simultaneously maintain host anti-tumor immunity
are attractive strategies for controlling tumor growth. Depending on the drug and dose used, several chemotherapeutic
agents cause DNA damage and cancer cell death through apoptosis, immunogenic cell death, or other forms of non-
killing (i.e., mitotic catastrophe, senescence, autophagy). Among stress-induced immunostimulatory proteins, changes
in the expression levels of NK cell activating and inhibitory ligands and tumor cell death receptors play an important role
in the detection and elimination by innate immune effectors including NK cells. Therefore, we will address how these
cytotoxic lymphocytes sense and respond to high and low concentrations of drug-induced stress to the drug cisplatin,
among the various types of drugs that contribute to their anticancer activity.

Key Words: Natural Killer cells, Anticancer drug, Activity, Upregulate, CD107a

= A 219
o}% #va_ oot A 2
A]ZITHROBINSON, 1992).
e gww i‘ri 8 % 56 59 o

[e]

=

& Fol n

28-S V&Hf& 2 WTan et al, 2019). EHl¥ FQ Alx
= o

TE, daAE, dEIF Qo BlalAA &

o7 Y AR E%‘ra ﬁ: U= “””—i A}
AL A E 7]Eke] WS X 57F F=5EEa QI THLorenzo-
Herrero et al,, 2018). ARSI A X nlo]g] 2o 74 E
AL oo WEE AEe g 3 WA Pojdow A
A A AAS} Ae A AAE A2 HKhakoo et
al,, 2004). AAS A= AP 2433} gl
AAGL A= S4S AgA © &3t 19 F8A
of #3 73l Al o3 x=

o] __L7<4 }\ﬂi%

A @K Smyth et al., 2005;

NJ.,

Received: August 22, 2023 / Revised: September 12, 2023 / Accepted: September 13, 2023

*Graduate student, **Professor.

-}-Corresponding author: Go-Eun Choi. Department of Clinical Laboratory Science, College of Health Sciences, Catholic University of Pusan, Busan 46252,

Korea.

Tel: +82-51-510-0563, Fax: +82-51-510-0568, e-mail: gechoi@cup.ac.kr

©The Korean Society for Biomedical Laboratory Sciences. All rights reserved.

©@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 178 -



Lanier, 2008). 3% A2 27| AbE WAUZES inter-
feron gamma (IFN-y) 2 tumor necrosis factor alpha (TNF-0)}
2E A 24 Abo] BRI WS 7] ¥HO E (Martin-
Fontecha et al., 2004; Vivier et al., 2011) Caspase 2]<&2 A|3E
APE T} granzyme A9t B, AIEEA #go] H]E st
+ granulysin HF perforin® 2 T4 H AlEZ APE S84
2 7F=9} A g3 Srivastava et al., 2008; Kwon et al., 2016;
Morvan and Lanier, 2016). Fas 2]7F= 2 TNF & AL
APE i ZIE=(TRAIL)S 22 &% J|AF QIZHINF) 7l
Hell &= AFE FE =] Al HddA e HE
L oAlEete] gstE Fiegivh g 4 AlEA A
s S=27|(DR), = Fas, DR4 (TRAIL-RI) 2 DR5 (TRAIL-
o tigh A3S 53l Caspase enzymatic cascade®] T4

g

=3l

o] F8 v TF AE] Apdolth MEEA oF
thet Ao T AEE Folal 1o it 5
CHFridman et al,, 2011). b4 3ot
15 =9 73S WAske] o AlA
UHLake and Robinson, 2005). TF¥3H -8
|2~ Frdhe Az tigh zpA kel
Al Frr=e] WS 2dste] AA A
] D AA FEFE = 5 ATHZingoni et
= flside el
< Uehlle B2 AT
Y Fee A&
A B = S tHZitvogel
et al.,, 2008; Zitvogel et al., 2011; R Shurin et al., 2012). 3}:+3}
A& (Lipid peroxidation) &2l o|A zpAlstA A
T wAYSFeIth o] Ao ofs) = x| Ho] vt E
3 7Aks} 2] 437} Isoprostane, Malondialdehyde (MDA), 4-
Hydroxynonenal (4-HNE)®} 22 228 S73to 24 4t
3} ~Eg o] g & = tHGawet et al,, 2004; Lee et
al, 2012).

HAEE Foliw BA) S5 FEY WIS FAE
ol %

()

e
£y
o

A
xe

|
o]

A ']. T=

of ¢3k <l

> 12

Ot
o2

S
o,

4
Y

% e
=
g =
1Q
o Zfo}:
A
_h‘ tm
o, o\
e,
2

i
iR
olN
iAo
32
o

L H
ins N
ol 2

L
T
wg "

ro
as)
18
BN
i)
2
fru

9]

= 30k A BRI v ARl Hefolrh AREE = ot
&l whet oje] stEtaHAZE AR APES -S4l DNA
4 2 A APEES stk 2Ed A i WAt
= il S A A st B oA grt=e) F
& AE APE FEAe] B S WS ARIAEAE
= A[ES A WY ad ] % A= B AA
o] 83k eSS Abel et al,, 2018; Kumar, 2018; Wu et
al., 2020)

2001).

Cisplatin® o8] WAUSS &3l & &2945 L3s)
ARk 215 ol B 2 %) 1
dslel mEZ =g o} Al AP
o] AMI o] QltGalluzz et al,, 2012). wheba] =2
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K-562 (ATCC CCL-243™) HZF+ 37T, 5% C0,2] in-
cubatorol| A vFE Qo™ AFEE BiR|E= 10% Fetal Bovine
Serum (GIBCO, Paisley, UK), 100 U/mL penicillin-100 pg/mL
streptomycin (GIBCO, Paisley, UK)°©] &3 RPMI-1640
Hj %] (GIBCO, Paisley, UK)S AH&-3ic}.

NK-92" (ATCC CCL-2407) Al EF+E K-562 A} 5
A3k g oA wiFE A oM, AREH WA= 12.5%
Fetal Bovine Serum (GIBCO, Paisley, UK), 12.5% Horse Serum
(Sigma-aldrich, USA), 100 U/mL penicillin-100 pg/mL strepto-
mycin (GIBCO, Paisley, UK), 200 U/mL IL-2 (PeproTech, USA)
7} 3¢ MEM-a HJ#|(GIBCO, Paisley, UK)S AF&-3iT}.
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Fig. 1. The influence of different cisplatin doses on NK-92 cell
viability. Cisplatin concentrations negatively affected the viability
of NK-92 cells for 24-hour exposure. The linear dependence be-
tween the dose of cisplatin and cell viability is evident. Half of the
maximal inhibitory concentration of cisplatin for NK-92 cells was
found to be less than 1,000 ng/mL. All data were compared with the
control group. The statistical analysis was performed with Graph
Prism 8.4.3 one-way ANOVA test.
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Fig. 2. Oxidative stress of NK-92 cells under low- to high-dose
anticancer drug treatment. MDA assays of NK-92 cells were
conducted to evaluate oxidative stress in the cisplatin. The data in-
dicated that cisplatin increased MDA, increasing expression with
higher cisplatin concentrations (ns = 0.2075, ***P = 0.0007 versus
control). The statistical analysis was performed with Graph Prism
8.4.3 one-way ANOVA nonparametric test.
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Fig. 3. CD107a is expressed at high levels on the surface of NK cells following stimulation. Flow cytometry figures represent the positive,
cytotoxic degranulation of NK cells measured by cell surface expression of CD107a on CD3-CD56+ NK cells. (A) no stimulation, (B)
stimulation with K562 cells, (C) stimulation with K562 and Cisplatin 30 ng/mL, (D) stimulation with K562 and Cisplatin 300 ng/mL.

o olm 3} 57}§EEH***P = 0.0007). Nz ] A5

(30 ng/mL)°l| A=

o) gk z}o] 7} gltk(ns = 0.2075).

ME M2 E5H NK-92° MIE MIESY Etnjglel 2

NK-92® AMEZ9] MzEA
NK-92° A ¥2] CDI107a X

o4 CD107a] ¥ A&7}

92% A|3ze] AEZ ¥ CDI07a 23 ?éxé

oz sl

K

F 71 ek A=

AeaAlE 7]eke] W

Herrero et al., 2018). X}OEQSH A3

71035] /\ﬂ; /\]_uﬂ oﬂ

o
A

ku
Mo
[
i

bl
tﬂ ol 2
et al,, 2012). AHEE =
A7E AE AL,
3 DNA =7 % ¢

o [
_10

X
e

W AT v 3 Al

%

22 rr
o,
o_>|:

Ely

s R b

=7
AL

A 57
AT Folah B ETBHG A

X,
o

x
52

oX. 1:0 o
iz 2
fo 12

ot
_E‘

O oot by 2 2 o®

-

H

2
ol
-

o]tiZitvogel et al., 2011; R Shurin
o 30 sl ol et

/\],U:] =il ]}_7]_ _L/\1 0 =

Pegh F AE APE A BEe) Waks A
J & AE 2

AEE H]E3 ﬁ?ﬂ/‘o He g3 Qe <
o5k THMorvan and Lanier, 2016).
Riiaks Od%%ﬂA E 0131 ki Hl:tE“ WA a

rSE

0}04 ZF@%’OH’HLL—J AEES IPon, 1se ?ﬁ
Lo wE 4bst 2EHAE SAsH, S g
Z}‘H’é} A2 SdstE lakqlnh
Water Soluble Tetrazolium SaltQ] WST-82 thA}(metab-
olism)# 0.2 ZAholgl= Ao mEFEelo} e
o EAlelE grAaaet s oux e 84
formazan< 4874 §H0}. WbA formazan®] A3 Aol
AE 229} AA Bg A= 7FA CCK-8 AFg-ate] A)
X AEES Felglon, 1 AF} 100 ng/mLF-E] iR
] Az AEge] AAs g Bilvh
I}2k3} %] (Lipid peroxidation) &2 &l o]A =}
AlSHAl A7-8 wlAY eItk o] el ofaf v xd o]
7] 5] 32 3Aks)E XA 3} Isoprostane, MDA, 4-HNES} 2+
2 EZo] AAHEY. o]EL2 Oxidative stress2| LAl
Biomarker ]38 3tK(Nam, 2011). MDA TBAS} WH-3-3
o] MDA-TBA AdductE B3t o]& SATo =M 4t
st 2E8 2 AES SIgon, 12 A3} it iy 2
SolA Abst 2EH 27} frovstAl Skl
Az o2 Al Cisplatin®] sl w2} NK-92°
Fo] AES U ksl ~Ed 2 183 CDI07a2] X X
A o] ZpolE BHoFAT: tiat thiy] alE o)A €]
2l 2EdY 2Tt AFEe] ~Eds TE BT dAEHA
A EEE 2E o Adth NK-92° AlE] B e

P

E:lé

K
mﬂ‘.

- 181 -



N

zat tH] arsolAe] SRV} BhE FXE B
Qo Axrwoire BHEE URT Ul =8 FAE
HolFQn) =, 3FoHA| Cisplatin®] %20l B]g|sle] Ak3}
2EH27F S/ AW 34, CD107a 2E BERE
Aow AbmFth

B AT A3E wgo s Ao o X7 A
ﬁx‘% 3} Bl gke] 4 Nl a9E 71\'44611% T 9

oF3t wetviA| e el avfel Fakgel uigh
7 A7 dag slo|h

ACKNOWLEDGEMENT
This study was supported by academic research funds from
the Catholic University of Pusan in 2021.

CONFLICT OF INTEREST

There is no potential conflict of interest related to this article.

REFERENCES

Abel AM, Yang C, Thakar MS, Malarkannan S. Natural killer cells:
Development, maturation, and clinical utilization. Frontiers in
Immunology. 2018. 9: 1869.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: Globocan estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA:
a Cancer Journal for Clinicians. 2018. 68: 394-424.

Coates A, Abraham S, Kaye SB, Sowerbutts T, Frewin C, Fox R,
Tattersall M. On the receiving end—patient perception of the
side-effects of cancer chemotherapy. European Journal of
Cancer and Clinical Oncology. 1983. 19: 203-208.

Fridman WH, Galon J, Pages F, Tartour E, Sautés-Fridman C,
Kroemer G Prognostic and predictive impact of intra-and
peritumoral immune infiltrates. Cancer Research. 2011. 71:
5601-5605.

Galluzzi L, Senovilla L, Vitale I, Michels J, Martins I, Kepp O,
Castedo M, Kroemer G. Molecular mechanisms of cisplatin
resistance. Oncogene. 2012. 31: 1869-1883.

Gawet S, Wardas M, Niedworok E, Wardas P. Malondialdehyde
(mda) as a lipid peroxidation marker. Wiadomosci lekarskie
(Warsaw, Poland: 1960). 2004. 57: 453-455.

Kartalou M, Essigmann JM. Mechanisms of resistance to cisplatin.
Mutation Research/Fundamental and Molecular Mechanisms
of Mutagenesis. 2001. 478: 23-43.

Khakoo SI, Thio CL, Martin MP, Brooks CR, Gao X, Astemborski
J, Cheng J, Goedert JJ, Vlahov D, Hilgartner M. Hla and nk
cell inhibitory receptor genes in resolving hepatitis ¢ virus
infection. Science. 2004. 305: 872-874.

Kumar S. Natural killer cell cytotoxicity and its regulation by
inhibitory receptors. Immunology. 2018. 154: 383-393.

Kwon H-J, Choi G-E, Ryu S, Kwon SJ, Kim SC, Booth C, Nichols
KE, Kim HS. Stepwise phosphorylation of p65 promotes nf-
kb activation and nk cell responses during target cell recognition.
Nature Communications. 2016. 7: 11686.

Lake RA, Robinson BW. Immunotherapy and chemotherapy—a
practical partnership. Nature Reviews Cancer. 2005. 5: 397-
405.

Lanier LL. Up on the tightrope: Natural killer cell activation and
inhibition. Nature Immunology. 2008. 9: 495-502.

Lee W-C, Wong H-Y, Chai Y-Y, Shi C-W, Amino N, Kikuchi S,
Huang S-H. Lipid peroxidation dysregulation in ischemic
stroke: Plasma 4-hne as a potential biomarker? Biochemical
and Biophysical Research Communications. 2012. 425: 842-
847.

Lorenzo-Herrero S, Lopez-Soto A, Sordo-Bahamonde C, Gonzalez-
Rodriguez AP, Vitale M, Gonzalez S. Nk cell-based immuno-
therapy in cancer metastasis. Cancers. 2018. 11: 29.

Martin-Fontecha A, Thomsen LL, Brett S, Gerard C, Lipp M,
Lanzavecchia A, Sallusto F. Induced recruitment of nk cells
to lymph nodes provides ifa-y for thl priming. Nature
Immunology. 2004. 5: 1260-1265.

Morvan MG, Lanier LL. Nk cells and cancer: You can teach innate
cells new tricks. Nature Reviews Cancer. 2016. 16: 7-19.
Nam T-G. Lipid peroxidation and its toxicological implications.

Toxicological Research. 2011. 27: 1-6.

R Shurin M, Naiditch H, W Gutkin D, Umansky V, V Shurin G
Chemoimmunomodulation: Immune regulation by the antineo-
plastic chemotherapeutic agents. Current Medicinal Chemistry.
2012. 19: 1792-1803.

ROBINSON 8. The family with cancer. European Journal of Cancer
Care. 1992. 1: 29-33.

Schirrmacher V. From chemotherapy to biological therapy: A
review of novel concepts to reduce the side effects of systemic
cancer treatment. International Journal of Oncology. 2019. 54:
407-419.

Smyth MJ, Cretney E, Kelly JM, Westwood JA, Street SE, Yagita H,
Takeda K, Van Dommelen SL, Degli-Esposti MA, Hayakawa
Y. Activation of nk cell cytotoxicity. Molecular Immunology.
2005. 42: 501-510.

- 182 -



Srivastava S, Lundqvist A, Childs R. Natural killer cell immuno-
therapy for cancer: A new hope. Cytotherapy. 2008. 10: 775-
783.

Tan S, Turner J, Kerin-Ayres K, Butler S, Deguchi C, Khatri S, Mo
C, Warby A, Cunningham I, Malalasekera A. Health concerns
of cancer survivors after primary anti-cancer treatment. Sup-
portive Care in Cancer. 2019. 27: 3739-3747.

Vivier E, Raulet DH, Moretta A, Caligiuri MA, Zitvogel L, Lanier
LL, Yokoyama WM, Ugolini S. Innate or adaptive immunity?
The example of natural killer cells. Science. 2011. 331: 44-
49.

Wallin RP, Screpanti V, Michaélsson J, Grandien A, Ljunggren HG
Regulation of perforin-independent nk cell-mediated cyto-
toxicity. European Journal of Immunology. 2003. 33: 2727-
2735.

Wu S-Y, Fu T, Jiang Y-Z, Shao Z-M. Natural killer cells in cancer
biology and therapy. Molecular Cancer. 2020. 19: 1-26.

Zingoni A, Fionda C, Borrelli C, Cippitelli M, Santoni A, Soriani

A. Natural killer cell response to chemotherapy-stressed
cancer cells: Role in tumor immunosurveillance. Frontiers in
Immunology. 2017. 8: 1194.

Zitvogel L, Apetoh L, Ghiringhelli F, Kroemer G. Immunological
aspects of cancer chemotherapy. Nature Reviews Immunology.
2008. 8: 59-73.

Zitvogel L, Kepp O, Kroemer G. Immune parameters affecting
the efficacy of chemotherapeutic regimens. Nature Reviews
Clinical Oncology. 2011. 8: 151-160.

https://doi.org/10.15616/BSL.2023.29.3.178

Cite this article as: Kwon H, Jeong M, Kim Y, Choi
GE. Anticancer Drugs at Low Concentrations Upregulate
the Activity of Natural Killer Cell. Biomedical Science
Letters. 2023. 29: 178-183.

- 183 -





