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[ Abstract] Background and purpose: Clear cell renal cell carcinoma (ccRCC) has become the most common subtype of renal

cell carcinoma. ccRCC is strongly related to metabolism. This study was designed to investigate the effects of silent information
regulator 4 (SIRT4) overexpression or glutamine deprivation on the proliferation and apoptosis of ccRCC. Methods: We constructed
Caki-2 cell lines stably expressing SIRT4 and SIRT4-H161Y by lentivirus infection. The glutamine deprivation model was
constructed by the glutamine-free medium. We detected the proliferation and growth capacity of Caki-2 cells using cell counting
kit-8 (CCK-8) assay and clone formation assay. DCFH-DA fluorescent probe was used to monitor intracellular reactive oxygen
species (ROS) to evaluate the effect of glutamine on ROS generation. Moreover, the effects of SIRT4 and glutamine deprivation on
apoptosis in Caki-2 cell line were analyzed by mitochondrial membrane potential detection, apoptosis detection, and Western blot.
Results: SIRT4 overexpression inhibited the proliferation of Caki-2 cells through its inhibition of glutamine metabolism. Meanwhile,
restricting glutamine metabolism was accompanied by a reduction of antioxidant NADPH and aggrandizement of intracellular
ROS to promote apoptosis. The effects of glutamine deprivation on inhibiting cell proliferation and promoting apoptosis were more
obvious than that of overexpression of SIRT4. However, no cell could grow under long-term lack of glutamine. Conclusion: SIRT4
overexpression and glutamine deprivation both could inhibit cell proliferation and promote apoptosis in ccRCC.
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0.25% i (1A [ S FEGibeo/A R ) A TAIMIEA.
FHIR BRI YL Caki-2 4224 b, FH1~2 pg/mLnz
WEE RIS AR R E 2RI R
1.2.3 e siibm

FEA LT 0001/ FL 1Y %5 BEFh T-96fLAR H,
TG I B[R] o5 B BB ) B R, IRAE LA
10 pL CCK-8f i (CKO04) , 37 °ClE2 h
J&, 1E450 nm KBRS (D) fH.

1.2.4 28RS A%,

P2 R 0004 /LFP TofLA A, H&H
10%FBSHIRPMI-16403; 77 535 9810~14 dJ5, 4%
Z R REREE 10 minf5 1% 045 2 ge a, AT
A e R TR



(P BB&AER L) 202045530555 610

437

12,5 oA

Caki-240 il FH0.25% il iH L 5, 400xg &S
0>5 min, FHBERREEZZ vk ( phosphate-buffered
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SIRT4-H161Y ( SIRT4TRESEASA ) #RKfE
i FIRHNEE (KA ) , CCK-8H#4h H 5%
B, GIn#IZF48 hiighs i R Ik Caki-2 40 g 1) 44
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Fig. 1 SIRT4 overexpression and glutamine deprivation inhibit cell proliferation
A: Protein expression of SIRT4; B: Effects of SIRT4-OE and glutamine deprivation on cell proliferation; C: Cell prohferatlon of pCDH-con, SIRT4-

OE and SIRT4-H161Y in different media; D: Effects of SIRT4-OE and glutamine deprivation on clone formation; : P<0.05, compared with each
other; : P<0.01, compared with each other : P<0.001, compared with each other; ns: P>0.05, compared with each other
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Fig.2 SIRT4-OE or glutamine deprivation reduces NADPH production and increases ROS levels

A: NADPH level in pCDH-con, SIRT4-OE and SIRT4-H161Y groups cultured with or without glutamine; B: ROS level in
pCDH-con, SIRT4-OE and SIRT4-H161Y groups cultured with or without glutamine. The quantification analysis was shown below;
" P<0.05, compared with each other; . P<0.001, compared with each other; ns: P>0.05, compared with each other



(P @&AER L) 20204E4305 45610 439
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Fig.3 SIRT4-OE or GIn deprivation promotes apoptosis

Determination of mitochondrial transmembrane potential (A) and apoptotic ratio (B) of pCDH-com, SIRT4-OE and SIRT4-H161Y groups cultured
with or without glutamine. The analysis was revealed as right; C: Expression levels of Bax, caspase- -3 and caspase-9; : P<0.05, compared with each
other; : P<0.01, compared with each other; : P<0.001, compared with each other; ns: P>0. 05, compared with each other



440 2 9%

Ny

TAES

BFUFRARERBIZRITX S EBIEEMR AT, BRI

3 it 1w

ccRCCEA W LA i ARl , 5740
Wi BB . BRI SRR & A A
o RIH R AR AR B AR A R TR TE R YT IR
W&, SIRT4HEE— = GInf il & 251
BT KW, SIRTAVE g — N 25
ORI K A R R . AE NI RE AN R
JRE R SIRTA R DL i 52 M GIn R} & # H:
R AT T, HRT G JGSIRT47EccRCC
HAER ISR . AR, Glng|ZFXfccRCC
Y g Caki-2 (3558 . JHT- s e A H I . AR,
2R BN R 2 AR AR AT, AR IR Y
peaE 4 DNA TP HIRNA VO A R, AR
JEANMEXT GIn T KME, A7AE A 2 e e
MG, AR T RIAHELISN, Gt L s
Y T AE R RS E 2 TR 2 —, XIER 4l
R RE 2 A ] D1, BRI YRG0 25 Gl X i
Je AN A R AR SR — AN B RIRT ik
SLREAS 1 N SIRT47E ccRCCJiigd 4H 4 v i) e 55 &
(WISIRTAFELIE I ) BRI i Jed 40 e Gln 1 Al
M, REHIMEARK . REETE-. BRit
ZAh, M GInfigHs > NADPHA: i 15 ROS i
TR, R AN I A X R AU ROS B
BER, 2 DR T 2 ) AN R 5 i DR 0 4
FEMPHT- A, 25 EFriA, SIRT4X}ccRCCIi
= NAEFGF, wORE A BH L Brb R 55 B G Ik
FERIRTT L 43T

O

(& % X #k]

[1] LAIY,ZHAO Z,ZENG T, et al. Crosstalk between VEGFR and
other receptor tyrosine kinases for TKI therapy of metastatic
renal cell carcinoma [ J | . Cancer Cell Int, 2018, 18: 31.

[2] HENSLEY C T, WASTI A T, DEBERARDINIS R J. Glutamine

and cancer: cell biology, physiology, and clinical opportunities
[J].] Clin Invest, 2013, 123 (9): 3678-3684.
[3] WETTERSTEN H I, ABOUD O A, LARA P N JR, et al.

Metabolic reprogramming in clear cell renal cell carcinoma

[J] . Nat Rev Nephrol, 2017, 13 (7): 410-419.

[

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

TRIVEDI R, DIHAZI G H, ELTOWEISSY M, et al. The
antioxidant protein PARK7 plays an important role in cell
resistance to cisplatin—induced apoptosis in case of clear cell
renal cell carcinoma [ J ] . Eur J Pharmacol, 2016, 784: 99—
110.
PARK E S, KANG J C, JANG Y C, et al. Cardioprotective
effects of thamnetin in H9¢2 cardiomyoblast cells under H202-
induced apoptosis [ J | . J Ethnopharmacol, 2014, 153 (3): 552—
560.
LOMBARD D B, ALT F W, CHENG H L, et al. Mammalian Sir2
homolog SIRT3 regulates global mitochondrial lysine acetylation
[J ] . Mol Cell Biol, 2007, 27 (24): 8807-8814.
HAIGIS M C, MOSTOSLAVSKY R, HAIGIS K M, et al. SIRT4
inhibits glutamate dehydrogenase and opposes the effects of
calorie restriction in pancreatic beta cells [T].cCell, 2006, 126
(5): 941-954.
ZHU Y, YAN Y, PRINCIPE D R, et al. SIRT3 and SIRT4
are mitochondrial tumor suppressor proteins that connect
mitochondrial metabolism and carcinogenesis [J]. Cancer
Metab, 2014, 2: 15.
CSIBI A, FENDT S M, LI C, et al. The mTORC1 pathway
stimulates glutamine metabolism and cell proliferation by
repressing SIRT4 [ J | . Cell, 2013, 153 (4): 840-854.
MIYO M, YAMAMOTO H, KONNO M, et al. Tumour—
suppressive function of SIRT4 in human colorectal cancer [Jl.
Br ] Cancer, 2015, 113 (3): 492-499.
JEONG S M, XTAO C, FINLEY L. W, et al. SIRT4 has tumor—
suppressive activity and regulates the cellular metabolic
response to DNA damage by inhibiting mitochondrial glutamine
metabolism [ J | . Cancer Cell, 2013, 23 (4): 450-463.
LI Z, LI H, ZHAO Z B, et al. SIRT4 silencing in tumor—
associated macrophages promotes HCC development via
PPARdelta signalling-mediated alternative activation of
macrophages [ J | .J Exp Clin Cancer Res, 2019, 38 (1): 469.
FU L, DONG Q, HE J, et al. SIRT4 inhibits malignancy
progression of NSCLCs, through mitochondrial dynamics
mediated by the ERK=Drpl pathway [ J | . Oncogene, 2017, 36
(19): 2724-2736.
ALTMAN B J, STINE Z E, DANG C V. From Krebs to clinic:
glutamine metabolism to cancer therapy [ J | . Nat Rev Cancer,
2016, 16 (10): 619-634.
TURGEON M O, PERRY N J S, POULOGIANNIS G. DNA
damage, repair, and cancer metabolism [ J ] . Front Oncol,
2018, 8: 15.
NEWSHOLME E A, CRABTREE B, ARDAWI M S. Glutamine
metabolism in lymphocytes: its biochemical, physiological and
clinical importance [ J | . Q J Exp Physiol, 1985, 70 (4): 473
489.

(U H . 2020-02-15 &[] H Y. 2020-04-30)



