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Abstract

Objective: This study investigates the effects of APLNR gene knockdown in lung adenocarcinoma
cells on NK cell-mediated cytotoxicity and its molecular mechanisms, while evaluating the clinical
relevance of APLNR in tumor progression and immune microenvironment remodeling. Through in
vitro co-culture experiments, we elucidate the effects of APLNR depletion on NK cell-regulated bio-
logical processes in cancer cells and identify the associated signaling pathways. These findings pro-
vide crucial experimental support for developing novel combination therapies targeting APLNR and
immunotherapy, ultimately contributing to the advancement of personalized treatment strategies
for lung adenocarcinoma. Methods: Lentivirus transfection was used to knock down the expression
of the APLNR gene in human lung adenocarcinoma A549 cells and NCI-H1299 cells. Meanwhile, the
transfected NC group was also set as a control group. Stable APLNR-knockdown cell lines were ob-
tained by selection with puromycin-containing culture medium. The protein expression level of
APLNR was detected by Western Blot to ensure the knockdown effect. The cytotoxicity of NK-92MI
cells against A549 and NCI-H1299 cells was assessed by co-culturing NK-92MI cells with A549 and
NCI-H1299 cells at different effector-to-target ratios using the CCK-8 method. The impact of APLNR
knockdown on the invasive and migratory abilities of NK-92MI cells against A549 and NCI-H1299
cells was evaluated by Transwell invasion assays. KEGG differential gene enrichment analysis re-
vealed that APLNR knockdown was associated with the p53 signaling pathway. Western Blot was
further employed to detect the effects of APLNR knockdown on the expression levels of proteins
related to the p53 signaling pathway Results: The results of the CCK-8 assay showed that after co-
culturing NK-92MI cells with A549 and H1299 cells for 4 hours at different effector-to-target (E:T)
ratios, the cytotoxicity of NK-92MI cells significantly increased with the increase of the E:T ratio.
Moreover, statistically significant differences were observed when the E:T ratios were 5:1 and 10:1
(P <0.05). The Transwell invasion assay results indicated that after 24 hours of co-culture, the num-
ber of A549 and H1299 cells that migrated through the chamber in the knockdown group was sig-
nificantly reduced (P < 0.01), suggesting that the invasive and migratory abilities of lung adenocar-
cinoma cells were markedly decreased after APLNR gene knockdown. KEGG differential gene en-
richment analysis revealed that the APLNR gene was significantly enriched in the p53 signaling
pathway (P < 0.001). Western Blot analysis further demonstrated that after APLNR gene knock-
down, the expression levels of p53 and Bax proteins were significantly increased (P < 0.001), while
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the expression level of Bcl-2 protein was decreased (P < 0.001). Conclusion: This study demon-
strates that knocking down the APLNR gene in lung adenocarcinoma cells significantly enhances the
cytotoxic effect of NK-92MI cells against A549 and H1299 cells, and markedly reduces the invasive
capacity of lung adenocarcinoma cells. Additionally, it significantly enhances the inhibitory effect of
NK cells on the invasion and migration of A549 and H1299 cells. This effect is achieved by enhancing
NK cell-mediated cytotoxicity through the p53 signaling pathway. APLNR may serve as a novel tar-
get for combined immunotherapy in lung adenocarcinoma, and targeting APLNR in combination
with NK cell adoptive immunotherapy could potentially be a promising strategy to improve the
prognosis of patients with lung adenocarcinoma.
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BT EIRE R, AWFFB RN APLNR 75 e i Se s A3/ R FE0r NK 4 s i 520 o
PRI 35 PR R TR TR R 4 e TR Sy, FRAT TR B APLNR W] BEIE I #01) p53 {5 S M B 52 NK 20 i 52 0%
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HEIE B T RIEFRCHEMHARAR LA, 180N H T IUEAEMRHEAA R AR . A A549. H1299
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2.2. 1BFREFEIK APLNR EH
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Hi 5 NEAFL. MG FRFE T TR 24 /AN, %8 1:1/3:1/5:1/10:1 (R EL S NK92-MI 4Hi iR
BG4S E T 37°C, 5% CO, B 7R h L5 3% 4 /i) FERRIAREFREE, ML 20 ul CCK8 & . KT
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MAEEE N 1 x 1084 ml, FEFL 2 ml 2/ T 6 fLikb B3Rt . 2020 A AR PR 73] 1.3 W4,
1E 4°C 44 FHEEUER [, 25,000 r/min 250 5 min, BCA JEilIE & IR PV & F 48 . FCH) 10%1
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Figure 1. (A) Image of APLNR and internal reference GAPDH development; (B) Effect of knocking down APLNR protein
expression (P < 0.001)
1. (A) APLNR B:A% GAPDH EFEf%; (B) Mk APLNR ZRFRIERIFMI(P < 0.001)
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SRR, 53 EXIRA(Sh-NC)AHEL, Ffik APLNR JE[, NK-92MI 41 ity 5 i i 5 A549 4 il Fl H1299
YHMOILER IR 4 /IS, NK g0t 3 B4 t, HAE 5:10 10:1 RGELRT, NK 40505 /it B A
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Figure 2. Changes in NK cell cytotoxicity against H1299 cells (Note: *P < 0.05, ™P < 0.01)
& 2. NK ZHAExT H1299 ZRAE R4 (F: "P <0.05, "P<0.01)
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Figure 3. Changes in NK cell cytotoxicity against A549 cells (Note: “P < 0.05, ™P < 0.01)
& 3. NK ZRAaxT A549 R EH(GE: "P <0.05, "P<0.01)

A _". ‘.r\‘~. ®. TR P ~ .:¢( Y'I"‘c;; . .:; I:"

DOI: 10.12677/acm.2025.1551679 2792 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1551679

IRIERE %

Figure 4. Transwell images of lung adenocarcinoma cells in each group ((A) H1299 cell sh-NC group; (B) Group sh of H1299
cells; (C) SH-NC + NK92MI group of H1299 cells; (D) sh + NK92MI group of H1299 cells)

4. Transwell %A AR RO ERAEE((A) H1299 4B sh-NC 2H; (B) H1299 #HAf sh ¢H; (C) H1299 #HAf sh-NC +
NK92MI £H; (D) H1299 #fffl sh + NK92MI 4H)
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Figure 5. Effect of NK cells on the invasion ability of H1299 cells (Note: "P < 0.05, *P < 0.01)
& 5. NK ¢Rpfixt H1299 4RARIRZEREI52MMGE: P < 0.05, "P<0.01)
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Figure 6. Transwell images of lung adenocarcinoma cells in each group ((A) A549 cell sh-NC group; (B) Group sh of A549
cells; (C) SH-NC + NK92MI group of A549 cells; (D) sh + NK92MI group of A549 cells)
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Figure 7. Effect of NK cells on the invasion ability of A549 cells (Note: “P < 0.05, ™P < 0.01)
7. NK ZHAEXT A549 HAIRZERENFLM(GE: "P <0.05, "P<0.01)
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3.4. KEGG £REHAEENT
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Figure 8. Enrichment analysis of KEGG differential genes
[ 8. KEGG =R EREE S
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XK B APLNR &K 5200 p53 {5 5l I AH ¢ R H RIE (LA 9).
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Figure 9. (A) Imaging images of p53 pathologically related proteins and internal reference GAPDH; (B) Expression of bax
protein in lung adenocarcinoma cells of each group; (C) Expression of bcl-2 protein in lung adenocarcinoma cells of each
group; (D) Expression of p53 protein in lung adenocarcinoma cells of each group (Note: ™*P < 0.001)

9. (A) p53 iBEEIEXEA KNS GAPDH B¥ER; (B) SAMBREMA bax BAFKIL; (C) SAFBREE AR bel-
2 BEARIL; (D) &AFHIRFEMME p53 EEFIACE: P <0.001)

IEFR R, G EEMEEZ4A APLNR (Apelin Receptor)7E £ Fhsifdi vh S ik, IHmidios
PISK/AKT {5 5@ B (e SR . R M e ki [8]. 7EMIRES, APLNR HIFRIAS EEA RTG53
KA, R R A BE(TME) O EAR ML M R BR[O (75 A2, APLNR AR I k33
p53 (M Th AL AT e 4H a2 5 Rt R, X 9 HE TR APLNR FIERGAYT SRS SRAL 7 B K45 [13].

H AR (NK) A E N e R s RGO sS4, 38 I R0 2F FL 3 AR i B A0 T 52 S %
BHEAG R AN, ) Re 2 MR R RO R e I R B A R AE[6] . SR, IR O s
NK 21 i D e i DR e e S 50 24 . 1 BARE FC 3R B, ) J g 40 i ] 5 5 5 26 (1 p53. NF-xB)
] A R A, R NK PRI R G RCR[14]. Rk, $RF APLNR Xt p53 i@ & NK 4 i Th Ag i i
AR, T RE A M e S vE T B R T ) .
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A, CCK-8 SLiu4i R R, APLNR J:RRIUICEZE T 7 NK-92MI 21 it fififldie A549 2 i
A H1299 AR ZE (P < 0.05). 1X—45 5 Ui BRI APLINR J= [A mJ 38 sk 1 42 i eg 4 e 5 N 248 i 9] A+
FLAE S S R ThRE . REAEWFFURE, NK 20 AR A A6 T e 40 B 55 T S8 2) (. MICA/B.
ULBP) 5 NKG2D =4k f145&[15]. MiEiifit GPCR 155 74 (1 CXCR4 it ik)aliEid N i NKG2D
BeA A 3 G e [16] . AHTFFE R B, APLNR il ] fE i X —id 72, 18id Eil MICA/B KA PD-
L1 S5k & i sr 1, 3658 NK 40 5 R 0% [17]. X — KMy APLNR #E[a)7697 BEA NK 4 i
GRS IETR AL T B SR AR

Transwell 525645 5 5o, FRlIC APLINR A D] 10 g s i 4 T 7% 25 i 3 (25 k2, W) APLINR 2
DRI R AR A5 T NI 40 %o P & P R 4k A F o BEAE ESAE B APLINR 33 IR ] {52 308 e 4 it Fy 348 57
1228 S iEF4[18] [19]. APLNR A[ @ iRk PAK 1 Al cofilin DAXG it s A 78 o Ao 40 i 5 G 02
I 0 PR LA P SR R SO B 5 A % (A% O 3R T [20] . TASHE T, FRATTE R APLNR 32 [A] (14 fii i
iHE NK 4ifedtii 7%, APLNR R AT BE co3 i 40 i 7 W i a4k R 1~ (40 CXCL10. CXCL12)E, %%
i R 70 TGF-B+ 1L-10), M358 NK 4 A fh o 40 it 25 P4 ThiBE o 40 M 1) B2 i 40 i 1 4% APLNR
B T R 3 R 4 B AN B 2 T (B0 ICAM-1. VCAM-) I IE, (R NK 20 A 5 it 8g 2 it ) B 426 4%
fil[21], 3§58 NK 40/ SRR,  [HEEHIHIITRS . APLNR 7E g it et BA W EAEH . —J7 1,
FUE 5 n] a2 M A R A PR A SO R AR K [22] S — T T, AR 98 B L mT i i 4] S 2 4
P R R 42 1t AR I 7%

P53 15 5 I8 4% A 4T S 0k 35 LR B IO A O TS IR 2%, B S i S BB . DNA B R, JHT
B SRR R A RE E PE[23]. 1R “IERIZH T L7, p53 7E4) 50%IH N gt o kA AR s g R0
HIfIRSE BN LA VAT K TG [24]. p53 I #4550 i A AR AL 1) % 4% 22 B B R 2L
R, p53 s p21, it CDKA4/6-CyclinD E-&4, BHr GL/S A4, & DNA ZE G+Himf[F]. p53 ki
RIAT-E A (Baxs PUMA. NOXA), FIEHFEAT A (Bcl-2. Survivin), 7552k R4 I IZE 4 (MOMP)
J Caspase Z4Hk /R Bi[25]. TEMfiREEF, p53 RALZL] 40%~60%, FRAEM p53 (mut-p53) AL K% T
e, EVIRAME R (R B R . AT 24) [26].

i KEGG Z kR E T K, APLNR @fik)5 2 7 KI5 5L K (DEGS) it 3% & 48 T p53 15 5@ ik
(P<0.001), fuHE>4%EE 10 P53, Bax. Bcl-2. Western Blot S24& 33— 5 3841F T APLNR #ifk)5 P53 A
Fik B (R TIE A Bax BN, P TIE A Bel-2 B E /D (P <0.05). BB APLNR K SR AT AEE
RER$E P53 BB MR NK ARG, BEAWE U R, p53 s iR MR 41 i £ i NKG2D fic {4
(n MICA/B), 5 NK 40 iR 5] 5 50530 [27] [28]; b4h, P53 i AT LT NKG2D Fifk ULBP 1 Al
ULBP2 [f13RIA, 343 iR 4i o xt NK 4 A5 i 40 i 5 0 5 Inguek[29]. 74k, BFA p53 mliEid £ 1%
AR b JRg S s 6%, WT-p53 EL#%E4E 4 MICA/B Al ULBP1-2 S B 31, MR HEE S, it NK
4HH N CD8* T 4 (1R 51 5 4473 [30] [31]. AW A4S R EIR, @ik APLNR JE X J5, B4 ps3
FAREZEWI, Kedt— PR NK QR A 8 Mt B A . X s/ A il s 76 o7 S B 1 JE i o

AHFFER B APLNR JEid 4% p53-Bel-2/Bax 155 gkl I it Jg . HREAF AR, AT
APLNR G840 p53 TG PEAE i S itk . A SO “ APLNR HIHIFR] + NK g 4657757 1)

KA A, AT B —EERVRTT, 1% AN I8 R I R S A i S R SE P RS R,
Jif AN TR TT R A TR R

MSRAZII FOAS T AT — 2 1 SR BRI, AR 7t 45 R 3 R TR M B SR 56 (40 Transwell. CCK-8),
B2 APLNR @ fECAE il i /N BRASE Y rp A e RS AR 0 IE . B RS SB35, (B PR B 35 1) B2 = 1
(B2 R 4R B G2 4T IR 3 ) i RE RS MR N7 2% R B A T Ry i A A% /N R, 1A% APLNR 411
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HIFIE S NK A0 TR 288 o5 Eak— DT 5T APLNR s il FoftigAe iz m NK 4 shae. it
bk, APLNR F: R 9 BE ) v 7 il s () 22 ek, b fdt— 2Bt 9.

Ja B TAEREATEXS NK 4 HAb DhRe AT 7T, W e 4 A 7~ (IFN-y, TNF-a &) FTH 1 &E

JEE B NS BRI E T o X NIK 2RI D) BEEAT HE— 25 P4l AW APLINR 5 A6 NK 2 it ) BE A
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