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Abstract

Objective: This study aims to investigate the radiological damage effects of X-ray irradiation on human
melanoma A375 cells and explore the underlying molecular mechanisms. Methods: A375 cells were
irradiated with X-rays at doses of 0 Gy, 2 Gy, 4 Gy, 6 Gy, 8 Gy, and 10 Gy. After 48 hours, cell viability
was assessed using the CCK-8 assay, cell proliferation was measured by CFSE labeling, and apoptosis
was detected using Annexin V-FITC/PI double staining. The median lethal dose (LD50) was deter-
mined. Subsequently, A375 cells were treated with X-rays at the LD50 dose, and total RNA was ex-
tracted after 48 hours for transcriptome sequencing. Differential gene expression analysis, along with
GO and KEGG enrichment analyses, was performed to elucidate the molecular mechanisms. Key dif-
ferentially expressed genes were further validated by qRT-PCR. Results: Compared to the 0 Gy group,
the apoptosis rates at 48 hours post-irradiation with 2 Gy, 4 Gy, 6 Gy, 8 Gy, and 10 Gy were 27.02%,
41.42%, 58.25%, 71.73%, and 82.55%, respectively, while the proliferation rates were 31.57%,
25.67%, 21.37%, 11.13%, and 7.68%, respectively. Transcriptome analysis revealed 254 significantly
Differentially expressed genes (DEGs) in the X-ray irradiated groups, including 234 upregulated and
20 downregulated genes. GO and KEGG analyses indicated that the upregulated DEGs were signifi-
cantly enriched in apoptosis-related functions and pathways, such as inflammatory response, im-
mune response, and the NF-xB signaling pathway, while the downregulated DEGs were significantly
enriched in pathways related to cell cycle regulation and DNA damage repair. The qRT-PCR validation
results were consistent with the transcriptome data, further confirming the reliability of the identified
DEGs. Conclusion: X-ray irradiation exerts its regulatory effects on A375 cells by activating apoptotic
signaling pathways while concurrently inhibiting cell cycle progression and DNA repair mechanisms,
thereby providing a theoretical foundation for the application of X-ray-based radiotherapy in mela-
noma treatment.
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1. 51§

X SR WL B AR T[], HAREE S, TR, 2R TR RS WA R ik
SHRIT[2]0 15 X SE0T IR H H LA AE B3 AR N [3 ] R AR 2 58 TR S (1 E 22 p i 4, &
5y 5 B GBS MR S0, RIUNLBE AR VUE  IRZ I ZE5[4], A S 32 295 & DNA
0. AR R AREI . T R RE R N A5 ]

A375 RS PRI T NSOV B A E R A A B (6], PRIIL S B 6 3R I v P AH DG DA K AE
B A AT T (0 T2 N R T 4% 52 TR [ 7] AN R AN 2 P T R R AR DR I SE it 72, I TE 2
VI« 1897 RIS IF R SR AT AE VAT O R AE T B . BRI, A375 UMU7ERRE S B EE R
ZE 1 DNA $45 RLEHLH], ALHEXT DNA XUE W 22 () iy USRS S 68 7 4%, ax A8 FL O A 78 78U
AW ONE B AR B TBE G T ML R B AR [8] 9]0 BbAb, A375 4HMLLERE 57 S A4 it & SRRyt Ao
VAP AR I, DR T AUV TR R A

ARstiEt X SRS A375 4L, Z5-A 4N iE S TR Sk A T & qQRT-PCR 4&IESK
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B9, RGUFENT 1 S 4 MG G S U TR AL . BRI, X SR I 5 S 4 S A REL . 4D
1l DNA 1& S ML DA G T8 1A 5%(5 5@ (U1 NF-«B {5 530 8%), 5E R A375 QRSN Z . X
e 258 5L S e A TR 1 2 R AL 0 23 - WL B A T B AR, R o R TR S B 4 BR T 1 R R A
B i SR B T BB B A

2. RS RE
2.1. #8

DMEM. PBS. H#& & - iR RGR. AR (0.25%08EE, A7 EDTA) (3:E HyClone 2y
Hl)s BAAEMIECGE SRR A A BR A F]); Annexin V-FITC/PT ¥ T2 MR G (5 S35 £ R HE I
AR A F]); CFSE 40t sE 5 n BRI & CCK-8 iifl. qPCR SYBR Green Master Mix 57 (3% &
EMIRIE AR AR, T25 K572 96 FLIR(ZE[E Coring A F]); RevertAid First Strand cDNA Synthesis Kit
A, Heracell 150 i CO, 4 1E 157746 (32 E Thermo A #]); FACS Canto IT it U040 B A1 (35 [H Bec-
tonDickinson 2 ).

22. &

2.2.1. 4AREESE R SLIE 4R
A375 IR ARSI ZRAF, HE 10%EF BN 1%EER - BEERBA DMEM B3 34E
37°C. 5% CO, WRIRE I TR 3. 78 X STERIRSTAT 24 h #dk T T25 5550, HIRZEE N 1.5 x 10°

M. RS FIES N 6 4, SHBPFIES 5N 0Gy, 2Gy, 4Gy, 6Gy, 8Gy 10 Gy.
2.2.2. {pREEST

A58 FE R FRE BT — 12 g g rh oty XOBFERIE,  BEEFET 30 x 30 cm?, L 500 cGy/min 7] & 3R HE R ok £ A4 K3
f) A375 4 .

2.2.3. CCK-8 A ¥ M 4mpmsE s

¥ A375 ZHfI LA 8000 MHMY/FLEEFITE 96 FLARH, fiF DMEM Se48s 55597 24 h 5, #HT X 4k
BEEERRS, MRGE s EL, kS E. 48 h Ja, FEIRIGFREE, 1) 96 FLBRHINAE 10% CCK-8 k7
DMEM 1355, 1E CO, 574k & 2h, FIBGHMUAE 450 nm AMG DB AR, BRI % E 2 1L,
AHMOTE PR TS TE(%) = [ACESL) — AT EFL)VACHIEIL) — A L)) XL E 3 MEAL.

2.2.4. Annexin V-FITC/PI SUER3EH N 4BBE 1=

X SRR S 55 9F 48 hy JHALZHM, 300 x g B0 5 min, FF_LiE, UCEEANM, PBS TRk 2k, EE
M5 AR S x 10° R, 300 x g 5.0 Smin, 7+ 1i&, JIA 100 pL #FEM 1 x Annexin
V Binding Buffer F241; 4HHEMH A 2.5 uL Annexin V-FITC a1 2.5 uL {9 PT Jeifl; Bk
WHERA)E, HIEEHFE 15 mins A 400 uL #4781 x Annexin V Binding Buffer, VESIFEA, il
SR BRI, ARSI E A 3 IR

2.2.5. CFSE 40 5E )

HRGTRT 24 h, JHAb BOOWCEEANA, R 1 x g g ph i B B0 M, FRRBAn ik E s 5 x 10°
ANmL; I 1 mL CFSE TAEM(2%), BRIRE], ZIREHEHFE 10 min; JIA 10 mL 582400577 58,
HREIHCRIR ST, 1000 x g B0 S5min, FF_LiF; A 10 mL 5840 s, =IRBEEIE 10 min, 1000
x g B0 Smin, ¢ 10E, FEAeRREEE, Hitk.

X SRR E 5% 48 hy FIRBEOGAME T, JHAL4IHE, 500 x g B0 Smin, FF_LE, UHE4NHE, PBS
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Ve 1k, BEEMMRIHEG BAFEARIS < 109N E A4, 500 x g &0 Smin, F 3, MIA 500 uL
PBS H 241, RAIFEA, W BN BRI E S 3 IR,

22.6. HRERBERSITEERSH

£ R4.2.2 B AFd, FIF] DESeq2 FEFAL4E 4 RNA-seq LLXT 2 B3R 1) counts FIEFRE, 4> Hr4H ) %
SEN, B2 R % B {E A log2FoldChange Z4%HE KT 1, Pvalue /NT- 0.05. FIf ggplot2 14
HIpTA B EFREEM KK, T3 GO ¥k KEGG il i BiE it T 84, NGRS ESE
AT SO, FIA clusterProfiler B85 G 3 BRIV & 4R TS S F, X2 35 22 S B (R o SRR AT b R R 2 A
] GO . KEGG & & 73HT.

2.2.7. qRT-PCR # mRNA Fik7KF

¥ RNA 5% cDNA. 7670 RNA B P ECH| 40 Nk RIBA: Oligo (dT)is primer 1 uL, Random
Hexamer primer 1 pL, #&8 RNA 2 uL, JC RNA Ji§/K 8 uL, 5x Reaction Buffer 4 uL, RiboLock RNase
Inhibitor (20 U/uL) 1 pL, 10 mM dNTP Mix 2 uL, RevertAid M-MuLV RT (200 U/uL) 1 uL. _EHLEEE,
%A 42°C 60 min, 70°C 5 mins

1£ qPCR & FRECH U N [ NAR R IR A W: qPCR SYBR Green Master Mix (No Rox) 10 uL, | RiF5]
Y% 1uL, cDNA 4R 1 uL, ddH,O7puL, FHUATY HERM .. R 95C Smin, 1 MEH; 95C
10s, 60°C 30s, 40 MEH. FFHBE 3 MRS, HHELL GAPDH £ NS HEATIRAEN, R 2742C%
ST RIE AT, BIF SN 1.

Table 1. Primer sequences for qPCR
# 1. gPCR 349751

EIE/E S S1MFH1(5°—3%)
F: TCCAAAATCAAGTGGGGCGA

GAPDH R: AAATGAGCCCCAGCCTTCTC
IL1A F: GCGTTTGAGTCAGCAAAGAAGT
R: CATGGAGTGGGCCATAGCTT
CCL4 F: CCCAGCCAGCTGTGGTATTC
R: CTCATGGAGAAGCATCCGGG
CXCL10 F: CCACGTGTTGAGATCATTGCT
R: TGCATCGATTTTGCTCCCCT
CCLALI1 F: TCGAGCCCACATTCCATCAC
R: CGTGTCAGCAGCAAGTGGT
HMGRB2 F: CTCCAATACCCTCGGGTGGA
R: TCCGCGAAATTGACGGAAGA
RAC3 F: GGGAGATTGGTGGGCTCTG

R: GGACACCACACGTCTCAACA

2.3. GES

M. A} GraphPad Prism 9.5.1 EL /% FlowJo v10.8.1 34T S it M -4, HALim e/ bEE 3K,
YA EL AR FH B R 3R 2290 #r, SR ZH S50 BEZH 9 4 LU BCR A Dunnett-t 256, qRT-PCR 301ER A t 1
3, PLhp<0.05 AEFEEGIE X

3. BRE 7
3.1. X SIEFIRKBIIES A375 WA H REZHNGIMmpaEE
X SRR E A37S MRS WAEAET . BMBMEES Rl 1(A)FTR, £ 0 Gy A
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My, SRR, HPVES, RIS HG . BEERSTENEN, MRE&EEKEEL, 15 4
Gy K UA LS4, AR BT N R, TEASBRIE, R X 52t 4 i it $e e g D 1 58 . CCK-
8 ZHHYE A I &5 F ] 1(B), B X SFELAERIIGEIN, A375 MHMFIEEREE T, 2 Gy, 4 Gy, 6
Gy~ 8Gy 1 10 Gy H, fFiEFRIZHEAC, 10 Gy HIAMAAERIL T NS, R X FLExdifd K A
PRI HIEF o

(A) B

*x
*k

0Gy 2Gy 4Gy 6Gy 8Gy 10Gy

Figure 1. Investigation of the impact of varying X-ray irradiation doses on viability in A375 cells. (A) The morphological
changes of A375 cells after 48 hours of different X-ray doses were observed under the microscope;(B) The viability data of
A375 cells were detected by CCK-8 method. Statistical significance was determined with *p < 0.05 and **p < 0.01 when
compared to the 0 Gy control group, with a sample size of n=3

1. FEAE X SH571 A375 MEBEEROEM. (A) RMETWE A375 MIZERE X SHEFIR RS 48 NEEH
F7SEAL; (B) CCK-8 RN A375 4RAEIE DR, *p<0.05, **p<0.01 50 Gy ¢ALLE, n=3

CFSE $4Fa A 25 R 5 A0 A 45 R — B8] 2). WA X SFERIE RN, 40 5Eee 712 200
R B E RN, 0 Gy ANV ER, 10 2 Gy 4LIIBERE /1A TS, 4 Gy A0 st Re 7] R340
i, 6 Gy 8 Gy 1 10 Gy 4L A I 5 L5 axdiifl . Seit 4Rt — P RoR, FEERAERIEm, 1§
FEA L AR 2 ARG, £ 10 Gy 4, B L A% .

A) ®
0Gy 2Gy 4Gy

49.17 31.57 26.67 60—
n

.9 40+
2
= 6Gy 8Gy 10Gy o
=] =]
S o
O] 21.37 11.13 7.68 o

! = 20
L

*k
0-
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Figure 2. Investigation of the impact of varying X-ray irradiation doses on proliferation in A375 cells. (A) Flow cytometry
was used to analyze the cell proliferation of A375 cells after irradiation with different X-ray doses for 48 hours; (B) Cell
proliferation ability data.Statistical significance was determined with *p < 0.05 and **p < 0.01 when compared to the 0 Gy
control group, with a sample size of n =3

2. FEIFIE X ST A375 AAETERIFM. (A) RNAMBEARSH A375 WEEETRE X LTI R 48 N fE
RULMBEIESE ; (B) {APRISTEAE NEIRE, *p <0.05, **p<0.01 50Gy 4ALLE, n=3
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#2519 Annexin V-FITC/PL TR R (14 3), BEAE X SHLEAIRIGHIN, A375 AT % &
% FFt. 2Gy. 4Gy, 6 Gy. 8 Gy M1 10 Gy 41, U T- 2B BN, JUHAE 10 Gy 41, A3k
Bl EE. SRR, X SEFIESHMET R EIEME, S 0 hn & 52 5es 40 ik
TS5 o IR E A IR TR 2D IRE T X R A s B, R RAIRES T,
PR T2 U BT

A) ®)
Sy 100
~ 80+ o
s
o £
g g 60— *k
E 2
£ 106y g -
=] -
5 7 < 40
o = >k
)
O 204 |—|
26.70% 5.63%| 115.53% 0"* T T T
Annexin-V FITC——M8M 0Gy 2Gy 4Gy 6Gy 8Gy 10Gy

Figure 3. Investigation of the impact of varying X-ray irradiation doses on apoptosis in A375 cells. (A) Flow cytometry was
used to analyze the apoptosis of A375 cells after irradiation with different X-ray doses for 48 hours; (B) Apoptosis rate data.
Statistical significance was determined with *p <0.05 and **p < 0.01 when compared to the 0 Gy control group, with a sample
sizeof n=3

[E 3. REFIE X S5t A375 @RATHIRM. (A) RINAMEARDIHT A375 HIFERE X SLFIE RS 48 NBIfE
RIMAARETS; (B) (RBAT-REIE, *p<0.05, **p<0.01 50GyHHEE, n=3

R BRI, X B4R R R A37S ISR TEAS L SEAEANE T2, H A375 4 iR EEE R =2 N 4 Gy.
AR AN R PR, A A, TR KR LT BE X SRR RS, A
BT FE S TR, 10 Gy AJUF5e A TaEbsEItsl &k 7 RENMERET.

3.2. X k5l A375 AR ERELERETK
ST B I XSS A37S SRR RIE T4 TR, ABTFCEEL 4 Gy [ X SHER RS S 48

h 1) A375 URARI AR S 1) A375 GRRIEAT (OB S P o3 Ar . U BN, HE ST 4L 4n i L R 3R A 1S R A=
WEAL, 254 NERPRIEAAEREZD, Hh DIAZERERA 234 4, FEEREEREFA 20 NE 4).

X-Ray Radiation vs Negative
(differentially expressed genes)

regulated

é
sPC24

ACO11447.3, © Y
] Fee? FRO2 D24
O el e ﬁmmsn wrf1 Wl
Py SOARA ) GNAZ. - - ,-n?'lf (P8 I9IMAGECS &

AC011503.2 LC6AT3-AC011511 B-HIST1H2BF
3

0
log2FoldChange

Figure 4. Volcano plot of differentially expressed genes in X-ray irradiated group (4 Gy) and control group (0 Gy) cells. Red
markers denote genes that are significantly up-regulated, blue markers indicate genes that are significantly down-regulated,
and gray markers represent genes that do not exhibit significant alterations

[E 4. X ST BRGT4H(4 Gy) SXTHRLA(0 Gy) BTN ERERRENLE. 48R TEZFLEERE, EEARREE
TIRERE, KERRkRAREZRTER
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B i R, B B ZE R R ALHE AC022816.1 MAGEC3. PINCR.ACO011511.5 f1 HIST1H2B
&, CEWEFIERM, PINCR ZERF[FRE L4 DNA #iie Z A R3EM, PINCR et (et
A E I G1/S WIBHI RAEHE DNA FIBE[10]. BEah, ARBFRE R AR MIEERN ACO11511.5 F1
AC022816.1 7£ X B k1% S 40 s S R IE . XA IR R L AT R Th eV ERR(ACO11511.5 # T
IncRNA, AC022816.1 Thfef5 B =), (HHAERESRRG J5 M 535 BiRER 38 ol R A A 4m S BUsbs
YA T A

T ZE RN EEAR SCARA3. EXOC3L2. AC011447.3. AC011503.2 Al AC007240.1 %5, iXub3t
BRI ] 5 P 81 R 2 A A0 AR R 42 I D¢ . 140, SCARA3 AL H 1) 40 it 14 58 v % 4% 36 B4
[11]. XFRW X W imiiEd i T LREERFRIAE W 7 A375 MM FEMFE T BN, 870 E RO
RENTNREFER ACO11447.3. AC011503.2 F1 AC007240.1 7E X S35 S A 40 i b SRRk, SRR HAT
REAE A 2L S oo R4 i) R 7 B0 O SR TR R 5 A L SR R

gty FIR TN, ZERRIE LR RS A 2 A A S B M A R ) N, ERFRIA TR
DA ) Th REdR O S B0 0 RAUE N, E— P IR A0 T AR E ORI X SRS A375 4
AC011511.5. AC022816.1. AC011447.3. AC011503.2 Fl AC007240.1 FIFIEAML, X ELFEH AT BEAE FET
TR SHEURAR S B TR 5, — AN X SRIE S0 R R e 7 SR 4t TR TR L, R
TAEGELL p53/Bel-2 SN O IR S il S BRVBHE LSS, N S AR W 2 A R I8 T T B ST RE TR )

33. X HZRBE RENES DNA EEERSSIX A375 AAT SHEFEREE
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Figure 5. The Gene Ontology Biological Process (GOBP) and KEGG pathway enrichment analyses were conducted on the
differentially expressed genes. Panel (A) presents the GOBP analysis results for the up-regulated differentially expressed
genes, while Panel (B) displays the GOBP analysis outcomes for the down-regulated differentially expressed genes. Panel (C)
illustrates the KEGG pathway analysis of the up-regulated differentially expressed genes, and Panel (D) shows the KEGG
pathway analysis of the down-regulated differentially expressed genes

B 5. 2R EEK GO £¥FTIE(GOBP)M KEGG BEEENNER. (A) LREFREREN GOBP S4%R; (B)
TIRESEER GOBP AR ; (O) LAZEFEREM KEGG fER; (D) TEEFEER KEGG Hi%ER
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X FRN G, FzE RN B T RO RN S IR N AN NF-«B {5 5826 (14 5(A)FIE 5(0)).
YT 5T DNA JES 38 2% 10 235 B SRR, 58 51 510 DNA XUBE W24 A BERT 4 i P9 DNA BB ML (40 cGAS-
STING @) IRAI[12] [13], #BEMEEE 2 E MR T @k X—HLH T gedid %S 1 BT RAFN-DRE
TR 9 I 14 20 B IR -1 43 WA (W1 TNF-r), 3540 MR U245 5 I F il #s 54545 . 1ok, NF-«B 240 T &
BORAT A, HEoEmEE RAEEM: B R b TR R Rk, M Rl e A E T
fitk R R 1R

TRAEFERNEEEETHRS. JOh5 3 & DNA EHS5AYEE R s@yRE 5D)). H
o, BE - BRLEE G A R A A A DGR B A, SR X SR AT ReiE IS TR R B AN A e
TGt Aoy 85, S35 BE T 4 R AR G2/M 3o 3k R SRV 2 A B TE DNA 53457 5 RS PR, DAk
Gk R % 2 740 #h4h, DNA 185l (B FERIE )RR 12 S AZ T R V)R8 52) 1 235 10 i) $2
Ny XA ERIE R DNA $i4), il #sMe S, M EAATE M. RIS ] aedt—2
8 S B ) BELR 08, B AR A 2 A A R N PR TR T

gE b, X S X R AL A37S EMIRRAS . X SFERER ST — U7 T vT BRI I {1 Py DNA W7
2L, BN DNA BECE M A HEE0E e A S S I8 %, Al T AR SOREME T 59— 5T, X 4k
S O TR VR AR 0 B M D BOD IR (NG AR A . Gtk sy B9 A1 DNA (B I8, FHBgni /2, gl
ORI TE,  SXAATL AT R A 40 AL T ROECRAS, FUER DNA 457, et — gt 7 anim .

AL, AWFFiET GOBP 3 #fr i i3 & 5 1 JO0E )V (inflammatory response)i % 1 ) ¢ 4 2 K]
IL1IA. CCL4. CXCL10 il CCL3L1 FI4H 41k (cell chemotaxis)if i 1 X #8 JE [K] HMGB2 #1 RAC3 4T
gqRT-PCR HilF, 5% B/ ILIA. CCL4. CXCL10 Al CCL3L1 f) mRNA AHXtRIE S & T R4,
HMGB2 fil RAC3 [ mRNA AHX} 315 & SR T X BRAL(1E] 6), 525045 AN 7 245 A — 2.

2
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Figure 6. The relative expression levels of mRNA in cells of the X-ray irradiated group (4 Gy) and the control group (0 Gy)
were detected via qRT-PCR. GAPDH was employed as the internal reference. *p < 0.05 and **p < 0.01, as compared to the 0
Gy group; n=3
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**p < 0.01 50GyHEEE, n=3

DOI: 10.12677/bp.2025.152023 174 R


https://doi.org/10.12677/bp.2025.152023

ERF 5F

4. g

X SHRAE R S AR IS WO R a7 R B T2 N, (I IR R Y, R R R A A
AR B RAE N AR 2 TR I SRS, 5 2R atsiema i, Ry, X He
7551 DNA #5457 K A& 5 575 B2 S5 A0 B 15 3G G A0 ) v A HE DGR E [ 14], TR 285 F FAF AR TR
SV RO, ONIRRBOR B3 SO BUSRE iR 4t T LR R, HATE R FE
P X HZRXT A375 A AIE R AU K oy AL I A AIAE AR B3 R R . RS O IEIR R W X ST
P53 A375 Al 4= DNA 4545« 20 B Je BHBET SR e At M AR T2 (15, ARLAS () 551 52 S 0ok 48 o 2 28 (T 4%
B AT TR AR RN MRS B R G ER B . A, X SRERS S A37S diie b s S
(W NF-«B. JAK/STAT 45)5 DNA #iG & EHLEI 2 [ 22 AR LRI R 78 o iy, S H R SRS
5 3 1 S 5 SR B E SR AT 4% DNA 50518 52 R0 i dr it 4%, H AT S Z IR AT o 3% LEoK A
TRERRL A T R 1) 58 X S e S A A 2 N R A T B R, ) 9 9 AR SR 7 TS W B IR A5 4 14 2311
i1l S R B 1n) TEUR B 4 SRR SR At T B B ST ] .

AR, B X SFERFIERIEI, A375 4 TR B E A, JUHAE 4 Gy KB EFEH,
TR EL R IE IS N s 5 IR, 4 A 3858 Ak ) 2 IR EARCOUE T %, 10 Gy & LT 58 24 1 40 kg
B X —EE R, X SR i T 20 M R0 1) P B 0 R A AR M R, I R A 2
N TR TT B EHLH] . A375 4HHEH LD50 A 4 Gy, X — 7 A 5 S 70U U i 4 4t 7
2%,

IS T 8T, 4Gy X BHERIRE S, A375 gifh i RERIE R A T BEL . Lz
DRl = B AR T 90RE SRSE B S B R T AH D, 177 R 2 e ik R U6 v /E 4 L J S A DNA B ARG
FEPRl . ax e S IR ) R IR AR A B T A RN ) 7 T2l . GO I KEGG A bridt— Bl Bl T 22 7 Bk [
FIEYZEDNREAVE S ERH . RIAJEN B3 54T NF-«B 5 5. 4005 DNA BN IE B & 4K 5E %
IS G RN SEREAH DG %, BN AR @ R R TS RO VS BRI . B0, cGAS-STING 38 i i
TG T REEL ) DNA 835 1 B, filR T B3 R A SORE R PR MBI AN T, [, NF-«xB {5518
S PRTI0E TT R IE T ORI A 25-10 IR V) e RF JORE I S ISP T U 22 S R TR 2 AR T
BYIBREE . R VIRAE 5 S 40 M J B R 45 S5 g, B4R 18T M 55 DNA 125 68 77 R0 BH I 40 i 5 4
TR DR A AN R M e S S A A0 B MG B o 3K R 1 A 1 1 O [ PR R B e RO ) R EEARRAE, A
SO TP AL T DhREME I . qRT-PCR 455 E78, iAKW ILIA. CCL4. CXCLI10)A K% K (i
HMGB2. RAC3)FRIE/K T S5 AR — 8, #—PEst 7 il SE . X ez AL R R
RBUAMIER R T X RS T AL, N5 SR Dh R st 7 TS 5.

5. &g

LR, ABFUER T X S A375 AR T SRR JE R A S A S A
(7] I S A 5 5 4 R RE T MU S AN MAT i - LRI AT i B B RO, r s R R 4 0B
o O S R R 2 G R B o SR, IR IR A A P AT RE S BON R SRR,
ARG AL R AN R PEIG I PRI, ORI T ML4S & JLAth B A A R R B B BOR, itk — B 34T
BRIN X B IR A R B AN, R AN O A RE 61 7 R 3% 5 5 L LR ER O BE [ B 0 SR . Bl o
FLIA) NF-B {5 58 0 58 DNA (2R BT, mlRERGERFR N X LR AL Bl soh, 42 ARHR,
ORI R G PR M AS B B 97 T DA e PP A6k 8 0 PO 2 2 RO S B AR AR, TR VR 7 AU
DIERE I SE Z RIS T

DOI: 10.12677/bp.2025.152023 175 R


https://doi.org/10.12677/bp.2025.152023

S yiEE

E&WE

HEI K BB R 400 H (32171429); /4 B AR EE ST H (2024JK2117; 20221130672)

SE K

(1]

(2]

(10]

(1]

[12]

[13]

[14]

[15]

Damilakis, J., Adams, J.E., Guglielmi, G. and Link, T.M. (2010) Radiation Exposure in X-Ray-Based Imaging Tech-
niques Used in Osteoporosis. European Radiology, 20, 2707-2714. https://doi.org/10.1007/s00330-010-1845-0

Kyriakou, 1., Sakata, D., Tran, H.N., Perrot, Y., Shin, W., Lampe, N., et al. (2021) Review of the Geant4-DNA Simula-
tion Toolkit for Radiobiological Applications at the Cellular and DNA Level. Cancers, 14, Article 35.
https://doi.org/10.3390/cancers14010035

Galluzzi, L., Vitale, 1., Aaronson, S.A., Abrams, J.M., Adam, D., Agostinis, P., et al. (2018) Molecular Mechanisms of
Cell Death: Recommendations of the Nomenclature Committee on Cell Death 2018. Cell Death & Differentiation, 25,
486-541. https://doi.org/10.1038/s41418-017-0012-4

Bostock, S. and Bryan, J. (2016) Radiotherapy-Induced Skin Reactions: Assessment and Management. British Journal
of Nursing, 25, S18-S24. https://doi.org/10.12968/bjon.2016.25.4.s18

Zhao, H., Zhuang, Y., Li, R, Liu, Y., Mei, Z., He, Z., et al. (2018) Effects of Different Doses of X-Ray Irradiation on
Cell Apoptosis, Cell Cycle, DNA Damage Repair and Glycolysis in Hela Cells. Oncology Letters, 17, 42-54.
https://doi.org/10.3892/01.2018.9566

Brunsgaard, E.K., Wu, Y.P. and Grossman, D. (2023) Melanoma in Skin of Color: Part I. Epidemiology and Clinical
Presentation. Journal of the American Academy of Dermatology, 89, 445-456. https://doi.org/10.1016/j.jaad.2022.04.056

Cheng, S., Huang-Liu, R., Sheu, J., Chen, S., Sinchaikul, S. and Tsay, G.J. (2007) Toxicogenomics of A375 Human
Malignant Melanoma Cells. Pharmacogenomics, 8, 1017-1036. https://doi.org/10.2217/14622416.8.8.1017

ARM, RER, 152, %5 KRR ORRIMBIGT Ittt R). 4 E &, 2024, 33(12): 1033-1041.

X—if, PR, RRE, & BHEREFIEAEYT LI AL HE g R[], BEERCR SR, 2025, 46(2):
158-163.

Chaudhary, R., Gryder, B., Woods, W.S., Subramanian, M., Jones, M.F., Li, X.L., et al. (2017) Prosurvival Long
Noncoding RNA PINCR Regulates a Subset of P53 Targets in Human Colorectal Cancer Cells by Binding to Matrin 3.
eLife, 6, €23244. https://doi.org/10.7554/elife.23244

Kim, J., You, H.J. and Youn, C. (2022) SCARAS3 Inhibits Cell Proliferation and EMT through AKT Signaling Pathway
in Lung Cancer. BMC Cancer, 22, Article No. 552. https://doi.org/10.1186/s12885-022-09631-z

Adjemian, S., Oltean, T., Martens, S., Wiernicki, B., Goossens, V., Vanden Berghe, T., et al. (2020) Ionizing Radiation
Results in a Mixture of Cellular Outcomes Including Mitotic Catastrophe, Senescence, Methuosis, and Iron-Dependent
Cell Death. Cell Death & Disease, 11, Article No. 1003. https://doi.org/10.1038/s41419-020-03209-y

Huang, R. and Zhou, P. (2020) DNA Damage Response Signaling Pathways and Targets for Radiotherapy Sensitization
in Cancer. Signal Transduction and Targeted Therapy, S, Article No. 60. https://doi.org/10.1038/s41392-020-0150-x

Meimeti, E., Kafanas, A., Pavlou, P., Evangelatou, A., Tsouparelou, P., Kanellopoulos, S., et al. (2018) Topical Treat-
ment of Skin Injury Inflicted in Mice by X-Ray Irradiation. Skin Pharmacology and Physiology, 31, 175-183.
https://doi.org/10.1159/000487404

Udroiu, I. and Sgura, A. (2023) X-Ray and DNA Damage: Limitations of the Dose as a Parameter for in Vitro Studies.
International Journal of Molecular Sciences, 24, Article 16643. https://doi.org/10.3390/ijms242316643

DOI: 10.12677/bp.2025.152023 176 R


https://doi.org/10.12677/bp.2025.152023
https://doi.org/10.1007/s00330-010-1845-0
https://doi.org/10.3390/cancers14010035
https://doi.org/10.1038/s41418-017-0012-4
https://doi.org/10.12968/bjon.2016.25.4.s18
https://doi.org/10.3892/ol.2018.9566
https://doi.org/10.1016/j.jaad.2022.04.056
https://doi.org/10.2217/14622416.8.8.1017
https://doi.org/10.7554/elife.23244
https://doi.org/10.1186/s12885-022-09631-z
https://doi.org/10.1038/s41419-020-03209-y
https://doi.org/10.1038/s41392-020-0150-x
https://doi.org/10.1159/000487404
https://doi.org/10.3390/ijms242316643

	X射线对A375细胞凋亡和增殖影响研究
	摘  要
	关键词
	Investigation of the Impact of X-Ray on Apoptosis and Proliferation in A375 Cells
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 材料
	2.2. 方法
	2.2.1. 细胞培养及实验分组
	2.2.2. 细胞照射
	2.2.3. CCK-8法检测细胞活性
	2.2.4. Annexin V-FITC/PI双标法检测细胞凋亡
	2.2.5. CFSE细胞增殖检测
	2.2.6. 细胞差异基因分析与富集分析
	2.2.7. qRT-PCR检测mRNA表达水平

	2.3. 统计学分析

	3. 结果与分析 
	3.1. X射线剂量依赖性诱导A375细胞凋亡并显著抑制细胞增殖
	3.2. X射线引起A375细胞基因表达发生显著变化
	3.3. X射线通过免疫应答与DNA修复障碍实现对A375细胞凋亡与增殖的调控

	4. 讨论
	5. 结论
	基金项目
	参考文献

