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FR A% AL H SR TT 7™ 2 — B B ) SR Rl , 8 O TR R p o, A
Z R IR s 2R . ARFSE B AER T BT B SHMT 2« /£ NSCLC DDP ffif 25
FPE I BB . ATk A3 IERI AS49 T A549-DDP 41 it v i 21 it JBT A Zkoki 4k
EH, RHEHRENEE (Western blot) #:1ll SHMT2 78 _F IR 4H 43 H i) e ik K
o FE T F IR TR SHMT 20 AR BR SHMT2 (RS EFE Y AN, 3843 44
{7 £-8 (cell counting kit-8, CCK-8) Al (0.0, 0.5, 1.0, 2.5, 5.0,
10.0. 25.0. 50.0. 100.0 wmol/L) DDP fEJH 48 h 5 FIZRMIWE /7. i@ 1 Western
blot FIIEHEEAI 5 wmol/L DDP VR 48 h 5 fa & 55 YL 41 i DNA Fi4i 18 2 1Y
bRl W) y-H2AX (3 KO AEAE o SR T SEI 2l 1 G Bk S . (real-
time fluorescence quantitative polymerase chain reaction, RTFQ-PCR) il fifJgi 40
M PR B, SR IR A0 At R S B AG I T AN i e R RE ) . BdER
FH GraphPad Prism (v8.0) #AT4r#T, i S Mr ERE 3., &R 1 AS49
F1A549-DDP ZHffirfr, SHMT2 SiE [ 3RBK AL (P=0.129 6); {H5 A549 44
JUAH G, SHMT2 £ AS549-DDP 41 fifd i) 40 it 53 v 3235 K3 i/ (P=0.033 7). &
FE 3K M B ) SHMT 2o A 25 5 umol/L DDP il 48 h )5, 2EEcIk /% (half
maximal inhibitory concentration, ICs,) 1415 (AS549. P=0.007 7; HI299: P<
0.001), vy-H2AX £k /> (A549. P=0.013 6; H1299: P=0.024 2); i mtB&
SHMT2 J5 , 1CsB&A% (AS549: sg-SHMT2-1: P=0.010 1; sg-SHMT2-2: P=0.006
6; HI1299: sg-SHMT2-1: P=0.029 0; sg-SHMT2-2: P=0.013 7), y-H2AX ik
B (A549: sg-SHMT2-1: P<0.001; sg-SHMT2-2: P=0.015 5; HI299: sg-
SHMT2-1: P<0.001; sg-SHMT2-2: P=0.002 4) , [&] i} %& B 1t 3 ik ffg iz 4
SHMT 2o J5i M T PEFR G W W KB T e (AS549: SOX2. CDI33. BMII: P<
0.001; OCT4: P=0.006 8; Nanog: P=0.002 8; CD44: P=0.043 5; HI1299:
OCT4. Nanog. SOX2. CDI133., CD44: P<0.001; BMII: P=0.003 4), F4&5
T T AR R R (A549: P=0.012 8; HI1299: P<0.001); M/, Mk
SHMT 20 Ji b 968 T VEAR 35 W 3R 35 KT BEAR (A549: SOX2. CDI33: P<0.001;
OCT4: sg-SHMT2-1: P=0.018 4; sg-SHMT2-2: P=0.048 5; Nanog: sg-SHMT?2-
I: P=0.0029, sg-SHMT2-2: P=0.002 8; BMIIl: sg-SHMT2-1: P=0.0045; sg-
SHMT2-2: P=0.003 5; CD44: sg-SHMT2-1: P=0.003 8; sg-SHMT2-2: P=0.002
7; HI299: OCT4. Nanog. SOX2. CDI33. BMII: P<0.001; CD44: sg-
SHMT2-1: P=0.004 0; sg-SHMT2-2: P=0.004 3), fyd - 20 A ol 5k 2 4 4 il
(A549: P<0.001; H1299: P<0.001). #5if: SHMT2 £ NSCLC DDP fiit £ 4fl g
RIANAE T P R ek, LA F DNA B8 52 AR A0M TP s, SEimi AL
YA g5t DDP (U, AHFSE i NSCLC TR ZG 44t T eIt ril s,
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[ Abstract | Background and purpose: The incidence and mortality of lung cancer have remained persistently high. Non-small cell
lung cancer (NSCLC), the most common histological type, presents cisplatin (DDP) resistance as one of the most challenging
clinical hurdles. SHMT2, a key metabolic enzyme that catalyzes the conversion of serine to glycine with concomitant generation of
one-carbon units, is localized in both mitochondria and the cytoplasm and is highly expressed in various malignancies. This study
aimed to investigate the role and molecular mechanism of cytoplasmic SHMT2«a in DDP resistance of NSCLC. Methods:
Cytoplasmic and mitochondrial proteins were extracted from A549 and A549-DDP cells, and the expression levels of SHMT2 in the
respective subcellular fractions were detected by Western blot. Stable cell lines overexpressing cytoplasmic SHMT2a or knocking
out SHMT2 were established. Cell viability following treatment with gradient concentrations of DDP (0.0, 0.5, 1.0, 2.5, 5.0, 10.0,
25.0, 50.0, 100.0 pmol/L) for 48 h was assessed using the cell counting kit-8 (CCK-8) assay. Western blot and immunofluorescence
assays were employed to evaluate the alterations in the protein expression of y-H2AX, a pivotal biomarker for DNA damage repair,
in stably transfected cells after treatment with 5 wmol/L DDP for 48 h. The expression of cancer stem cell markers was examined by
real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR), and a tumor stem cell spheroid formation assay was
used to evaluate stemness maintenance capacity. Data were analyzed using GraphPad Prism (v8.0), and all experiments were
independently repeated three times. Results: The total SHMT?2 protein expression levels were similar between A549 and A549-DDP
cells (P=0.129 6); however, compared to A549 cells, SHMT2 expression was higher in the cytoplasm of DDP-resistant cells (P=
0.033 7). Overexpression of cytoplasmic SHMT2« led to an increased half-maximal inhibitory concentration (ICsy) (A549: P=0.007
7; H1299: P<0.001) and decreased y-H2AX expression (A549: P=0.013 6; H1299: P=0.024 2) following 5 wmol/L DDP for 48 h,
whereas SHMT2 knockout resulted in a decreased ICs, (A549: sg-SHMT2-1: P=0.010 1; sg-SHMT2-2: P=0.006 6; H1299: sg-
SHMT?2-1: P=0.029 0; sg-SHMT2-2: P=0.013 7) and increased y-H2AX expression (A549: sg-SHMT2-1: P<0.001; sg-SHMT2-2: P=
0.015 5; H1299: sg-SHMT2-1: P<0.001; sg-SHMT2-2: P=0.002 4). Furthermore, overexpression of the cytoplasmic SHMT2«a
promoted the expression of cancer stem cell markers (A549: SOX2, CD133, BMI1: P<0.001; OCT4: P=0.006 8; Nanog: P=0.002 8;
CD44: P=0.043 5; H1299: OCT4, Nanog, SOX2, CDI133, CD44: P<0.001; BMII: P=0.003 4) and enhanced the tumorsphere
formation efficiency of NSCLC cancer stem cells (A549: P=0.012 8; H1299: P<0.001). Conversely, SHMT2 knockout reduced the
levels of cancer stem cell markers (A549: SOX2, CD133: P<0.001; OCT4: sg-SHMT2-1: P=0.018 4; sg-SHMT2-2: P=0.048 5;
Nanog: sg-SHMT2-1: P=0.002 9; sg-SHMT2-2: P=0.002 8; BMII: sg-SHMT2-1: P=0.004 5; sg-SHMT2-2: P=0.003 5; CD44: sg-
SHMT?2-1: P=0.003 8; sg-SHMT2-2: P=0.002 7; H1299: OCT4, Nanog, SOX2, CD133, BMI1: P<0.001; CD44: sg-SHMT2-1: P=
0.004 0; sg-SHMT2-2: P=0.004 3) and suppressed sphere formation efficiency (A549: P<0.001; H1299: P<0.001). Conclusion:
SHMT?2 is highly expressed in the cytoplasm of DDP-resistant non-small cell lung cancer cells. It reduces cellular sensitivity to DDP
by promoting DNA damage repair and sustaining tumor cell stemness, thereby providing a potential therapeutic target for reversing
DDP resistance in non-small cell lung cancer.
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T G AAE TG e P, B Y R,
2257 [R5 DDP 2y ¢, 78 B Eh il 2
FRACIE T 7 A () 2 25 1 H3 5 4 4 81 22 R 5k ik
(H3K4) =M EAk, RERSH MG (o5 0 B0% T,
MMV 20 DDP 755 (1 DNA $i 435, gkl S 2 B o
YAl %) DDP = A= it 251 . SHMT2 J& 22 % 2/ H 2
I 3 e ) Gl A b 22 R 1) H 2R 1Y
BeAb, Al e A7 AR A O R L AT B
g2 B WoR, M 2 RS o B R I
Az — Bk B Y DK B il Y SHMIT2 7 22 50 88 41
m s, FEARYT 2 i AR A EDK
E M X Z /K o (estrogen-related receptor o,
ERRa) 7] LI SHMT2 3 E s F X 454, feit
sk, M ZL R 4 SRS
NREST, FEEAMM R e e A 2y . AE R A
SR T, DLS-HIREENE  (5-fluorouracil ,
5-FU) Rl fbyr & — 2B g . A
g¢ 4RI, eIk SHMT2 i 5 P53 454,
/T P53 5 E3 1z 3 % HEHF HDM2 (W &2 & Y IE
B, M P53 & H I REfE, A A
FRUR S, E— 254 (5 40 i ™ AE 5-FU 4B )7 6L
A Y SHMT2 F 2 A R F7EIE R —FhoE
PR, FRO kAR SHMT2; 55—
T D 2R E A T AT, BRI
i A SHMT2a ™ o H R 3¢ T B A B i AU
SHMT2a 2 5 i Ak ¥ Tiif 25 3 #2 0 A 5 AT SR A
PR, HELARAEH K o 0L A it — 20 B
MR AL . RIESRT, S KB A
20 AR AR R 1) 40 ST A — o RE T 4H S (cancer
stem cell, CSC), HillH FKik—E B r:2R 1w
Fr ¥, 40 OCT4. Nanog., SOX2. CDI33,
BMII 1 CD44 % ' ARy 6 5L 8L 15 i T fi
TR AN, 5 CSC # #EBER I, #lok
Je IR 2 S A R RN R 1. CSCHEVRYT
JERES A, SFRIAST . R YT RREIR T
sk RN, A #Es Y & B, DDP it 2 )5
NSCLC 41 g 1 -+ P ¥# kAR 5 9 SOX2, OCT4,
Nanog W 33K TH iy, 1 56 40 B A 0 1] F-JE g BR
R, I E 4 CD44'CDI66 BEIR, X £ CSC 1E
DDP [ 244 NSCLC 4 s b ST RE o w5 4 . AR TR)I
R Vit 7 4 i A G 35 R i R £ 1) DN K A P 2
8 i £k 7 JE (DNA-dependent protein kinase
catalytic subunit, DNA-PKcs) i p65 & B R
LM S SR T kB (nuclear factor kappa
B, NF-«B) i, 1 NF-kB (1386 A AE oE
DNA 84, S n[HE58 CSCE A, {21 NSCLC

() DDP ifif 25 14 . 4 30 i 57 40 NU7441 2 7]
DNA-PKcs, A{LAEHESH DDP 5 5 1) DNA $i477,
WA CSC w4, W% DDPi2y . gl
W, CSC/ZI s it 25 P 2 iz —, 76
NSCLC DDP i g & #EZA/EH . Bk, WA
L N E IV NS 2 ki el R £
AHSCIERR Xk e R Jr e 240 it %) A it 25 1k LA o
RS A ETEREMFA SHMT20 2 5 HEIE
i 2 JE 5 DNA 5807 18 52 5 240 B 1 1 4 5 52 e
NSCLC 4 g %} DDP (¥ #gUkt: , 4 52 filk DDP ffif 24
PRI TEIRY TR A

1 AR E

1.1 4HRRER

A NSCLC 4 Jifi ¥k A549 (CL-0016) . H1299
(CL-0165) . A549-DDP (CL-0519) K AJE'B 41
i HEK-293T (CL-0005) 0 [ @Ik 384k fi
FHEARAF, Ira di Mk B A5 19 6 1~
N 5E A AR o AS49 4 R 5 F A B 9 41
41, H1299 4i LA 5 T AN NSCLC L 4555 B 4t .
A549-DDP i 24 ¥k DL A549 N E A M, R
DDP e 346 5 388 18 R 805 S 5 R SR i v 5T
ZAMIMREAES 1 wg/mL DDP B35 I SLrh e e 1%
REGFR . i g dym i R ECE Z P51 (short
tandem repeat, STR) JE[H /IS, 250 54
LR A B S 25 B P 6 A DTG, I S 41 R R
A 5E HICAZ X5 Y%, AS49 4 il Jy KRAS 5875 4
(G12S), BRAF 1 EGFR Y} WA= #1; H1299 41
Mk BRAF BF A2 . NRAS ¥4 Y | A4 TP53
FEPR Al & 3B A3i2e s A549-DDP AR iAE K A549 Y
My 245307 %, H STR Bl3f% | FERI 587295 5t 5 A549
YA AR [ .

JIT A S 55 BT FH 4 33 R 52 O 5 A 5~20 1K,
A549-DDP 4 Jfd 75 52 55 W [ KF 22 L% 1 pg/mL
DDP {58 @ RE SR B YRR 25450, TESLR 2 /T
A% DDP RyG SR IR 2~3 8 (91 8) e
TraCms . A A 2 S AR R B 5 SEI iR
HE TS J1>95%; AHHEL T 70%~80% Rl B2 H.
AT XA KRR, TR 2505,

1.2 FERFILE

RPMI-1640 4fi il 1 % 3 (PM150110)
A549-DDP £ HE; 783 (CM-0519) 1y [ I
WP A RA R, MG (10099-141)
W H 2 E Gibco 2y il , DMEM/F12 5 3% it
(BL305A) . H&ER-HERHRFW (C0222). 4ifE
TG H -8 (cell counting kit-8, CCK-8) ikl
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(C0040) . ZHbifAsrEsid7) (C3601) . RIPA %4
7 (BL504A) . Mito-tracker (C1032) ., 4% £ %
ISR (P0099) . TritonX-100 (P0096) . jHtfL
# % (STO81) FIEENGFEZR (ST551) WA L
W H n RAEMEARIE A RAE, JBE A
(T1320) 1 AU Z K ERHCABRA A, TRIzol
& (TCHO21) . gl & (638316) ¥
W [ H 7K Takara /A #), PCREI¥ME A AT AW T
(i) B ARAR, &R 12 Lk
(11218) . FLE /NI (BS-15-GIM) ¥l H b
HEANMBEAR AR, A TR
(bicinchoninic acid, BCA) i&X#| & (FD2001) .
0¥ & - (bovine serum albumin, BSA)
(FD0030) 0 A Bi B = A= W RH A IR A W
Flag $T & (8146S, 1: 5 000) . y-H2AX #i f&
(97188, 1:1000). GAPDH¥ilk (97166S, 1:
1000) . I2EPTR—H0 (98164S, 1:5000), Il
FEHR P (911868, 1:5000) g [ 5 [
Cell Signaling Technology 7y &) ; SHMT2 $i 1&
(33443, 1:3000) ., TOM20 (11802-1-AP, 1:
5000) PrikIE AR JEAYRHHEAT IR A F],
P TP Alexa 647 (A0468, 1 :500) Iy H Liff
B RAEDHRARB A AR A, B-tubulin
(S0B0995, 1:5000) WAL B ks A= PrkkH
AT, DDP (HY-17394) Wy [ 5% [ MCE 2>
f], DAPI (564907, 1:1000) Wy H 3% [E BD
Bioscience 23 A , # ¢ 4 K A §  (epidermal
growth factor, EGF) (AF-100-15-500UG) ., J{4F
AN A [ ¥ (fibroblast growth factor, FGF)
(100-31-5UG) 4 H 3 [ PeproTech A F], B-27 4
HL P (17504044) W H 2 & Gibeo 24 A], 2x
SYBR Green RTFQ-PCR Master Mix i #| &
(B21202) Mg H 3 Selleck A7), + b FLmifig
-SRI EE R B LUK (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE)
HERE P A & (PGL12) . s fb= &t
(enhanced chemiluminescence, ECL) iR 7] &
(SQ202) ¥y H I ity e Wi A ) = 25 BHE A BR 2
A, UK ZIREMEERA . FE TR A0 R SR A
H 3£ [# Thermo Scientific 2 ), 23 A2 I 1 W
H 75 [ Leica 2y A, SER 28 56 2 1 A Tl Bk J L
(real-time fluorescence quantitative polymerase
chain reaction, RTFQ-PCR) 1 H 3 [F ABI A
A, W ROGR RS (5260) WA FIEKRE

Rk A BR A

1.3 ZLWHE
1.3.1 AR5kt BiAAL

ABFE A RSN T TN 25, SR AS49,
H1299 Ptk 4i i~ 47 30 3F , % 3 3% 38 X R
(PCDH) . & 31k (Flag-SHMT2a) . T 5 % 1R
(sg-NC) . Fil& (sg-SHMT2) 44H; CCK-8 LI
K 1 DDP e B B 1) 300 it -3 N 150 AR S g
M AYFERE IR, BREINEARES, L
503k AR PR AN e Y sk R e, TS ik
Ky A ML EE BRSNS, KRBT
S (B, A LR T A A fl, AR
2R R H AL - R A B A BEAL, IF
7t 96 LA 1 B AL 22 HESS 2H FLAV LA B i1 53500 5
[F]—F& R (1 £ AR AT FH [t . R4 T
Ab PSS [REAS L[] — R B VK S AR L [R)—Rok
ST UG s BhR AR B 5 2E 4G I 5% 4 AH TR 5
R RAE R A O TR | 1 45 5 G ] R
Fr— 8. et Se. & e ik
(Western blot) K & 7 12t I Jib 9o BRI & 3 1 2 44
ANHIGE S G DLW I8 B L T, Bt b o8
IAERE A=

38 A 21 i 53 2% 47 5 Rl Western blot,  FLEK
A549 5 A549-DDP il g SHMT2 f14) 3V 4l fitd 534
255 R REN 510 1 235l CRISPR/Cas9
BEREAR , 7E A549 F1H1299 4 fits b adt ka e bk
i 1:F CCK-8 5256 46 DDP SR 1k 5 43 5K
DNA fiifiit& & (Western blot M %52 56) Flfif
JE TR (T HEAR &Y RTFQ-PCR A il Bk 5K
¥5) WASZm, [0 M B R SHMT 2« % 4% DDP
Mt 25 S UELE (& 1),
1.3.2 DDP B4 Fotik A

PRSI A M, AR DDPRIR (4
99.30%) 600.1 pg, & T 1.5 mL JCH# Eppendorf
W, MA 1 mL K2 K, RiERS I
FEOr TR, EN45 2 mmol/L B DDP £:  (DDP #H
X5 F i oA 300.05) o B L 0.22 wm TFLUERR
I UEBRF G %, F-20 °CREGIEAT, I FRTfR
I R R B 22 HARTR
133 i

A549 ., HI1299 45T T35 1% 75 85 &= -5
FIRTAN 10% 545 1L A9 RPMI-1640 55 856
A549-DDP 41 ity 15 3% T A549-DDP & ] 1% 3% 3
(Ham's F-12K, % 1 pg/mL DDP. 10% Jifi 2 Il 7%
K 1% H 8RB R . A549-DDP 4iifffi &= H
1 pg/mL DDP #5573 U4 FF DDP i 2514 . 4ifu b7
F25 eo?4i R SR, 7R E R T A
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Fig. 1 Flowchart of the study

FOIRZS , 20 AR5 JC i 22000 2 Hoih 4 6 %4k

J, B IK 80%~90% B A HEATAEAL, AL AR EL ]

H1/3, B3 AR,

1.3.4 SHMT2a it %A A
ERxF A RS, iSRS, X

SHMT2a 5 F 4ifi% 7% (coding sequence, CDS)

AT PCRY IS . P14 Nhe [ 1 EcoR 1 [R

ik ARl O8N a7l B e Y A AT = AT -5 U2 2
pCDH-CMV-MCS-EF1-G418 38k rh &4 7= ¥k
A FT PR R 3Z A 2 )5 i 2k H Flag-SHM T2« H
HTRL, HA R O M G MER A R A IR A
R P S AR RS . SHM T2 3£ H CDS X9
WGP ER, FEA R E T 2,

®1 SHMT2aEE CDS ¥ 5| #1/F 5!
Tab.1 Primer sequences for CDS amplification of the SHMT2a gene

Primer

Sequence(5'-3")

Forward primer

Reverse primer

GTGAACCGTCAGATCCGCTAGCCACCATGATGGCCATTCGGGCTCAGCACAG
CCGTCATGGTCTTTGTAGTCACGCGTGAATTCATGCTCATCAAAACCAGGCATGG

*R2 Flag-SHMT2a BRI 5140
Tab.2 Flag-SHMT2o plasmid sequencing primers

Primer Sequence(5'-3")
CMV-F CGCAAATGGGCGGTAGGCGTG
PCDH-R CCTTCTCTAGGCACCCGTTCAAT

1.3.5 SHMT2 S ikt i

M NCBI £ 4l 2 ok 2 AR SHMT2 3[R 7
4| . ¥ [5 SHMT2 ) gRNA H1 CRISPR gRNA
Design Tool %71, gRNA JF5I W% 3, 51¥4R
K5, V. FE[E % LentiCRISPR v2 #{& (Addgene
#52961) , 75 G MERT AR W RHECA R 7 I
Y IR A

#=3 #B[E SHMT2HIgRNA 53l
Tab.3 gRNA sequences targeting SHMT2

Primer
SHMT2-gRNA-F1
SHMT2-gRNA-R1
SHMT2-gRNA-F2
SHMT2-gRNA-R2

Sequence(5'-3")
CACCGTCTCAGGATCACTGTCCGAC
AAACGTCGGACAGTGATCCTGAGAC

CACCGGACAGGCAGTGTCGTGGCC
AAACGGCCACGACACTGCCTGTCC

1.3.6 A& 45 ok A 52
MR EEERS EEEDR (L
g) AIRAF ], BE R0 SHMT 2o 14 3

K R R IR R, %5 Y HEK-293T 40 s (55 5 Ny
80%~90%) , 48 h St EE, HISRIERYY A549 FI
H1299 4. fdi 1 200 wg/mL 38 1% % 28 i e Ao
i 3k SHMT2o 1) A549 FTHI1299 40 (%5
20%~30%) 5 {1 2 pg/mL MR %5 22 Ui L A% A2 i
[ SHMT? ’~J A549 FITH1299 41 fifd, 154814 RTFQ-
PCR Fl1Western blot X1l FR FRISRANRICRIE THIE.
1.3.7 Western blot
A549 Fll H1299 F2 5 % YL 40 fE 48 5 pmol/L
DDP $i|3# 48 hJ& , i F RIPA 24 fift W 24 f 20 fifg
(% F h 80%~90%) , vK I 24 f# 30 min, 4 °C .,
12 000xg &5.0>30 min, W LW, 1 BCAIR
Fla G, FEES T 95 cCn#hAs v, B
EAEMEMS (2030 pg) LFE, 2812.5% + hidk
T 122 471 - SR VA1 s T e 6 e L Uk 43 25 05 (1301 'V,
80 min), JBF5¥E (320 mA, 90 min) ¥5F8 E M
PRAFAERME L. RS, FH 5% BSA R =52 H 3
A H B 2% ph 3R K -t Y8 20 (Tris-buffered saline
with Tween 20, TBST) &R = iREMA 2 h, FH]
SERUE, KIS AR —PTTF 4 CCREIRIS R . 5
2K, HTBSTZ ki3 Ik, &K S min,
St S AP REbRIC A BT EIRIEE 1 h.
PR TBST Z2 i e 3 Uk, BEK S min, i



(P DEEZ L) 202645365591

877

ECLIAAITEMAR RS F TG, BOLR I E
S HE Bl {#F Imaged 308 1 4505 HEA T K BE M
SrFTe BB AT B E DL E B8 A K
B/ 28 A KBEAE I RN o ARBESE b R
M LLGAPDH A NZ:, Lk LA TOM20 4 N
Z, MBI LA B-tubulin A NS, 4 SE G AH I AH
X} F ikt gt — A LA R 3480 1 A7 I —1k
AP, R SRR AT FEAE 3K
138 ZAEIKFEHRR

TG, M 80 pL oAk 43 ik 7] B B 4
Mo, vK EIRE 15 minJ5, KA MAE4 °C R LA
600xg 5.0 5 min, SRS LW/ 2N
WA, JELI11 000 xg #E1 758 — 25 B0 10 min,
O3 LIEWATTTE . R LIS, 7E4°CF L
12 000 xg #5.0> 10 min, B ISR ED R L BREORL A&
IR H . R RIDTTE B Rk, BERRLE
HERVEW (phosphate-buffered saline, PBS) ¥Ei
JEEE T RIPA SR, 1HEIERIAE
13.9 CCK-8 %I

X7 FRZH DL R ek 3l B SHMT2 1) A549
FIH1299 FoE L gu 4n e (%% 2 8 80%~90%) 28
JEREE B LA B S Bl T 96 FLAR HH , K 4 i B
9 PR AL R 3% 10N 4 i/mL, AFFL 100 uL, %
HIEE 3N E AL, Gk 24 h A RE S, T
firf B IR FEECHI ) . W B SRR B B 1 DDP (0.0,
05, 10, 25, 50, 100. 250, 50.0,
100.0 wmol/L) AbPEEALFEAN A, X HELH I A %5
UK 4ifbk . K348 hig, M aEfLAmA
10 pL CCK-8 KAl , MU AR SR A TH IR T
2 h 5, il A A S A T 45 L 7E 450 F
630 nm PR ANHIEIE (D) 1H. HFLEZLDE
4 450 nm 4t D {H 5 630 nm 4t D {H = 2% (D=
D50 nm-Desg nm), DA (I% [9%5”55%%@%%:[1%0 m
Ml I E AKX ME R (%) = [1-
(D sopa-D sy ) | (Dygwn-Dsspyn ) ] x100%, Ho
WS LR S AN B s 3R 6 AL, R H
A DDP 4B AL . DL DDP e B X 50k 18
A L AR A PN A AR 2 R - i 4, fiE
H GraphPad Prism (v8.0) (1) £ 4% [l = 45 Y
“log (inhibitor) vs normalized response-Variable
slope” (MUZ#logistic &) MG, THHEFHM
il ¥ J£  (half maximal inhibitory concentration,
ICs) o MKIEAHIFFT CCK-8 S AS549 i) DDP ICso K
4.871 pmol/L, J5%% DNA 5 {5 HH 6 528640 — & ]
FEIT 1Cso i 5 umol/L DDP AbFH 48 h; %Mk JiE S}
(] 225 SCHR - 22 52 36 B0 iE il R 15 5 y-H2AX

FORMAT A AIET 2
1.3.10 #ZJE %A

W0k B2 DL Bk 2638 B R BR SHMT2 (1) A549
FH1299 fa s 5L YL 4 it (%5 2 0 80%~90%) £
R HBHEALSS , HF T 35 mm R AR TR ML
Kig%, fiH S wmol/L DDP il 48 h, i % B i
48 h Ji 40 i Bl A 18 60%~70%, T PBS ¥k
Vo AHMEAE 4% HRE VA VR [ E 30 min, SRS TE
% W& T 0.1% Triton X-100 18 i% 10 min, Y&
J& . 1E5% BSAFENA 2 h, Sl AL 5% BSA Fi B
M y-H2AX —#H1, 4 °ClRFLHK. H2K, H
2 PBS VR 3K, Jf 5956 —#i Alexa Fluor
647 P ic B RPT P IR E 2 he 4HAEH
DAPI & 4% 30 min, I35 £ 1 iU R 4E BRI .
i FH Imaged B X 40 B AZ P y-H2AX 2% 0 i i
7000, *EEBCE 4R N HA220.3 wm,
NG TR FE =15 w6 TR FE 2 485 1Y B BUSOIRE 5 .
SRV S BEOR . R R 3R
1.3.11 RTFQ-PCR #& | #8 & # 4 2m oo F F M A%
F 4769 mRNA & ik K-F

fiiFH TRIzol AR, e RebRifE T ZHEHURNA,
fii FH M-MLV 3% %% 5% il 38 5o 36 7% 5% & B #b
DNA. f#i H§ SYBR Green PCR Master Mix 1F
RTFQ-PCR [ Wik %, Lk GAPDH HNZHRIA ,
SR 284 B R B AT R A . ACE
Ct (HRYHEIN) -Ct (GAPDH), AACH=ACH (£
) -ACt (XFHRZL) . H AL AR X 2R3k &
PL2MORIR, WAL —1eoh 1, MR E
3INEALL. 5lS%EFRA4,

&4 S51F5

Tab.4 Primer sequence

Primer Sequence(5'-3")
SHMT?2 Forward Primer: TAAGCTCAACCTGGCACTGAC
Reverse Primer: TGAGTAGCCTCGCTCTAGCA
OCT4 Forward Primer: GCTGGATGTCAGGGCTCTTT
Reverse Primer: AACCACACTCGGACCACATC
SOXx2 Forward Primer: GCCGAGTGGAAACTTTTGTGC
Reverse Primer: GGCAGCGTGTACTTATCCTTCT
Nanog Forward Primer: AATGGTGTGACGCAGGGATG
Reverse Primer: ACATTAAGGCCTTCCCCAGC
CD44 Forward Primer: CCTCACATCCAACACCTCCC
Reverse Primer: AGCAGTGGTGCCATTTCTGT
CDI133 Forward Primer: CATGCTCTCAGCTCTCCCG
Reverse Primer: ATAAACAGCAGCCCCAGGAC
BMI1 Forward Primer: GCGCCCTTTGTTGAGAGGAT

Reverse Primer: ACTGGAGTACTGGGGCTAGG
Forward Primer: AGGTCGGTGTGAACGGATTTG
Reverse Primer: GGGGTCGTTGATGGCAACA

GAPDH
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1.3.12 T ik 5

AR RAF A (3% 3 R 80%~90% )
THALALER, I PBSIHPE 2 i, & 2% B27.
20 ng/mL EGF #1120 ng/mL FGF {4 JC IliL 7 DMEM/
FI2 5L AN, JFx gt A7 4. L
1 000 /1> 4 /L 1Y 25 B2 HEE b TRa AR B 12 LA
FifE 2~3 dUSHMG TR, $55% 14 dJR 0 SRR kek
PPEFR N BRTHEARENTT : HAE=>50 wm,
TEAFN . AiAHES ) S I ERIE A5 R 11 g
BRiK, BECRITREAR . EkE (%) = (1L
TE BB BRAR B B AL D) x100%. BEIK
SR E 3N AL, ST EE 3K,
1.4 itz 4abiE

JHE %R Shapiro-Wilk K6 6444 1IE 24041
PLxts s, 22554 Levene K5 ;. HOR KR
2R AR bR UEZE . {d ] GraphPad Prism (v8.0)
il Imaged B HEA T MG RN B AL B4, 5 BEL
PGtz AT A E e il . P TA] AR
FH ek %6, BOXTtR FHECRT (G50 . 222 A] HLA
FKHBHRBEF Z0N, FE2ZE LK RH
Bonferroni £ % . CCK-8 “& DDP ¥ & £ & < /3 2H
BRI T, ELEEXT LA B S ICs ME 4L A Eb
o Gtm WA s ofE, A EmsF
B FrA & VR IR 3 R SRS 5, P<0.05 822
SAGIFE .

2 4 R

2.1 RaJRE SHMT2« 7£ DDP ifit 25 40 Al 22 R R 3%
LA

1% 5% A549 1 A549-DDP 4 Jifl #k 2 X %5k K
B, MIEASIES, AR B A S AR,
fifi JH v & B4 B2 DDP (0.0, 0.5, 1.0, 2.5. 5.0,
10.0. 25.0. 50.0. 100.0 wmol/L) ZbFH4HAI48 h,
i 1 CCK-8 ¥k A A [R] e & DDP Ab 25 14 4t it
WA, IFHRICs. 45BN, AS49 40 1Cs,
J9 (4.871£1.017) wmol/L, A549-DDP i Jifl (¥
ICs A (56.910£0.437) wmol/L, Tif 2545 %0 (i
24 4 JEL PR 19 1Cso/ 25 AR 48 AR 19 1Cs0) 24928 11.68
(P<0.001, K 2A), FHW A549-DDP 41 jifi X} DDP
B BB R 250, 25 4n ki sl

A3 B4 B A549 1 A549-DDP i 5 11, 4
Western blot £l & 3, 7E A549 Il A549-DDP 4l
Mirp, SHMT2 B&E H/KF L% 2% (P=
0.129 6, K2B). K5, 47 &5 A549 Fll A549-DDP
YA M A LR R SR R BT B 11, 548 Western
blot £ 1 %& L7E A549-DDP it , 40 g 5 rh i1

SHMT2 /K F & T A549 41 s (P=0.033 7, K
2C) o [w] B FH 6 20 B S R A e S 1 G £ 08 SR
4] Mito-tracker 3¢ {4 & 3 , A549-DDP 4 ity p
SHMT?2 5 Mito-tracker 2552 {37 55 F AS49 4iifify,
Pearson's 5 37 REUEF AS49 4iiffid (P=0.005 7,
Kl 2D) . A5 FE, M5 A SHMT2a 7E A549-
DDP 4 il & W # 3k 1, 7l g3 5 NSCLC X}
DDP i 2572 .
2.2 Ba/RE SHMT2q 1358 NSCLC 4 fa 3¢ DDP
HI 24514

R T i — 20 W ff B 5T A SHM T2« 5 NSCLC
Y DDP 250G R, HoE, ARG+,
AR A 35 3K L 5 AU SHMT 200 RN 52 SHMT2 1Y
AS549 FTH1299 (R E L Y AN ffitk . RTFQ-PCR 4
WK, Flag-SHMT2a 24 SHMT2 mRNA 7K A
H PCDH 2H38 i (P<0.001, [KI3A). Western blot
45 B R, Flag-SHMT2a 21 SHMT2 7K °F- 4 Lt
PCDH #H 5/l , sg-SHMT2 2H SHMT2 /K F-#H kb
sg-NC 41 F & (P<0.001, 3B, 3C). Hik,
i 2 CCK-8 S5 g A il A [ ¥ B DDP il o
el U2 L ) A0 LS AR A . A5 IR R, 7E AS49
i, PCDH 4145 0.0, 0.5. 1.0, 2.5, 5.0.
10.0, 25.0. 50.0. 100.0 wmol/L DDP #I|{ 48 h
Jo . ICsy N (4.049+0.105) pmol/L (95% CI:
3.952~4.159), Flag-SHMT2aZH ICs, T} & (8.433+
1.484) pwmol/L (95% CI: 6.776~9.738), Tif 251
#4208, 5PCOHAIMHLL, Flag-SHMT2a 20
4 s Xt DDP #il] i (19 ICso 3§ K (P=0.007 7, =
4.963) . 7E H1299 4il il th , PCDH 41 ICs, M
(6.045+0.108) pwmol/L (95% CI: 5.967~6.169) ,
Flag-SHMT2a 2 IC5 7+ 2 (12.77+0.546) pmol/L
(95% CI: 12.270~13.350), MHZ55%20 M 2.11,
5 PCDH ZH M 1., Flag-SHMT20 ZH 4l il X DDP
) 38 1Y ICs, 19 K (P<0.001, =20.90, K13D); fE
AS54941art, sg-NCZICs @4.987+0.383) pmol/L
(95% CI: 4.554~5.295), sg-SHMT2-1 4 ICs, [%
£ (3.396+0.466) umol/L (95% CI. 2971~
3.893), ICs 2R X4 A 0.68, XF DDP #ill#4
ICso ¥ /N (P=0.010 1, =4.533). sg-SHMT2-2 4]
ICso K (2.76140.622) pmol/L (95% CI: 2.361~
3.506), ICsZyF% 2 XF 211 0.55, X} DDP Hi3#4
ICs Ui/ (P=0.006 6, t=5.185) ., 7E H1299 4l Jify
1, sg-NC 41 ICso & (4.373+0.592) pmol/L
(95% CI: 3.735~4.900), sg-SHMT2-1 41 ICs, H
(3.587+0.192) wmol/L (95% CI: 3.101~4.052),
1Cso 24 [ 25 % BEZH 119 0.82, X5 DDP Hill 34 1Cs0 I /)N
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Fig.2 Cytoplasmic SHMT2a is up-regulated in the A549-DDP cell line

A: ICs, values determined by CCK-8 assay. B: Total SHMT2 protein levels detected by Western blot. C: SHMT2 levels in mitochondrial and
cytoplasmic fractions of A549 and A549-DDP cells were detected by Western blot. GAPDH and TOM20 served as markers for cytoplasmic and
mitochondrial fractions, respectively. D: The co-localization of Mito-tracker (red) and SHMT2 (green) in A549 and A549-DDP cells. Scale bar:
50 pm. Fluorescence intensity profiles along the white lines and Pearson's correlation coefficients are shown. WT: A549-WT; DDP: A549-DDP. Data
were expressed as X+s (n=3); NS: No significance; *: P<0.05; **: P<0.01. All experiments were completed without contamination or technical
failure. No data was omitted, and no outliers were excluded from the final analysis.

(P=0.029 0, #=3.336) . sg-SHMT2-2 4 ICs,
(2.740+0.347) wmol/L (95% CI: 2.468~3.110) ,
1Cso 29 [ 22 % BEZH 11 0.63, X DDP Jil 38 1Cso Uik /)N
(P=0.013 7, =4.202, KI3E). %, £k
JE 7 SHMT 200 ] 384 11 NSCLC 4 il %} DDP (1t 245
£, ARk DDP i 24 IV TE MR bR &4
2.3 BB SHMT2a 7] 3% #1 DDP Xt NSCLC 4
BE DNA #5i15

g fie A LI 750 SHMT 2 412 33 DDP i 24 ) 7
FHALE, {8 5 wmol/L DDP #E F & s % YL 4
JEPE 48 h 5, W gk & 38 i Western blot £ il
DNA 1516 B Fr ¥ y-H2AX [ ik K-, 4%
KWL, SAHN AN A GEEAA L, Flag-SHMT2a
20 K R BE YL 40 i by -H2AX 10 3 F K OF i >
(A549: P=0.013 6; H1299: P=0.0242), T sg-
SHMT2 4 S i JL 4t v y-H2 AX B /K38
(A549 FTH1299 4l fifirf, sg-SHMT2-1 5 sg-NC4H
FHE, P<0.001; AS549 4iffirf, sg-SHMT2-2 5
sg-NC #f [t , P=0.015 5; HI1299 41 it ', sg-
SHMT2-2 5 sg-NC # It , P=0.002 4, &l 4A.
4B). [FH}, HAEHICIE KM, Flag-SHMT2a
ZH AN IR h DNA #5055 5 (A549: 9.667+1.528;
H1299: 7.000+1.000) # PCDH # (A549:
68.67+9.609; HI1299: 71.67+7.506) I /> (P<
0.001), Ifii sg-SHMT2 £H £ i 12 H DNA #5453 44 5

(A549:  sg-SHMT2-1:  28.330+3.055;  sg-
SHMT2-2: 39.670+5.033; H1299: sg-SHMT2-1:
55.670+6.505; sg-SHMT2-2: 74.330+5.686) %5
sg-NC #1 (A549: sg-NC: 9.000+3.606; H1299:
20.670+6.807) &M (AS49 4 fi, sg-SHMT2-
1: P=0.002 1; sg-SHMT2-2: P<0.001; H1299
i, sg-SHMT2-1: P<0.001; sg-SHMT2-2:
P<0.001, E4C), FiRERHE/RMFAE SHMT2a
A DL i A2 i DDP 5 | 1Y) DNA #5018 52 R Al fiff
NSCLC 4fiffd 4= DDP i 24 .
2.4 FafREB SHMT 2o {2 3t P T 4B E B Rk
R T B E M SHMT 200 2 7523 18 1 5 i 4]
i TRk 520 DDP it 24, i i RTFQ-PCR £
M T Flag-SHMT2a VA K sg-SHMT2 ] A549.
H1299 Fa a2 % G 20 Jifd v P A4 ¢ 3K ] OCT4.,
Nanog. SOX2. CDI133. BMII Fll CD44 [/ %3k ,
K IR Flag-SHMT20 21 H 14 35 [ (1) 2 38 4 %) i
PCDH 41 F+ % (A549: SOX2, CDI33, BMII:
P<0.001; OCT4: P=0.006 8; Nanog: P=0.002
8; CD44: P=0.043 5; HI1299: OCT4. Nanog.
SOX2. CDI33, CD44: P<0.001; BMII:
P=0.003 4), fij sg-SHMT2 1 1 35 [H i) 6 38
X B sg-NC 410k /> (A549: SOX2. CDI33:
P<0.001; OCT4: sg-SHMT2-1: P=0.018 4; sg-

SHMT2-2: P=0.048 5; Nanog: sg-SHMT2-1:
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Fig.3 Cytoplasmic SHMT2a promotes DDP resistance in NSCLC cells

A, B: Validation of SHMT2a overexpression by RTFQ-PCR and Western blot, respectively. C: Validation of SHMT?2 knockout efficiency by Western
blot. D, E: Cell viability of Flag-SHMT2« and sg-SHMT? stable cells, respectively, following DDP treatment at graded concentrations, as determined
by the CCK-8 assay. Data were expressed as X +s (n=3). ***: P<0.001, compared with control. All experiments were completed without
contamination or technical failure. No data WERE omitted, and no outliers were excluded from the final analysis.

P=0.002 9; sg-SHMT2-2: P=0.002 8; BMII: sg-
SHMT2-1: P=0.004 5; sg-SHMT2-2: P=0.003 5;
CD44: sg-SHMT2-1: P=0.003 8; sg-SHMT2-2:
P=0.002 7; HI1299: OCT4. Nanog. SOX2.
CDI133. BMII: P<0.001; CD44: sg-SHMT2-1:
P=0.004 0; sg-SHMT2-2: P=0.004 3, &l 5A.
5B). biRZEAERW], Muii A SHMT2a ik AT LLiE
Tk 5 M) 248 2 4 R e B IR NSCLC 2 g % DDP
P RBURE:
2.5 BaRE SHMT20 18 3% By T 20 Al B Bk E
R FH I 1 20 L ek SI2 e, FEAR SN e
WOAEE, WM T A, PR
P IR L B A SHMT 200 S i 55 SHMT2 i 2 40 g

TV AR R Y R e . B IR AR e o 3% I8 M T A
SHMT2o F1 3 I SHMT2 1y A549 K H1299 41 Jifd
14d)E, BB TFWERR, SXBRAML
[A549. Ff%: (80.78+12.27) pm, HUK%E: 6.467+
1.436; H1299. Ef&: (87.22+20.41) um, MERER.
7.100+1.480], Flag-SHMT 20 ZHIE /86140 fihes T4
BRIK A2 &K [A549: (163.6+27.51) um;
H1299: (155.4+17.06) pm], JERZHR G EE S
(A549: A% BR K . 11.03£1.159, P=0.012 8;
HI1299: KEERZ. 13.13+1.305, P<0.001), HIL
HHRE SIS B SR s AHR, sg-SHMT2 4JE Biiy
BRAK A2 i 3 /N [AS549: sg-NC: (93.01+
7.21) pm; sg-SHMT2-1: (57.67+6.11) pm; sg-
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Fig. 4 Cytoplasmic SHMT2a impairs DDP-induced DNA damage in NSCLC cells

A,B: Western blot analysis of y-H2AX in Flag-SHMT2a and sg-SHMT?2 stable cells after DDP treatment (5 pmol/L, 48 h). C: Representative
immunofluorescence images of y-H2AX foci (red) with DAPI nuclear counterstaining (blue) and quantitative analysis. Scale bar: 50 wm. Data were

expressed as xts (n=3). *: P<0.05; **: P<0.01; ***: P<0.001.

SHMT2-2: (63.33+8.15) pm; HI299: sg NC: SHMT2 /2 22 2 R A i o 7 v (%) OC B g, 7
(89.070+10.02)  um;  sg-SHMT2-1:  (65.67+  fALLLEREEAL I H BRI R h &7 A — B if
6.03) pm; sg-SHMT2-2: (56.02+4.58) pm], B, iR 40 i A A7 SR A PR 3R AL YL A B

ER R R (A549: sg-NC: 5.167+0.874;

5% P R A e BARE LI, SHMT2 L pi57

sg-SHMT2-1: 1.400+0.794; sg-SHMT2-2: 2.133+ TG 2, HE a5 R E A LTS A
0.306, P<0.001; HI1299: sg-NC: 7.100+0.625; ¥, 7ENSCLC ', NRE2 %t SHMT2 [ 5 -1
sgSHMT2-1: 3.067+1.0413  se-SHMT2-2: yrpm e b kA FF IR 9772 . 55 NSCLC M
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L RLHE )], 25 DDPIfit#y,
39w
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Fig. 5 Cytoplasmic SHMT2a promotes the expression of stemness-related genes in tumors

A: RTFQ-PCR analysis of stemness markers in Flag-SHMT2a -overexpressing stable cells. B: RTFQ-PCR analysis of stemness markers in sg-
SHMT?2 stable cells. *: P<0.05, compared with corresponding control group (PCDH or sg-NC); **: P<0.01, compared with corresponding control
group (PCDH or sg-NC); ***: P<0.001, compared with the corresponding control group (PCDH or sg-NC).
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Fig. 6 Cytoplasmic SHMT2a promotes the sphere-forming capacity of cancer stem cells

A: Sphere formation assay was performed to evaluate the stem cell sphere-forming capacity in Flag-SHMT2a and sg-SHMT? stable cells. Scale bar:
100 wm. B: Statistical quantitative analysis of the stem cell spheroid formation ratio. Data were expressed as x+s (n=3). *: P<0.05, compared with
control group; **: P<0.01, compared with control group; ***: P<0.001, compared with control group.
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