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SCLC H# APEL 5 CD8'T 4l it 7K F- £ 1E 41 ¢ (7=0. 27, P<0. 05) . 4550 KW, HH3 T NC 41, 0E 4l
(OEAPE1,OELIG 1) 4 VA1) SUBHEREAIR (P<0. 05) o S s R MY I+ 13330 41 A= 1< 1 &
AT AR (P<0. 01) . &5 SCLC 4 BERE T APEL POLB LIG T m#ikHm B Tk
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related proteins in small cell lung cancer (SCLC) tissues, and analyze their relationship with the prognosis and
tumor immune microenvironment. Methods A retrospective cohort study was conducted on 74 patients with
limited-stage SCLC undergoing surgical treatment in our medical center from December 2018 to June 2023.
Immunohistochemical staining was performed to analyze the protein expression of BER pathway components,
apurinic/apyrimidinic endonuclease 1 (APE1), 8-oxoguanine DNA glycosylase 1 (OGG1), DNA polymerase B
(POLR), X-ray repair cross-complementing protein 1 (XRCC1), ATP-dependent DNA ligase I (LIG 1), and
immune cell infiltration markers of CD3* T cells, CD8* T cells, CD68* macrophages in SCLC tissues. Chi-
square test was applied to analyze the relationship of BER protein expression and clinicopathological features;
Kaplan-Meier survival curve was plotted to evaluate the impacts of BER protein expression and immune cells
on disease-free survival (DFS) and overall survival (OS), multivariate Cox regression analysis was utilized to
identify DFS prognostic factors, and Spearman correlation analysis was performed to analyze the correlation of
BER-immune cell infiltration. In in vitro experiments, transient transfection was applied in H196 cells to
overexpress APE1/POLB/LIG I , respectively. Thus, the cells were divided into negative control (NC, empty
vector) and overexpression (OE, target plasmids) groups. CCK-8 and TUNEL assays were employed to
determine the effects of OEAPEL, OEPOLB and OELIG I on cell sensitivity to cisplatin. In in vivo
experiments, nude mice bearing xenograft tumors were grouped into WT, E3330 (APEI inhibitor), cisplatin,
and cisplatin+tE3330 groups to determine the effects of the combination therapy on tumor growth.
Results There were no significant correlations of the expression levels of key BER pathway proteins with
clinicopathological characteristics, including gender, age, smoking history, tumor location, Ki67 index, or
TNM stage (all P>0.05). The patients with low expression of APE1, POLB, and LIG I had obviously higher
DFS rates than those with high expression (P<0. 05), and the patients with larger proportion of CD3" T cells
also had higher DFS rates than those with smaller proportion (P=0. 043). Multivariate Cox regression analysis
indicated that tumor TNM stage (HR=2. 465) and APE1 expression (HR=2. 730) were independent risk factors
for the prognosis of SCLC patients (P<0.05). Spearman correlation analysis demonstrated a positive
correlation between APE1 and CD8" T cell proportion in the SCLC patients (r=0.27, P<0.05). In vitro
experiments showed that the overexpression (OE) cells (OEAPE1 and OELIG [ ) exhibited reduced sensitivity
to cisplatin than the NC group (P<0.05). Animal experiments indicated that cisplatin+E3330 significant
inhibited xenograft tumor growth, indicating enhanced therapeutic efficacy (P<0.01). Conclusion High
expression of APEL, POLB, and LIG I in the BER pathway indicates poor prognosis and low DFS rate in
SCLC patients. High expression of APEL is positively correlated with CD8'T cells, and can be used as an
auxiliary marker for SCLC immunotherapy.

cell

microenvironment

[Key words | small lung cancer; base excision repair; prognosis; tumor immune

http ://aammt. tmmu. edu. cn

Supported by the General Program of National Science Foundation of China (82073170) and the Top Young Medical Talent Project of Chongqing
(YXQN202466). Corresponding author: WANG Dong, E-mail: dongwang64@hotmail. com

il 98 e A BR A T DL AR REAE , LR A AL T A 2
JEE LN T 9 (small cell lung cancer, SCLC)#%j
ok T A T 9 95 091 F) 149% , B 5 AR AR AE RAL N 7%
SCLC Ay 47 s AR Rl il JE A ANFRE |, 0 5
¥ 9T IR S Sk PR BE o R 56 [ [ 37 255 e
[%] 2% (National Comprehensive Cancer Network , NCCN)

R IR IR 3391 T A~ TTA(T1~T2NOMO) 14 SCLC
BH BRI T ARG IR ARG 2 By N

FFRFETA T 6 B 76T & B T SCLC /B H ik i fkyr
Jr g AR SCLC MHLTT Bw) Uh B v R AR 4 5 L H
KL BIERTE 1 N R &, It B K 58 5 A )
fRI7 IR AE , R AN E 5% i B34 4 77 W fe g
ﬁzﬁzﬁs]o

SCLC fy PRl A A bl 25 A i 3 DR 41 R A, 3 3
T DNAf i FE A A ROE R R . EX AP AR E
1) 5 (K 4 31855, SCLC 4 O AROfE T D) BB 1 DNA 451453



http://aammt. tmmu. edu. cn P 2275 R 2 mR 3R, 2025,47(9) 937

16 52 3 A5 0 240 ) 90 A A 0k B TR 20 ) e i AT 1B
/Em o BRIV B & & (base excision repair, BER) & —
ol I 1 32K 126 3 45T DNA B 42 07 57 3L
WA S A FENMES S 58, M 8- AL I e
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W @IS AN RS« dE e CT I B R EAS
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1.3.1 ZujEsss A SCLC 41 fig H196 . H446 ¥4 i
i 224 0 B 2 oD i R S = R, A
10% Ji& 4 1 175 749 RPMI-1640 5% 35 3% | % 3576 37 “CHI
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THAGAC R 1 40 B 5 3 0 A e 45 R LR & 5 32
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1.3.2 R d gk AR BALY A cEE
60 “CH H- 3 h 5 7 BIE T W2 v B s o 5 s 1) 1)
FAR IR ATCIK 1% 95% .05 . 75% £ 15 H i 7K 4%
3 min, 7K ¥ 3 min; AR 4 A [F B A& 7 X430 51% H
EDTA 2% #h i (pH=8. 0) 3 A7 45 2 £ 2% vh i (pH=6. 0)
I EPVEE PR, R H EE IR )G PBSYER 3 mins
T8 ok Sk i BEL DB 390 3 n AE 41 20 B R 10 min,
PBS ¥ A 3 min; i il —4T : APE1 (abcam , #abh189474,
1:1 000) , 0GG1 (proteintech, #15125-1-AP, 1: 300) ,
XRCC1 (abcam, #ab134056,1:300), PolB(proteintech s
#18003-1-AP,1:200), LIG I (proteintech, #18051-1-AP,
1:200) , CD3(abcam, #abh16669,1:150),CD8(abcam,
#ab237710, 1: 1 000) , CD68 (abcam , #ah213363,
1:5000) ;8884 CRl ;55 2 R IR TR 1 h, PBS
VR 3, BR S ming % NG 2040 % T =40 ,37 “CIRE
H 30 min, PBSYEH 3 YK, BFK 5 min; it B 3,3'- 2 Jk
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AL E TR YL i Ol T I 2 ke 0 U A
TR AT YL A A% 2~3 min, ERFRTERE /31K 2~3 s, 1R
PRTR AR W 2~3 s, BB JE CBEMAK, T )5 S5 8% F 3 A,
BUBRES i A N WS A T IEME R 2 .
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H TBSTYEH 3 7R, 4K 5 minJ& , “HZ I E 10 min,
Ykt Z A hRid (Opal520 FRic APE1, Opal690 Fric CD8.
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B % e 5 R 48 SCLC 4l ig & H196 1 43 Jill i 3% ik
APE1 . POLBFMILIG | M. SCE /L an | « FIPEXT A
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1.3.6 CCK-8%L4n 43K NC 41O 41 H196 4
MLREFE 24 h, 2080 B0 B Tk ol A PR B, K
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WAL 6 152 Lo H AT 200 L WG B = Ak 2215 47 48 h,
L 20 pl CCK-8 ik 7 (38 = R AW H A A R
A HCE G FRAR R R BRI E 7E 450 nm PR
TROEEEMID(450) ],
1.3.7 Western blot 325 0 i 20 2 S W P A
B R IR A0 157, oK 1 Z#FEA 30 min, 7 40 HE
PSR AN AL, B0 B3 5 (8 FH S8 A e B e 24

iR IREAS R A SDS-PAGE % 11 FAREZE il ( |
MR = KA ARGBRA ), 100 CF mil A&
10 min; FAE, 80 V 3k 30 min, 120 V H, ¥k 60 min;
VKR ZAF T 110 V1R FE B 90 min; 5% BAE U5# = 1R
E 1 b BFE —PLLAPEL(1:1 000),Polg (1:1 000),
LIGT (1:1000),GAPDH (proteintech, #10494-1-AP,
1:1000), Flag(abcam, #ab8245,1:1 000) |,4 “CiT 1 ;
W H W E Pt [HRP M B 1 3 5t B (proteintech,
#SA00001-1,1:4 000) , HRPHIR LI 24T 4 (proteintech,
#SA00001-2,1:4 000) |, %3 1 h; f F k2% & O g
RGN
1.3.8 TUNELAHAEM T8 >R H] TUNEL 40 g
PR T A IR & (B = R AR W AR A BR 2 ) ) A6 44
ML T K o X B2 JCRRaR AL 2, S35 24 FH 8 pumol/L
N A BRI A 24 b, FH PBS YR A0 3 min, 4% £ F
T [ %2 30 min, LA 75 0. 3% Triton X-100 1) PBS, & I
P¥E 5 min, PBS VR 3 U, BRIK 3 min, # B 38 R 19 150
I IC ] TUNEL 5 DU (35 2= K 5 #C1086) , IAFE ff
37 “CHEEHFE 60 min, Je DAPT, PBS Pk % 3 1K, BRIk
3 min, ®EOG, WA WL
1.4 DR

5 JE#% BALB/c Nude P4 /)N B, {457 & (14+3) g,
WA ) 238 ) 4 S 00 sh B AR A PR A A bl ZE Rt s
Suly SPF SRS Sl bt v R o R BRI 25 7 X 1)
HE B AR K HEAT B A B I 45 i) 1) 37 R 55 0 IR
(26~28 °C) JBJF (40%~60%) AT AL (10~157K/h)
DAYE R R IR T R R E . AR S
S0 2 3 il A e R A S Bl ) A R A B B 2t
#HE(AMUWEC20247121) , ¥ I sh Py ab 3 18 3 45 6 55
B S BEHLRG (4R RS
1.5 BRRETHHER

WA A K G HA46 2, PBS 28 i Al 3L it
JRe 4% BE L 1 A AR LY T A S RO R A RO
R 20 5y 8% 107 AN /miL, 16 R BRLAT R IBE ) B R 4
Pl 100 plo B 5 X Z rbgg 422 P s 007 AE KA O, FR /N B
PR, PR S ROE s g 4 A2 B A%, TH 8 g
TR, A3 g AR R K 3] 100~200 mm’ B, 5% P a7 A bt
P H AR B 4 2H (n=6) : WT 2H I 15 150 L
A FRERIK s E3330 41, I8 i 3 4 3330, 25 me/kg, 72 H
1R s NI I M e SR III4T, 6 mg/keg, B4 H 1R A+
E3330 41, BE A4 25 GRl i 5 2541 — 50 . E333001
H selleck EWRHEABRA R, HEMERKARIAE] 15 mm
A X6 7N BRIEAT 60 mg/kg [ EL HE 2240 G s T SRR I, WK
FALFE, i) B TR iE SR IR B K AR AR A
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W, R A MEE . g IR R T A
PRA (mm®) =148 (mm ) x4 42 (mm ) ?%0. 52
1.6 %itFadr
{iH Fi] SPSS 22. 0 AR AFREAT R Ak BEAN G310 B
GraphPad Prism 8. 0. 2 #1748 i+ 4 K o 1A K
FAB (%) o o i x* K256 434 BER £ 145 SCLC M
FolG RS ERRE Z (B A9 C R o SR H Kaplan-Meier 15 %f
TCa A7 R AR A A R AT B R AR A7 53 HT , Log-
rank K36 22 55 . 2 2K Cox BUHPEAS ToW A A2 R 1)
S R 2, Spearman 7T BER 25 [ ¢35 A1 e %2 41 e i=
THEFHOCHE: . P<0. 05 ¥ 22 5 HA Gt m X

2 #R

2.1 BHEAKBIERE R

LA 7451 SCLC B, o B 1 5011, 2otk 24 )5
H AR K 58. 5% 34 TNM 434 1 32541, 11 459 27 49,
M3 22 4, 74 ) g & ¥ Bl 2 2023459 H 1 H , i
IF Rl Ry 2. 9~68. 74 H , AL BT I [A] 2 44. 24> H ¢
ZREVIZ 5, A 37 1) SCLC H.35 HY B es ok J L 37 491)
A L IR R R A 27 1) s 2 PR SCLC 3 R 1T At
T2, 470 BTN, i BB A AR N 63. 5% .
BE ARG RFOR L 1,

%1 SCLCEEZH—MIGKEE[n=74,71(%) ]

Ei=g %k
PE5

B 50(67.57)

Lk 24(32.43)
a8k

<50 13(17.57)

50~59 25(33.78)

>59~69 26(35. 14)

>69~100 10(13.51)
Ji e TR AL

i 41(55.41)

eyl 33(44.59)
U

Eél 45(60.81)

¥ 29(39.19)
TNM 4330]

I 25(33.78)

Il 27(36.49)

m 22(29.73)
Ki67

<80% 24(32.43)

=80% 50(67.57)

2.2 BERE®G R XAELL G RAILE X A

B s AL Y (6 25 R B R, APEL 3k T4 b,
e A HORT UL AT AR T 25, BRE R 68. 9%, 32 il /3 36
ko LIG I ik T+, BHMER A 90. 5%, 50 il =
Fiko OGG1 KL TAIMuAZ H , BHPEZ N 94. 6% , 44 15
eIk, XRCC1 £k TR, HPER K 97. 3%,
65 i /5 6 15 . POLP ik T 40 Mo i, BH M2
97. 3%, 58 (il 35 . BER Fik /K -5 i PR BRAFF
Z[E) AR DM A AT S, ZE PR AR R R
HBA7 (Ki67 TNM 3 X S48 1, BER Fih/KF- 5 H:
TC A (F2) . ZHE Cox AT, I
TNM 433 (HR=2. 465) Fll APE1 % ik /K 3 (HR=2. 730)
55 SCLC 875 19 T A A7 A0 ¢ (P<0. 05,4 3) ,(HAR
WRPER] AEWS MRS R A (K67 45 5 SCLC &
B TCI AL AR
2.3 BEREZ®GRZALFEHX A

FI H Kaplan-Meier 4381 BER i [ APE1.LIG T |
0GG1.XRCC1 FI POLB & A5 5 SCLC & M TG
WP R BRI ER, S5 W8, APEL €
ik H I JCR AR FE R (P=0. 002 3) \ B K (P=
0. 039 9) BAL IR B E I WAL (B 1A B)LIG T /&
FIRBF IO A AF R FRIA A AR (P=0. 008 3),
MEARZES TSI E L (K 1C.D) ;0661 HERik
(R B R S ICR AN B E Z RS ¥E
X, B AR R IAR RS B AR (P=0. 023 8, & 1E .
F); XRCCI = 35 W HE oW A0 % RVEAA R 5K
TR B H 2R TIG I E (B 16 H) ; POLE =
Fe Ik B B JO A7 R (P=0. 033 6) \ WA 17 R (P=
0. 008 7) B KIS LA AR (A 1L.0) .
2.4 PMFEIZIA S MRS TG M X R

T g AL 45 - s, CD3 . CD8 1E SCLC Hr 3% 38 1%
3K, B CD3T A1 CD8T 4 il 78 SCLC Hh 3t ik V5 e 7
B, o BR300 1. 97% 2. 98%. CD3™T 41l il
FT 1 2 e A AR T {1 BB 1. 89% , v ¥ 1 1) I 16 AR 1
TR Y R B 2 T 0 O A AR (P=
0.043, [ 2A . B) . Ak, CDS™T 4 Jifd BH 1 =& f A K
HHL 2. 25%, i3 1 1Y B E A HE AR I B R, B
A E R TOR AR AR, BRI G B X HAR R
CDS8"T 4 it 125 15 1 ] fiE 5 DFS B8 A7 75 W AE eIk (P=
0.084, K 2C.D) . {#i [Tl CD68 A5ic E Wk 21 iy , =5 3= 9
(4 b B B AR L TR I B R, 2 R WA G R
X (F2E.F),
2.5 BERZ @ &3k 50780208 £k i ey X %

I BER 2 115 Mg e 28 A B 22 0] T RE A7 AE
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%2 BEREBHESCLCALHFMRIZSIHEAEEZMNXR#(%)]

APE1 XRCC1 LIG T
FEERFIE X ? >op
25 (n=42) E#ik(n=32) fRFE (n=9) F#ik(n=65) &35 (n=24) F ik (n=50)
PE 51 0.036 0.850 0. 101 0.750 0.173 0. 678
Tk 28(66.67)  22(68.75) 7(77.78)  43(66.15) 17(70.83)  33(66.00)
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&3 Cox XL fi[E A% E & F R 547

Ao B SE  Waldy P HR(95%CI)
P -0.088 0.643 0.019 0.891 0.916(0.260~3.226)
AR -0.056 0.373 0.022 0.881 0.946(0.455~1.964)
VTR -0.197 0.610 0.105 0.746 0.821(0.248~2.712)
AL -0.397  0.355  1.252 0.263 0.672(0.335~1.348)
Ki67 -0.152 0.388 0.152 0.696 0.859(0.401~1.840)
TNMZH 0.902 0.379 5.662 0.017 2.465(1.172~5.183)
APE1 1.004 0.436 5.296 0.021 2.730(1.161~6.420)
XRCC1 -1.011 0.691 2.143 0.143 0.364(0. 094~1.409)
0GG1 0.259 0.482 0.289 0.591 1.296(0.504~3.334)
POLB 0.436 0.619 0.496 0.481 1.547(0.460~5.204)
LIG T 0.555 0.559 0.986 0.321 1.741(0.583~5.203)

2.6 BERZE Y APE1 5 LIG | it & ik A& 20 fe 3P 48
(E Yl
HESE APEL LIG [ \POLB & # ik B 1 LR 2k
RSB 57 A %, i FB R APELLIG 1,
POLB %% Ye 40 g , 48 h J& ie 5 i B A5 I 5% e 0%
Western blot 45 5 i 75 , APE1 . LIG [ \POLB & H Y %%
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SRJG EAT TUNEL (o, LABA 2 APE1 2 755 10 40175
TR T, AL I T NC HTOEAPE1 41 h
HITR T 40 3 SR T, OEAPE 1 28 v I8 T 41 it 4 1 i1
NCZH AL (K 4C) .
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A +E3330 ZH 1) 44 5 2 3545 B AR (IR SC) | R AR (R 7R
Bk 9848 (P<0. 05, [ 5D) o 498 1A 5 = 22 e
IR AT (5] 5B) , 5 WTZLARLL 4 1+E3330
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