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[ Abstract | Objective  To identify molecular dysregulation mechanisms, immune checkpoint abnormalities, and immune
cells responsive to immunotherapy in non-small cell lung cancer (NSCLC) . Methods Gene expression data for NSCLC and controls
from the GSE81089, GSE120622, and TCGA databases were collected and subjected to differential expression and enrichment analy-
sis. The impact of differentially expressed immune checkpoints on overall survival was identified. Tumor tissues, adjacent control tis-
sues, and blood samples were collected from NSCLC patients who received neoadjuvant therapy at Cancer Hospital Affiliated to Xinjiang
Medical University from June 2022 to May 2023, the expression of immune checkpoints in tumor and adjacent control tissues was detec-
ted using qRT-PCR. Additionally, in the GSE207422 single-cell dataset, differences in immune cells between major pathological re-
mission (MPR) and non-major pathological remission (NMPR) after neoadjuvant therapy were identified. The abundance differences
of immune cells between MPR and NMPR were further detected by flow cytometry. Results In the GSE81089, GSE120622, and TC-
GA datasets, an intersection of 2 505 differentially expressed genes was identified. Enrichment analysis revealed that these intersecting
genes are primarily involved in neuroactive ligand-receptor interaction, the PI3K-Akt signaling pathway, and cytokine-cytokine receptor
interaction, among other signaling pathways. Additionally, six immune checkpoints were differentially expressed in NSCLC, with
CD40LG, CD160, VTCN1, and TDO2 significantly impacting overall patient survival. Compared to the control group, qRT-PCR con-
firmed that CD40LG and CD160 were significantly downregulated in NSCLC (P <0.05), while VTCN1 and TDO2 were significantly
upregulated (P <0.05). By integrating the GSE207422 single-cell dataset, 32 cell clusters were classified into 13 cell subtypes. Com-
parisons revealed a significant enrichment of CD4, CD8, B cells, NK cells, and M2 macrophages in MPR. Flow cytometry confirmed
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that the abundance of these immune cells was higher in MPR than in NMPR. Conclusion Immune checkpoints were significantly as-

sociated with the overall survival of NSCLC patients, and the enrichment of immune cells in MPR was confirmed. These findings offer

new biological insights and potential therapeutic targets for the immunotherapy of NSCLC.

[ Key words |

Mg 2 NS SESE T 1 E LR R 2 —, R4
THEAEZY 180 J7 NFMIWAET:, 1A E Rt
?E*ﬂ?éﬁ??ﬁ%mo JE/N 40 M it J5E  ( Non-small cell
lung cancer, NSCLC) J&dm & UW.oglilifs Wi, 294
it s (9 B4 859% 121, %F T NSCLC R, FA
SEVEIT I B AR PR, R AR TR AT L S )
WA, AR 30% BE ARG E LD, 20 i
20 80 AFARZE 4, NSCLC M2 Wi FG YT 45tdel 45 2] Pt
R, (HEH SR R A A R A RARMT, F
HETRZEEF WA C & ah TERpBe, R
(IS I glB i = S o1 I N7 NI R e A S | A S RO
NSCLC 955 FEAE 4 2R 0 BUIE J7 SR 1 Fi il PR FH 24 7
FEXTRHRBE )G BCEE, THENR, HEXT
I EE T A B AN T 3 S AR NIRRT IR A, B
JEIT IR B & O T RE IR T TP e 5 | N O T B9 HIT 1T 45
B, R R e A A AR R, AR R PESE T 1
( Programmed cell death protein 1, PD-1) a7
FET-HCA 1 ( Programmed cell death 1 ligand 1, PD-
L1) Wi, S&Ae M I9cidmE b s 350
PUbRg W, ARG NSCLCP', iR gn o B 2R IR
PD-L1, 5 PD-1 455 I35 S O 2 400 ] 14 i 8 Sl 0
Be, WA Se ek ), G R A S R Y
BN NSCLC WEIT AL T A=, X T 5
Yo, T BIT 5 R S 1A VR T R VR 9T 45 A T B
RS K BAVIL GRS R R, S5E5
RIF AR L, AR B8 3E 43 52 e P A A AR A RGBT
A PASE R B9 S AR A I,y Al BB B O R T A
FEAMNL, A REAS 252t T UL, 2 n] g i
FEEE A RIVE S PR S K A VAT I BV R
ZRFNEEE A R AE AR e B B 21T S BEIT IR 1Y
EZPRAR . ik, AT B NSCLC Hr iy fo )5 4 i
SRt A i Z M A BEAER, DG R AE BAE
JHAMAT 2R Y SOV, X T e S8 97 i . 990
MBI R I O 2, AW DT NSCLC

LN AR S 19 e R A L, PR S Al I AE
EEIR YT Py S B MR AR AR, LLBH B 4o PR
NSCLC 3 S S A A k57 0 019 e PR T SN I X 3
W, $ETHRPEEIRITROUR .

1 XM&E57EZE

1.1 ZEHFSR

L1.1 BEPRRIRER A ML RIA L5 Bda %
(Gene expression omnibus, GEO, https: //www. ncbi.
nlm. nih. gov/geo/) T #X GSE81089 . GSE120622 F
GSE207422 Bl 4E . GSE81089 HH{ifE 199 12 Wi Hy
NSCLC. (1) 5 JHIgg 4 ZUFI 19 5 1E 3 %o BT ZH 2 1
i I A P R k%, GSE120622 R4 £ 81 4l

Non-small cell lung cancer; Immune checkpoint; Major pathological remission; Immune cells

NSCLC ZHZUH1 19 {1955 %k HE i 2L 2 Fry v 28 e300 e i
Rk, g8 hE 2 H A E 3% 3T &1 (The cancer ge-
nome atlas, TCGA) #da= 5 1 017 5] NSCLC 2041
FN 110 s 52 R HENl 20 21 v 388 e 0 3 ZE Rl R k3
1.1.2 ¥ dr (4 DEseq2 #{F % NSCLC
R 722 5% 42355397, | log2 Flod Change | =1 HL
P=<0.05 1 A i st 4510 3R A5 8. 35 1 22 7 Rk BRI
( Differentially expressed genes, DEGs) , X 3 =
Iy DEGs #4738 843 Mr ., iliad clusterprofiler 246
XAZAE DEGs PEAT W 00T, BRI (Gene
ontology, GO) M HA EHE S EHFH AR =B
(Kyoto encyclopedia of genes and genomes, KEGG)
B5iHE K, GO M4 it ( Biological
process, BP) . 4rFIHE ( Molecular function, MF)
FIAN i H 43 ( Cellular component, CC) ., #4b, M
N T SCHRR ARG J2E v B © 00 B9 S ARG Ay i BRI
TEACHE DEGs " 5E 28 3 R IK I e pefis A o, ik —
251l Kaplan-Meier (K-M) =17 #2850 B S B2 4G
AR E S BRI B AEFZRRER,

1. 1.3 P s etk XA E GSE207422 i
AL 12 ] NSCLC BEFHBIGIT (PD-1 Uik +
VISAZE M AER AR T) 5 UIBR A il 20 2L 41 i RNA
MJF (Single cell RNA sequencing, scRNA-seq) %X
P, NSCLC HE 5~ EENFLEH  (Major patholog-
ical remission, MPR) 4 f|FlHfE 25 ZZf# ( Non-
major pathological remission, NMPR) 8 i, MPR #¥
FE SR PD-1 BHWTIR S A TI6 Y7 I H IR AR 3R - 4L
Bt {75 % B A A 05 R i AN R AT 10% , dd S
Seurat FANELIAIT AR ity A RS SR DAY B EOEI
A FH BT e 4 ) HEBR AR BT B 32 K. D <5004 2k Ak
5 @ >20% MERRLAREL ; B >50% A0 {4 5k
A, (S EE A5 (Uniform manifold ap-
proximation and projection, UMAP) TR AT
Roeeft, VIt T —4enT i b, #E— 8 Leiden 8%
PEATANAE R 25 Al FindAllMarkers %R 44 X 4 4~
MR T AN TR

1.2 IR

1.2.1 BHEMALREAR AROFFTEE T 20 #]F
2022 4 6 H-—2023 4= 5 H 7 i = B R B i
Jed L= e 252 B A Bh 6 7Y NSCLC S84, A47% 10 B
MPR #1 10 ] NMPR, i i ¥ H A B w19
NSCLC JRBRZ W, WCAR 3 19 NSCLC 24U 55
X8R (Normal control, NC) £HZ1, DL K~ JE L AE
A, NC HAFEAR A MEVIBRINZ 2> 2 em BYIE
TIGEHELE . AT B 0 5 s B R 2 B i Jeg 122
WA EEZE S flb i (k-2022016) , BEH M H R




FIPRBAEESE 2024 411 A 545 #4556 01

Int ] Geriatr, November 2024, Vol. 45 No. 6

— 655 —

B e, AE AR/ P SRR A R SR BEIR YT T A IR R Y S

FIEIFZ B MG R Z A, MARTE: OFR =60
% @iz Mg Uk F ARG T . HEBRARME:. OF
FE I AR T 1 5 5 (DA Al 5 [5E 422 52 5 B dil B
EIT B H A AR VR YT s OFFEE L. L H
FIRBUREAS,

1.2.2 qRT-PCR #&i  FEW E 0 A Trizol Jf-HF
%2EZ/E{7E§ZI§, R EL S RNA, [ Nanodrop ML
RNA Py EFI2E B, RG 8 RNA | BEVLS 4,
Pt . ANTP., RNase 3005 700 FI10300 54 5% it 64T
WS N o N <k . 42 °C 30 min, 85 °C 5 min,
BEJ5H: cDNA | Fr55 4514 . SYBR Green qPCR Mas-
ter Mix ( Thermo Fisher, %5 K0221) R4, #4T
qRT-PCR JZ [, I #&4F: 95 C 10 min; 94 °C
30s, 58°C 30s, 72 °C 30 s, 40 PMEHR; 72°C 10 min,
LI GAPDH SN S 3E I, HH 2 % 5 s34 3L K AR
XFRIEK, FERMHESI T ). TDO2 (5'-GGA-
TGCACCGAGTGTCAGTGATC-3', 5'-GAAGTCCAAGG-
CTGTCATCGTCTC-3") ; VTCN1 ( 5’-TGACCA-GG-
GAGCCAACTTCTCG-3", 5'-AGAGCACAGACACAA-
CCTTCATGG-3") ; CD160 (5'-TGTTGTGCCAGAA-
GCCAGAAGTC-3’, 5'-CAATCCCGTCACTGTGTAGT-
TCCC-3") ; CD40LG ( 5’-AATACCCACAGTTCCGCCA-
AACC-3', 5’-CATTGACAAACACCGAAGCACCTG-3");
GAPDH (5’-GTGTTCCTACCCCCAATGTGT-3", 5'-
ATTGTCATACCAGGAAATGAGCTT-3") ,

1.2.3 w4l AR  ZEOLPrid r4€. PC5.5-CD3

A ® Down regulated(1656) © Not sig(14359) @Up regulated(3057)

100

80

60 oii

40

~log, (Pvalue)

20

20 -10 0 10 20
log,(Fold Change)

wn regulated(2167) & Not sig(15292) @ Up regulated(3071)

100

~log,(Pvalue)

log,(Fold Change)

1 FITC-CD4 HifAHRric CD4 T 48l ; PC5. 5-CD3 F
PE-CDS8 FifAtric CD8 " T 4iififd; FITC-CD19 Piikbr
it B 41 fi; PE-CD56 PLi&#5sic NK 4 ig; APC-
CD14 F PC5. 5-CD206 Priftric M2 F WE4Ni, i
FHET AN A 22 fe v 25 R IR AR AS T i 20 4 i, 75 5]
FIARME W . 4 B T e T B am i vk )&, I
VAL AR BE S 1 x 10° 4H i/ mL, - 9¢ ehnic i1
P A B EER T, T4 CHIFE 30 min, ffi
FHBEIREL 22 vh R VR AU, RIR R &5 & ik,
B (o J5 ) A0 B A AS 7E i A A (2518 BD A
Hl, H5 FACSAria 1) v gEAT 5048 R4, 1l H
FlowJo #4785 5347 .
1.3 Sit2EriE

% JH GraphPad Prism 9. 3. 0 #4788 H225347, B
AL E/AETE 3 IR, IERAE M7 2255 nitE
ORI, x 5 FER, R ¢ Ko 8S; JEIEZR ARy 22
ANSFEIRE = R L M (P, Py) /8, K Mann
Whitney U ¥i86; P <0.05 N2ZEFAHGIT¥E X,
2 H#R
2.1 MK EE R
2.1.1 NSCLC fyZE533RiRIRH TE NSCLC FIXf
REZH [A) ) 22 57 IR AT 45 S, GSE81089 H %55
T 4713 ©~DEGs (El1A), GSE120622 F¥5E T 6
223 > DEGs (&l 1B), TCGA U 5E T 5 238 4>
DEGs (K&l 1C), HdzZfE e 7 2 505 1~38
£ DEGs (K 1D),

B ® Down regulated(2691) © Not sig26311) ®Up regulated(3532)

T
E
&
T

50 100

logz(Fold Change)

D

TCGA GSE81089

GSE120622

. A ZH GSE81089 H12z Rk FLH M KL, By GSE120622 22 R RKIRFE AT A I E, C 2 TCGA Hh2s 3 RIBFEH g kIl &, D =4

285BI R 52 2

B 1 %5E NSCLC FIX) e 2 [a] 14 25 5 3 ik FE

Fig. 1 Identification of differentially expressed genes between NSCLC and controls



2024 4F 11 A 5545 B5 6 Wi

Int ] Geriair,

November 2024, Vol. 45 No. 6

[

— 656 — [ b4 R 2k
HHENSWTRR, % DEGs FEEET RS

K. Stk $5ES T4 A% GO hag (H 2A)
LA R i 28 16 PR EE -2 AR A0 HAE . PI3BK-Akt {55

A Count
System developme 100
Animal organ develoy Q| %88
Cell differentiati @ ° 45188
Tissue devel ® [
’ 600
Epithelium developme: * ® (700
Plasma membrane part4—————————— @ . 800
Intrinsic component oft plasma membrane ®
Group
Integral component on plasma membranceq———————® oBP
Extracellular regionf——————————@ oCC
OMF

Extracellular matrixf————=
Calcium ion bindingf——*
Passive tranmembrane transporter activitydq———
Channel activityf—=
Transporter activity]—®
Transmembrance transporter activityq——e

10 20 30 40
~1log10 (pvalue )

. A CNZZHE DEGs 2 58932 GO Ik, {ufh BP, MF Hll CC; B J324E DEGs 2 510 F % KEGG {5 5@ i%
24 DEGs 195 #4047

& 2

M, AR AR/ N R T SRR A e B REh

I T A B e

AN A0 A R -4 i R 7 52 AR AH BV 45 KEGG
e (E2B),

Neuroactive ligand-eeptor interation
P13K-Akt signaling pathway -
Cytokine-cytokine receptor interaction 4
cAMP signaling pathway 4

Cell adhesion molecules ( CAMs ) 1
Calcium signaling pathway

Cell cycled

Protein digestion and absorption
ECM-receptor interaction

p53 signaling pathway 1

PPAR signaling pathway 4
Glycolysis/Gluconeogenesis

ABC transporters

Tyrosine metaholism 4

DNA replication

—1ogl0 ( pvalue )

[ E NN ]

0.01

Fig. 2 Enrichment analysis of intersecting DEGs

2.1.2 fpERE SN ZERRIE  7E NSCLC HY3E4E
DEGs T EIT 6 M fiRiAZ R BE (E
3A), 7E GSE81089 (&I 3B). GSE120622 (& 3C)

A
DEGs Checkpoint
2 499
C | ¥ 1 Group
14 ®Normal
124 @®Tumor
104
g
4% 8 _
o Tl
=
4
24
0

0.03 0.05

GeneRation

0.07

FTCGA (I 3D) F TNFRSF18. VTCN1 #1 TDO2
TE NSCLC H 114 2 3k & F X FR 4,
1 CDA0LG pyZB MK FXT R4 (P <0.05),

CD160, CD244

B * * * * * * Group
15- ® Normal
® Tumor
§ 104 +
o
=
=i +
0
KR Ty
» )3
Q$§Q&g cp\ (S)’L 6)3‘0 QQ() NN
D T B & I ) 1) Group
15 ®Normal
@Tumor
g 104
. | B
£ -
Z s + H
0

T T T T T T
SQ%%Q\‘b (,9\60 ()ObeP‘C)Q D‘Q\)G « N (‘OQ’L
<

T % T T T 3
@?‘?‘%Qx 09\@09&%0&& S
<

«

QS

@&

T A NAZHE DEGs S0 S5 B, B A 575 GSES1089 25 363k, C Bk ¥ 55 7E GSE120622 25 ik, D

NARPERGEE SFE TCGA £ RIR; WAL * P <0.05

B3 NSCLC H 2555 33K B S Re A A5 0

Fig. 3 Differential expression of immune checkpoints in NSCLC
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Fig.7 The abundance of immune cells in MPR and NMPR patients was detected by flow cytometry
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