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Construction and experimental validation of mouse PDX model by malignant
pleural effusion-derived tumor cells from lung cancer

WANG Mengting, CHEN Yinan, XUANYUAN Xinyang, YUAN Haihua
Department of Oncology, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 201999, China

[Abstract] Objective:To establish a patient-derived tumor xenograft (PDX) model using tumor cells sourced from malignant
pleural effusion (MPE) in patients with lung cancer, and to conduct experimental validation. Methods-Gene expression data were
downloaded from the Gene Expression Omnibus (GEO), including single-cell RNA sequencing data for lung cancer with MPE
(GSE131907) and for solid lung cancer (GSE203360). Data were clustered, and differential gene ontology functional enrichment
analysis was performed to ascertain the feasibility of modeling by using MPE. MPE samples from patients with lung cancer were
collected and processed through centrifugation and red blood cell lysis to enrich cells. The enriched cells were then implanted
subcutaneously into non-obese diabetic/severe combined immunodeficient (NOD/SCID) mice. Tumor growth was monitored, and
when tumors reached 1 000 mm?, they were passaged and preserved. Histopathological examination was conducted on stable
passaged tumors, the cell morphology was observed via hematoxylin-ecosin (H-E) staining and the expression of lung cancer
biomarkers was detected by using immunohistochemistry (IHC). Results-Single-cell data analysis revealed stronger proliferative
functions of tumor cells in MPE, suggesting that PDX modeling using MPE tumor cells may yield better tumor formation. A total of
35 samples of MPE from lung cancer patients were collected, and 13 PDX models were successfully constructed, with a success rate
of 37.14%. Histopathological examination showed significant cellular atypia by H-E staining, and IHC result showed positive
expression of lung cancer biomarkers such as cytokeratin 7 (CK7), thyroid transcription factor-1 (TTF1), and Napsin A.
Conclusion * By enriching tumor cells from MPE of lung cancer patients, a more convenient, efficient, and dynamically modelable
PDX model is successfully constructed. This model retains the malignant characteristics and protein expression features of tumor
cells from lung cancer patients, providing an important experimental model tool for basic research and clinical drug guidance for
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lung cancer patients with MPE.
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Note: RBC—red blood cell; H-E—hematoxylin-eosin; [HC—immunohistochemistry.
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Fig1 Workflow of establishing mouse PDX model of tumor cells derived from MPE of lung cancer
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Note: A. Clustering and dimension reduction identified 7 cell subtypes in 5 malignant pleural effusion lung cancer (MPE-LC) samples. B. Stacked percentage
bar charts for MPE-LC show the cell proportions in each subtype. C. Clustering and dimension reduction revealed 6 cell subtypes in 6 solid lung cancer (Solid-
LC) samples. D. Stacked percentage bar charts for Solid-LC illustrate the cell proportions in each subtype. E. Bubble plots for MPE-LC display the expression
of classic marker genes within each cell subtype. F. Bubble plots for Solid-LC depict the expression of classic marker genes within each cell subtype. KLRDI—
killer cell lectin-like receptor D1; GNLY—granulysin; NKG7—natural killer cell granule protein 7; NCAM I—neural cell adhesion molecule 1; IGHA2—
immunoglobulin heavy constant «2; IGHG3—immunoglobulin heavy constant y3; IGHM—immunoglobulin heavy constant mu; CD79A—CD79a molecule;
TRAC—T cell receptor a constant; CD3G—CD3 +y subunit of T-cell receptor complex; CD3E—CD3 & subunit of T-cell receptor complex; CD3D—CD3 &
subunit of T-cell receptor complex; COL1A2—collagen type | « 2 chain; THY I—thy-1 cell surface antigen; DCN—decorin; CCNE2—cyclin E2; MKI167—
marker of proliferation Ki-67; TOP2A—DNA topoisomerase Il «; FCGR3A—TFc v receptor Il a; MARCO—macrophage receptor with collagenous structure;
LYZ—lysozyme; CDHI—cadherin 1; KRT18—keratin 18; EPCAM—epithelial cell adhesion molecule.
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Fig 2 Heterogeneity of cell subpopulations in MPE and solid tumor of lung cancer
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Note: A. Cellular component (CC) terms of GO enrichment analysis. B. Biological process (BP) terms of GO enrichment analysis. C. Molecular function (MF) terms
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Fig 3 Differential expression GO enrichment analysis of tumor cell subsets of MPE and solid tumors in lung cancer
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Note: A. The growth of subcutaneous MPE-PDX in NOD/SCID mice (left); P4 generation PDX with H-E staining (x200) (right). B. THC testing (x200) of
transplanted tumors compared with clinical samples of MPE tumor cells from patients.
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Fig 4 Histopathological validation on mouse PDX of tumor cells derived from MPE of lung cancer
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Tab 1 Information of established MPE-PDX
Tumor marker
No. Histologic subtype TNM stage Mutation
CK-7 TTF1 Napsin A p40
LC001 AD / / / / TxN3MO /
LC002 AD + + + / TxN3M1 EGFR L858R
LC003 NSCLC / / / / T4NIMI /
LC004 AD + = + / TxN3M1 EGFR Exon20ins
LC005 AD / / / / rTNM EGFR L858R
LC006 AD / / / / T4N3Mlc ALK, ROSI
LC007 AD + + + / TINOMO PD-L1,TP53
LC008 AD / / / / TxNIM2 EGFR Exonl19del
LC009 AD + + + / TxNIMlc EGFR Exonl8
LCo10 NSCLC / + / + TxN3M1 No mutation
LCo11 NSCLC / / / / TxN3M1 /
LCO012 ScC / / / / T3NOMIc /
LCO013 NSCLC + - - - TxN3Mlc /

Note: TNM stage—tumor, node, metastasis; AD—adenocarcinoma; NSCLC—non-small cell lung cancer; SCC—squamous cell carcinoma; 4LK—Anaplastic

lymphoma kinase; ROSI—ROS]1 proto-oncogene receptor tyrosine kinase; EGFR L858R—epidermal growth factor receptor exon 21 no. 858 leucine to

arginine; EGFR Exon20ins—epidermal growth factor receptor exon 20 insertion mutations; PD-L/—programmed cell death-ligand 1; TP53—tumor protein

p53; EGFR Exonl9del—epidermal growth factor receptor exon 19 deletion; EGFR Exonl8—epidermal growth factor receptor exon 18.
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HRE K 37.14%, 5 5 AF SCHRGE TN UL S R 98
AR I R 17%~38.5% 2728 MHZE AR K. X UEIHTE
MPE Hl S A A AR v, i 96 400 i ) 4 o 0o
A SR 2 MR s (RO AR R B 25, AR
AR . BARTEA SO R E MPE 25 BRAE M 41
MR e e AN I, 2R RESR T PDX AR A, [H
X Eb SCHR A R H A1 JE IS A% 41 (peripheral blood
mononuclear cell, PBMC) il £ /15 2:F% MPE 402
AP R % (35.48%) 2, FRATTHM I G2 A U Xk
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TARISZ IR AT REAN R . LA 35T S A 5 fif T A2
O 5 2R L1 A0 M ) MPE SR 7 vk T . 2y A, R
SRARXSRE R, TR/ IN AR s e S 5 S AL
R, VUL M iies (8 A S 245 S0 1 AR DX
B IR SR

VFZARSE 102230 JE 52 PDX REAS AR I M 77 5
JE A IR R AE AN R, SIS As R —
o AN, FATFEC BN 13 4] PDX P BEAL I
BT 249 H A 1 PA R MR HEAT H-E B €, [R] I 1
THC A6 I AH B2 B i3 b5 359, 5 i PR 38 7% MPE Ji 98 4
LAY THC X Fe 3B o Bilies b i 02 4 CK7. TTE-1 A1
Napsin A, CK7 1 4 fili i 98 i SO ) S BEF bR 4
PR AR H 1T 100% , o 4 591 it 1 M e 10 i 3 5 il
A 1L 38 5 SR B TTF-1 5 Napsin A BT . ASBESESS
R, MPE H e B2 14 i e 20 B BT ] G S 44O
R LAY R L, A IR A L B AR AE s [
4R MR THC 45 5, CK7. TTF-1HlNapsin A ¥}
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IR H & MPE i g8 41 il THC H§AFE — 2, 2R 1
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T BA B 7 i B g Y H B MPE #4 2 PDX X
Janus i 1 (Janus kinase 1, JAK1) #4#]5 Itacitinib
1Y Ry VEHEAT SE SR Bk, #E— 2B UEW] 1 W MPE A4
H PDX LR {4 e AR A 5 F A o

SR, ABERBAATE—E R R RY . 'k, &
1% A H 45 B e 8 & 7 4] (short tandem repeat,
STR) i AR X} 835 e 21 41 5 MPE #2455 7% b g 2 17
FEXT,  DAIIaE 560k PDX f B8 £8 3 g = o v 1wl {5
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DL K STR i ARAE 5 58 35 LR B RS8R bR . IR,
WA T 35 6l MPE FEAS, FEAS B A X470
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MIGETTRRE . DAL T B4 I DA MPE SR I8 PDX AR
R EBIROR , JF O AR B W 58 4 AL 0 mT 48 1) $ic 4
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