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[ Abstract ] Background and purpose: Gallbladder cancer is a highly aggressive gastrointestinal malignancy with a 5-year survival

rate of less than 10%. Conventional two-dimensional (2D) cell cultures poorly mimic the tumor microenvironment, limiting
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translational drug screening. Three-dimensional (3D) bioprinting enables the construction of biomimetic tumor models with

controllable structure and function. This study aimed to establish a 3D bioprinted gallbladder cancer model and compare its
biological and pharmacological features with 2D cultures. Methods: The NOZ human gallbladder cancer cell line and GeIMA
hydrogel bioink were used to construct a 3D gallbladder cancer model via extrusion-based 3D bioprinting, aiming to simulate the
tumor microenvironment. The morphology, viability, and proliferation of cells in the 3D constructs were assessed using microscopy,
live/dead cell staining, and the cell counting kit-8 (CCK-8) assay. Following RNA extraction, RNA sequencing was performed on the
Ilumina NovaSeq™ 6000 platform. Differential gene expression analysis was conducted using DESeq2, and the results for selected
genes were validated by real-time fluorescence quantitative polymerase chain reaction (RTFQ-PCR). Drug sensitivity was evaluated
by determining the half-maximal inhibitory concentration (ICsy) through dose-response experiments with gemcitabine (GEM),
cisplatin (DDP), nab-paclitaxel and 5-fluorouracil (5-FU). Statistical analyses were performed using GraphPad Prism 9.0 and R
software (version 4.4.0), and P<0.05 was considered statistically significant. Results: The 3D model showed stable lattice structures
with high cell viability and spheroid formation, accompanied by significantly enhanced proliferation compared with 2D cultures (P<
0.001). Transcriptome analysis revealed 617 differentially expressed genes (235 upregulated, 382 downregulated), enriched in cell
cycle regulation, cytokine signaling, and extracellular matrix remodeling. RTFQ-PCR confirmed consistency with RNA-seq results.
Drug response assays demonstrated higher ICs, in 3D models versus 2D for all agents tested, indicating reduced chemosensitivity
and stronger resemblance to clinical resistance. Conclusion: This study established a 3D bioprinted gallbladder cancer model.
Compared with 2D culture, the 3D model showed lower sensitivity and higher ICs, to GEM, DDP, nab-paclitaxel, and 5-FU,
consistent with drug-tolerant phenotypes of clinical solid tumors. Therefore, the 3D model is superior to the 2D model in
recapitulating clinically relevant drug resistance and tolerance and can be utilized for investigating drug resistance mechanisms and
for screening/validating candidate drugs or combination regimens.

[Key words] Gallbladder cancer; Three-dimensional bioprinting; GelMA hydrogel; Transcriptomics; Drug sensitivity; In vitro
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Fig. 1 Flow diagram of model construction and analysis in the 3D-bioprinted gallbladder cancer study
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NEB /A H]) #J%, Jf7E Illumina NovaSeq™ 6000
S EHEFT 150 bp XU T
1.2.4 RTFQ-PCR

M RNA-seq 22 5 F ik SEF A 43 il 7 1A
T e L 1A 51 3% v B AL Ah A F T RTFQ-PCR B
T SO 1 113 (S )& s = N i B 95
Wi J5 7E R i B [8 & B ML AP 1 [set. seed
(20250108) | H-fifi i sample () pK%L, 7E_EH
FIF 502 45 BEHLIER 10 JE R TIRAE (%

1). ELRNAf#i [ EZBioscience JZ 7% il 7 &, %
HAEHBEAE, 110.5-1.0 wg RNA 1E20 pLi& &
W (F5 3L F 41 DNA 2B 2 38 ) I 5
cDNA; & it PCR R H B 50 i MERE AE B e Ay
A FR 2> Al ChamQ Universal SYBR qPCR Master
Mix (Q711, 2x) #47 (20 lLI&FR, S 4
0.4 pmol/L) . ¥ #4F)¥: 95°C 30s; BfiJF 401
PEFR: 95°C 10's, 60 °C 30 s; A Uitk A7 4 i
LW DN ek . B REAR S BE 31 34
HARER; NSIHEH GAPDH.

%1 RTFQ-PCR3|#1F7%l
Tab.1 RTFQ-PCR primer sequences

Gene name PrimerBank ID Forward primer (5'—3") Reverse primer (5'—3") ?;:g :;:;gg
TNF 25952110cl CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG 220
FOSB 166999782¢1 GCTGCAAGATCCCCTACGAAG ACGAAGAAGTGTACGAAGGGTT 249
BPIFAI 167614491cl CCACCGTCTCTATGTCACCAT CCTCAACAGACTTGCACCGA 79
EGRI 31317226¢1 GGTCAGTGGCCTAGTGAGC GTGCCGCTGAGTAAATGGGA 149
EGR3 31317227¢1 GACATCGGTCTGACCAACGAG GGCGAACTTTCCCAAGTAGGT 105
FOS 254750707c1 CCGGGGATAGCCTCTCTTACT CCAGGTCCGTGCAGAAGTC 93
SERPINA3 73858562c2 GCTCATCAACGACTACGTGAA CACCATTACCCACTTTTTCTTGC 190
CXCL2 GGCAGAAAGCTTGTCTCAACCC CTCCTTCAGGAACAGCCACCAA 185
LTB GGTTTCAGAAGCTGCCAGAGGA CGTCAGAAACGCCTGTTCCTTC 156
SOST 61676080c1 ACACAGCCTTCCGTGTAGTG GGTTCATGGTCTTGTTGTTCTCC 129
POTEF TGCTGCTGAGGACTACATCG CAGGTTCTTGGTGGTGATGG 121
ANKRD?2 194018402c1 CTGCGGAAGAAACGCAAGC AGGGCCAGTGATCTCCTCG 87
RRM?2 260064011c2 GTGGAGCGATTTAGCCAAGAA CACAAGGCATCGTTTCAATGG 172
EDN2 208973218¢1 CGTCCTCATCTCATGCCCAAG AGGCCGTAAGGAGCTGTCT 142
MYBL2 31652260c1 CCGGAGCAGAGGGATAGCA CAGTGCGGTTAGGGAAGTGG 130
MCMI10 296011026¢2 CCCCTACAGACGATTTCTCGG CAGATGGGTTGAGTCGTTTCC 98
CDC45 295821204c2 CTTGAAGTTCCCGCCTATGAAG GCATGGTTTGCTCCACTATCTC 136
EXOI 284055275¢1 TGAGGAAGTATAAAGGGCAGGT AGTTTTTCAGCACAAGCAATAGC 82
ZWINT 53729319¢1 AGGACACTGCTAAGGGTCTCG GCCTCTACGTGCTCCCTGTA 118
GAPDH 378404907c2 ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC 101

-: The primer was designed in this study and was not obtained from the PrimerBank database.
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Fig. 2 Construction and viability assessment of 3D bioprinted gallbladder cancer model

A: Overall morphology of the printed 3D model; B: Enlarged view showing the regular grid structure; C: SEM image showing a dense scaffold
network formed by GelMA; D: Calcein-AM/PI staining showing high cell viability; E: Cell survival rates under different GelMA concentrations and
crosslinking conditions; F: Cell survival rates under different temperature conditions; G: Morphological comparison of NOZ cells under 2D and 3D
culture; H: CCK-8 assay comparing cell proliferation between 2D and 3D culture; I: Distribution of cell sphere diameters in 3D culture. . P<0.001.
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Fig. 3 Differentially expressed genes and functional enrichment analysis between 3D and 2D gallbladder cancer models

A: Volcano plot of differentially expressed genes between 3D and 2D models; B: Heatmap showing clustering of DEGs; C: Functional and pathway
interaction network of DEGs; D: GO enrichment analysis for biological processes; E: GO enrichment analysis for molecular functions; F: GO

enrichment analysis for cellular components.
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Fig. 5 Comparison of chemosensitivity between 3D and 2D gallbladder cancer models
A-D: Dose-response curves and IC50 values of GEM, DDP, nab-paclitaxel and 5-FU in 2D and 3D gallbladder cancer models.
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