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Advancesin 3D Bioprinting: Towards Functional Tissue Engineering

through Precise M orphological Control

Hyun-Wook Kang

Department of Biomedical Engineering

Ulsan National Institute of Science and Technology, Korea

hkang@unist.ac.kr

The advancement of tissue engineering is unlocking new possibilities for the restoration
and treatment of human defects. However, conventional approaches face limitations in
replicating complex human tissues and organs. In this context, 3D bioprinting technology
offers promising solutions to overcome these challenges. This technology enables the
creation of flexible and customized three-dimensional structures using living cells,
biomaterials, and biomolecules. It alows for the development of engineered tissues with
greater complexity and functionality, surpassing the capabilities of traditional tissue
engineering technigues. Various advanced bioprinting technol ogies have been devel oped,
paving the way for even more intricate engineered tissues.

My colleagues and | have developed bioprinting technologies that can control the
morphological features of cellular constructsto create highly functional engineered tissues.
We have created a high-precision 3D spheroid printing technology that enhances both cell-
to-cell and cell-ECM interactions. Additionally, we have developed a technology capable
of precise patterning of microvascul ature composed of capillaries. These technologies have
shown high efficacy in the artificial regeneration of tissues such as the liver, pancreas,
vascular, and adipose tissue. Furthermore, they have demonstrated excellent performance
in the development of cancer models and cell therapy. In this presentation, | will present
the advanced bioprinting technologies developed in our laboratory and their applications
In tissue engineering, including the artificial regeneration of various tissues and organs, as

well astheir potential in cancer models and cell therapy.

Keywords: 3D bioprinting, engineered tissue, disease model
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Pan-cancer Analysis of the Coatomer Complex Reveals Its Importance

during Cancer Progression

Susmita Sen'*, Van-Thanh Duong', Young-In Hwang', Ui Jin Lee!, Hyojin Kim', Han-Sol
Park!, Jeong han Kim!, Myoung-Eun Han'", Sae-Ock Oh!*

!Department of Anatomy, School of Medicine, Pusan National University, Yangsan, Republic
of Korea

The coatomer protein complex I (COPI), classically known for vesicular trafficking between
the Golgi and endoplasmic reticulum (ER), is increasingly implicated in cancer biology. We
performed a comprehensive pan-cancer analysis of 20 coatomer genes (COPI/COPII subunits)
across 33 cancer types. Amplifications were the most frequent alterations, with COPA most
commonly amplified, while SEC31B was consistently downregulated. In uterine corpus
endometrial carcinoma (UCEC), mutations in COPA and SEC31A were prognostically
significant (p = 0.048, 0.032). Survival analyses revealed cancer-type specific roles: most
subunits were tumor suppressive in kidney renal clear cell carcinoma (KIRC) but oncogenic in
low-grade glioma (LGG) and hepatocellular carcinoma (LIHC).

Functional validation in LIHC identified “COPG1” as a novel oncogenic driver. “COPG1” was
overexpressed in tumors, and high expression correlated with poor survival. “COPG1”
knockdown impaired proliferation, migration, and invasion, suppressed PI3K-AKT-mTOR
signaling, and activated the unfolded protein response, accompanied by Golgi fragmentation,
impaired Er-resident protein retrieval, and mitochondrial ROS accumulation. Notably, “COPG1”
silencing significantly increased the sensitivity of HCC cells to sorafenib and doxorubicin.
These findings establish “COPG1” as a multifaceted regulator of organelle homeostasis and
oncogenic signaling, positioning it as a potential therapeutic target in HCC and other cancers

characterized by coatomer complex dysregulation.

Keywords: Coatomer complex subunits, pan-cancer, COPGI1, prognosis, amplification,

mutation, overexpression, dependency score, Golgi-ER stress, chemoresistance
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Aptamer-Based Optical Biosensor Utilizing Metal-Enhanced Fluorescence
for Liver Cancer Biomarker Detection

Nayoung Kim!, Euni Cho!, Mingyu Bae' and Jin-Ho Lee!*"

!Department of Information Convergence Engineering, Pusan National University, Yangsan,
50612, Republic of Korea
2School of Biomedical Convergence Engineering, Pusan National University, Yangsan 50612,
Republic of Korea

Liver cancer is a serious disease with a high mortality rate worldwide, and it is particularly
challenging to identify at an early stage. Therefore, sensitive diagnostic technologies capable
of rapidly and accurately detecting liver cancer biomarkers are essential for improving patient
prognosis.

In this study, we developed a highly sensitive biosensing platform based on metal-enhanced
fluorescence (MEF) utilizing plasmonic gold (Au) nanostructures to detect liver cancer
biomarkers. Laser Interference Lithography (LIL) combined with gold deposition enabled the
fabrication of uniform and optimized Au nanostructures. Specific DNA aptamers were
immobilized on the precisely fabricated Au nanopatterned array, each designed to selectively
recognize target biomarkers. The fluorophores were carefully selected to exhibit strong spectral
overlap and resonance with the localized surface plasmon resonance (LSPR) of the Au
nanostructures, thereby maximizing fluorescence enhancement.

The detection mechanism relies on conformational changes of the aptamer upon target binding,
which modulate the fluorescence intensity depending on the distance between the fluorophore
and the surface of the Au nanostructure. By systematically optimizing the nanostructure
geometry and aptamer configuration, the MEF effect was significantly enhanced, allowing for
highly sensitive detection even at low biomarker concentrations.

This MEF-based aptasensor platform demonstrates strong potential as a versatile and sensitive
tool for early diagnosis of liver cancer and could contribute to the advancement of precise and
personalized diagnostic strategies.

Keywords: Biosensors; Cancer Diagnosis; Metal-Enhanced Fluorescence; Liver Cancer: Au
Nanoarray; Biomarkers; Aptamer






202544 SAIYstw
LHECIZSEXH0 eI ME (MRC) SalEES]

C Session 2-1 Y120} &H )

Optimization of a CD166-Targeting
Aptamer using an Integrated In
Silico - In Vitro Strategy

OIME

sefolarstnt

=







Optimization of a CD166-Targeting Aptamer using an Integrated In Silico -
In Vitro Strategy

Seo Yul Lee

Aptamers are next-generation targeting ligands known for their high specificity and stability.
This study focuses on an aptamer that targets CD166, a protein involved in cancer stem cell
properties and metastasis. The goal is to overcome traditional high-cost, time-consuming in
vitro optimization methods by applying an integrated in silico simulation and in vitro
experimental strategy. First, we established a foundation for Molecular Dynamics (MD)
simulation by developing the world's first new parameters for the modified base (BndU)
included in the aptamer. We predicted the 2D/3D structure of the Full-Length aptamer (using
mfold and rosetta FARFAR?2) and performed MD simulations (Amber) to analyze its structural
dynamics. Based on these results, multiple truncated aptamer candidates were designed. MD
simulations were then performed for each candidate to secure various in silico metrics, such as
structural difference from Full-Length (RMSD-comparison), stability (RMSD-slope), and
flexibility (RMSF-corr, RMSF-avg). Concurrently, the actual cancer cell binding affinity
(Fluorescence) of each candidate was measured via in vitro Flow cytometry experiments.
Analysis of the correlation between the two data sets revealed a very high negative correlation
(Pearson's r =-0.748, p = 0.0082) between the 'structural difference from Full-Length (RMSD)'
metric and 'cell binding affinity'. This suggests that in silico analysis alone can significantly
predict relative binding affinity. Based on this correlation, T53-40 (a 40 nt sequence) was
selected as the final candidate, showing the best structural similarity and high binding affinity.
SPR analysis confirmed that the selected T53-40 maintained a high binding affinity (KD 49.4
nM), almost identical to the 76 nt Full-Length aptamer (KD 49.5 nM). Furthermore, epitope
mapping (Direct-ELISA) verified that T53-40 binds to the same CD166 C2-3 domain as the
Full-Length aptamer. In conclusion, this study successfully optimized a CD166 aptamer
through an integrated in silico-in vitro strategy, and the optimization platform established in

this process can be effectively utilized for the future development of other aptamers.






202544 SAIYstw
LHECIZSEXH0 eI ME (MRC) SalEES]

C Session 2-1 Y120} &H )

Microenvironment-guided Evolution
of ssDNA-SWCNT Probes for
Selective Recognition of Aggressive
Prostate Cancer Phenotypes







Microenvironment-guided Evolution of ssDNA-SWCNT Probes for

Selective Recognition of Aggressive Prostate Cancer Phenotypes

Sanghwa Jeong

3 School of Biomedical Convergence Engineering, Pusan National University, Yangsan, Republic of
Korea

E-mail: sanghwa.jeong@pusan.ac.kr

Despite advances in prostate cancer detection, distinguishing indolent from aggressive phenotypes
remains challenging. We report a microenvironment-guided strategy for evolving phenotype-specific
molecular probes using single-stranded DNA-functionalized single-walled carbon nanotubes (ssDNA-
SWCNTs). Our approach employs 3D tumor models that recapitulate complex cancer
microenvironments, enabling identification of ssDNA sequences with differential binding properties.
We developed two distinct probes for prostate cancer cells: PC3D2, which preferentially binds hypoxia-
adapted stem-like cells associated with treatment resistance, and PC2D2, which shows enhanced binding
to mesenchymal-like cells. These probes exhibit characteristic second near-infrared (NIR-II, 1000-1700
nm) fluorescence, enabling non-invasive detection of aggressive phenotypes in heterogeneous tumors
using NIR-II optical imaging. We demonstrate their utility for selective drug delivery to prostate cancer
spheroids, resulting in enhanced therapeutic efficacy. This platform represents a significant
advancement in precision diagnostics and theranostics, potentially transforming prostate cancer
management through phenotype-specific targeting. The methodology offers a generalizable approach
for developing nanoprobes that recognize clinically relevant cancer phenotypes based on their unique

microenvironmental signatures rather than individual biomarkers.
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A Robust Marine Collagen Peptide—Agarose 3D Culture
System for In Vitro Modeling of Hepatocellular Carcinoma and

Anti-Cancer Therapeutic Development

Lata Rajbongshi, Ji-Eun Kim, Su-Rin Lee, Seon-Yeong Hwang, Dongjun Lee, Byoung Soo
Kim, Sae-Ock Oh, and Sik Yoon

Department of Anatomy and Convergence Medical Sciences, Pusan National University

College of Medicine, Yangsan 50612, Korea

The development of physiologically relevant three-dimensional (3D) culture systems is
essential for modeling tumor complexity and improving the translational impact of cancer
research. We established a 3D in vitro model of human hepatocellular carcinoma (HCC) using
a marine collagen peptide-based (MCP-B) biomimetic hydrogel scaffold optimized for
multicellular spheroid growth. Compared with conventional two-dimensional (2D) cultures, the
MCP-B hydrogel more accurately recapitulated native tumor biology while offering simplicity,
reproducibility, bioactivity, and cost efficiency. HCC cells cultured in MCP-B hydrogel
displayed tumor-associated behaviors, including enhanced proliferation, colony formation,
migration, invasion, and chemoresistance, and enriched cancer stem cell (CSC) populations.
Molecular analyses revealed upregulated expression of genes associated with multidrug
resistance; stemness regulation and markers; epithelial-mesenchymal transition (EMT)
transcription factors, markers, and effectors; growth factors and their receptors; and cancer
progression. The spheroids also retained liver-specific functions, suppressed apoptotic
signaling, and exhibited extracellular matrix remodeling signatures. Collectively, these findings
demonstrate that the 3D HCC model using MCP-B hydrogel recapitulates key hallmarks of
tumor biology and provides a robust, physiologically relevant platform for mechanistic studies
of HCC and CSC biology. This model further holds translational value for preclinical drug

screening and the development of novel anti-HCC and anti-CSC therapeutics.

Keywords: marine collagen; scaffold; hydrogel; 3D cell culture; spheroid; hepatocellular

carcinoma (HCC); liver cancer stem cell; chemoresistance
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Development of Tumor Assembloid Platform Via 3D Bioprinting of

Spheroids to Investigate Time-Dependent Drug Responses
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Cancer develops heterogeneous characteristics through dynamic interactions within the tumor
microenvironment (TME). Among its components, fibroblasts play a critical role by
transforming into cancer-associated fibroblasts (CAFs) via intercellular signaling, thereby
significantly influencing co-culture models. However, conventional co-culture models remain
limited in their ability to recapitulate the sequential and spatially regulated processes underlying
tumor—stroma interactions. To address these limitations, we developed an Assembloid platform
that allows spatial control of cancer and fibroblast spheroids. When the two spheroids were
positioned at a Pre-contact, active interactions were observed. Nonetheless, the absence of
spatial confinement over time resulted in diminished fibroblast activation. To counter this, we
incorporated biocompatible alginate lacking RGD peptides, thereby creating an environment
that favors cell—cell adhesion over focal adhesion. The alginate-supplemented group exhibited
elevated expression of cell adhesion markers relative to focal adhesion markers. Through
qualitative analysis, we observed directional and reciprocal migration: fibroblasts migrated
toward cancer spheroids, and cancer cells moved toward fibroblast spheroids. This behavior is
presumed to be driven by paracrine signaling between the two cell types. Subsequently, the
developed Assembloid platform was validated to confirm whether sufficient fusion occurred

from both physical and biological perspectives.

Keywords: 3D In-bath bioprinting, CAF, Co-culture, Assembloid platform
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Protein X, a Dynein-1 Motor Complex Component, Drives Tumor Growth

and Poor Survival in Hepatocellular Carcinoma

Van-Thanh Duong?, Young -In Hwang?, Han-Sol Park!, Hyojin Kim?, Jeong Han Kim?,
Sen Susmital, Myoung-Eun Han!, Sae-Ock Oh**

! Department of Anatomy, School of Medicine, Pusan National University, Yangsan, Republic

of Korea

Protein X, a component of the cytoplasmic dynein-1 motor complex, functions as an
intermediate chain that tethers the complex to cargo, thereby facilitating organelle positioning,
mitotic spindle assembly, and intracellular trafficking. Aberrant regulation of this protein has
been implicated in tumorigenesis. Hepatocellular carcinoma (HCC) is the most common type
of primary liver cancer and a leading cause of cancer-related deaths worldwide. Here, we
investigated the clinical significance and functional role of protein X in HCC. Analysis of The
Cancer Genome Atlas (TCGA, n = 369) revealed that Gene X expression was significantly
elevated in HCC tissues compared with normal liver tissues, and higher expression was
associated with shorter overall survival. To determineits biological role, we performed siRNA-
mediated knockdown of Gene X in HCC cells. Loss of Gene X significantly suppressed cell
proliferation (EZ-Cytox, colony formation), migration (wound healing, Boyden chamber), and
invasion (Matrigel assay), indicating its contribution to HCC progression as an oncogenic driver.
Furthermore, RNA-seq analysis showed that silencing Gene X suppressed the intrinsic
apoptotic pathway (p < 0.05, NES = 1.89) and modulated apoptosis-related genes such as
BCL2L1, BAK1, BAX (fold change 1.3 - 2.0), suggesting its role in promoting HCC
progression through apoptosis inhibition. Collectively, our results demonstrate that protein X
functions as an oncogenic driver in HCC and highlight its potential as both a prognostic

biomarker and a novel therapeutic target.

Keywords. Protein X, Hepatocellular carcinoma (HCC), BCL2L 1, Biomarker, Apoptosis.



| dentification of Proteasome Subunits as a Potential Therapeutic Target for
Cancer Therapy using Pan-cancer Analysisand Validation of Protein K asa

Target in Hepatocellular Carcinoma

JeongHan Kim *, Han-Sol Park !, HyojinKim?, Sen Susmitat, Van-Thanh Duong?,
Young -In Hwang!, Myoung-EunHan **, Sae-OckOh *

! Department of Anatomy, School of Medicine, Pusan National University, Yangsan, Republic
of Korea

Pan-Cancer Functional Analysis of Proteasoma Subunits Reveals Subunit-Specific
Therapeutic Vulnerabilities, Validating Protein K in Hepatocel lular Carcinoma. The proteasome
system is essentia for protein homeostasis and frequently altered in cancer. To find subunit-
specific therapeutic targets, we systematically analyzed the functional dependency of 49
proteasomal subunits across 54 cancer types using CRISPR and RNAI perturbation data
(DepMap). Fifteen subunits (CRISPR) and 31 subunits (RNAI) exhibited selective lethality.
Nine subunits, including PSMB5 and PSMB6 (identified as broad-spectrum targets), showed
consi stent sel ective dependency across both platforms. Dependency correl ation analyses further
linked subunit vul nerability to genomic aterations and oncogenic signaling pathways. Crucidly,
the analysis suggested Protein K as apromising target. We confirmed Protein K overexpression
in HCC and demonstrated that Protein K knockdown significantly suppressed HCC céll line
proliferation, migration, invasiveness, and tumorigenicity in vitro and in vivo. This
comprehensive analysis reveals the functional heterogeneity and therapeutic potential of
individual proteasomal subunits. It establishes a foundation for developing subunit specific
anti-cancer strategies and validates Protein K as a potent novel target for Hepatocellular

Carcinoma therapy.

Keywords: HCC, hepatocel lular carcinoma, proteasome, UPR, unfolded protein reaction, Pan-

cancer



A COP9 Signalosome Subunit, as a Therapeutic Targat hepatocellular
carcinoma (HCC), regulates the tumorigenicity of H cells via ER Stress—
UPR Pathway.

HyojinKim *, Han-Sol Park JeonghanKirh Sen SusmitaVVan-ThanhDuony Young -In
Hwang, Myoung-EunHatt, Sae-OckOk¢

Department of Anatomy, School of Medicine, Pusan National University, Yangsan, Republic
of Korea

The COP9 signalosome (CSN) complex regulates prdegradation and cellular homeostasis
through ubiquitination and neddylation. AbnormalNC8&ctivity contributes to tumorigenesis
by interfering with normal angiogenesis, DNA repand the cell cycle. Hepatocellular
carcinoma (HCC) is a major cause of cancer moytalgcessitating the development of novel
biomarkers and therapeutic targets. In this study,targeted gene H, a CSN subunit, to
elucidate its role and associated pathways in H&lgnificant overexpression of gene H was
observed in liver cancer patient tissues from t66&A (n = 372), and high gene H expression
levels were associated with poor patient survikahctionally, decreased gene H expression
inhibited HCC cell proliferation, migration, invasi, and colony formation. Furthermore, gene
H deficiency induced upregulation of UPR markerd garget genes. The UPR is a cellular
adaptive pathway activated by endoplasmic reticul(lBiR) stress. It restores protein
homeostasis, but dysregulated expression canradsiee apoptosis. This suggests that gene H
may partially regulate hepatocellular carcinoma Gj@rogression by modulating ER stress
and UPR signaling. Based on these findings, weladechat gene H may be a tumorigenic
factor in HCC, suggesting that it may serve asagpostic biomarker as well as a potential
therapeutic target. Current research aims to ehbeiflirther the molecular mechanisms linking

gene H, UPR activation, and HCC progression.

Keywords: COP9 signalosome (CSN) subunit, Hepatocellulacicama (HCC), ER Stress—
UPR Pathway.



Gene S Promotes Hepatocellular Carcinoma Progression via Ribotoxic
Stress and Atypical UPR Pathways

Han-Sol Park *, Hyojin Kim?, Jeong han Kify Sen SusmitaVan-Thanh Duonf
Young -In Hwang, Myoung-Eun Harf*, Sae-Ock OH*

'Pusan National University, Yangsan, Republic of Korea

Background: Hepatocellular carcinoma (HCC) remaan$eading cause of cancer-related
mortality, with limited therapeutic options and pgognosis. Recent evidence suggests that
ribosomal proteins exert extra-ribosomal functioastributing to tumorigenesis.

Objective: We aimed to investigate the role of sha&all ribosomal subunit protein Gene S in
HCC, focusing on its expression, prognostic sigaifice, and involvement in ribotoxic stress
and unfolded protein response (UPR) pathways.

Methods and Results: TCGA analysis revealed sicamti overexpression of Gene S in HCC
compared to normal liver tissues (p<0.001), andh Idgne S expression was associated with
poor overall survival in Kaplan—Meier analysis. Etional assays demonstrated that siRNA-
mediated knockdown of Gene S markedly reduced fpration, migration, invasion, and
tumorigenicity in HCC cell lines. Mechanistic stadifurther showed that Gene S depletion
induced phosphorylation of ZAK and subsequent atm of the p38/JNK—CHOP axis,
consistent with ribotoxic stress signaling. In cast, while GCN2 phosphorylation was
increased, ATF4 expression was decreased, indicatinon-canonical UPR pattern distinct
from the conventional ISR pathway.

Conclusion: Gene S is overexpressed in HCC aneledes with poor prognosis. It promotes
tumor progression through ribotoxic stress andieypJPR signaling, suggesting its potential
as a novel prognostic biomarker and therapeutgetan HCC.

Keywords. HCC, ribotoxic stress, prognostic biomarker



Splicing Factor Gene X Promotes Hepatocellular Carcinoma Progression
via the Unfolded Protein Response

Young-In Hwang! *, Han-Sol Park?, HyojinKim?, JeonghanKim?, Sen Susmital,
Van-Thanh Duong!, Myoung-EunHan!, Sae-OckOh! *

Department of Convergence Medicine, School of Medicine, Pusan National University,

Yangsan, Republic of Korea

Anaysis of The Cancer Genome Atlas (TCGA) data reveded that Gene X is significantly
overexpressed in hepatocellular carcinoma (HCC) tissues and correlates with poorer patient
survival. To elucidate its functional role, we performed SIRNA-mediated knockdown
experimentsin HCC cdll lines. Gene X silencing markedly reduced cell proliferation, migration,
and invasion, suggesting that Gene X functions as an oncogenic driver in HCC progression.
Transcriptomic analysis further demonstrated activation of the Unfolded Protein Response
(UPR) pathway following Gene X knockdown, indicating alink between splicing dysregulation
and proteostasis imbalance. Collectively, our findingsidentify Gene X as a potential diagnostic
biomarker and promising therapeutic target for HCC.

Keywords. Splicing factor, Hepatocellular carcinoma (HCC), Unfolded protein response
(UPR)



PPARa antagonist is a potential therapeutic target to overcome sorafenib

resistance in hepatocellular carcinoma

Yong Seong Kwon, Min Joo Shin, Jun Se Kim, Seo Yul Lee, Hyen Jin Anh, Jae Ho Kim

Department of Physiology, School of medicine, Pusan National University, Yangsan 50612,

Gyeongsangnam-do, Republic of Korea

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death
worldwide. Sorafenib is the first-line systemic therapy for advanced HCC; however, long-
term treatment often leads to the development of drug resistance, contributing to tumor
recurrence and poor prognosis. The Peroxisome Proliferator-Activated Receptor o (PPAR«)
plays acritical rolein cell proliferation, metabolic regulation, and drug resistance in various
cancers. Therefore, this study aimed to evauate the anti-cancer efficacy of a PPARa
antagonist (Compound A) and its synergistic potential with sorafenib in HCC. The SNU475
cell line, a sorafenib-resistant HCC model, was treated with Compound A aone or in
combination with sorafenib. PPARa expression and enzymatic activity were significantly
upregulated in SNU475 cells compared with sorafenib-sensitive cells, and treatment with
Compound A effectively suppressed PPARa activity. Compound A aone reduced cell
viability and metabolic activity, while co-treatment with sorafenib exhibited synergistic
cytotoxic effects and enhanced apoptotic signaling. Furthermore, colony formation was
markedly reduced by the combination treatment. Collectively, PPARa inhibition effectively
blocks the metabolic adaptation underlying sorafenib resistance and enhances the anti-tumor
efficacy of sorafenib. These findings suggest that the combination of sorafenib and
Compound A may represent a promising therapeutic strategy for overcoming drug resistance
in hepatocellular carcinoma.
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Ovarian cancer is often asymptomatic in its early stages and is frequently diagnosed at
advanced stages (FIGO stage Il or 1V), contributing to its high mortality rate among
gynecol ogic malignancies. The standard therapeuti c approach involves surgical resection of the
tumor followed by chemotherapy. However, most patients eventually devel op chemoresistance,
leading to recurrence and metastasis. The underlying mechanism of this resistance involves
enhanced DNA damage repair capacity. the antitumor efficacy of proteolytic targeting chimera
(PROTAC) that targets BRD4, which plays acritical rolein DNA damage repair, was eval uated
in both parental and drug-resistant ovarian cancer models. Comparative analyses of two
PROTAC compounds were performed using drug-resistance ovarian cancer cell lines, including
A2780-R and PEO1-R cells. Compound B exhibited superior BRD4 degradation and lower
| C50 values compared to compound A, particularly inA2780-R, adoxorubicin-resistant ovarian
cancer cell line. Combination treatment with compound B and DNA-damaging agents
synergistically reduced cell viability, while enhancing DNA damage and apoptosis. Importantly,
BRD4 degradation sensitized PEO1-R, a homologous recombination-proficient cell line, to
olaparib, suggesting a synthetic lethality mechanism independent of BRCA1/2 status. These
results support compound B as a promising drug candidate for overcoming drug resistance and

enhancing the efficacy of DNA-damaging agents in ovarian cance.
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Systemic sclerosis is an autoimmune disease that causes extensive fibrosis and inflammation of
the skin and internal organs. Subcutaneous administration of W-peptide, a formyl peptide
receptor agonist, alleviated fibrosis and inflammation in skin. However, the skin barrier requires
repeated and invasive administration of Wm into skin tissue. Polysaccharide (PS), a naturd
mucopolysaccharide, is used as adrug carrier for transdermal protein delivery. To elucidate the
effects of PS on the transderma delivery of W-pep, we conjugated PS and W-pep, and
investigated the effects of topical treatment with PS-conjugated W-pep (PS-W) on ableomycin-
induced skin fibrosis mouse model. Topica treatment with PS-W-pep significantly reduced
derma thickness and collagen deposition in the bleomycin-induced skin fibrosis model.
However, topical treatment with neither W-pep nor PS significantly affected fibrosis or
inflammation. PS-W treatment reduced the numbers of a-SMA-positive myofibroblasts and
CD68-positive macrophages in the fibrotic skin. PS-W treatment inhibited lipopolysaccharide-
induced chemotactic migration of macrophages and the expression of TNF-a, and IFN-y in
macrophages in vitro. However, PS-W treatment had no significant effect on bleomycin-
induced skin fibrosis and inflammation in the Fpr2-knockout mice. Taken together, these results
suggest that topical treatment with PS-W dleviates bleomycin-induced fibrosis and
inflammation via an FPR2-dependent mechanism.
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Colorectal cancer (CRC) remains one of the leading causes of cancer-related mortality
worldwide, underscoring theimportance of finding new regulatory mechanisms and therapeutic
targets. Post-translational modifications (PTMs) play a crucia role in cancer progression;
however, the function of UFMylation in CRC is poorly understood. In this study, we have
discovered that Protein A is a new target of UFM1-mediated UFMylation and have confirmed
its conjugation through biochemica analyses. This modification suggests a potential role in
cellular homeostasis, protein stability, and oncogenic signaling regulation. Although the precise
impact of UFMylation on CRC progression remains to be fully elucidated, its involvement in
key cellular pathways highlights its significance. Further studies on the UFM 1-Protein A axis
may uncover novel mechanisms underlying CRC tumorigenesis and provide potential

therapeutic strategies targeting UFMYyl ation-rel ated pathways.
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This study investigated the role of Gene A in regulating the proliferative and metastatic
properties of hepatocellular carcinoma (HCC) cells. Analysis of TCGA and GEO datasets
revealed that Gene A expression was elevated in patients with HCC compared with normal
individuals. Based on this finding, Gene A knockdown was performed in HepG2 cells, which
exhibited the highest basal level of Gene A among tested HCC céll lines. Silencing of Gene A
significantly reduced cell viability and proliferation, as confirmed by EdU assays, and resulted
in dysregulated cell-cycle control characterized by decreased Cyclin D1 and increased CDK 2
and Cyclin B1 expression. Pl staining based cell-cycle analysis further showed a reduction in
the G1 population accompanied by a relative accumulation of cells in the S/G2 phases,
indicating impaired G1/S checkpoint regulation. In addition, scratch-induced migration,
Transwell migration, and invasion assays demonstrated that Gene A knockdown markedly
suppressed cellular motility and invasiveness. Anchorage-independent colony formation and
3D spheroid/organoid growth were significantly reduced, reflecting decreased tumorigenic
potential. Moreover, reduced expression of 3-catenin, Snail, and Slug suggested the inhibition
of EMT. Collectively, these results demonstrate that Gene A depletion attenuates the
proliferative, migratory, and tumorigenic capacities of HCC cells, highlighting Gene A as akey
molecular regulator and potential therapeutic target in HCC.
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Hepatocel lular carcinoma (HCC) accounts for nearly 80% of primary liver cancers and remains
one of theleading causes of cancer-related mortality worldwide. Despitethe clinical availability
of sorafenib, the overall survival rate of advanced HCC patients remains unsatisfactory, mainly
due to drug resistance and the absence of reliable biomarkers predicting therapeutic response.
Gene A, amember of the protein disulfide isomerase family, has been reported overexpressed
in multiple malignancies, including HCC, and is associated with tumor proliferation, invasion,
metastasis, and poor prognosis. However, the therapeutic potential of Gene A inhibitionin HCC

has not been fully explored.

In this study, we investigated the oncogenic role of Gene A and evaluated the antitumor efficacy
of anovel drug-repositioning strategy using Drug A, a calcium channel blocker known to target
Gene A. Gene A was found to be highly expressed in HCC cell lines and tumor tissues
compared with normal controls. Drug A treatment significantly suppressed HCC cell
proliferation. Our finding highlights Gene A as a tumor-specific oncogenic chaperone and a
promising therapeutic target in HCC. Building on the premise that Drug A targets Gene A, this

study provides new insights into improving therapeutic outcomes for HCC.
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Liver cancer is one of the leading causes of cancer-related deaths worldwide, largely dueto its
late diagnosis and rapid progression. Early-stage detection dramatically improves prognosis,
with survival rates exceeding 70% when diagnosed early but dropping below 20% at advanced
stages. However, conventional diagnostic approaches relying on single biomarkers such as
alpha-fetoprotein (AFP) suffer from low sensitivity and specificity, cannot represent the
complex biological changes that happen in the early stages of liver cancer.

This study presents a digital biomarker platform that integrates a fluorescence-based muilti-
nanosensor array with machine learning for early liver cancer detection. Single-walled carbon
nanotubes (SWCNTSs) were functionalized with various amino acids via covalent conjugation
and single-stranded DNA (ssDNA) sequences via non-covalent adsorption, forming 25 distinct
corona phases on the SWCNT surface. These nanosensors were used to analyze 200 serum
samples, generating high-dimensional fluorescence data reflecting molecular interactions
specific to liver cancer progression.

The nanosensor array operates analogously to an electronic tongue, where each nanosensor
responds uniquely to awide range of biomoleculesin patient serum. Variations in fluorescence
intensity before and after exposure create a multidimensional fingerprint representing the
biochemical state associated with early-stage liver cancer. These fluorescence patterns were
analyzed using machine learning algorithms for classification and feature extraction.

This platform provides arapid, cost-effective, and scal able approach for the early and accurate
diagnosis of liver cancer, offering potential for integration into clinical screening systems and

personalized oncology diagnostics.
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Surface modification using polydopamine (PDA) has emerged as a versatile technique with
broad applications in various fields such as materials science, regenerative medicine, and
theranostics. While PDA coatings have shown promising results in enhancing cell adhesion,
proliferation, and migration in diverse cell types, their impact on cancer cell behavior remains
poorly understood. In this study, we investigated the effects of PDA-coated surfaces on
hepatocellular carcinoma (HCC) and prostate cancer (PC) cells and elucidated the underlying
mechanisms. Our findings reveal that PDA coating significantly increases cell adhesion,
proliferation, and migration of HCC and PC cells, leading to the induction of epithelial-
mesenchymal transition (EMT) and chemoresistance. Moreover, we identified the involvement
of integrin-mediated activation of the FAK/INK signaling pathway. These results provide
valuable insights into the role of PDA in cancer progression and suggest new avenues for its
application in HCC and PC cancer research and therapy.
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Three-dimensional (3D) spheroid culture systemsHhascome valuable tools for modeling
tumor biology and assessing drug efficacy. Howevamiability in spheroid morphology often
limits the reproducibility and comparability of téts across cell types. Achieving consistent,
circular spheroids is critical for maintaining plogtegically relevant gradients of oxygen,
nutrients, and drugs within the 3D architecturethis study, we investigated the effect of
incorporating marine collagen (MC) as a media adgglion the formation, morphology, and
biological characteristics of hepatocellular canoma (HCC) spheroids. The addition of MC
significantly improved spheroid circularity and cpattness, yielding more uniform and
physiologically relevant structures. Notably, HC@lg cultured in MC-supplemented media
exhibited enhanced malignant behaviors, includiegaased proliferation, migration, invasion,
and chemoresistance. Molecular analyses revealegguiption of genes associated with
multidrug resistance, stemness, epithelial-mesenahytransition (EMT), and tumor
progression. The spheroids also retained liveripdanctions and displayed extracellular
matrix remodeling signatures. Collectively, ourdiimgs demonstrate that MC supplementation
promotes the structural and functional maturatidnH&C spheroids, recapitulating key
hallmarks of tumor biology. This optimized 3D culisystem provides a robust, reproducible,
and physiologically relevant platform for mechaigisstudies of HCC progression, CSC

regulation, and preclinical drug screening.



MTOR and heat shock protein 90 areinvolved in inflammation
induced by 27-hydroxycholesterol

Munju Kwon*and Dongjun Lee'*

! Department of Convergence Medicine, Pusan National University School of Medicine, Yangsan,
South Korea

lee.dongjun@pusan.ac.kr

Atherosclerosis is a disease in which extracellular cholesterol and inflammatory cells are
deposited and accumulated in arterial blood vessel walls. 27-hydroxycel osterol (27HC) is the
most abundant cholesterol metabolitein atherosclerosis. 27HC is a bioactive immune oxysterol
that induces inflammatory responses, such as activation of immune cells and secretion of
chemokine, but its molecular mechanisms are not well known. In this study, we investigated
the roles of mechanistic target of rapamycin (mTOR) and heat shock protein 90 (Hsp9O0) in
27HC-induced inflammation using rapamycin and ganetespib, respectively. When THP-1
monocytic cells were treated with rapamycin, the expression of CCL 2, which was increase by
27HC, was reduced. It also suppressed the effect of 27HC, which upregulates the expression
and phosphorylation of S6 and 4EBP1. Treatment with ganetespib not only reduced the
production of CCL2 but aso inhibited the expression and phosphorylation of S6, 4EBP1 and
AKT increased by 27HC. Together, these results indicate that 27HC induces inflammation by
activating the HSPOO/AKT/mTOR signaling pathway and demonstrate that rapamycin and
ganetespib can be useful for the treatment of inflammatory diseases involving 27HC.
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Osteoporatic vertebral compression fractures (OV CFs) are the most prevalent fractures among
patients with osteoporosis, leading to severe pain, deformities, and even death. This study
explored the use of ectopic embryonic calvaria derived mesenchymal stem cells (EE-cM SCs),
which are known for their superior differentiation and proliferation capabilities, as a potential
treatment for bone regeneration in OVCFs. We evaluated the impact of EE-cMSCs on
osteoclastogenesis in a RAW264.7 cell environment, which was induced by the receptor
activator of nuclear factor kappa-beta ligand (RANKL), using cytochemical staining and
guantitativereal-time PCR. The osteogenic potential of EE-cM SCswas eval uated under various
hydrogel conditions. An osteoporotic vertebral body bone defect model was established by
inducing osteoporosis in rats through bilateral ovariectomy and creating defects in their
coccygeal vertebral bodies. The effects of EE-cM SCs were examined using micro-computed
tomography (uCT) and histology, including immunohistochemical analyses. In vitro, EE-
cMSCs inhibited osteoclast differentiation and promoted osteogenesis in a 3D cell culture
environment using fibrin hydrogel. Moreover, uCT and histological staining demonstrated
increased new bone formation in the group treated with EE-cM SCs and fibrin. Immunostaining
showed reduced osteoclast activity and bone resorption, alongsideincreased angiogenesis. Thus,
EE-cMSCs can effectively promote bone regeneration and may represent a promising

therapeutic approach for treating OV CFs.
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Endothelial denudation in arteria regions correlates with the recruitment and accumulation of
mononuclear phagocytes, which demonstrate pronounced responsiveness to biomechanical
forces, particularly hemodynamic shear stress. Despite this established relationship, the
mechanistic influence of biomechanical stimulation on monocytic cellular responses remains
inadequately characterized. To elucidate these mechanisms, we investigated the effects of
laminar shear stress on inflammatory mediator expression and surface protein dynamics in
human THP-1 monocytic cells.

Our findings demonstrate that exposure to physiological shear stress significantly upregulated
the inflammatory chemokine CCL 2, concomitant with enhanced transcriptional activation and
proteomic alterations in monocytes, alongside elevated production of tumor necrosis factor
(TNF)-a and interleukin (IL)-1p. Comprehensive mass spectrometry-based proteomic analysis
reveal ed substantial augmentation of surface-associated heat shock protein 70 (HSP70), HSP9O,
and HSP105 expression levels, which were subsequently validated through complementary
methodologies including immunoblotting, flow cytometric analysis, and immunofluorescence
microscopy.

Pharmacological inhibition of HSP70/HSP105 and HSP90 significantly attenuated CCL2
expression, secretion, and monocytic chemotaxis, establishing a mechanistic link between heat
shock protein expresson and inflammatory cascade activation. Furthermore,
immunohistochemical examination of atherosclerotic lesions from apolipoprotein E-deficient
mice maintained on atherogenic diets and human femoral artery endarterectomy specimens



revealed enhanced HSP90 immunoreactivity with notable co-localization with CD68-positive
macrophages.

These observations collectively indicate that shear stressmediated polarization of
monocytes/macrophages toward a pro-inflammatory phenotype is mechanistically associated
with enhanced surface expression of heat shock proteins. Therapeutic modulation of HSP
regulation in mononuclear phagocytes may represent a promising novel intervention strategy

for mitigating shear stress-induced vascular inflammation.
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Fibrosis is a hallmark of liver cancer, contributing to therapeutic resistance. However,
conventional tumor models faill to recapitulate the progressively stiffening fibrotic
microenvironment, and bridging this physiological gap is essentia for the development of
effective anti-fibrotic strategies. To address this, we developed aliver tumor model using hybrid
spheroids fabricated via in-bath bioprinting with stepwise stiffness control. Liver-derived
decellularized ECM (LAECM) was optimized at 1.5%, showing an elastic modulus (~1 kPa)
comparableto nativeliver tissue and printability. Stepwise stiffening wasinduced through dual -
step ionic crosslinking with low-molecular-weight alginate, allowing independent temporal
control over matrix stiffening. A 60-minute saturation time enabled uniform alginate diffusion
in 1 mm-thick LAECM gels. We established three stiffness profiles: Soft, Stiff (immediate), and
Stepwise (after FA). Stepwise stiffening enhanced actin bundling, focal adhesion, and mechano
transduction, inducing stiffness-dependent behaviors similar to those in the tumor
microenvironment. These results demonstrate the potentia of stepwise stiffness tunability to
recapitulate fibrotic tumor microenvironments with functional barriers. This platform may
serve as a relevant model for studying fibrosis-driven malignancy and evauating barrier-
targeted therapies.

Keywords: 3D In-bath bioprinting, Fibrosis, Stepwise Stiffness modulation, Hybrid Spheroids
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Cancer cells activate neighboring fibroblasts into CAFs and promote ECM remodeling around
the tumor, increasing tumor stiffness and drug resistance. Therefore, to overcome drug
resistance caused by increased ECM dtiffness through interactions between cancer cells and
CAFs, it is necessary to develop a platform that precisely recapitulates these conditions. To
faithfully replicate fibrotic tumors in vitro, this study developed a fabrication strategy using
coaxial in-bath 3D bioprinting to create fibroblast-covered tumor structures. We hypothesized
that replicating this physiologically relevant microenvironment would enhance CAF induction
and promote fibrotic tumor development. To verify this, core-shell structured spheroids were
fabricated using the breast cancer cell line MDA-MB-231. By adjusting core size and shell
thickness, we optimized fibrotic tumor-mimetic spheroids that exhibited enhanced structural
integrity and compartmentalization. Compared to mixed spheroids, the core-shell structures
exhibited higher proliferation, reduced apoptosis, and elevated markers of CAF activation and
ECM remodeling. The fibrotic shell significantly hindered doxorubicin penetration, leading to
an increase in drug resistance. Furthermore, treatment with the TGF-f receptor inhibitor
SB431542 suppressed fibrosis-related gene expression and improved drug sensitivity. These
findings suggest the printed core-shell spheroid is arobust in vitro model for evaluating anti-

fibrotic strategies and drug responses in fibrotic tumors

Keywords: 3D In-bath bioprinting, Fibrotic tumor, CAF, Coaxial Spheroids
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