
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2024 March 15; 16(3): 571-1090

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I March 15, 2024 Volume 16 Issue 3

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 16 Number 3 March 15, 2024

EDITORIAL

Synchronous gastric and colon cancers: Important to consider hereditary syndromes and chronic inflam-
matory disease associations

571

Shenoy S

Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio: Markers predicting immune-checkpoint 
inhibitor efficacy and immune-related adverse events

577

Jiang QY, Xue RY

Early-onset gastrointestinal cancer: An epidemiological reality with great significance and implications583

Triantafillidis JK, Georgiou K, Konstadoulakis MM, Papalois AE

REVIEW

Management of obstructed colorectal carcinoma in an emergency setting: An update598

Pavlidis ET, Galanis IN, Pavlidis TE

Unraveling the enigma: A comprehensive review of solid pseudopapillary tumor of the pancreas614

Xu YC, Fu DL, Yang F

MINIREVIEWS

Roles and application of exosomes in the development, diagnosis and treatment of gastric cancer630

Guan XL, Guan XY, Zhang ZY

Prognostic and predictive role of immune microenvironment in colorectal cancer643

Kuznetsova O, Fedyanin M, Zavalishina L, Moskvina L, Kuznetsova O, Lebedeva A, Tryakin A, Kireeva G, Borshchev G, 
Tjulandin S, Ignatova E

Pylorus-preserving gastrectomy for early gastric cancer653

Sun KK, Wu YY

ORIGINAL ARTICLE

Case Control Study

N-glycan biosignatures as a potential diagnostic biomarker for early-stage pancreatic cancer659

Wen YR, Lin XW, Zhou YW, Xu L, Zhang JL, Chen CY, He J

Expression and significance of pigment epithelium-derived factor and vascular endothelial growth factor 
in colorectal adenoma and cancer

670

Yang Y, Wen W, Chen FL, Zhang YJ, Liu XC, Yang XY, Hu SS, Jiang Y, Yuan J



WJGO https://www.wjgnet.com II March 15, 2024 Volume 16 Issue 3

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 3 March 15, 2024

Impact of Alcian blue and periodic acid Schiff expression on the prognosis of gastric signet ring cell 
carcinoma

687

Lin J, Chen ZF, Guo GD, Chen X

Retrospective Cohort Study

Clinical profile and outcomes of hepatocellular carcinoma in primary Budd-Chiari syndrome699

Agarwal A, Biswas S, Swaroop S, Aggarwal A, Agarwal A, Jain G, Elhence A, Vaidya A, Gupte A, Mohanka R, Kumar R, 
Mishra AK, Gamanagatti S, Paul SB, Acharya SK, Shukla A, Shalimar

Chinese herbal medicine decreases incidence of hepatocellular carcinoma in diabetes mellitus patients 
with regular insulin management

716

Lai HC, Cheng JC, Yip HT, Jeng LB, Huang ST

Combining systemic inflammatory response index and albumin fibrinogen ratio to predict early serious 
complications and prognosis after resectable gastric cancer

732

Ren JY, Wang D, Zhu LH, Liu S, Yu M, Cai H

Mucosa color and size may indicate malignant transformation of chicken skin mucosa-positive colorectal 
neoplastic polyps

750

Zhang YJ, Yuan MX, Wen W, Li F, Jian Y, Zhang CM, Yang Y, Chen FL

Epidemiology, therapy and outcome of hepatocellular carcinoma between 2010 and 2019 in Piedmont, 
Italy

761

Bracco C, Gallarate M, Badinella Martini M, Magnino C, D'Agnano S, Canta R, Racca G, Melchio R, Serraino C, Polla 
Mattiot V, Gollè G, Fenoglio L

Study on sex differences and potential clinical value of three-dimensional computerized tomography 
pelvimetry in rectal cancer patients

773

Zhou XC, Ke FY, Dhamija G, Chen H, Wang Q

Retrospective Study

High patatin like phospholipase domain containing 8 expression as a biomarker for poor prognosis of 
colorectal cancer

787

Zhou PY, Zhu DX, Chen YJ, Feng QY, Mao YH, Zhuang AB, Xu JM

Combining prognostic value of serum carbohydrate antigen 19-9 and tumor size reduction ratio in 
pancreatic ductal adenocarcinoma

798

Xia DQ, Zhou Y, Yang S, Li FF, Tian LY, Li YH, Xu HY, Xiao CZ, Wang W

Influence of transcatheter arterial embolization on symptom distress and fatigue in liver cancer patients810

Yang XM, Yang XY, Wang XY, Gu YX

T2-weighted imaging-based radiomic-clinical machine learning model for predicting the differentiation of 
colorectal adenocarcinoma

819

Zheng HD, Huang QY, Huang QM, Ke XT, Ye K, Lin S, Xu JH

Predictive value of positive lymph node ratio in patients with locally advanced gastric remnant cancer833

Zhuo M, Tian L, Han T, Liu TF, Lin XL, Xiao XY



WJGO https://www.wjgnet.com III March 15, 2024 Volume 16 Issue 3

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 3 March 15, 2024

Risk of cardiovascular death in patients with hepatocellular carcinoma based on the Fine-Gray model844

Zhang YL, Liu ZR, Liu Z, Bai Y, Chi H, Chen DP, Zhang YM, Cui ZL

Preoperatively predicting vessels encapsulating tumor clusters in hepatocellular carcinoma: Machine 
learning model based on contrast-enhanced computed tomography

857

Zhang C, Zhong H, Zhao F, Ma ZY, Dai ZJ, Pang GD

Comparison of mismatch repair and immune checkpoint protein profile with histopathological parameters 
in pancreatic, periampullary/ampullary, and choledochal adenocarcinomas

875

Aydın AH, Turhan N

Assessment of programmed death-ligand 1 expression in primary tumors and paired lymph node 
metastases of gastric adenocarcinoma

883

Coimbra BC, Pereira MA, Cardili L, Alves VAF, de Mello ES, Ribeiro U Jr, Ramos MFKP

Observational Study

Identification of breath volatile organic compounds to distinguish pancreatic adenocarcinoma, pancreatic 
cystic neoplasm, and patients without pancreatic lesions

894

Tiankanon K, Pungpipattrakul N, Sukaram T, Chaiteerakij R, Rerknimitr R

Clinical features and prognostic factors of duodenal neuroendocrine tumours: A comparative study of 
ampullary and nonampullary regions

907

Fang S, Shi YP, Wang L, Han S, Shi YQ

Clinical and Translational Research

Construction of an immune-related gene signature for overall survival prediction and immune infiltration 
in gastric cancer

919

Ma XT, Liu X, Ou K, Yang L

Clinical efficacy and pathological outcomes of transanal endoscopic intersphincteric resection for low 
rectal cancer

933

Xu ZW, Zhu JT, Bai HY, Yu XJ, Hong QQ, You J

Identification of a novel inflammatory-related gene signature to evaluate the prognosis of gastric cancer 
patients

945

Hu JL, Huang MJ, Halina H, Qiao K, Wang ZY, Lu JJ, Yin CL, Gao F

Basic Study

Verteporfin fluorescence in antineoplastic-treated pancreatic cancer cells found concentrated in 
mitochondria

968

Zhang YQ, Liu QH, Liu L, Guo PY, Wang RZ, Ba ZC

Effects of Helicobacter pylori and Moluodan on the Wnt/β-catenin signaling pathway in mice with precan-

cerous gastric cancer lesions

979

Wang YM, Luo ZW, Shu YL, Zhou X, Wang LQ, Liang CH, Wu CQ, Li CP



WJGO https://www.wjgnet.com IX March 15, 2024 Volume 16 Issue 3

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 3 March 15, 2024

Mitochondrial carrier homolog 2 increases malignant phenotype of human gastric epithelial cells and 
promotes proliferation, invasion, and migration of gastric cancer cells

991

Zhang JW, Huang LY, Li YN, Tian Y, Yu J, Wang XF

Ubiquitin-specific protease 21 promotes tumorigenicity and stemness of colorectal cancer by deubiquit-
inating and stabilizing ZEB1

1006

Lin JJ, Lu YC

Long non-coding RNA GATA6-AS1 is mediated by N6-methyladenosine methylation and inhibits the 
proliferation and metastasis of gastric cancer

1019

Shen JJ, Li MC, Tian SQ, Chen WM

CALD1 facilitates epithelial-mesenchymal transition progression in gastric cancer cells by modulating the 
PI3K-Akt pathway

1029

Ma WQ, Miao MC, Ding PA, Tan BB, Liu WB, Guo S, Er LM, Zhang ZD, Zhao Q

META-ANALYSIS

Efficacy and safety of perioperative therapy for locally resectable gastric cancer: A network meta-analysis 
of randomized clinical trials

1046

Kuang ZY, Sun QH, Cao LC, Ma XY, Wang JX, Liu KX, Li J

SCIENTOMETRICS

Insights into the history and tendency of glycosylation and digestive system tumor: A bibliometric-based 
visual analysis

1059

Jiang J, Luo Z, Zhang RC, Wang YL, Zhang J, Duan MY, Qiu ZJ, Huang C

CASE REPORT

Managing end-stage carcinoid heart disease: A case report and literature review1076

Bulj N, Tomasic V, Cigrovski Berkovic M

Hemorrhagic cystitis in gastric cancer after nanoparticle albumin-bound paclitaxel: A case report1084

Zhang XJ, Lou J



WJGO https://www.wjgnet.com X March 15, 2024 Volume 16 Issue 3

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 16 Number 3 March 15, 2024

ABOUT COVER

Peer Review of World Journal of Gastrointestinal Oncology, Noha Elkady, MD, Assistant Professor, Department of 
Pathology, Faculty of Medicine Menoufia University, Shibin Elkom 32511, Egypt. drnohaelkady@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J Gastrointest Oncol) is to provide 
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal 
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic 
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, etc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE, 
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China 
Science and Technology Journal Database, and Superstar Journals Database. The 2023 edition of Journal Citation 
Reports® cites the 2022 impact factor (IF) for WJGO as 3.0; IF without journal self cites: 2.9; 5-year IF: 3.0; Journal 
Citation Indicator: 0.49; Ranking: 157 among 241 journals in oncology; Quartile category: Q3; Ranking: 58 among 93 
journals in gastroenterology and hepatology; and Quartile category: Q3. The WJGO’s CiteScore for 2022 is 4.1 and 
Scopus CiteScore rank 2022: Gastroenterology is 71/149; Oncology is 197/366.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xiang-Di Zhang; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

February 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

March 15, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com


WJGO https://www.wjgnet.com 968 March 15, 2024 Volume 16 Issue 3

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2024 March 15; 16(3): 968-978

DOI: 10.4251/wjgo.v16.i3.968 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Basic Study

Verteporfin fluorescence in antineoplastic-treated pancreatic cancer 
cells found concentrated in mitochondria

Ying-Qiao Zhang, Qing-Hao Liu, Lu Liu, Peng-Yu Guo, Run-Ze Wang, Zhi-Chang Ba

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Giacomelli L, Italy; 
Nakano H, Japan

Received: October 8, 2023 
Peer-review started: October 8, 
2023 
First decision: December 2, 2023 
Revised: December 23, 2023 
Accepted: January 19, 2024 
Article in press: January 19, 2024 
Published online: March 15, 2024

Ying-Qiao Zhang, Lu Liu, Peng-Yu Guo, Run-Ze Wang, Zhi-Chang Ba, Department of Radiology, 
Harbin Medical University Cancer Hospital, Harbin 150010, Heilongjiang Province, China

Qing-Hao Liu, Department of Digestive Internal Medicine, Harbin Medical University Cancer 
Hospital, Harbin 150010, Heilongjiang Province, China

Corresponding author: Zhi-Chang Ba, MS, Doctor, Department of Radiology, Harbin Medical 
University Cancer Hospital, No. 150 Haping Road, Harbin 150010, Heilongjiang Province, 
China. zlyyyxzx@126.com

Abstract
BACKGROUND 
Traditional treatments for pancreatic cancer (PC) are inadequate. Photodynamic 
therapy (PDT) is non-invasive, and proven safe to kill cancer cells, including PC. 
However, the mitochondrial concentration of the photosensitizer, such as 
verteporfin, is key.

AIM 
To investigate the distribution of fluorescence of verteporfin in PC cells treated 
with antitumor drugs, post-PDT.

METHODS 
Workable survival rates of PC cells (AsPC-1, BxPC-3) were determined with 
chemotherapy [doxorubicin (DOX) and gemcitabine (GEM)] and non-
chemotherapy [sirolimus (SRL) and cetuximab (CTX)] drugs in vitro, with or 
without verteporfin, as measured via MTT, flow cytometry, and laser confocal 
microscopy. Reduced cell proliferation was associated with GEM that was more 
enduring compared with DOX. Confocal laser microscopy allowed observation of 
GEM- and verteporfin-treated PC cells co-stained with 4’,6-diamidino-2-
phenylindole and MitoTracker Green to differentiate living and dead cells and 
subcellular localization of verteporfin, respectively.

RESULTS 
Cell survival significantly dropped upon exposure to either chemotherapy drug, 
but not to SRL or CTX. Both cell lines responded similarly to GEM. The intensity 
of fluorescence was associated with the concentration of verteporfin. Additional 
experiments using GEM showed that survival rates of the PC cells treated with 10 
μmol/L verteporfin (but not less) were significantly lower relative to nil verte-

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v16.i3.968
mailto:zlyyyxzx@126.com
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porfin. Living and dead stained cells treated with GEM were distinguishable. After GEM treatment, verteporfin 
was observed primarily in the mitochondria.

CONCLUSION 
Verteporfin was observed in living cells. In GEM -treated human PC cells, verteporfin was particularly prevalent in 
the mitochondria. This study supports further study of PDT for the treatment of PC after neoadjuvant 
chemotherapy.

Key Words: Photodynamic therapy; Pancreatic cancer; Verteporfin; Mitochondria; Chemotherapy; Gemcitabine

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Photodynamic therapy (PDT) for pancreatic cancer (PC) is more effective when the photosensitizer is concentrated 
in the mitochondria. This study showed that 10 μmol/L verteporfin treatment at various times significantly reduced the 
survival of human PC cells, but lower concentrations had no discernible results. After gemcitabine treatment, verteporfin 
was located primarily in the mitochondria. Verteporfin was more prevalent in living than dead cells, and in the latter was 
found mainly in the mitochondria. This study provides a significant theoretical foundation for using PDT in the compre-
hensive treatment of PC after neoadjuvant chemotherapy.

Citation: Zhang YQ, Liu QH, Liu L, Guo PY, Wang RZ, Ba ZC. Verteporfin fluorescence in antineoplastic-treated pancreatic cancer 
cells found concentrated in mitochondria. World J Gastrointest Oncol 2024; 16(3): 968-978
URL: https://www.wjgnet.com/1948-5204/full/v16/i3/968.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i3.968

INTRODUCTION
Pancreatic cancer (PC) is extremely malignant. It develops quickly, has a short disease course, and mortality is high. 
Many patients have already developed metastasis by the time PC is diagnosed. Furthermore, by the year 2030, PC may be 
the second leading cause of death from malignant tumors, as annual incidence rates are increasing from 0.5% to 1.0%[1]. 
Traditional treatment methods for PC are inadequate, and new multimodal comprehensive methods are required[2].

Photodynamic therapy (PDT) is a non-invasive medical technology that kills cancer cells. The essential components of 
PDT are an excitation light (laser), a drug activated by the light (i.e., the photosensitizer or photosensitizing agent), and an 
appropriate concentration of oxygen. When the photosensitizer is activated by blue fluorescent light from the laser, it 
reacts with the surrounding oxygen to produce reactive oxygen species (ROS) that can cause cell apoptosis and necrosis
[3]. Relative to normal tissue, a photosensitizer is preferentially distributed and absorbed by tumor tissue[4], and when 
activated by the light source, the tumor tissue is effectively labeled with fluorescence.

In recent years, PDT has been employed to treat various tumors including esophageal, gastric, bladder, lung, and 
nasopharyngeal cancers, and basal cell carcinoma[5-9]. PDT has also been confirmed safe and effective for the treatment 
of PC[10,11]. However, the effectiveness of PDT for treating PC can be limited by shallow penetration, lack of targeted 
photosensitizer, and insufficient oxygen, and toxic side effects preclude the clinical application of various novel 
photosensitizers that have achieved satisfactory results in vitro and in vivo.

The subcellular site of the photosensitizer also influences the benefit of PDT. Specifically, PDT has a stronger antitumor 
effect when the photosensitizer is concentrated in the mitochondria[12,13]. It is well accepted that mitochondria control 
cell growth and the cell cycle[14], and serve as the energy source for highly prolific cancer cells[15]. The ROS that results 
from the activated photosensitizer has a short half-life and affects only the immediate area[16]. Thus, because the location 
of the photosensitizer determines both the site of ROS production and photodynamic damage, the photosensitizer is best 
targeted to the mitochondria.

Verteporfin is a second-generation porphyrin photosensitizer, a benzoporphyrin derivative monoacid. Used for PDT, 
verteporfin is a dark green-to-black solid that is activated by laser irradiation with 689 nm wavelength[17]. Verteporfin-
mediated PDT can be used to treat PC[18]. Combined with traditional treatments for PC, PDT may be both safe and 
effective.

This preliminary in vitro study investigated the effectiveness of the photosensitizer verteporfin in human PC cells, and 
tested whether its use in combination with other common treatments is viable. First, an investigation was conducted into 
the respective effects of 4 antineoplastic drugs (non-chemotherapy and chemotherapy), with or without verteporfin, on 
the proliferation and apoptosis of the cells. From the results, further experiments located the verteporfin within the living 
and dead PC cells via fluorescence imaging assays.

https://www.wjgnet.com/1948-5204/full/v16/i3/968.htm
https://dx.doi.org/10.4251/wjgo.v16.i3.968
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MATERIALS AND METHODS
Cell culture
Human metastatic PC AsPC-1 cells (derived from human PC ascites cells xenograft in nude mice) and human pancreatic 
PC BxPC-3 cells were purchased from the American Type Culture Collection. The cells were grown and maintained in 
RPMI1640 (Roswell Park Memorial Institute 1640) supplemented with 10% fetal bovine serum and antibiotics (penicillin-
streptomycin; all from Gibco, United States) in a humidified incubator containing 5% CO2 at 37 °C.

Observations via in vivo imaging system spectrum
A well plate (i.e., a 12 × 8 well format with a see-through lid, Corning Costar) was prepared containing a dilution series of 
the photosensitizer verteporfin. An in vivo imaging system (IVIS) spectrum was used to measure the fluorescence 
intensity of verteporfin. The following concentrations of verteporfin were applied in succession: Nil, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10 μmol/L.

MTT assays
Cells of the above stated cell lines were seeded in 96-well plates (8000 AsPC-1 cells and 10000 BxPC-3 cells per well, 
respectively). The cells were incubated in complete cell culture medium (200 μL/well) overnight. The liquid at the top 
was discarded, the wells were rinsed with phosphate-buffered saline (PBS), and complete cell culture medium was added 
again.

The wells were treated respectively with verteporfin (United States), doxorubicin (DOX; Pfizer, United States), 
gemcitabine (GEM; Eli Lilly, France), sirolimus (SRL; Pfizer, Ireland), or cetuximab (CTX; Merck, Germany). Specifically, 
verteporfin was applied at the following concentrations for incubations times 1, 3, 6, 12, or 24 h: Nil, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
or 10 μmol/L. The incubation times for DOX were 24, and 48 h, at concentrations of nil, 0.2, 0.6, 0.8, 1.0, 1.2, or 1.4 μmol/
L. The incubation times for GEM were 3, 6, 12, 24, 48, or 72 h, at concentrations of nil, 10, 20, 30, 40, 50, 60, or 70 μmol/L. 
Cells were treated with SRL for 24, 48, and 72 h, at concentrations of nil, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nmol/L. CTX was 
applied for 24, 48, or 72 h at concentrations of nil, 20, 40, 60, 80, or 100 μmol/L.

MTT (5 mg/mL, 12.5 μL/well; Sigma-Aldrich GmbH, Germany) was added to each well, and incubated for at least 4 h. 
The upper liquid was discarded and 100 μL of dimethyl sulfoxide (DMSO) was added to each well. A microplate reader 
was used to measure the optical density at 540 nm.

Apoptosis analysis
Different concentrations of DOX (0.6 μmol/L, 0.8 μmol/L) in AsPC-1 and BXPC-3 cells, and 70 μmol/L in GEM-treated 
AsPC-1 and BXPC-3 cells, were applied for up to 72 h. Eppendorf (EP) tubes were prepared. The PC cells were added (1 × 
106), treated with drugs, and centrifuged (1000 rpm, 3 min). The waste liquid was discarded. The cells were double-fixed 
with 2.5% glutaraldehyde and 1% osmium tetroxide, dehydrated, and embedded after fixation. The samples were cut into 
ultrathin sections with a Reichert Jung UltraCut ultramicrotome, and viewed under a Hitachi H-7650 transmission 
electron microscope.

Flow cytometry analysis
Based on the results of the MTT assays, the appropriate drug parameters were chosen according to the dose that reduced 
the survival rate of the PC cells. Cells were treated for 48 h with a series of DOX concentrations (nil, 0.2, 0.4, 0.6, 0.8, and 1 
μmol/L). GEM was applied to AsPC-1 and BxPC-3 cells at concentrations of nil, 10, 30, 50, and 70 μmol/L for 72 h.

EP tubes were prepared. Each was filled with 106 drug-treated cells and centrifuged for 3 min at 1000 rpm. The top 
liquid was removed and Annexin V-FITC was added. This was mixed to resuspend the cells. The samples were incubated 
for 10 min at room temperature in the dark. Propidium iodide (PI; 5 μL/tube) was added and flow cytometry assays were 
conducted.

Laser confocal microscope analysis
DOX (0.4, 0.8 μmol/L) and GEM (30, 50 μmol/L) were applied to the AsPC-1 and BxPC-3 cells, for 48 and 72 h, 
respectively. After the GEM or DOX treatment, the AsPC-1 and BxPC-3 cells (106/mL) were suspended in PBS. Annexin 
V-FITC was added to a final concentration of 2 nmol/L, and incubated for 10 min in the dark before adding 1 μg/mL of 
PI. The cells were washed to remove superfluous dyes that had not adhered to the cells. Under a Zeiss LSM 510 Meta 
laser confocal microscope, the images were examined and recorded.

Transmission electron microscopy
AsPC-1 and BxPC-3 cells were treated with DOX (0.6 and 0.8 μmol/L, respectively) for 48 h, and with 70 μmol/L GEM 
for 72 h. Then each EP tube was filled with 106 of the drug-treated cells and centrifuged for 3 min at 1000 rpm, and the 
waste liquid was discarded. The cells in each EP tube underwent a double fixation with 1% osmium tetroxide and 2.5% 
glutaraldehyde. After fixation, these PC cells were dehydrated and embedded. A Reichert-Jung UltraCut ultra-thin 
microtome was used to section the samples, which were viewed through a Hitachi H-7650 transmission electron 
microscope.

Fluorescence imaging of verteporfin
AsPC-1 and BxPC-3 cells were exposed to 30 μmol/L GEM for 72 h, and incubated for 2 h with 1 mol/L verteporfin. 
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Figure 1 Fluorescence of verteporfin and proliferation of human pancreatic cancer cells after incubation with verteporfin. A: Fluorescence 
imaging of different concentrations of verteporfin using an IVIS Spectrum small animal imaging system; B and C: Proliferation of (B) AsPC-1 cells and (C) BxPC-3 
cells after incubation with different concentrations of verteporfin (nil, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 μmol/L) for 1, 3, 6, 12, and 24 h; preformed in triplicate.

Anhydrous DMSO was used to make MitoTracker Green (MTG; a green fluorescent dye specific to mitochondria), at a 
final concentration of 1 mmol/L. One liter of MTG was added to either a 50-mL or 5-mL cell culture solution to make a 
working solution (20 to 200 nmol/L) of MTG.

Two milliliters of deionized water were used to dissolve 4’,6-diamidino-2-phenylindole (DAPI), yielding a 14.3 mmol/
L DAPI storage solution. By mixing 2.1 μL of 14.3 mmol/L DAPI with 100 μL of PBS, a 300 μmol/L DAPI solution was 
created. DAPI was diluted in a 1:1000 ratio from 300 μmol/L to 300 nmol/L DAPI dye solution. The 300 nmol/L DAPI 
dye solution was added to cover the cells after 1 to 3 rounds of washing with PBS. The cells were incubated without light 
for 5 min, which were viewed finally using a confocal laser microscope.

Statistical analysis
SPSS 26.0 statistical software (IBM SPSS Statistics for Windows, Version 26.0, Armonk, NY: IBM) was used for statistical 
analyses. All the data are reported as independent experiments that were repeated for reproducibility. The experimental 
results are reported as mean ± SD. The t-test was used for statistical analyses, and P < 0.05 was considered statistically 
significant.

RESULTS
Fluorescence intensity of different concentrations of verteporfin
An IVIS spectrum small animal imaging system was used to measure the fluorescence intensity of verteporfin in different 
wells at the various concentrations. The intensity of the red fluorescence gradually increased as the verteporfin concen-
tration increased (Figure 1A).

Effect of verteporfin on PC cell proliferation
Cells of the 2 cell lines were respectively exposed to various concentrations of verteporfin for varying periods of time (see 
methods). Regarding the AsPC-1 cells, the cell survival rate was 76.94% after 24 h of treatment with 10 mol/L verteporfin, 
but at lower concentrations there was no appreciable change (Figure 1B). In the BxPC-3 cells, at 10 mol/L verteporfin and 
24 h, the cell survival rate was significantly less than that of cells treated with lower concentrations. At 1-9 mol/L 
verteporfin, the cell survival rate was unchanged at any treatment time (Figure 1C).

Effect of chemotherapy drugs DOX and GEM on the proliferation PC cells
When AsPC-1 cells were treated with DOX for 24 h, the survival rate was lower than that of the non-treated cells, but 
similar over the range of DOX concentrations (Figure 2A). The cell survival rate was lowest (77.49% ± 16.94%) at the 
maximum concentration (1.4 mol/L). At 48 h incubation, the survival rate had continued to decrease compared with that 
of the non-treated cells; at the maximum concentration of DOX, survival was 38.66% ± 27.71%.

Under DOX treatment, at all timepoints, the survival rates of the BxPC-3 cells were significantly less than that of the 
AsPC-1 cells (Figure 2B). At 24 h incubation, the survival rates decreased gradually with increasing DOX concentration, 
reaching its lowest value (37.28% ± 16.04%) at 1.4 mol/L. At 48 h incubation, the survival rates also decreased as the DOX 
concentration increased, and was lowest (10.79% ± 12.79%) at 1.4 mol/L.

Concerning AsPC-1 cells treated with GEM, at all concentrations and at 3, 6, 12, and 24 h, there was no discernible 
effect on the survival of the cells (Figure 2C). However, at 48 and 72 h, cell survival was significantly lower. At 48 h, 
nearly half of the cells had died. At 72 h, the survival rates gradually reduced from 75.48% ± 15.20% at 1.25 μmol/L, to 
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Figure 2 Proliferation of pancreatic cancer cells after incubation with different drugs. A and B: Proliferation of AsPC-1 cells (A) and BxPC-3 cells (B) 
after incubation with different concentrations of doxorubicin (nil, 0.2, 0.6, 0.8, 1.0, 1.2, 1.4 μmol/L) for 24 h and 48 h; C and D: Proliferation of AsPC-1 cells (C) and 
BxPC-3 cells (D) after incubation with different concentrations of gemcitabine (nil, 1.25, 2.5, 5, 10, 20, 30, 40, 50, 60, 70 μmol/L) for 3 h, 6 h, 12 h, 24 h, 48 h and 72 
h; E and F: Proliferative viability of AsPC-1 cells (E) and BxPC-3 cells (F) after incubation with different concentrations of sirolimus (0 nmol/L, 1 nmol/L, 2 nmol/L, 3 
nmol/L, 4 nmol/L, 5 nmol/L, 6 nmol/L, 7 nmol/L, 8 nmol/L, 9 nmol/L, 10 nmol/L) for 24 h, 48 h and 72 h; G and H: Proliferative viability of AsPC-1 cells (G) and BxPC-3 
cells (H) after incubation with different concentrations of cetuximab (nil, 20, 40, 60, 80, and 100 μg/mL) for 24, 48 and 72 h; preformed in triplicate.

26.93% ± 19.05% at 70 μmol/L.
In the BxPC-3 cells treated with GEM, at 3 h the survival rates under various concentrations were comparable 

(Figure 2D), but dropped at 6, 12, and 24 h when the cell survival was approximately 75%. At 48 and 72 h, the cell 
survival rate had significantly declined compared with the earlier incubation times.

Effects of non-chemotherapy drugs on PC cell proliferation
In AsPC-1 cells treated with SRL, at all concentrations, at 24 and 48 h, cell proliferation had not changed (Figure 2E). 
However, at 72 h survival was negatively associated with SRL concentration. In the BxPC-3 cells treated with SRL, at all 
concentrations and timepoints, proliferation was comparable (Figure 2F). In AsPC-1 cells treated with CTX, at all concen-
trations, at 24, 48, and 72 h the survival rates decreased with time (Figure 2G). In BxPC-3 cells, the survival rates were 
similar at all concentrations and timepoints (Figure 2H).
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Figure 3 Apoptosis of pancreatic cancer cells after incubation with doxorubicin and gemcitabine. A: Apoptotic rates of AsPC-1 cells after 
incubation with different concentrations of doxorubicin (DOX) (nil, 0.2, 0.4, 0.6, 0.8, 1 μmol/L) for 48 h; B: Apoptotic rate of BxPC-3 cells after incubation with different 
concentrations of DOX (nil, 0.2, 0.4, 0.6, 0.8, 1 μmol/L) for 48 h; C: AsPC-1 pancreatic cancer (PC) cells were incubated with 0.8 μmol/L DOX for 48 h and observed 
by confocal laser scanning microscopy after staining with Annexin V-FITC and propidium iodide (PI); D: BxPC-1 PC cells were incubated with 0.4 μmol/L DOX for 48 
h and observed by confocal laser scanning microscopy after staining with Annexin V-FITC and PI; E: Apoptotic rate of AsPC-1 cells after incubation with different 
concentrations of gemcitabine (GEM) (nil, 10, 30, 50, 70 μmol/L) for 72 h; F: Apoptotic rates of BxPC-3 cells after incubation with different concentrations of GEM (nil, 
10, 30, 50, 70 μmol/L) for 72 h; G: AsPC-1 cells were incubated with 30 μmol/L of GEM for 72 h and observed by confocal laser scanning microscopy after staining 
with Annexin V-FITC and PI; H: BxPC-1 cells were incubated with 50 μmol/L of GEM for 72 h and observed by confocal laser scanning microscopy after staining with 
Annexin V-FITC and PI. Experiments were performed in triplicate.

Effect of chemotherapy drugs on cancer cell apoptosis
In the AsPC-1 (BxPC-3) cells treated with DOX, at 48 h the survival rates were negatively associated with DOX concen-
tration, decreasing from 50% (95%) at 0.4 μmol/L to less than 1% (both) at 1 μmol/L (Figure 3A). After exposure to DOX 
at concentrations of 0.4 or 0.8 μmol/L for 48 h, AsPC-1 cells were stained with Annexin V-FITC and PI. Late apoptotic 
cells showed a green exterior and a red interior; cells that were entirely red were necrotic (Figure 3C and D). At 72 h, 
AsPC-1 cells subjected to GEM treatments at concentrations of nil, 10, 30, 50, and 70 μmol/L showed mean mortality rates 
of, respectively, 4.52, 8.24, 11.97, 34.55, and 45.87% (Figure 3E); the corresponding rates in the BxPC-3 cells were 5.05, 
20.77, 19.49, 32.45, and 37.45% (Figure 3F).

After exposure to 30 or 50 μmol/L of GEM for 72 h, the PC cells were co-stained with PI and Annexin V-FITC. Most of 
them had only green peripherals and were early apoptotic cells. A small number of late apoptotic cells appeared red in 
the interior and green in the periphery. There were, however, a few necrotic cells that were entirely red (Figure 3G and 
H).

Ultrastructure of cells observed by transmission electron microscopy
Under the transmission electron microscope, fine microvilli were visible on the surfaces of the untreated AsPC-1 and 
BxPC-3 cells, and numerous organelles were visible inside the cells (Figure 4A and B). The cells treated with DOX (48 h) 
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Figure 4 Pancreatic cancer cells viewed by transmission electron microscopy. A and B: Untreated (A) AsPC-1 (B) or BxPC-3 cells were used as the 
control; C: AsPC-1 cells exposed to 0.8 μmol/L doxorubicin (DOX) for 48 h; D: BxPC-3 treated with 0.6 μmol/L DOX for 48 h; E: AsPC-1 cells exposed to 70 μmol/L 
gemcitabine (GEM) for 72 h; F: BxPC-3 cells treated with 70 μmol/L GEM for 72 h. Scale bar: 2 μm. Experiments were performed in triplicate.

or GEM (72 h) appeared apoptotic, cells were enlarged, and the nuclear and plasma membranes were intact (Figure 4C-F). 
The intercellular contacts and the pericellular microvilli were not apparent. Apoptotic bodies, chromatin aggregation, and 
cytoplasmic condensation were observed.

Fluorescence imaging of photosensitizer verteporfin in PC cells
At the GEM concentration 30 mol/L, at 72 h, the number of living cells exceeded the number of dead cells. Thus, these 
parameters were chosen to track how the photosensitizer verteporfin is distributed within the cells. The GEM-treated 
cells were stained with the verteporfin, DAPI, and MTG. The living and dead cells could be distinguished by staining 
GEM-treated cells with low concentrations of DAPI. In both cell lines exposed to verteporfin, the photosensitizer was 
found primarily in the living cells, but comparatively few in the dead cells. Within the cells, verteporfin was observed 
primarily in the cytoplasm, specifically in the mitochondria, but not in the nucleus (Figure 5).

DISCUSSION
This study contributes to investigations into the viability of PDT for treating PC, in combination with the traditional anti-
tumor drugs GEM and DOX. Because PDT is considered most effective when the photosensitizer is concentrated in the 
mitochondria, the drugs and parameters that were found most detrimental to PC cell survival in in vitro preliminary 
experiments were chosen for further imaging studies. It was found that the specific photosensitizer verteporfin, combined 
with GEM, was present in both living and dead PC cells, and located principally in the mitochondria of the dead cells.

GEM, a nucleoside analogue, is a common antimetabolite antitumor medication. GEM was approved by the United 
States Federal Drug Administration in 1996 and is offered under the trade name Gemzar[19]. It is still an important drug 
in the treatment of PC[20]. DOX, a powerful chemotherapeutic agent that is a member of the anthracycline class, is 
frequently prescribed alongside other medications to treat different types of cancer[21], including hematologic, gastric, 
pancreatic, ovarian, and breast cancers[22]. In the present study, human PC cells were exposed to GEM and DOX in 
varying concentrations, and the cell survival rate significantly dropped under either treatment. The two PC cell lines 
(AsPC-1, BxPC-3) responded differently to DOX, but were similar in declining proliferation under GEM, and the effect of 
GEM was more enduring compared with DOX. The AsPC-1 and BxPC-3 cells were also exposed to varying concen-
trations of non-chemotherapeutic drugs (SRL and CTX), with no appreciable changes in their proliferation. Thus, after 
establishing a workable concentration and incubation time, GEM was used for the imaging studies of verteporfin.

Forster et al[23] conducted a meta-analysis to assess the potential advantages of adding CTX to neoadjuvant therapy, 
adjuvant therapy, or palliative therapy for PC. They concluded that CTX was not clinically beneficial, but did increase 
associated toxic side effects and treatment costs. Yet, Fiore et al[24] tested the feasibility and tolerability of combined CTX 
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Figure 5 Fluorescence imaging of gemcitabine-treated AsPC-1 and BxPC-3 cells after staining. A and B: After treating (A) AsPC-1 and (B) BxPC-3 
cells with 30 μmol/L gemcitabine for 72 h, the cells were incubated with 1 μmol/L verteporfin for 2 h, and then co-stained with MitoTracker Green and 4’,6-diamidino-2-
phenylindole. The distribution of verteporfin in cells was carefully observed by confocal laser microscope. Experiments were performed in triplicate. MTG: MitoTracker 
Green; DAPI: 4’,6-diamidino-2-phenylindole.

and GEM radiotherapy for locally advanced PC, and the results were encouraging. Due to resistance to GEM, its clinical 
effectiveness in the treatment of PC is insufficient. CTX has poor sensitivity in the treatment of PC, but did have some 
effects when combined with GEM and radiotherapy. Therefore, comprehensive treatment such as GEM combined with 
other agents can be beneficial in PC. PC that is resistant to GEM may respond to PDT. Celli et al[25] discovered that the 
photosensitizer verteporfin was highly toxic to PC cells that were otherwise resistant to GEM.

In recent years, PDT in the field of tumor therapy has evolved, and the potential of photosensitizers is noteworthy. 
PDT is non-invasive and causes less damage than surgery, and is safer. If the effectiveness of PDT can be improved by 
more targeted photosensitizers, when combined with neoadjuvant therapy this technology has bright prospects for 
treating resectable PC. In earlier investigations into the distribution of photosensitizers in cells, Zhao et al[26] employed 
the dihydroporphyrin photosensitizer KAE in HeLa cells, and found that most of the photosensitizer was distributed in 
the mitochondria and there was strong anti-tumor activity. In addition, Saczko et al[27] observed verteporfin in both 
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normal and malignant endothelial cells, (mainly in the latter) and preferentially accumulated in the mitochondria. The 
results of the present study are largely consistent with these studies of other cell lines. Thus, the development of 
photosensitizers that locate to the mitochondria can improve the efficiency of PDT against malignant tumors.

In the present study, we investigated the distribution of the photosensitizer verteporfin in human PC cells treated with 
GEM. Verteporfin was found primarily in the cytoplasm of GEM-treated human PC cells, but particularly in the 
mitochondria. What is more, verteporfin was more prevalent in living cells than in dead cells, and thus more able to 
maximize the photodynamic effect of PDT on tumor cells. Because PC is a difficult disease to treat and drug resistance is 
common, verteporfin-mediated PDT after neoadjuvant therapy for PC may be an effective and safe treatment. PDT can 
also be used in the treatment of esophageal, bladder, and gastric cancers. It is possible to apply neoadjuvant therapy 
combined with PDT and antitumor drugs and photosensitizers for different cancers. Our study provides a theoretical 
basis for conducting PDT after neoadjuvant chemotherapy in the treatment of PC.

CONCLUSION
The proliferation of human PC cells was significantly reduced by treatment with GEM or DOX, but unaffected by the 
non-chemotherapy drugs SRL or CTX. Verteporfin was found preferentially in the mitochondria of the human PC cells 
and the concentration of verteporfin was higher in living cells than in dead cells. This research establishes a theoretical 
foundation for administering PDT after neoadjuvant chemotherapy as comprehensive treatment for PC.

ARTICLE HIGHLIGHTS
Research background
Traditional treatments for pancreatic cancer (PC) are inadequate. Photodynamic therapy (PDT) is a non-invasive 
technology proven safe to kill cancer cells, including PC, but subcellular concentration of the photosensitizer to the 
mitochondria is key.

Research motivation
This study investigated the distribution of fluorescence of verteporfin in PC cells treated with antitumor drugs.

Research objectives
This preliminary in vitro study was to investigate the effectiveness of the photosensitizer verteporfin in human PC cells, 
and tested whether its use in combination with other common treatments is viable.

Research methods
Workable survival rates of PC cells were determined with chemotherapy and non-chemotherapy drugs in vitro, with or 
without verteporfin, as measured via MTT, flow cytometry, and laser confocal microscopy. Confocal laser microscopy 
allowed observation of gemcitabine (GEM)- and verteporfin-treated PC cells co-stained with 4’,6-diamidino-2-
phenylindole and MitoTracker Green to differentiate living and dead cells and subcellular localization of verteporfin, 
respectively.

Research results
Cell survival significantly dropped upon exposure to either chemotherapy drug, but not to sirolimus or cetuximab. Both 
cell lines responded similarly to GEM. Additional experiments using GEM showed that survival rates of the PC cells 
treated with 10 μmol/L verteporfin (but not lesser concentrations) were significantly lower relative to nil verteporfin. 
After GEM treatment, verteporfin was observed primarily in the mitochondria.

Research conclusions
Verteporfin was observed in living cells. In GEM-treated human PC cells, verteporfin was particularly prevalent in the 
mitochondria. This study supports further study of PDT for the treatment of PC after neoadjuvant chemotherapy.

Research perspectives
In the future, more study can be investigated in using PDT in the comprehensive treatment of PC after neoadjuvant 
chemotherapy.
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