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CHINESE ABSTRACT 中文摘要 

膽管癌是一種高惡性度之侵襲性癌症，由於缺乏明顯症狀、診斷不易以及有限的藥物治療選

擇，造成膽管癌病人預後不佳，治療上帶來相當大的臨床挑戰。由於目前標準治療的療效不

盡理想，開發新型膽管癌的治療藥物無疑成為一項重要使命。蛋白激脢是調節多種重要細胞

功能如細胞增殖及細胞代謝的酵素，並且在發炎反應中扮演關鍵角色，而膽管細胞的發炎反

應是導致各種膽管癌亞型的主要風險，包括膽管癌在內的發炎性癌細胞中，signal 

transducers and activators of transcription 3 (STAT3)等激脢常常被過度活化，而蛋白激脢的活

性及其上下游相關的激脢均會受到磷酸脢的負向調節，這些磷酸脢負責激脢的去磷酸化，與

激脢的活性息息相關。與蛋白激脢相同，磷酸脢在調節細胞細胞活動中也扮演著重要的角色

對於多種細胞的功能至關重要。Serine/ threonine protein phosphatase 5 (PP5)，屬於磷蛋白磷

酸脢 (PPP)家族當中，一種參與調節壓力信號和細胞增長的獨特磷酸脢。我們的研究專注於

抑制蛋白激脢或抑制磷酸脢的調控，藉以開發新型膽管癌治療藥物。在我們的兩個概念驗證

模型當中，展示了開發膽管癌新型治療劑的潛在機制。第一個模型顯示，藉由新型Sorafenib 

衍生物調控 SHP-1，抑制磷酸化的 STAT3 可以作為潛在的治療策略。第二個模型則發

現，通過調控 AMPK 來抑制 PP5，亦是一種可能的膽管癌治療途徑。我們衷心地希望透過

這些發現，能為未來膽管癌的治療藥物的研發盡上一份微薄貢獻。 

關鍵字: 膽管癌、STAT3、SHP-1、PP5、AMPK 
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ENGLISH ABSTRACT 

Cholangiocarcinoma (CCA) is an aggressive disease with a dismal prognosis due to its silent 

presentation, delayed diagnosis, and limited effective treatment options. The significant unmet 

medical need in patients with CCA presents a substantial clinical challenge. Due to the unsatisfactory 

therapeutic outcomes associated with the current standard treatments, the development of novel 

agents for CCA treatment is undeniably an essential mission. Protein kinases, enzymes that regulate 

numerous essential cellular functions such as proliferation and cell metabolism, play a key role in 

inflammation, which represents the main risk factor shared by all CCA subtypes. Kinases such as 

signal transducers and activators of transcription 3 (STAT3) are frequently activated in inflammatory 

cancer cells including CCA. The activities of protein kinases and their upstream or down-stream 

kinases are negatively regulated by protein phosphatase, which are responsible for the 

dephosphorylation of these kinases. Similar to kinases, protein phosphatases play a fundamental role 

in regulating cellular activities, as protein phosphorylation and dephosphorylation are essential for a 

wide range of cellular functions. Serine/threonine protein phosphatase 5 (PP5), belong to the 

phosphoprotein phosphatase (PPP) family, is a unique phosphatase that participate in regulating stress 

signaling and cell growth. We focus on discovering new agents for CCA treatment not only regulating 

kinase but also phosphatase pathway. We focus on discovering new agents for CCA treatment through 

the inhibition of not only kinase but also phosphatase pathways. Our two proof-of-concept models 

demonstrate the potential mechanisms for developing novel therapeutic agents for CCA. The first 

model demonstrates that inhibiting phosphorylated STAT3 by a novel Sorafenib derivative, through 

the regulation of SHP-1, is a potential therapeutic strategy. The second model, on the other hand, 

suggests that targeting PP5A through the regulation of AMPK presents an appealing treatment 

pathway for CCA. We hope that our findings will pave the way for the development of new treatments 

for CCA in the future.  
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1.INTRODUCTION

My research interests focus on the management of solid cancers and hematological cancers, 

especially novel treatment development. As a medical oncologist and hematologist, I realize that drug 

innovation is fundamental for the management of patients with late-stage cancer disease. 

Cholangiocarcinoma (CCA) is one of the most aggressive cancer types with extremely poor prognosis. 

In this thesis, two different proof-of-concept models are provided to support the both direct and 

indirect pathway interact with phosphatase can be a novel treatment strategy for CCA. The first model 

showcases that targeting phosphorylated STAT3 by enhancing SHP-1 activity provide therapeutic 

effect for CCA, especially inflammatory-related CCA. The second model demonstrates that inhibiting 

PP5 activity with AMPK upregulation might be a potential treatment pathway. 

1.1 Unmet medical need in CCA 

CCA is a fetal hepatic malignancy, which is second most common after hepatocellular 

carcinoma (HCC).1,2 CCAs belongs to epithelial malignancies that arise from cholangiocytes and are 

characterized by aggressive behavior and advanced clinical stage. Although CCA is not a common 

malignancy, account 3% of all gastrointestinal cancers, the overall incidence of CCA has increased 

significantly over the past three decades.3,4 Meanwhile, the mortality from CCA is still increasing.5 

Until recently, several targeted agents and immunotherapies have been approved for the treatment of 

CCA.4,6-10 In addition to targeting therapy, cytotoxic chemotherapy remains main choice for 

unresectable metastatic CCA. However, 5-year survival rate of CCA is extremely poor, remaining at 

10%.11,12 The unmet medical need in patients with CCA remains a great clinical challenge. Owing to 

the unsatisfactory therapeutic outcomes under the current standard management, development of 

novel agents for treatment of CCA is undoubtedly an important mission.  

1.2 The role STAT3 in the pathogenesis of CCA 

Given the evidence of endemic infection in the development of CCA, chronic inflammation 

marked by the presence of specific inflammatory cells and inflammatory cytokines play a key role in 
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CCA.2,13-15 Signal transducers and activators of transcription 3 (STAT3) belong to a family of 

transcription factors that relay cytokine receptor-generated signals into the nucleus. Regulation of 

STAT3 relies on the cytokine IL-6 as well as numerous growth factors, including epidermal growth 

factor receptor (EGFR), fibroblast growth factor receptor (FGFR), and platelet-derived growth factor 

receptor (PDGFR) through tyrosine phosphorylation.16 After activation, dimerized STAT3 

translocates into the nucleus where it activates gene transcription. STAT3 signaling mediates cell 

growth, proliferation, inflammatory cytokine production, cell invasion and migration. Chronic stimuli 

such as O.viverrini infection or primary sclerosing cholangitis cause persistent inflammation and 

cholestasis of the bile duct, leading to a variety of cytokines production including IL-6, platelet-

derived growth factor (PDGF), and epidermal growth factor (EGF).17-19 This inflammatory cascade 

activates STAT3, leading to overproduction of bile duct epithelium growth factor, thus promoting 

CCA initiation. Because of the role of STAT3 in inflammation and cancer development, targeting 

STAT3 is a rational treatment strategy for CCA.20,21  

1.4 STAT3 is a potential targeting pathway in CCA treatment 

STAT3 is traditionally regarded as an undruggable target due to its transcription factor 

characteristics. Current STAT3-targeting compound could be divided into indirect and direct 

inhibitors.22 Indirect inhibitors target the upstream signals of the STAT3 pathway that inhibit STAT3 

phosphorylation. For instance, roxulitinib, a JAK inhibitor, can reduce STAT3-related inflammation 

and is approved for the use in myelofibrosis.23 Dasatinib, an SRC kinase inhibitor approved for the 

treatment in chronic myeloid leukemia, can induce STAT3-dependent cancer cell apoptosis.24 Direct 

STAT3 inhibitor, in the other hand, is under rapid development because of excellent physicochemical 

and limited toxicity properties. Current research of direct inhibitors focuses on SH2 and SHP-1, given 

its critical role in STAT3 regulation. C188-9 (TTI-101) was developed for the treatment of advance 

tumors and was currently evaluated in phase I clinical study of liver cancer and head-and-neck 

cancer.25,26 In addition, preclinical data shows that C188-9 can reverse the progression of 
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nonalcoholic steatohepatitis (NASH),27 which is a well-known risk of CCA. Therefore, we 

hypothesized that STAT3 inhibition could be a potential therapeutic agent for CCA by its SHP-1-

regulated STAT3 inhibition.   

1.5 Sorafenib derivative act as a STAT3 inhibitor and potential therapeutic agent for CCA  

Sorafenib acts as a multiple kinase inhibitor that works against rapidly accelerated fibrosarcoma 

(Raf) kinases, vascular endothelial growth factor receptor (VEGFR), and PDGFR, among others. 

Boris et al. revealed that sorefenib inhibits CCA cells by downregulating STAT3 signaling 28. 

Previously, we discovered that SHP-1, a nonreceptor protein tyrosine phosphatase (PTP) that 

negatively regulates p-STAT3, is also a direct target of sorafenib 29,30. Accordingly, we have 

synthesized a series of sorafenib analogs which resemble sorafenib structure closely but have no 

kinase inhibition activities. Among these derivatives, SC-43 was found to be a more potent SHP-1 

agonist than sorafenib. Our earlier study demonstrated that SC-43 had therapeutic potential in HCC 

treatment 29. Based on this preclinical success, SC-43 is currently poised to enter a phase I clinical 

trial for treatment of HCC.   

1.6 Diverse functional phosphatase with unknown role for cancer treatment  

Protein phosphorylation plays a key role in controlling a variety of cellular processes, such as 

migration, proliferation, apoptosis, differentiation, metabolism, organelle trafficking, immunity, 

learning and memory.31,32 Reversible phosphorylation catalyzed by protein kinases and phosphatases 

has been shown to play an important role in the regulation of numerous signaling networks. The main 

role of phosphatase is to regulate post-translational protein function, leading to cellular signaling 

function modification. Alternation of phosphatase activity is a hallmark of cancer cell resistance,33 

while numerous phosphatases appear to have close interaction with CCA.34-36 Novel agent targeting 

on protein kinase has developed as a major field for cancer drug innovation, however, whether 

phosphatase could be used for cancer treatment is widely unknown. 

1.7 The role of serine/threonine protein phosphatase 5 in CCA is undetermined
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Unlike SHP-1, serine/threonine protein phosphatase 5 (PP5) and other serine/threonine protein 

phosphatases such as PP1, PP2A, and PP2B belong to the phosphoprotein phosphatase (PPP) family. 

PP5 is unique among the PPP family because of its low basal activity caused by its autoinhibitory N-

terminal tetratricopeptide (TPR) domain.37,38 It has been suggested that PP5 may participate in 

regulating stress signaling and cell growth,39 as overexpression of PP5 in MCF-7 breast cancer cells 

enabled profound MCF-7 proliferation in estrogen-deprived culture media.40 One of the most studied 

functions of PP5 is the regulation of hormone- and stress-induced cellular signaling through the 

glucocorticoid receptor (GR)-heat shock protein 90 (Hsp-90) complex 41. In addition, PP5 negatively 

regulates several signaling pathways, such as the Raf-1/ERK 42 and apoptosis signal regulating kinase 

(ASK1)/MKK4/JNK pathway 43. Furthermore, PP5 appears to function as a negative regulator of the 

p53-tumor suppressor protein 44. Recently, aberrant expression of PP5 has been reported in several 

malignancies. Overexpression of PP5 in MCF-7 breast cancer cells enabled profound cell 

proliferation 40. In contrast, knockdown of PP5 repressed colony formation and cell proliferation in 

glioma, hepatocellular carcinoma, and ovarian cancer cell lines 45-47. Given that PP5 appears to 

regulate proliferation in malignant cells, its role in CCA and its potential as a pharmacotherapeutic 

target merits further investigation. 

1.8 PP5 inhibitor is a potential therapeutic anti-cancer agent  

Mammalian PP5 has been identified to be sensitive to several natural toxins. Cantharidin 

(CTD), an active ingredient extracted from the defensive toxin of blister beetles, has been recognized 

as a potent inhibitor of PPPs 48,49. Norcantharidin (NCTD) is a demethylated analog of CTD 50. Both 

NCTD and CTD have anticancer activities 50,51. However, the use of CTD in animal experiments is 

not feasible because of its significant gastrointestinal and urinary toxicity 52. Compared with CTD, 

NCTD causes fewer adverse inflammatory effects 50,52 and attracts more interest for its clinical 

application. Therefore, we assumed that NCTD might provide a better therapeutic effect in the 

treatment of CCA. 
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Owing to the pivotal function of different phosphatase SHP-1 and PP5 in CCA, the potential 

role of its targeting value should be further evaluated. In our study, we hypothesize that SC43 might 

have antitumor effect in CCA though SHP-1-regulated STAT3 inhibition. Furthermore, whether 

PP5 is a druggable signaling in CCA would be tested. In this present study, we will assess the effect 

of SC-43 and CTD on CCA cells, in order to investigate the underlying molecular mechanism.  
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2. MATERIAL AND METHODS 

2.1 Material and methods in targeting SHP-1-STAT3 study  

Reagents and antibodies 

SC-43 was dissolved in dimethyl sulfoxide and then added to the cells maintained in RPMI 1640 

medium without FBS. SHP-1 inhibitor (PTPIII) was purchased from Calbiochem. Antibodies, such 

as cyclin D1, STAT3, phospho-STAT3 (Tyr705), survivin, and caspase-9 were purchased from Cell 

Signaling (Danvers, MA). Other antibodies, such as cyclin B1 and Cdc2 were purchased from Abcam 

(London).  

 

Cell culture and western blot analysis  

The HuCCT-1 cell line was purchased from Riken BRC (Riken BioResource Center) (Saitama, 

Japan). The KKU-100 cell line was obtained from JCRB Cell Bank (Japanese Collection of Research 

Bioresources Cell Bank) (Osaka, Japan). The CGCCA cell line was kindly provided by Taipei 

Veterans General Hospital. HuCCT-1 cells was routinely cultured in RPMI 1640 (Invitrogen/Life 

Technologies, Saint Aubin, France), while KKU-100 and CGCCA cells were cultured in Dulbecco’s 

modified Eagle’s medium (Gibco/Life Technologies, Grand Island, NY). All CCA cells were 

supplemented with 10% heat-inactivated fetal bovine serum (Gibco/Life Technologies, Grand Island, 

NY), 100 μg/mL streptomycin sulfate, and 100 μg/mL penicillin, in a humidified atmosphere 

containing 5% CO2 at 37°C. Lysates of CCA cells treated with drugs at the indicated concentrations 

for various periods of time were prepared for immunoblotting of p-STAT3, STAT3, etc. Whole-cell 

lysates were resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis. Proteins were 

transferred onto a polyvinylidene difluoride membrane (Millipore, Billerica, MA) and incubated with 

the primary antibody, and then incubated with horseradish peroxidase–conjugated secondary 

antibodies. Specific proteins were detected using enhanced chemiluminescence reagent. 

 

http://en.brc.riken.jp/
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Cell viability and proliferation of CCA cell lines in vitro 

Cell viability and proliferation of CCA cells treated with or without SC-43 were assessed by 

colorimetric assay using 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide (MTT). Cells 

were plated in a 96-well plate in 100 μl DMEM per well and cultured for up to 72 hours. Cells were 

incubated for four hours at 37°C with MTT; after incubation, medium was removed and cells were 

treated with dimethyl sulfoxide (DMSO) for five minutes. Viability was evaluated by ultraviolet 

absorption spectrum at 540 nm with a Microplate Reader Model 550 (Bio-Rad, Richmond, CA, USA). 

Experiments were performed three times in duplicate. 

 

Apoptosis analysis 

Drug-induced apoptotic cell death was assessed by measuring apoptotic cells by flow cytometry 

(sub-G1 analysis of propidium iodide-stained cells) and western blot analysis of caspase 3 cleavage.  

 

Generation of CCA cells with ectopically expressed STAT3  

STAT3 cDNA (KIAA1524) were purchased from Addgene plasmid repository 

(http://www.addgene.org/). HuCCT-1 cells with ectopic expression of STAT3 derived from a single-

stable clone were prepared for in vitro assay for STAT3 target validation. Briefly, HuCCT-1 was 

incubated in the presence of G418 (0.78 mg/ml). After 8 weeks of selection, surviving colonies, i.e., 

those arising from stably transfected cells, were selected and individually amplified. Control cells 

were transfected by empty vectors. 

 

Gene Knockdown Using siRNA 

Smart-pool siRNAs, including control (D-001810-10), SHP-1 (PTPN6, L-009778- 00-0005), 

and STAT3 were all purchased from Dharmacon (Chicago, IL). Plasmids of human wild-type STAT3 

and SHP-1 (PTPN6) were encoded by pCMV6 vector with myc-tag. For mutant-type SHP-1 
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expression, we generated two plasmids, designated dN1 and D61A, with a truncated N-SH2/PTP 

domain and aspartic acid at 61 changed to an alanine residue, respectively. Both plasmids were cloned 

into pCMV6 entry vector. These plasmids or siRNAs were subsequently transfected into cells by 

using Lipofectamine 2000 Reagent (Invitrogen, CA). 

 

SHP-1 phosphatase activity assay  

After treatment of SC-43, the cellular protein extracts were incubated with anti-SHP-1 antibody 

in immunoprecipitation buffer (20 mM of Tris-HCl [pH 7.5], 150 mM of NaCl, 1 mM of 

ethylenediaminetetraacetic acid, 1% NP-40, and 1% sodium deoxycholate) overnight. Protein G-

Sepharose 4 Fast flow (GE Healthcare Bio-Science, NJ) was added to each sample, followed by 

incubation for 3 hours at 4°C with rotation. A RediPlate 96 EnzChekR Tyrosine Phosphatase Assay 

Kit (R-22067) was used for SHP-1 activity assay (Molecular Probes, Invitrogen, CA). 

 

Xenograft tumor growth  

Male NCr athymic nude mice (5-7 weeks of age) were obtained from the National Laboratory 

Animal Center (Taipei, Taiwan, ROC). The mice were housed in groups and maintained in an SPF-

environment. All experimental procedures using these mice were performed in accordance with 

protocols approved by the Institutional Animal Care and Use Committee of Cardinal Tien Hospital. 

Each mouse was inoculated orthotopically to the mouse mammary pads with 5 × 106 HuCCT-1 cells 

suspended in 0.1 mL serum-free medium containing 50% Matrigel (BD Biosciences, Bedford, MA) 

under isoflurane anesthesia. Tumors were measured using calipers and their volumes calculated using 

a standard formula: width2 × length × 0.52. When tumors reached around 100 mm3, mice were 

administered orally with SC-43 at 10 mg/kg or 30 mg/kg daily by oral gavage. Controls received 

vehicle (1× phosphate buffered saline). Upon termination of treatment, mice were sacrificed and 

xenografted tumors were harvested and assayed for tumor weight, SHP-1 activity, and molecular 
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events by western blot analysis.  

 

Immunohistochemistry 

Immunohistochemical (IHC) stains were performed, using the Ventana BenchMark XT 

automated stainer (Ventana, Tucson, AZ). Briefly speaking, 4-μm thick sections would be cut 

consecutively from formalin-fixed, paraffin-embedded (FFPE) human tissue. Sections would be 

mounted and allowed to dry overnight at 37°C. After deparaffinization and rehydration, slides would 

be incubated with 3% hydrogen peroxide solution for 5 minutes. After a washing procedure with the 

supplied buffer, tissue sections were repaired for 40 minutes with ethylenediamine tetra-acetic acid. 

The slides were then incubated with primary antibodies against p-STAT3 (1:50; Cell Signaling) for 

60 minutes at 37°C and overnight at 4˚C. Negative control slides processed without the primary 

antibody were included for each staining. After three rinses in buffer, the slides were incubated with 

the secondary antibodies (unbiotinylated antibody; EnVisionTM System; HRP, anti-mouse/rabbit, 

DakoCytomation; Dako, Glostrup, Denmark). Tissue staining were visualized with a 3,3′-

diaminobenzidine (DAB) substrate chromogen solution (DakoCytomation). Slides were 

counterstained with hematoxylin, dehydrated, and mounted. Samples which express these markers 

strongly served as the positive controls. The mean percentage of positive tumor cells was determined 

in at least five areas at x200 magnification. All slides were evaluated by experienced pathologists 

who reviewed the slides together and reached a consensus. Positive expression for p-STAT3 was 

defined as >25% nuclear staining with greater than moderate staining intensity of tumor cells. 

 

Statistical analysis 

All data are expressed as mean ± SD or SE. Statistical comparisons were based on nonparametric 

tests. P value less than 0.05 was defined as statistical significance. All statistical analyses were 

performed using SPSS for Windows software, version 19.0 (SPSS, Chicago, IL, USA). 
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2.2 Material and methods in targeting PP5 study  

Chemicals, plasmid constructs, and antibodies 

CTD and the AMPK inhibitor (dorsomorphin dihydrochloride; compound C) were purchased 

from MedchemExpress (NJ, USA). CTD was obtained from Sigma-Aldrich (MO, USA). For the in 

vitro studies, CTD was dissolved in dimethyl sulfoxide at the designated concentrations and added to 

serum-free Dulbecco’s modified Eagle’s medium (DMEM) or serum-free RPMI 1640 medium. For 

the in vivo experiments, NCTD was dissolved in ddH2O and orally administered at a dosage of 40 

mg/kg/day. Antibodies against β-actin (Sigma-Aldrich, MO, USA), PP5, PARP, (Santa Cruz 

Biotechnology, CA, USA), AMPK, p-AMPK (Thr172), ACC, p-ACC, caspase-9, p-ASK1 (Thr845), 

ASK1, p-JNK(Thr183/Tyr185), JNK, cyclin D1(Cell Signaling Technology, MA, USA), and DDK 

(OriGene, MD, USA) were purchased from the commercial suppliers indicated above. The PP5 

activator (arachidonic acid; AA) was purchased from BioVision (CA, USA). Human PP5 cDNA was 

subcloned into the pCMV-Tag2B vector (Agilent Technologies, CA, USA) to express DDK-PP5. 

ON-TARGETplus human AMPKα2 (PRKAA2) siRNA was purchased from GE Dharmacon (CO, 

USA). The bromodeoxyuridine (BrdU) cell proliferation kit (K306) was purchased from BioVision 

(Milpitas, CA, USA).  

  

Cell culture and transfection 

The human CCA cell line HuCCT1, which was derived from human intrahepatic CCA 53, was 

purchased from Riken BioResource Center (Saitama, Japan). KKU100, the first Opisthorchis 

viverrini (O. viverrini)-associated hilar CCA cell line 54, was purchased from the Japanese Collection 

of Research Bioresources Cell Bank (Osaka, Japan). The CGCCA cell line was derived from an oral 

thioacetamide (TAA)-induced model of rat CCA and has been widely used as a preclinical platform 

for therapeutic investigation in human CCA 55,56. The CGCCA cells were a generous gift from Taipei 
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Veterans General Hospital. CCA cells were cultured in DMEM or RPMI 1640 medium supplemented 

with 10% fetal bovine serum (Gibco). Cells were maintained at 37°C with 5% CO2 in a humidified 

incubator. Recombinant lentiviruses were used to establish ectopic expression or knockdown cell 

lines. The lentiviral transfer vector pLAS2w.Ppuro carrying DDK-PP5 was used to generate PP5-

overexpressing cell pools. To establish stable PP5-knockdown cell pools, pLKO.1-puro vectors 

expressing either shRNAs targeting PP5 (TRCN0000002801 & TRCN0000002802) or control 

shRNA (pLKO TRC025) were used. The two different PP5 shRNA sequences were as follows: 

shPP5#1  

(5′CCGGCCACGAGACAGACAACATGAACTCGAGTTCATGTTGTCTGTCTCGTGGTTTTT3

′) and  

shPP5#2  

(5′CCGGGAGACAGAGAAGATTACAGTACTCGAGTACTGTAATCTTCTCTGTCTCTTTTT3′

).  

The recombinant lentiviruses, as well as the shRNA reagents, were purchased from the 

National Core Facility for Manipulation of Gene Function by RNAi (Academia Sinica, Taiwan). 

The transfection procedure was in accordance with the instructions in the manufacturer’s protocol. 

Briefly, CCA cells were transfected with shRNA in 6-well plates with fresh transfection media. 

After incubation for 24 hours, puromycin was added to the CCA cells for selection, and the cells 

were incubated for an additional 48 hours. 

 

Western blot analysis 

Lysates of CCA cells treated with drugs at the indicated concentrations for various periods of 

time were prepared for immunoblotting of p-AMPK, AMPK, etc. Whole-cell lysates were resolved 

by sodium dodecyl sulfate polyacrylamide gel electrophoresis. Proteins were transferred onto a 

polyvinylidene difluoride membrane (Millipore, Billerica, MA) and incubated with the appropriate 
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primary antibody and then incubated with horseradish peroxidase–conjugated secondary antibodies. 

Specific proteins were detected using enhanced chemiluminescence reagent. The signals were 

visualized by exposing the membranes to X-ray films. The quantitation of the resulting bands was 

calculated as OD × band area by a one-dimensional (1-D) image analysis system.    

 

Colony formation assay  

Cells were cultured at a density of 500 cells per well in 6-well plates for 14 days. Then, the 

colonies were fixed and stained with 0.5% crystal violet before being analyzed using an inverted 

microscope. 

 

Tumorsphere formation assay 

Cells were plated at a density of 100 cells per well in an ultra-low attachment dish (Corning) for 

14 days and the numbers of tumorspheres formed were calculated. 

 

PP5 activity measurement 

The human CCA cells were treated with CTD at the indicated concentrations for 24 hours. Next, 

cells were collected and immunoprecipitated with antibodies against PP5 (SC-271816, Santa Cruz 

Biotechnology, Santa Cruz, CA). PP5 activity was measured by using the RediPlate 96 EnzChek 

Serine/Threonine Phosphatase Assay Kit (Thermo Fisher). For PP5 activity analysis in a cell-free 

system, HuCCT1 cells were first immunoprecipitated with antibodies against PP5 (Santa Cruz 

Biotechnology). The immunoprecipitant was then incubated with CTD at room temperature for 30 

minutes. Finally, the RediPlate 96 EnzChek Serine/Threonine Phosphatase Assay Kit (Thermo Fisher) 

was employed to measure PP5 activity. 

 

Bromodeoxyuridine cell proliferation assay 
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The evaluation of cell proliferation was performed with a BrdU kit according to the 

manufacturer’s protocol. In the BrdU cell proliferation assay, BrdU, a pyrimidine analog, is 

incorporated instead of thymidine into replicating DNA, and then immunodetection of BrdU using 

specific monoclonal antibodies allows cells in the S phase of the cell cycle to be labeled. CCA cells 

were treated with different concentrations of CTD. BrdU solution was added to the desired wells 

and the plates were incubated at 37°C for 4 hours. After removal of the BrdU labeling solution, the 

kit’s fixing/denaturing solution was applied for 30 minutes at room temperature to fix and denature 

the cells. Then, the cells were incubated for 1 hour with BrdU detection antibody solution. After 

washing off the unbound anti-BrdU-POD, anti-mouse HRP-linked antibody solution was added.  

Furthermore, TMB substrate solution was added into each well. Color development was monitored 

and measured at an absorbance of 650 nm.  

 

Animal models and experiments 

The animal experiment protocols were approved by the Institutional Animal Care and Use 

Committee of National Taiwan University. Male NCr athymic nude mice (5 weeks of age) were 

purchased from the National Laboratory Animal Center (Taipei, Taiwan). For the HuCCT1 PP5 

knockdown xenograft model, mice (n=5) were subcutaneously inoculated in the dorsal flank with 5 × 

106 lentiviral-transduced PP5-knockdown HuCCT1 cells (HuCCT1 shPP5#1 or HuCCT1 shPP5#2) or 

control (HuCCT1 shControl) cells with 50% Matrigel (BD Biosciences, Bedford, MA). To facilitate the 

PP5 knockdown xenograft engraftment rate, we selected the higher dose of 5 × 106 rather than 2 × 106 

cells. For the CTD treatment experiment, 2 × 106 HuCCT1 cells were suspended in serum-free medium 

with 50% Matrigel (BD Biosciences, Bedford, MA). The cells were then inoculated subcutaneously. The 

tumor sizes were measured twice weekly, in a blinded manner, using calipers. The tumor sizes were 

approximated by using the following formula: width2 × length × 0.52. 
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Cancer Genome Atlas data description 

PPP5C expression data from normal tissue (n=9) and CCA samples (n=36) were downloaded 

from The Cancer Genome Atlas (TCGA) (https://tcga-data.nci.nih.gov/tcga/). Data processing and 

quality control were conducted with the Broad GDAC Firehose data portal 

(https://gdac.broadinstitute.org/). The mRNA reads per expectation maximization (RSEM) of all 

samples was analyzed with GraphPad Prism software.  

 

Statistical analysis 

Statistical analyses were performed using GraphPad Prism (version 6, GraphPad Software Inc.). 

A p value of less than 0.05 was considered to be statistically significant. 
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3. RESULTS 

3.1 Results in targeting SHP-1-STAT3 study  

Novel sorafenib derivative SC-43 induced apoptosis in CCA cells by inducing G2-M arrest 

In CCA cells from representative tumor tissue from a CCA patient, p-STAT3 showed positive 

expression in the tumor part (Fig 1-A, left) compared with normal tissue part (Fig 1-A, right). SC-43 

is a novel derivative of sorafenib. To investigate the apoptosis effect induced by SC-43, we tested 

three CCA cell lines: HuCCT-1, KKU-100, and CGCCA. First, as shown in Fig 1-B, MTT assay 

revealed the anti-proliferative effects of SC-43 in CCA cell lines in a dose-dependent manner after 

treating 24, 48 and 72 hours respectively. Next, flow cytometry analysis showed increased sub-G1 

cells and G2-M arrest, indicating SC-43 induced differential apoptotic effects in these cell lines, 

which corresponds with the MTT assay (Fig 2-A). In addition, CCA cells treated with SC-43 

demonstrated significant increase in cleaved caspase-3 and PARP level in western blot analysis after 

exposure for 24 hours (Fig 2-B). Taken together, these data indicated that SC-43 has a significant 

effect to induce G2-M arrest on CCA cell, leading to apoptosis and growth inhibition.   

 

SC-43 induces apoptosis with downregulation of STAT3 in CCA cells 

Next, we examined whether STAT3 had a relationship with SC-43-induced apoptosis in CCA 

cells. In Fig 3-A, SC-43 was demonstrated to dose-dependently downregulate p-STAT3 and its 

downstream mediators, survivin and cyclin D-1. STAT 3 level did not diminish after SC-43 treatment. 

Furthermore, SC-43-induced downregulation of the p-STAT3 signaling pathway in KKU-100 was 

time-dependent (Fig 3-B), as well as in HuCCT-1 and CGCCA (Fig 4). In STAT3 overexpressing 

CCA cells, inhibition of p-STAT3 after SC-43 treatment was reduced. The apoptosis in STAT3 

overexpressing cancer cells was reversed as well (Fig 5-A). We further explored the role of SC-43 

involving G2-M arrest. We performed western blot analysis of cell extracts to compare the levels of 

expression of the cyclin B1 and Cdk1 (Cdc2), the major regulatory protein and kinase for progression 
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from G2 to M phase. Western blotting demonstrated that the levels of the cyclin B1 and Cdc2 protein 

were markedly reduced after SC-43 treatment (Fig 5-B). In summary, we hypothesized that SC-43 

had an antiproliferative effect on CCA cells through inhibiting the STAT3 pathway, as well as G2-M 

arrest by inhibiting cyclin B1 and Cdc2 

 

Validation of the SHP-1/p-STAT3 pathway as a molecular determinant of SC-43 induced CCA cell 

apoptosis  

In this study, we assumed that SHP-1 may also play a role in the biological reaction associated 

with apoptosis induced by SC-43 in CCA cells. First, we tested SHP-1 phosphatase activity in the 

above three CCA cell lines: HuCCT-1, KKU-100, and CGCCA. As illustrated in Fig 6-A, SHP-1 

activity was universally increased in all cell lines after SC-43 treatment. Furthermore, SC-43 

increased the phosphatase activity of SHP-1 in IP-SHP-1 cell lysate from HuCCT-1 cells, suggesting 

that SC-43 activates SHP-1 through direct interaction with SHP-1 proteins (Fig 6-B). To validate the 

role of SHP-1 in mediating SC-43-induced apoptosis, we utilized PTPIII, a SHP-1 specific inhibitor. 

The protective effects of SC-43-induced apoptosis in HuCCT-1 and KKU-100 cells were noted after 

PTPIII administration (Fig 6-C). After HuCCT-1 cells were transfected with SHP-1 siRNA, SC-43-

induced apoptosis was reduced significantly in SHP-1-silencing HuCCT-1 cells, comparing to cells 

transfected with control si-RNA (Fig 7, left). Then, we generated HuCCT-1 cells with constitutive, 

ectopic expression of myc-tagged SHP-1. SC-43 treatment in HuCCT-1 with high levels of SHP-1 

showed more inhibition of p-STAT3 and more cell apoptosis, compared to cells transfected with 

empty vectors (Fig 7, right). Taken together, these results suggested that SC-43 mediates the apoptotic 

effect in CCA cells through p-STAT3 inhibition by activating SHP-1 activity.  

 

SC-43 relieves autoinhibition of SHP-1 by interfering with the inhibitory N-SH2 domain  

As the activity of SHP-1 was strongly regulated by the auto-inhibited 3D structure, we 
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constructed wild-type, deletion of N-SH2 (dN1), and D61 single mutant (D61A) of SHP-1 to 

investigate the effect of SC-43 on different SHP-1 statuses (Fig. 8A). The dN1 and D61A mutants 

resemble open (non-autoinhibition) forms. As demonstrated in Fig. 8B, SC-43 induced significantly 

less p-STAT3 downregulation and apoptosis in HuCCT-1 cells expressing the dN1 and D61A mutants 

than in the wild-type control, suggesting that N-SH2 and PTPase catalytic domain are important for 

SC-43 induced effects. The conformational change of SHP-1 induced by dN1 and D61A counteracted 

the SC-43 effect. Furthermore, dose-escalation study of transfection of dN1 and D61A suppressed 

the expression of p-STAT3 and decreased SC-43-induced p-STAT3 inhibition (Fig. 9). These results 

indicated that relieved SHP-1 counteracts the SC-43-induced anti-CCA effect. SC-43, therefore, 

potentially relieves auto-inhibition of SHP-1, leading to p-STAT3 signal downregulation. 

 

Effect of SC-43 on CCA xenograft tumor growth in vivo 

In order to confirm that using SC-43 to inhibit p-STAT3 has potentially clinically relevant 

implications in CCA, we established a CCA xenograft model to evaluate the effect of SC-43 in vivo. 

In our study, SC-43 not only inhibited HuCCT-1 xenograft tumor size but also tumor weight 

significantly (Fig 10-A). The side effect of SC-43 was well-tolerated and no observable signs of 

toxicity were noted. All the experimental animals had stable body weights throughout the whole 

treatment course (Fig 10-B). The protein expression was checked to confirm the correlation between 

the biological response observed in vivo and the molecular mechanism discovered in vitro. The p-

STAT3 level was reduced after SC-43 treatment. Moreover, SC-43 increased SHP-1 phosphatase 

activity compared with the control group (Fig 10-C). A schema summarizing the molecular 

mechanism of SC-43 in sensitive CCA cells is presented in Figure 11: SC-43 activates SHP-1 

phosphatase by impairing the inhibitory N-SH2 domain, and contributes to p-STAT3, downstream 

cyclin B1 and Cdc2 downregulation, leading to G2-M arrest and cancer cell apoptosis. 
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3.2 Results in targeting PP5 study  

PP5 enhances tumorigenesis of CCA 

To evaluate the PP5 mRNA (PPP5C) expression in CCA, we analyzed the data obtained from 

TCGA, and found that levels of PPP5C were up-regulated in the tumor samples (Figure 12A, left). 

Although there was no significant difference among the stages of CCA, the PPP5C levels of CCA at 

different stages were higher than those of normal tissues (Figure 12A, right). We then ectopically 

expressed PP5 in HuCCT1 and KKU100, two CCA cell lines of human origin, to investigate whether 

PP5 may contribute to the tumorigenesis of CCA. As shown in Fig. 12B, overexpression of PP5 

significantly accelerated proliferation of CCA cells. Results from the clonogenic assay (Fig. 13) and 

tumorsphere-formation assay (Fig. 14) also indicated that PP5 overexpression led to enhanced colony 

and tumorsphere formation. 

 

PP5 knockdown suppresses tumor growth of CCA 

Having established the correlation between PP5 overexpression and the growth advantage of 

CCA cells, we then sought to determine the impact of PP5 knockdown on CCA cell behavior. 

ShRNAs with two different sequences were employed to silence the expression of PP5 (Fig. 15) in 

HuCCT1 and KKU100 cells. Western blots showed that PP5-overexpressed CCA cells had p-AMPK 

downregulation, while PP5-knockdown cells with p-AMPK upregulation. Concomitant inhibition of 

cell growth was observed in CCA cells transfected with shRNAs against PP5 (Fig. 15). PP5 

downregulation reduced PP5 activity (Fig. 16). PP5 knockdown also significantly impaired the 

clonogenic potential of KKU100 and HuCCT1 CCA cells (Fig. 17). To verify our findings from the 

in vitro studies, we established a subcutaneous HuCCT1 CCA mouse model. Viral particles that 

express shRNAs against PP5 were transduced to HuCCT1-bearing mice. Knockdown of PP5 

expression led to reduced tumor volume (Fig. 18A) and decreased tumor weight (Fig. 18B). 

Compared to tumors from the control group, tumors from mice receiving PP5-targeting shRNAs 
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exhibited approximately 50% reduction in both weight and size. Moreover, we collected the tumor 

lysates and carried out western blot analyses to identify the signaling molecules that contributed to 

protein phosphatase 5-regulated tumor growth. The expression of p-AMPK, a critical molecule that 

mediates cell growth and metabolism, was boosted in PP5-silenced tumor samples (Fig. 18C). These 

results imply that PP5 plays a critical role supporting CCA cell growth. PP5 knockdown reduced the 

volume and weight of CCA. AMPK may act as a downstream molecule of PP5 participating in CAA 

growth regulation.  

 

CTD inhibits CCA cell survival with p-AMPK upregulation 

We next explored whether PP5 could serve as a pharmacologically actionable target to treat 

CCA. HuCCT1, KKU100, and CGCCA cells treated with CTD, a known PP5 inhibitor, exhibited 

significantly diminished PP5 activity (Fig. 19A). Decreased cell viability (Fig. 19B) and increased 

apoptosis (Fig. 19C) were also found in CTD -treated CCA cells. Like CTD, NCTD treatment in 

CCA cells led to cell viability diminish in a time-dependent and concentration-dependent manner 

(Fig. 19B). Treating PP5-containing immunoprecipitant with CTD in cell-free settings also reduced 

PP5 activity, further confirming that CTD could be used to inhibit PP5 (Fig. 20). Furthermore, NCTD 

treatment induced a dose-dependent p-AMPK enhancement in CCA cells (Fig. 21). In addition, 

NCTD treatment in CCA cells decreased PP5 activity. (Fig. 22). To further confirm that PP5 

modulates p-AMPK signals, CCA cells were first treated with CTD of different concentrations at 

different time points. As indicated in Fig. 23A, the expression of p-AMPK and its downstream 

molecule p-ACC, as well as cleaved Caspase-9 increased in a dose-dependent manner, upon CTD 

treatment. The upregulated signals of p-AMPK, p-ACC and cleaved PARP could be observed as soon 

as 8 hours post-CTD treatment (Fig. 23B). The data described above suggests that, by decreasing PP5 

activity, CTD treatment resulted in increased CCA apoptosis with enhanced p-AMPK. PP5 may 

regulate p-AMPK signals, in a negative manner. Moreover, in vitro study, CTD treatment could 
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upregulate p-ASK1 and p-JNK in CCA cells (Fig 24). Thus, CTD induced PP5 inhibition in CCA 

cells, leading to p-AMPK activation, and probably other downstream protein such as p-ASK1 and p-

JNK. 

 

PP5 promotes CCA cell survival through regulating AMPK signaling 

We then investigated whether the CTD-induced cell death was mediated by PP5. Overexpression 

of PP5 rescued CCA cells from CTD-induced cell death (Fig. 25A), and the cleavage of caspase-9 

and PARP, indicators of apoptosis, were also attenuated. On the other hand, the p-AMPK 

upregulation resulting from CTD treatment was compromised by PP5 overexpression. Arachidonic 

acid (AA), a PP5 activator, was also applied to CTD-treated CCA cells. The PP5 activator again 

reduced CTD treatment-induced p-AMPK expression, caspase-9 cleavage and apoptosis (Fig. 25B). 

To shed light on the role of AMPK in PP5-regulated CCA cell survival, AMPK was silenced by 

siRNA against AMPK. Knockdown of AMPK reduced the cleavage of Caspase-9 and PARP 

associated with PP5 activity inhibition by CTD treatment (Fig. 26A). Cell viability was also restored 

upon AMPK knockdown. Dorsomorphin dihydrochloride (compound C), an AMPK inhibitor, was 

also introduced to the CTD-treated CCA cells. Suppression of p-AMPK signals by the AMPK 

inhibitor mitigated cell apoptosis (Fig. 26B). HuCCT1 cells ectopically expressing PP5-DDK were 

immuneprecipitated using antibodies against DDK. Immunoblots performed thereafter using 

antibodies against AMPK confirmed that PP5 bound AMPK in CCA cells (Fig. 26C). Therefore, 

while CTD inhibits PP5 activity, it may not interfere with the association between PP5 and AMPK 

(Fig. 26C).        

 

Pharmacologic inhibition of PP5 suppresses CCA tumor growth in vivo 

To test whether the suppression of CCA growth by PP5 activity inhibition seen in vitro could 

be translated in vivo, HuCCT1-bearing mice were gavaged with NCTD (40 mg/kg), a less toxic 



doi:10.6342/NTU202404281
 29 

analogue of CTD. PP5 IHC revealed decreased level in NCTD-treated tumor (Fig. 27). NCTD-

treated tumor revealed decreased Ki67 expression. In contrast, NCTD treatment induced elevated 

TUNEL expression (Fig. 28). Similar result could be seen in vitro experiment that CTD 

downregulate proliferative marker such as Cyclin D1 and BrdU (Fig. 29). As revealed in Fig. 30A, 

mice administrated with NCTD showed significantly reduced tumor volume. No significant 

difference in body weight was observed between the control group and the NCTD treated mice (Fig. 

30B). Compared with control group, NCTD-treated tumor revealed less dominant tumor part with 

increased stromal tissue (Fig 30C). Decreased PP5 activity (Fig. 31A) and increased p-AMPK 

expression (Fig. 31B) were detected in samples from the NCTD group. Figure 32 shows a working 

model of AMPK dephosphorylation by PP5 to promote CCA cancer development. PP5 induces 

CCA cell growth and tumor progression though dephosphorylation (inactivation) of AMPK, 

whereas PP5 inhibitor CTD suppresses tumor growth by increased p-AMPK. Taken together, data 

acquired by treatment with CTD and NCTD in this study support the concept that pharmacological 

inhibition of PP5 activity suppresses CCA growth. 
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4. DISCUSSION 

This thesis focuses on novel targeting agent discovery for CCA, which is one of the poorest 

prognosis cancer diseases with unmet medical need. It provides two proof-of-concept models from 

translational perspective. The first model showcases that targeting phosphorylated STAT3 by 

enhancing SHP-1 activity provide therapeutic effect for CCA, especially inflammatory-related 

CCA. The second model demonstrates that inhibiting PP5 activity with AMPK upregulation might 

be a potential treatment pathway. Followings are detailed discussion regarding our results on the 

hypothesis assessment. 

    

4.1 Discussion in targeting SHP-1-STAT3 study  

CCA is a fetal disease with dismal prognosis that lacks efficient medical management. There are 

few clinical trials incorporating molecularly targeted agents reported in this aggressive biliary tract 

malignancy. Therefore, novel treatment choice is of urgent need. In this article, we introduced a novel 

sorafenib derivative, SC-43, with potential therapeutic effects in CCA. We revealed that SC-43 

demonstrates a significant anti-proliferative effect in CCA through p-STAT3 pathway inhibition. 

SHP-1 is a major determinant in the apoptosis effect of SC-43. By upregulating SHP-1, SC-43 

induced SHP-1-dependent p-STAT3 downregulation. SC-43 directly interacts with SHP-1 SH2 

domain and relieves its auto-inhibition structure. These findings not only increase current 

understanding of the SHP-1/STAT3 pathway but also support the rationale for targeting SHP-1 in the 

future development of therapies for CCA. 

Chronic inflammation triggers cellular events that can promote malignant transformation of cells 

and carcinogenesis. Several inflammatory mediators, such as IL-6 and TGF-𝛽, have been shown to 

participate in both the initiation and progression of cancer. STAT3 is crucial in initiating and 

maintaining a procarcinogenic inflammatory microenvironment, both at the beginning of malignant 

transformation and during further cancer progression.57,58 IL-6/STAT3 remains a cornerstone factor 
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regulating cholangiocyte growth and survival.59,60 There is a growing body of evidence showing that 

IL-6/STAT3 signaling is clinically significant in CCA. Banchob et al. revealed that elevated IL-6 

level after liver fluke O.viverrini infection correlated with formation of advanced periductal fibrosis, 

suggesting the importance of IL-6 signaling in CCA formation.14 The expression of IL6 is upregulated 

in cancer cells and serum in patients with CCA.61,62 Furthermore, expression of STAT3 is associated 

with poor histological differentiation and adverse prognosis in patients with CCA.63 In this study, we 

demonstrated that p-STAT3 is a major target of SC-43, which is a sorafenib derivative without kinase 

inhibitor activity in CCA cells. The apoptosis of CCA cells after SC-43 administration is correlated 

with p-STAT3 downregulation, suggesting that STAT3 is a potential target in treating CCA.  

Src homology region 2 (SH2) domain-containing phosphatase 1, SHP-1, acts as a negative 

regulator of phosphorylated STAT3 (p-STAT3). SHP-1 is a nonreceptor protein tyrosine phosphatase 

(PTP), composed of two SH2 domains that bind phosphotyrosine, a catalytic PTP domain, and a C-

terminal tail. The phosphatase activity of SHP-1 depends on the variation of its 3D structure, as 

evidenced by its open- or closed-form chemical structure. The N-SH2 domain protrudes into the 

catalytic domain to directly block the entrance into the active site, and the highly mobile C-SH2 

domain is thought to function as an antenna to search for the phosphopeptide activator.64-66 Previously 

we demonstrated that SC-43 activates SHP-1 through direct interaction with SHP-1 proteins in breast 

cancer cells.67 In the study on HCC cells, we provided a molecular docking model that sorafenib and 

SC-43 docked into the interface of N-SH2 and PTPase domain, we hypothesized that sorafenib and 

SC-43 could bind to the N-SH2 domain and subsequently releases and activates the PTPase domain. 

The interaction of sorafenib (or SC-43) and the N-SH2 domain might lead to a release of the D61 

catalytic site and activation of SHP-1 activity. In current study, the hypothesized mechanism of SC-

43 was supported by using dN1 (deleted N-SH2) and D61A mutant SHP-1- overexpressing cells; SC-

43 exerted less p-STAT3 downregulation and apoptosis-inducing effects in these mutant SHP-1 over-

expressing cells, compared to wild-type SHP-1-expressing cells. These results confirmed that the 
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SH2 domain is a critical docking site of SC-43. However, given the fact that ectopic expression of 

STAT3 (thus increased p-STAT3) did not completely rescued the SC-43 induced apoptosis (Fig 2C), 

and that SHP-1 inhibitor PTP3 partially reduced the effect of SC-43 (Fig 4C), it is possible that there 

may also be other pathways involved in the effect of SC-43 induced apoptosis. Since SC-43 increases 

SHP-1 activity, it is reasonable that SC-43 induced effects can be mediated by other SHP-1-dependent 

substrates. Alternatively, other SHP-1 independent pathways may also be involved in SC-43 induced 

effects. More studies are needed to elucidate whether other pathways are also involved in SC-43 

induced effects in CCA cells. 

It is clear that the cell-cycle checkpoints can regulate the quality and rate of cell division. Agents 

that can increase G2-M arrest have also been associated with enhanced apoptosis. For example, 

Jackson et al. 68 demonstrated that the Chk1 indolocarbazole inhibitor (SB-218078) enhanced G2-M 

arrest and cytotoxicity in HeLa cells. Hirose et al 69 revealed that temozolamide induced G2-M arrest-

related apoptosis in glioma cells. With regards to the higher G2-M arrest proportion, we hypothesized 

that SC-43 induced CCA cells apoptosis through G2-M arrest. In our study, levels of expression of 

the cyclin B1 and Cdk1 (Cdc2), the major regulatory protein and kinase for progression from G2 to 

M phase were markedly reduced after SC-43 treatment. It is known that stat3 signaling axis induced 

cell proliferation through binding to cdc2.70-72 Furthermore, STAT3 promotes mitosis process 

primarily by stimulating transcription of cyclinB1 and other regulatory proteins, such as c-myc and 

cyclinD1.73-77 In our presenting study, SC-43 induces apoptosis with downregulation of STAT3 in 

sensitive CCA cells. In addition, SC-43 promotes G2-M arrest by reducing transcription level of 

cyclin B1 and Cdc2 protein. 

SHP-1 is predominantly expressed in hematopoietic and epithelial cells. Notably, SHP-1 

generally acts as a negative regulator in a variety of cellular signaling pathways.78,79 However, the 

underlying molecular mechanism by which SHP-1 is involved in carcinogenesis is not completely 

understood. Some studies have indicated that SHP-1 is a potential tumor suppressor gene in cancer 
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formation.80-83 However, the clinical value of cancer treatment by targeting SHP-1 is still under 

investigation. According to a few reports,84-86 several agents that regulate SHP-1 activity have been 

identified, and some have found efficacy against different cancer cells. In our previous work, we 

disclosed that regorafenib, a multiple protein kinase inhibitor, exerts anti-tumor effects by enhancing 

SHP-1 activity.84 Dovitinib, another multiple protein kinase inhibitor, acts as a novel radiosensitizer 

in HCC by upregulating SHP-1.85 Moreover, SHP-1 activation by a novel Bcl-2 inhibitor derivative 

was found to induce HCC autophagy.86 In the present study, we demonstrated that SC-43 has a SHP-

1-dependent apoptotic effect in CCA cells. Therefore, our data strengthen the rationale for targeting 

the SHP-1/STAT3 pathway as a novel anti-cancer therapy. Taken together, these structurally 

unrelated agents show a common target in various cancer cells suggesting that SHP-1 may be a 

potential therapeutic target.  

In this study, a total of 40 cases with pathologically confirmed CCA were analyzed in this study. 

About half (21 of 40, 52.5%) of the specimens revealed only weak positive p-STAT3 expression. We 

have added Figure 33 showing some examples of weak-staining p-STAT3 in our CCA samples (Fig. 

33). There are several possible reasons for the relatively low p-STAT3 expression in current study. 

First, the protein phosphorylation is usually dynamic and rapidly degraded. Second, the level of 

phosphorylated protein is relatively limited and difficultly detected. Third, the limitation of IHC for 

FFPE tissue due to the adverse influence of formalin upon antigenicity and the great variation in 

processing procedures. Fourth, in this retrospective study, some specimens have been preserved for 

more than ten years, therefore the quality of IHC in these FFPE tissue is inevitably diminished. 

 

4.2 Discussion in targeting PP5 study  

PP5 is a multifunctional signal regulator participating in cell-cycle control, DNA damage repair, 

stress response, and ion channel activation 39,87,88. In this study, we explored the potential of PP5 as a 

therapeutic target in CCA. We confirmed that that overexpression of PP5 in CCA cells enhances cell 
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growth, colony formation and sphere formation and, therefore, hypothesized that PP5 can act as an 

oncogenetic protein and might have an important role in CCA formation. Next, we employed shRNAs 

to genetically silence the expression of PP5, and NCTD to pharmacologically inhibit PP5 activity. 

The in vivo studies demonstrated that either silencing PP5 expression or inhibiting PP5 activity 

significantly reduced CCA tumor volume.    

Several compounds exhibit PP5-inhibition activity, but most of them, including CTD and NCTD, 

also inhibit a broad spectrum of phosphatases belonging to the PPP family 89,90. Highly-selective PP5 

inhibitors are desired to avoid general toxicity. It has been indicated that the similarity of phosphatase 

catalytic elements among PPP family phosphatases may contribute in part to the non-specific 

inhibition 37,91. On the other hand, improving PP5 inhibitors potency also attracted extensive interest. 

For example, limited interaction between PP5 inhibitors and Asp 99 residues in PP5 enhance 

inhibitors’ activity 92. Hence, the development of potent PP5 inhibitors with specificity might be 

beneficial for treating CCA.  

A delicate balance of kinase phosphorylation and dephosphorylation, regulated by 

phosphoprotein phosphatase (PPP), is essential to the maintenance of diverse cellular function 

including proliferation, differentiation, senescence and apoptosis. AMPK is a serine/threonine 

protein kinase and has a critical role in many metabolic functions, including cellular energy 

homeostasis, protein synthesis, redox regulation and the anti-aging process 93-95. Dysregulated 

AMPK is associated with many chronic diseases, such as obesity, inflammation and diabetes 96. 

Under stress and energy deprivation, AMP and ADP bind to AMPK, causing phosphorylation at 

Thr 172 and leading to AMPK activation 94. Moreover, AMPK activation is negatively controlled 

by phosphatases, namely PP2A and PP2C, by dephosphorylation at Thr 172 97. The data presented 

here suggests that PP5 also dephosphorylates AMPK at Thr 172. In addition, in vitro study revealed 

that CTD also upregulated p-ASK1 and p-JNK. It suggests that CTD inhibit PP5 and upregulate p-

AMPK, and other downstream proteins such as p-ASK1 and p-JNK, leading to CCA cell apoptosis.     
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Recently, the interaction between AMPK and cancer has been widely investigated. Urban G et 

al. reported that overexpression of PP5 in MCF-7 breast cancer cells enabled profound MCF-7 

proliferation in estrogen-deprived culture media 40. Interestingly, our data revealed that PP5 

enhanced tumor cells colony and tumor sphere formation. Although this novel finding might be 

related to the cell proliferation promoting effect by PP5 and AMPK signaling, it also hinted to the 

possibility of correlation between PP5/AMPK and cancer stemness, which warrants future studies 

to elucidate the possibility. To date, the mechanism of AMPK activation in cancer cell inhibition is 

mainly depending on anti-inflammation 98 and mTOR pathway inhibition 99. The use of metformin, 

an AMPK activator, in diabetic patients has been suggested to decrease cancer incidence 100. 

Aspirin, another direct AMPK activator, is also used for cancer prevention 101. Other AMPK 

activators have been shown to exhibit anti-cancer activity 102,103. Moreover, Saengboonmee et al. 

reported that AMPK activation against CCA cells proliferation by STAT3 and NF-kB 

downregulation 104. From a pharmacological point of view, we consider that the development of 

AMPK activators, perhaps by targeting the PP5-AMPK axis, for CCA therapy is a worthwhile 

future endeavor.  

In conclusion, this study demonstrated that PP5 negatively regulates AMPK phosphorylation 

and contributes to CCA aggressiveness; it further indicates the potential of PP5 as a novel 

pharmacological actionable target for CCA therapy. 
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5. CONCLUSION 

In summary, we identified STAT3-SHP-1 as a major molecular determinant of the sensitivity 

of CCA cells to SC-43-induced apoptosis suggesting that it may be a potential drug target in CCA. 

The approach focusing on not only protein kinase, but also phosphatases and kinases could be a 

potential strategy for the management of CCA. Moreover, we showcase that PP5 induce 

tumorigenicity in CCA. Anti-tumor effect through PP5 downregulation was demonstrated by a 

potent PP5 inhibitor. This PP5-related therapeutic effect is regulated by AMPK phosphorylation.   
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6. PERSPECTIVES 

Based on our results, it is promising and feasible to develop novel agents for CCA treatment. 

6.1 Defining SHP-1-p-STAT3 as a drug target and discovering agents targeting CIP2A-

PP2A-p-Akt pathway. 

SHP-1 consists of a catalytic domain at the C-terminus and two SH2 domains at the N-terminus, 

which bind to phosphotyrosines. An autoinhibitory conformation forms between the N-terminal 

SH2 domain and the catalytic PTP domain, with the catalytic PTP loop playing a crucial role in 

this autoinhibition, which is essential for SHP-1 phosphatase activity. Our data demonstrated 

that SC-43 may directly increase SHP-1 activity without altering SHP-1 expression 

phosphorylation, leading to p-STAT3 inhibition-related CCA treatment. Future studies 

exploring the clinical and biological roles of SHP-1 and p-STAT3 in CCA could enhance 

targeted therapies and further elucidate the therapeutic potential of p-STAT3 inhibitors. 

Additionally, it would be compelling to investigate whether other anti-inflammatory agents can 

contribute to the treatment of inflammatory cancers like CCA. 

6.2 Dissect the underlying mechanisms by PP5 inhibition on the CCA treatment  

The current results highlight the detailed role of PP5 in enhancing CCA tumorigenesis. PP5 

negatively regulates AMPK phosphorylation and contributes to CCA aggressiveness. 

Accordingly, PP5 inhibition decreases CCA cell survival while upregulating p-AMPK, 

suggesting that PP5 is a potential pharmacologically actionable target for CCA therapy. 
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Figures 

 

 
 

Figure 1. SC-43 exerts anti-proliferative and apoptosis-inducing effects in cholangiocarcinoma 

(CCA) cells. SC-43, a derivative of sorafenib induces apoptosis in CCA cell lines. A, 

immunohistochemical (IHC) staining for p-STAT3 in CCA tumor (left), compared with normal tissue 

part (right). B, dose-escalation effects of SC-43 on cell viability. Cells were exposed to SC-43 at the 

indicated doses for 24, 48, and 72 hours respectively and cell viability was assessed by MTT assay. 

Points, mean; bars, SD (n=9).  
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Figure 2. SC-43 exerts apoptotic effects in CCA cells. A. CCA cells were exposed to SC-43 at the 

indicated doses for 24 hours and number of apoptotic cells was determined by flow cytometry. 

Columns, mean; bars, SD (n=3). B. Dose-dependent effects of SC-42 on cleaved caspase-3 and PARP 

Cell were treated with SC-43 at the indicated doses for 24 hours. 
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Figure 3. Inhibition of p-STAT3 determines the sensitizing effects of SC-43 in CCA cells. A, 

dose-dependent effects of SC-43 on STAT3-related proteins. Cell were treated with SC-43 at the 

indicated doses for 24 hours. B, SC-43 induced p-STAT3 inactivation in a time-dependent manner.  
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Figure 4. Consistent inhibition of p-STAT3 of SC-43 in CCA cells. SC-43 induced p-STAT3 

inactivation of HuCCT1 and CGCCA cells in a time-dependent manner. 
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Figure 5. SC-43 induce STAT-3-related G2-M arrest in CCA cells. A. STAT3 reverses the 

apoptotic effect of SC-43. HuCCT-1 cells transiently expressing STAT3 with Myc-tag were treated 

with SC-43 at 5 μM for 24 hours and the percentage of apoptosis was measured by sub-G1 analysis. 

B. Western blot analysis of the cyclin B1 and Cdk1 (Cdc2) with SC-43 at the indicated doses for 24 

hours. Columns, mean; bars, SD (n=3); *, P < 0.05. 
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Figure 6. SHP-1/p-STAT3 mediates SC-43-induced apoptosis in CCA cells. SHP-1 plays a role 

in SC-43-induced STAT3 inhibition and apoptosis. A, SC-43 increased SHP-1 activity in CCA cells. 

Cells were treated with SC-43 at the indicated doses for 16 hours. Columns, mean; bars, SD (n=3). 

(*, P < 0.05; **, P < 0.01) B, SC-43 activates SHP-1 directly. SC-43 increases the phosphatase 

activity of SHP-1 in IP-SHP-1 cell lysate from HuCCT-1 cells. Columns, mean; bars, SD (n=3). (*, 

P < 0.05; **, P < 0.01) C, Protective effects of SHP-1 specific inhibitor (PTPIII) on SC-43-induced 

apoptosis in HuCCT-1 and KKU-100 cells. Cells were pretreated with PTPIII at 100 nM for 30 

minutes before SC-43 treatment.  
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Figure 7. SHP-1 activity on p-STAT3-related apoptosis in CCA cells. Knockdown of SHP-1 

reduces the effects of SC-43 on p-STAT3 and apoptosis. HuCCT-1 cells were transfected with control 

siRNA or SHP-1 siRNA for 24 hours and then treated with SC-43 for another 24 hours (left). 

Overexpression of SHP-1 induces more apoptosis with SC-43. Apoptotic assay was performed by 

sub-G1 analysis (right). Columns, mean; bars, SD (n=3). (**, P < 0.01) 
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Figure 8. SC-43 activates SHP-1 by relieving the autoinhibition of the SH2 domain. A. Schematic 

representation of deletion and single mutants of SHP-1. B. dN1 and D61A impair SC-43-induced 

STAT3 signaling and apoptotic effect. Apoptotic assay was performed by sub-G1 analysis. Columns, 

mean; bars, SD (n=3). (**, P < 0.01)  
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Figure 9. Dose-escalation study of transfection of dN1 and D61A on p-STAT3. Dose-dependent 

dN1 (left) and D61A (right) plasmid transfection suppressed p-STAT3 expression and decreased SC-

43-induced p-STAT3 downregulation. 
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Figure 10. In vivo effects of SC-43 in CCA xenograft animal model. A. SC-43 exhibited significant 

tumor growth inhibition in a HuCCT1-bearing CCA subcutaneous model. Left, mice received SC-43 

at 10 mg/kg/day or 30 mg/kg/day and tumor growth was measured twice weekly. Point, means; bars, 

SE (n≥9). Right, tumor weight at the end of treatment. (*, P < 0.05; **, P < 0.01) B. Body weight of 

mice with SC-43 treatment. C. Analysis of p-STAT3 and STAT3 in HuCCT1 tumors (left). SHP-1 

phosphatase activity in HuCCT-1 tumors (right). Columns, mean; bars, SD (n ≥6). (**, P < 0.01)  
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Figure 11. Summary model. SC-43 induced potent apoptosis in CCA by relieving the inhibitory N-

SH2 domain of SHP-1 and downregulating p-STAT3, cyclin B1 and Cdc2. 
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Figure 12. PP5 overexpression correlates with increased cell proliferation in CCA.  

A. PPP5C expression data from normal tissue and CCA samples were downloaded from TCGA and 

the Broad GDAC Firehose data portal (left). Levels of PPP5C in tumor samples from CCA patients 

were then divided according to the stage classification (right). Levels of PPP5C in the CCA tumor 

tissues stages I to IV were compared with those of normal tissues. Data are shown as mean ± SE. 

(Normal tissues, n = 9; tumor tissues, n = 36; **, P < 0.01; ***, P < 0.001) B. PP5 overexpression 

induces cholangiocarcinoma cell proliferation. CCA cell proliferation was assessed by performing 

MTT assays. Data are shown as mean ± SD (n=8). (**, P < 0.01); the western blots in the right panel 

show overexpression of PP5 in KKU100 and HuCCT1 cells after lentiviral transfection of PP5.  
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Figure 13. PP5 overexpression induce tumorigenicity in CCA. Colony formation assay were 

performed to evaluate the impact of PP5 overexpression on CCA cells. Values are shown as mean ± 

SD (n≥3). (**, P < 0.01)  
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Figure 14. PP5 overexpression induce tumorsphere formation in CCA. Tumorsphere formation 

assay were performed to evaluate the impact of PP5 overexpression on CCA cells. Values are shown 

as mean ± SD (n≥3). (**, P < 0.01)  
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Figure 15. Knockdown of PP5 in CCA cells suppressed tumor growth. HuCCT1 and KKU100 

cells were cultured at a density of 500 cells per well for 2 weeks to examine the effects of PP5 

knockdown on CCA colony formation. Columns, mean; bars, SD (n=4). (**, P < 0.01) The western 

blots showed that p-AMPK was downregulated in PP5-overexpressing CCA cells, whereas p-

AMPK was upregulated in PP5-knockdown cells.  
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Figure 16. PP5 downregulation reduced PP5 activity in CCA cells. PP5 activity was measured 

in PP5-knockdowned CCA cells by using the RediPlate 96 EnzChek Serine/Threonine Phosphatase 

Assay Kit. 
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Figure 17. Knockdown of PP5 in CCA cells suppressed tumor growth. HuCCT1 and KKU100 

cells were cultured at a density of 500 cells per well for 2 weeks to examine the effects of PP5 

knockdown on CCA colony formation. Columns, mean; bars, SD (n=4). (**, P < 0.01)  
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Figure 18. Knockdown of PP5 in CCA cells suppressed tumor growth. A. Image of tumors and 

the tumor growth curve of shPP5s-transduced HuCCT1-bearing mice. Values are shown as mean ± 

SEM (n=5). (***, P < 0.001) B. A histogram of tumor weight analysis. Values are shown as mean ± 

SEM (n=5). (*, P < 0.05; **, P < 0.01) C. Western blots using tumor lysates were performed to 

analyze the expression of p-AMPK and PP5. 
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Figure 19. CTD inhibits CCA cell survival with p-AMPK upregulation. A. CTD treatment 

reduced PP5 activity in CCA cells. Data are shown as mean ± SD (n=3). (**, P < 0.01) B. MTT 

assays showed that CTD and NCTD treatment led to decreased cell viability in CCA cells. Data are 

shown as mean ± SD (n=8). C. The percentage of apoptotic CCA cells after CTD treatment for 24 
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hours was examined using Annexin-V/propidium iodide staining followed by flow cytometry 

analyses. Data are shown as mean ± SD (n=3). (*, P < 0.05; **, P < 0.01)  
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Figure 20. CTD reduced PP5 activity. Treating PP5-containing immunoprecipitant with CTD at 

indicated concentration in cell-free settings reduce PP5 activity (n=3). (**, P < 0.01) 
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Figure 21. NCTD upregulated p-AMPK. NCTD treatment induced a dose-dependent p-AMPK 

enhancement in CCA cells (n=3). (*, P < 0.05; **, P < 0.01) 
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Figure 22. NCTD decreased PP5 activity. Treating PP5-containing immunoprecipitant with 

NCTD at indicated concentration in cell-free settings reduce PP5 activity (n=3).  
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Figure 23. CTD inhibits CCA cell survival with p-AMPK upregulation. A. Representative 

western blot images showing that p-AMPK, p-ACC, cleaved Caspase-9, Caspase-3, and PARP-1 

increased in a dose-dependent manner in response to CTD treatment. B. The expression of p-AMPK, 

p-ACC and the cleavage form of PARP-1 at different time points under 5 μM of CTD. 
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Figure 24. CTD upregulate p-ASK1 and p-JNK. Representative western blot images showing 

that p-ASK1 and p-JNK increased in response to CTD treatment. 
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Figure 25. The PP5-AMPK signaling cascades play a critical role regulating CCA cell 

survival. A. PP5 overexpression rescued cell death induced by CTD. Cells ectopically expressing 

PP5-DDK were treated with 2.5 μM CTD before being collected for MTT assays and western 

blotting. The results of the MTT assays were quantified. Columns, mean; bars, SD (n = 8). (**, P < 

0.01) B. Enhancing PP5 activity alleviated CTD-associated apoptosis in CCA cells. CCA cells were 

treated with 50 μM arachidonic acid for 3 hours followed by 2.5 μM CTD for 24 hours. The cells 

were then harvested for western blotting and apoptosis analyses. Columns, mean; bars, SD (n = 3). 

(**, P < 0.01)  
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Figure 26. The PP5-AMPK signaling cascades play a critical role regulating CCA cell 

survival. A. CCA cells were transfected with siRNA against AMPK before being treated with 2.5 

μM of CTD for 24 hours, then MTT assays and western blots were performed. Columns, mean; 

bars, SD (n=8). (**, P < 0.01) B. Cells were treated with 5 μM of dorsomorphin dihydrochloride 

(compound C) for 3 hours to inhibit AMPK activity. Next, 2.5 μM of CTD was applied for 24 

hours. Cells were then collected for apoptotic assays and western blots. Columns, mean; bars, SD 

(n=3). (**, P < 0.01) C. HuCCT1 cells ectopically expressing PP5-DDK or control vector were 

treated with CTD before being immuneprecipitated with antibodies against DDK. 

Immunoprecipitants were collected for western blot analyses.  
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Figure 27. PP5 IHC after NCTD treatment. PP5 IHC revealed decreased level in NCTD-treated 

tumor. 
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Figure 28. NCTD “in vivo” effect on Ki67 and TUNEL expression. NCTD-treated tumor 

revealed decreased Ki67 expression (upper). In contrast, NCTD treatment induced elevated TUNEL 

expression (lower).  
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Figure 29. CTD downregulate Cyclin D1 and BrdU. CTD downregulate proliferative marker 

such as Cyclin D1(upper) and BrdU (lower) in CCA cells.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



doi:10.6342/NTU202404281
 74 

 
 

 

 

 

 

 
Figure 30. Pharmacologic inhibition of PP5 represses CCA tumor growth in vivo. A. The 

tumor growth curve of HuCCT1-bearing mice treated with NCTD (40 mg/kg) or vehicle control 

(n≥3 in each group) (*, P < 0.05; **, P < 0.01) B. The body weight of HuCCT1-bearing mice (n≥3 

in each group). C. H&E stain from xenograft tumor after NCTD treatment. 
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Figure 31. Pharmacologic inhibition of PP5 represses CCA tumor growth in vivo. A. The PP5 

activity of tumor samples from NCTD or vehicle-treated mice (n≥3 in each group) (*, P < 0.05) B. 

The expression of p-AMPK in tumor samples (n=3 in each group). 
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Figure 32. Visual abstract of pharmacologic inhibition of PP5 in treating CCA tumor growth 

in vivo. PP5 dephosphorylates AMPK to promote CCA cancer development. PP5 induces CCA cell 

growth and tumor progression though dephosphorylation of AMPK (inactivation). PP5 inhibitor CTD 

suppressed tumor growth by increased p-AMPK.  
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Figure 33. Immunohistochemical (IHC) staining for p-STAT3 in CCA tumor. Examples of 

weak-staining p-STAT3 in our human CCA specimen. 

 


	Bromodeoxyuridine cell proliferation assay



