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English Abstracts

Pancreatic cancer is one of the most lethal cancers worldwide, because there is no 

diagnostic tool and no effective therapeutic agents. Therefore, novel therapeutic strategies 

are desperately needed. 

In this study, the expression profiles of 10 pancreatic cancer datasets were collected 

from GEO, and GEO2R tool was used to obtain gene expression changes in normal and 

tumor tissue sample. Then, using L1000CDS2, which predicts a substance that can drive or 

reverse such gene expression changes, we found drugs that reverse PDAC gene expression 

changes and selected six out of 20 initial candidates. We measured IC50 for the six drugs 

and identified BX-795, a PDK1/TBK1 inhibitor, as a promising candidate. Effect of BX-795 

was evaluated by proliferation assay, western blotting and trasnwell assay. We found BX-

795 efficiently inhibits proliferation in PDC 110621 but not in 115026, showing 

approximately 60 times higher IC50 value. BX-795, the mTOR/GSK3β pathway was inhibited

and subsequent apoptosis was induced. In addition, BX-795 changed the cell shape and 

inhibited migration, confirmed through the transwell assay. As p-ERK was increased by BX-

795, we also examined the combinatory effect of BX-795 with a MEK inhibitor. As a result, 

we found an additive cytotoxic effect of BX-795 and MEK inhibitor trametinib. Finally, we 

showed BX-795 is as effective as Gemcitabine to reduce tumor growth in patient-derived 

xenograft models. 

Collectively, these results demonstrate BX-795 as a novel therapeutic candidate for 

pancreatic cancer treatment.



ii

Contents

English Abstracts ----------------------------------------------------------------------------- ⅰ

Lists of tables & figures ----------------------------------------------------------------- ⅲ, ⅳ

Introduction ---------------------------------------------------------------------------------- 1

Materials and Methods ---------------------------------------------------------------------- 3

Results ---------------------------------------------------------------------------------------- 7

1. Identification of perturbation that reverse pancreatic cancer gene alteration using

GEO2R data analysis and L1000CDS2 web tool ------------------------------------------ 7

2. BX-795 shows better anti-proliferative effect in pancreatic cancer cells than normal 

cell ----------------------------------------------------------------------------------------- 10

3. BX-795 inhibits mTOR-GSK3β signaling and increases apoptosis ------------------ 14

4. Inhibition of pancreatic primary cancer cell migration by BX-795 ------------------ 19

5. Additive antitumor effect of BX-795 in combination with MEK inhibitor ----------- 22

6. BX-795 inhibits pancreatic tumor growth in vivo ------------------------------------- 25

Discussion ----------------------------------------------------------------------------------- 26

Conclusion ----------------------------------------------------------------------------------- 27

References ----------------------------------------------------------------------------------- 28

Korean Abstracts ---------------------------------------------------------------------------- 31

Acknowledgements ------------------------------------------------------------------------- 32



iii

List of tables

Table 1. The main feature of gene expression microarray data ---------------------------- 8

Table 2. 20 drug candidates from L1000CDS2 ----------------------------------------------- 9

Table 3. IC50 values of selected six drug candidates --------------------------------------- 12



iv

List of figures

Figure 1. Identification of expression levels of target gene of selected 6 drug candidates

------------------------------------------------------------------------------------------------ 11

Figure 2. Identification of IC50 curves of six drug candidates ------------------------------ 13

Figure 3. Identification of basal levels of PDK1, TBK1 and p-AKT in pancreatic cancer cells 

and HPDE ------------------------------------------------------------------------------------ 15

Figure 4. BX-795 inhibits mTOR-GSK3β signaling and increase MEK-ERK pathway and 

apoptosis in pancreatic primary cancer cells ----------------------------------------------- 16

Figure 5. BX-795 inhibits mTOR-GSK3β signaling and increase MEK-ERK pathway in 

pancreatic primary cancer cells and HPDE ------------------------------------------------- 18

Figure 6. Identification of cell shape before and after BX-795 treatment in pancreatic primary 

cancer cells and HPDE ---------------------------------------------------------------------- 20

Figure 7. BX-795 inhibits the migration of pancreatic primary cancer cells -------------- 21

Figure 8. The combination of BX-795 and MEK inhibitor inhibits pancreatic primary cancer 

cell proliferation ----------------------------------------------------------------------------- 23

Figure 9. Confirmation of the proliferation of pancreatic primary cancer cells in combination 

with BX-795 and Gemcitabine -------------------------------------------------------------- 24

Figure 10. BX-795 inhibits pancreatic tumor growth in vivo ------------------------------ 26



1

Introduction

Pancreatic cancer remains one of the most lethal cancers worldwide, 

and has a high mortality [1, 2]. Because there are no symptoms until late 

tumor stages, the prognosis is poor and recurrence is common [3]. Currently, 

effective early diagnosis biomarkers are lacking and there are limited 

available therapeutic drugs for pancreatic cancer such as Gemcitabine and 

5-FU. However, these are not effective treatment [4-6]. Therefore, novel 

therapeutic strategies are needed. 

Gene Expression Omnibus (GEO) stores gene expression profiles. Each profile 

displays the expression level of one gene across all samples within a dataset. 

GEO2R is a web tool that allows users to compare two or more groups of samples 

in a GEO Series in order to identify gene [7-9]. The Integrated Network-Based 

Cellular Signature (LINCS) library is an NIH Common Fund program that shows 

how human cells respond to chemical, genetic, and disease perturbation. The 

purpose of the LINCS program is to understand human disease and to advance 

the development of new therapies [10]. L1000CDS2 is a LINCS L1000 characteristic 

direction signature search engine that finds list of small molecules that match input 

signature that are predicted to reverse the input signatures. Perturbations include 

drugs, genetic perturbations and antibodies [11-14].

BX-795 was identified as a 3-phophoinositidie-dependent protein kinase 1 

(PDK1) inhibitor with potent activity in blocking PDK1/AKT/mTOR signaling [15-17]. 

BX-795 was also inhibitor of the TANK-binding protein 1 (TBK1) and IκB kinase ε

(IKKε), which inhibits the phosphorylation, nuclear translocation, transcriptional 

activity of interferon regulatory factor 3 (IRF3) [16, 18]. In human oral squamous 

cell carcinoma, BX-795 shows antitumor activity through apoptosis. In bladder 

cancer, BX-795 also inhibits the proliferation and migration [19]. 

We used public data to find new target genes for pancreatic cancer and 
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used L1000 signature data to identify drug candidates that can reverse gene 

expression changes when pancreatic cancer develops, and tested a candidate BX-

795 for anticancer function. 
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Materials and Methods

Microarray data

Microarray dataset was obtained from the Gene Expression Omnibus (GEO, 

http://www.ncbi.nlm.nih.gov/geo). In order to identify genes that are expressed in 

pancreatic cancer, we used a web tool GEO2R. We performed L1000CDS2 analyses 

on the gene signatures obtained from our microarray datasets.

Cell culture

Pancreatic primary cancer cells were cultured in RPMI 1640 medium with 5% fetal 

bovine serum (FBS), 1% penicillin/streptomycin, 20 ng/ml EGF, 4 μg/ml 

hydrocortisone and 4  μg/ml transferrin. Human pancreatic duct epithelial (HPDE) 

cell was cultured in keratinocyte serum-free medium supplemented with EGF and 

bovine pituitary extract. All cells were cultured at 37℃ with 5% CO2. 

Drug

BX-795 is dissolved in DMSO in vitro and dissolved in 2% DMSO, 30% PEG, 2% 

Tween 80 and D.W in vivo and stored at -20℃. LDN-193189, CGP-60474, AT-7519, 

Narciclasine, Importazole, trametinib and Gemcitabine are dissolved in DMSO in 

vitro and stored at -20℃.

Proliferation assay

Cells were seeded in a 96 well plate at a density of 3,000 cells/well in 50 μl culture 

media. Cells were treated with drug after 24 hours of seeding. To monitor cell 

proliferation, 1/10 volume of EZcytox (DoGenBio) was added directly to control 

and drug treated cells after 72 hours of the drug treatment. The cells were 

incubated for an additional two hours to measure viability, which was detected by 

fluorescence measurements using a microplate fluorescence spectrophotometer. 
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Determination of IC50 values

Cell viability was evaluated using EZcytox. The data was defined as (mean BX-795, 

LDN-193189, CGP-60474, AT-7519, Narciclasine, Importazole, treated A450 – blank)/ 

(mean untreated control A450 – blank) x 100 and analyzed. The IC50 values were 

determined by Graphaped Prism software. 

RNA preparation and Real-time PCR

RNA extraction was performed using TRIzol (Invitrogen). RNA (1μg) was used for 

cDNA synthesis (PrimeScript RT reagent kit, TaKaRa) according to the 

manufacturer’s instructions. Real-time PCR was performed with SYBR Green

(AMPIGENE® qPCR Green Mix Lo-ROX, Enzo life sciences) in a Bio-Rad real-time 

PCR detection system. The primers used for qRT-PCR were as follows: PDK1, 5’-

CCTCTGGCTGGTTTTCCTTA-3’ and 5’-CGTGGTTGGTGGTTGTAATGC-3’; TBK1, 5’-

CCTCCCTAAAGTACATCCACG-3’ and 5’-CAATCAGCCATCGTATCCCC-3’; RhoA, 5’-

TTCCATCGACAGCCCTGATAGTTTA-3’ and 5’-CACGTTGGGACAGAAATGCTTGR-3’;

CDK1, 5’-GGGGATTGTGTTTTGTCACTC-3’ and 5’-AGGCTTCCTGGTTTCCATTT-3’; 

BMPR1A, 5’-CAGGTTCCTGGACTCAGCTC-3’ and 5’-TGGTATTCAAGGGCACATCA-3’.

Protein extraction and Western blotting

Cells were harvested in RIPA buffer (Biosesang) containing protease inhibitors

(Roche). Lysates were centrifuged at 14,000 rpm for 15 min, and the supernatant 

was collected. Protein quantification was performed using BCA (Pierce™ BCA 

Protein Assay Kit, Thermo Fisher Scientific). Protein were separated by SDS-PAGE, 

transferred to a PVDF membrane. Immunoblotting was performed with antibodies 

to TBK1 (Cell signaling Technology), p-TBK1(Ser172) (Cell signaling Technology), 

p-PDK1(Ser241) (Cell signaling Technology), AKT (Cell signaling Technology), p-

AKT(Ser473) (Cell signaling Technology), p-AKT(Thr308) (Cell signaling Technology), 

p-mTOR(Ser2448) (Cell signaling Technology), p-GSK3β(Ser9) (Cell signaling

Technology), p-GSK3β(Tyr216) (Abcam), MEK (Cell signaling Technology), p-
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MEK(Ser217, Ser221) (Cell signaling Technology), ERK (Cell signaling Technology), 

p-ERK(Thr202, Tyr204) (Cell signaling Technology), PARP (Cell signaling Technology), 

caspase-7 (Cell signaling Technology), E-cadherin (Cell signaling Technology), Slug

(Cell signaling Technology), Vimentin (Cell signaling Technology), Snail (Cell 

signaling Technology), Twist (Cell signaling Technology) and β-actin (Santa Cruz 

Biotechnology). 

Transwell assay

Migration ability was assayed by the use of transwell chambers with 6.5 mm 

diameter polycarbonate filters (8.0 μm pore size). In brief, the cells were suspended

at a final concentration of 1 x 105 cells/ml, in serum free medium. One hundred 

microliters of the cells suspension were loaded into each of the upper wells. 10% 

FBS was used as chemo-attractants in the lower chambers, and the chamber was 

incubated at 37℃ for 24 hours. The cells were fixed and stained with hematoxylin 

and eosin. Non-migrated cells on the upper surface of the filter were removed by 

wiping with a cotton swab, and migration ability was measured by counting cells 

that had migrated to the lower side of the filter, by using an optical microscope. 

Animal experiments

Pancreatic primary cancer cells were harvested and resuspeded at 5x106 cells/100

μl in matrigel (CORNING) and Phosphate buffer saline (PBS). Then, 5x106 cells/100

μl were injected into male BALB/c nude mice. When the tumor was approximately 

100 mm3, we treated the drug in four groups: Control, Gemcitabine, BX-795, BX-

795 and trametinib combination. BX-795 and Gemcitabine were administered twice 

a week for three weeks, and trametinib was administered five times a week for 

three weeks. The drugs were administered intraperitoneal injection and oral 

administration with BX-795 (25 mg/kg), Gemcitabine (25 mg/kg) and trametinib (1

mg/kg). Tumors were measured using calipers, and tumor volumes were calculated 
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as follows: Tumor volume (mm3) = Length (L) x Width (W) ÷ 2. Tumor volume and 

mouse body weight were measured twice a week for three weeks. 
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Results

1. Identification of perturbation that reverse pancreatic cancer gene 

alteration via GEO2R data analysis and L1000CDS2 webtool

10 microarray datasets (GSE 15471, 16515, 28735, 462234, 55643, 60980, 

62165, 62452, 71989, and 91035) were obtained from GEO (Table 1). Each dataset 

was analyzed with GEO2R to obtain gene expression change data between normal 

and tumor. We used L1000CDS2 to insert genes that differ in gene expression 

between normal and tumor four times or more, and search for substances that can 

regulate expression changes. We analyzed 10 datasets from GEO and obtained 50 

perturbations of each. We selected six drugs i.e., BX-795, LDN-193189, CGP-60474, 

AT-7519, Narciclasine and Importazole, based on the number of overlap and rank

(Table 2).
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Table 1. The main feature of gene expression microarray data 

Datasets Platform
Samples in 

total
Citation(s) on

GSE15471 GPL570 78

Hepatogastroenterology 2008 

Nov-Dec;55(88):2016-27. 

PMID: 19260470

GSE16515 GPL570 52
Cancer Cell 2009 Sep 8;16(3):259-

66. PMID: 19732725

GSE28735 GPL6244 90

PLoS One 2012;7(2):e31507. 

PMID: 22363658,

Clin Cancer Res 2013 Sep 

15;19(18):4983-93. 

PMID: 23918603

GSE46234 GPL570 8 -

GSE55643 GPL6480 53

Oncotarget 2014 Nov 

30;5(22):11064-80. 

PMID: 25415223

GSE60980
GPL14550

GPL15159
182

Mol Oncol 2015 Apr;9(4):758-71. 

PMID: 25579086

GSE62165 GPL13667 131
BMC Cancer 2016 Aug 12;16:632. 

PMID: 27520560

GSE62452 GPL624 130

Cancer Res 2016 Jul 

1;76(13):3838-50. 

PMID: 27197190

GSE71989 GPL570 22 -

GSE91035 GPL22763 50 -
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Table 2. 20 drug candidates from L1000CDS2

Rank Name Rank Name

1 Hemoharringtonine 11 DG-041

2 BX-795 12
BRD-K618467

(IKK inhibitor Ⅶ, IKK-16)

3 Perhexiline maleate 13 Thiostrepton

4 TG101348 (Fedratinib) 14 Importazole

5 Prostratin 15 PLX-4720

6
Ingenol 3, 20-dibenzoate 

(IBD)
16 LDN-193189

7 PAC1 17 CGP-60474

8 Narciclasine 18
Emetine Dihydrochloride 

Hydrate (74) (EMETINE)

9 JAK3 Inhibitor Ⅵ 19 QS 11

10 BRD-A46747628 (Ouabain) 20 AT-7519
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2. Selection of BX-795 shows better anti-proliferative effect in pancreatic 

cancer cells than normal cell 

We first performed real-time PCR on the target genes of the selected six 

drugs. We analyzed the target genes in pancreatic primary cancer cells (110621, 

115026, 19224, 17884, 36473), pancreatic cancer cell line (PANC1), and HPDE 

(Figure 1). 

We validated the anti-proliferative effects of the six drugs: BX-795, LDN-

191389, CGP-60474, AT-7519, Narciclasine and Improtazole, on four pancreatic 

primary cancer cells 110621, 115026, 17884, 36473 and Human Pancreatic Duct 

Epithelial (HPDE) cell. The IC50 values of Narciclasine were 0.01 and 0.05 μM in 

110621 and HPDE, respectively. The IC50 values of AT-7519 were approximately 0.5

μM in all cells. Therefore, Narciclasine and AT-7519 were not selected because 

there was no significant difference between pancreatic primary cancer cells and 

HPDE. Importazole was not killed in cells, and LDN-193189 was not selected 

because papers related to pancreatic cancer have been published. The IC50 values 

of BX-795 were approximately 4.4, 0.8, 1.2, 0.9 and 50 μM in HPDE, 110621, 17884, 

36473 and 115026, respectively. So BX-795 was selected because it killed more 

effectively the pancreatic primary cancer cell 110621 than HPDE (Table 3, Figure 2).
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Figure 1. Identification of expression levels of target gene of selected six drug 

candidates.

(A) and (B) are the target of BX-795.; (C) is the target of Narciclasine.; (D) is the 

target of LDN-193189.; (E) is the target of CGP-60474 and AT-7519. The expression 

level of target gene was shown relative to normal cell, HPDE. 
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Table 3. IC50 values of selected six drug candidates 

BX-795
LDN-

193189

CGP-

60474
AT-7519

Narcicla

sine

Importa

zole

110621
1 0.7956 0.5411 N/A 0.3192 0.01423 N/A

2 0.8629 0.5499 N/A 0.2712 0.01548 N/A

115026
1 56.54 3.995 0.02720 0.3385 N/A N/A

2 46.58 5.296 0.03962 0.4006 N/A N/A

17884
1 1.223 1.744 0.03186 0.3301 N/A N/A

2 1.535 1.112 N/A 0.324 0.049 N/A

36473 1 0.9850 1.243 N/A N/A N/A N/A

HPDE 1 4.484 9.636 2.388 0.3939 0.05688 N/A
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Figure 2. Identification of IC50 curves of six drug candidates.

The graph showed cell viability after treatment with BX-795 (A), LDN-193189 (B), 

CGP-60474 (C), AT-7519 (D), Narciclasine (E) and Importazole (F) in pancreatic 

primary cancer cells and HPDE. 
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3. BX-795 inhibits mTOR-GSK3β signaling and increase apoptosis

Pancreatic primary cancer cells 110621 and 115026 were treated with BX-

795 and followed by western blotting. BX-795 was treated and AKT, ERK pathway 

were confirmed. 110621 was more sensitive to BX-795 and 115026 had resistance 

to BX-795. After 2 hours, p-mTOR(Ser2448), p-GSK3β(Ser9) decreased at 110621. 

In 115026, p-mTOR(Ser2448) increased and p-GSK3β(Ser9) did not change (Figure 

4A). Both p-MEK(Ser217, Ser221) and p-ERK(Thr202, Tyr204) increased. Next, BX-

795 was treated and confirmed by Western blot after 4 hours (Figure 4B) and 24 

hours (Figure 4C). In 110621, p-mTOR(Ser2448), p-GSK3β(Ser9) decreased as in the 

previous results. In 115026, p-mTOR(Ser2448) increased and p-GSK3β(Ser9)

decreased. In both 110621 and 115026, p-MEK(Ser217, Ser221), p-ERK(Thr202, 

Tyr204) increased. 

In addition, we observed decreased caspase-7 and increased PARP cleavage 

in 110621. Treatment of BX-795 increased apoptosis (Figure 4D).

Next, we fixed the concentration of BX-795 to 1 μM and confirmed the AKT 

and ERK pathway in 110621, 115026 and HPDE at 0, 2, 4 and 24 hours. p-

GSK3β(Ser9) and p-mTOR(Ser2448) decreased in 110621 whereas p-GSK3β(Ser9), 

p-mTOR(Ser2448) and p-ERK(Thr202, Tyr204) increased in 115026 (Figure 5). 



15

Figure 3. Identification of basal levels of PDK1, TBK1, p-AKT in pancreatic 

cancer cells and HPDE.
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Figure 4. BX-795 inhibits mTOR-GSK3β signaling and increase MEK-ERK 

pathway and apoptosis in pancreatic primary cancer cells.

Western blot analysis for TBK1, p-PDK1(Ser241), p-mTOR(Ser2448), p-GSK3β(Ser9), 

p-MEK(Ser217, Ser221) and p-ERK(Thr202, Tyr204) in pancreatic primary cancer

cells 110621 and 115026 after the various dose of BX-795 treatment for 2h (A), 4h 
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(B) and 24h (C). Western blot analysis of cells for caspase-7 and PARP in pancreatic 

primary cancer cells 110621 and 115026 following 24h of BX-795 treatment (D).
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Figure 5. BX-795 inhibits mTOR-GSK3β signaling and increase MEK-ERK 

pathway in pancreatic primary cancer cells and HPDE.

Western blot analysis of pancreatic primary cancer cells (110621 and 115026) and 

HPDE for TBK1, p-PDK1(Ser241), p-mTOR(Ser2448), p-GSK3β(Ser9) and the 

concentration of BX-795 was fixed at 1 μM for 2h, 4h and 24h of incubation.
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4. Inhibition of pancreatic primary cancer cell migration by BX-795

We validated that the shape of the cell changed after BX-795 treatment. The 

pancreatic primary cancer cells 110621, 115026, 17884 and the normal cell HPDE 

have all changed shape (Figure 6). 

Next, we have confirmed the migration by transwell assay. Cells were 

incubated at 37℃ for 24 hours and then stained with hematoxylin and eosin. 

Treatments of BX-795 in 110621 and 115026 showed a decrease in migration. Then, 

when we checked the EMT markers, we found that the Slug and Snail were 

decreased in 110621, but the Vimentin was not detected and the mRNA levels 

were increased. In 115026, Slug and Vimentin were decreased, but Snail was not 

detected and it was confirmed that mRNA levels were decreased (Figure 7). 
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Figure 6. Identification of cell shape before and after BX-795 treatment.

Identification of cell shape before and after BX-795 treatment in pancreatic primary 

cancer cells 110621 (A), 115026 (B), HPDE (C) and 17884 (D).
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Figure 7. BX-795 inhibits the migration of pancreatic primary cancer cells.

Transwell assay was performed to evaluate the migration capacity in pancreatic 

primary cancer cells 110621 (A) and 115026 (C). (The cells were fixed and stained 

with hematoxylin and eosin. X100) The relative cell number of migration (B) and

(D). Western blot analysis of EMT marker in pancreatic primary cancer cells 116021 

and 115026 (E). Real-time PCR of EMT marker in pancreatic primary cancer cells 

110621 and 115026 (F). (* : p < 0.05, ** : p < 0.01) 



22

5. Additive antitumor effect of BX-795 in combination with MEK inhibitor

Treatment of BX-795 resulted in an increase in p-ERK, so we confirmed cell 

proliferation by combining BX-795 with trametinib, a MEK inhibitor. Proliferation 

assay was performed 96 hours after BX-795 and trametinib combination.

In 110621, the combination of BX-795 and trametinib reduced cell 

proliferation (Figure 8A). And we could see that p-ERK decreases when BX-795 1

μM and trametinib 1 nM were treated at a time. On the other hand, in 115026, 

the combination of BX-795 and trametinib did not reduce cell proliferation (Figure 

8C).

Next, we confirmed the proliferation of BX-795 and Gemcitabine, which is 

commonly used in pancreatic cancer. Proliferation assay was performed 72 hours 

after BX-795 and Gemcitabine combination. In 110621 and 115026, the 

combination of BX-795 and Gemcitabine did not reduce cell proliferation (Figure 

9).
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Figure 8. The combination of BX-795 and MEK inhibitor inhibits pancreatic 

primary cancer cell proliferation.

Proliferation was confirmed after combination of BX-795 (0, 0.5 μM) with trametinib 

(0, 0.1, 1, 10 μM) in pancreatic primary cancer cells 110621 (A) and 115026 (C). 

Western blot analysis of BX-795 (0, 1 μM) in combination with trametinib (0, 1 nM) 

for TBK1, p-PDK1(Ser241), p-GSK3β(Ser9), p-GSK3β(Tyr216) and p-ERK(Thr202, 

Tyr204) in pancreatic primary cancer cells 110621 (B) and 115026 (D). (* : p < 0.05, 

** : p < 0.01) 
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Figure 9. Confirmation of the proliferation of pancreatic primary cancer cells 

in combination with BX-795 and Gemcitabine.

Proliferation was confirmed after combination of BX-795 (0, 0.5 μM) with 

Gemcitabine (0, 0.1, 0.5 μM) in pancreatic primary cancer cells 110621 (A) and 

115026 (C). Western blot analysis of BX-795 (0, 1 μM) in combination with 

Gemcitabine (0, 1 μM) for TBK1, p-PDK1(Ser241), p-GSK3β(Ser9), p-GSK3β(Tyr216) 

and p-ERK(Thr202, Tyr204) in pancreatic primary cancer cells 110621 (B) and 

115026 (D).
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6. BX-795 inhibits pancreatic tumor growth in vivo

Male nude mice were injected with 5x106 cells/100 μl. When the tumor 

volume was approximately 100 mm3, we treated the drug in four groups: Control, 

Gemcitabine, BX-795, BX-795 and trametinib combination, and trametinib.

When we measured the tumor volumes, we could confirm that Gemcitabine 

and BX-795 did not grow than control. Next, we combined BX-795 with the MEK 

inhibitor trametinib. In vitro results showed that BX-795 treatment increased p-ERK 

and we found that proliferation decreased when BX-795 and trametinib were 

combined. When combined with BX-795 and trametinib, we found that the tumor 

did not grow well and that the final tumor volume was small compared to control, 

BX-795 and Gemcitabine (Figure 10). 
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Figure 10. BX-795 inhibits pancreatic tumor growth in vivo.

The tumor volume was checked twice a week for three weeks while treating the 

drug (A). Final tumor volume after drug treatment is shown (C).
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Discussion

BX-795 is PDK1, TBK1/IKKε inhibitor. In addition, BX-795 inhibits 

PDK1/AKT/mTOR signaling. After treatment with PDK1 inhibitor, BX-795, we were 

able to confirm that p-ERK(Thr202, Tyr204) and p-MEK(Ser217, Ser221) levels were 

increased (Figure 4, 5). Therefore, it was confirmed that the proliferation was 

reduced by the combination with the MEK inhibitor trametinib (Figure 8). In other 

papers, the levels of p-MEK(Ser217, Ser221) and p-ERK(Thr202, Tyr204) were

increased in a concentration-dependent manner when the PI3K/mTOR inhibitor, 

NPV-BEZ235 was administered to the pancreatic cancer cell line. At this time, 

treatment of the MEK inhibitor showed a decrease in proliferation through 

suppression of mTORC2 [20]. In mutant NRAS melanoma cells, BX-795 inhibited 

the growth. In addition, BX-795 combined with MEK inhibitors to enhance 

apoptosis [21].

When BX-795 was treated with 115026, it was confirmed that p-ERK(Thr202, 

Tyr204), p-MEK(Ser217, Ser221) increased (Figure 4, 5). However, the combination 

of BX-795 and trametinib, such as 110621, had no effect (Figure 8C). Considering 

the reason, we found that p-ERK(Thr202, Tyr204), p-MEK(Ser217, Ser221) increased 

significantly more than 110621 when BX-795 was processed by time. It is 

conceivable that there is a different resistance mechanism. In addition, since

115026 had no effect when treated with BX-795 alone, I think it would be 

ineffective in combination. 

In addition, using the derivative of BX-795, we can compare proliferation 

with BX-795 to see if it has a good effect.

We treated the PDK1 inhibitor BX-795 with pancreatic primary cancer cells 

and showed a reduction in migration (Figure 7), and then confirmed the EMT 

marker. We could see the slug change (Figure 7E). In other papers, PI3K 
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phosphorylates AKT, p-AKT phosphorylates GSK3β(Ser9). When treated with GSK3β

inhibitor, reducing E-cadherin and inducing the expression of snail in epithelial cell, 

thereby cause EMT [22]. Another mechanism is that ERK regulates the slug, a 

transcription factor [23, 24]. Therefore, I think it is necessary to study the changes 

of EMT markers after BX-795 treatment because EMT markers are different 

depending on the type of cancer. 

Ultimately, these results suggest that BX-795 regulates the proliferation and 

migration of pancreatic primary cancer cells, suggesting that BX-795 may be a new 

therapeutic candidate for pancreatic cancer. 
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Conclusion

In this study, we demonstrate BX-795 as a pancreatic cancer therapeutic 

candidate. 

In summary, BX-795 was more sensitive to pancreatic primary cancer cells 

than to HPDE, a normal cell. Treatment of BX-795 inhibited the proliferation of 

pancreatic cancer primary cells and induced apoptosis. In addition, treatment of 

BX-795 inhibited the mTOR-GSK3β pathway and increased MEK-ERK pathway. We 

have also confirmed that migration is reduced. When combination of BX-795 with 

MEK inhibitor, we found an additive effect. BX-795 inhibited pancreatic tumor 

growth in vivo.

In other words, BX-795 can be a therapeutic candidate for pancreatic cancer 

treatment. 
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Korean Abstracts

췌장암은 전 세계적으로 가장 치명적인 암 중에 하나입니다. 왜냐하면 진

단 도구가 없고 효과적인 치료제가 없기 때문입니다. 따라서 새로운 치료 전략이

필요합니다. 

본 연구에서는 GEO에서 10개의 췌장암 datasets를 수집하였으며, GEO 

dataset를 분석하는 GEO2R을 사용하여 정상과 종양에 대한 유전자 발현 변화

데이터를 얻었다. 그런 다음 질병의 유전자 발현 변화를 조절할 수 있는 물질을

예측하는 L1000CDS2를 사용하여 비정상적인 유전자 발현 변화를 되돌려 주는

약물을 찾았고 그 중에서 6가지 약물을 선택했다. 우리는 6가지 약물에 대해

IC50 값을 측정하였고, PDK1/TBK1 억제제인 BX-795를 치료제 후보로 선택했다.

BX-795를 이용하여 proliferation assay, western blotting, transwell assay를 수행했

다. 췌장암 primary cells인 110621과 115026에 대한 proliferation assay를 한 결

과, 110621에서는 proliferation이 억제하였고, 115026에서는 proliferation이 억제

되지 않았다. 결과적으로 110621은 BX-795에 대해 민감하고 115026은 내성을

가진다. BX-795를 처리 한 후, mTOR-GSK3β 경로가 감소하고, 세포사멸을 유발하

는 것을 western blot으로 확인했다. 또한 BX-795는 세포의 모양을 바꾸고

transwell assay를 통해 세포 이동이 감소하는 것을 확인했다. 다음으로, BX-795를

처리함으로써 p-ERK가 증가하므로, BX-795와 MEK inhibitor인 trametinib을

combination하여 additive effect를 확인했다. 마지막으로 BX-795는 환자 유래 이

종이식 모델에서 Gemcitabine보다 덜 효과적이지만 종양 성장을 억제하였다. 그

리고 우리는 BX-795와 trametinib combination이 종양 성장을 억제하는 것을 확

인했다. 

결론적으로, 이 결과는 BX-795가 췌장암 치료제를 위한 후보로 사용될 수

있음을 설명한다.  
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