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Background: Pancreatic cancer is one of the most malignant tumors, and gemcitabine has 
been considered as the standard treatment and been widely utilized as a first-line drug for 
advanced pancreatic cancer, but gemcitabine-resistance always occurs after a short period of 
treatment.
Methods: Two pancreatic cancer cell lines Panc-1 and MIA-PaCa-2 were used as the study 
subject and their gemcitabine-resistant cells were established. Both drug-resistant cells were 
divided into four groups: blank, emodin, gemcitabine, and emodin+gemcitabine. Cell viabi
lity was detected by MTT assay. Flow cytometry was performed to detect cell apoptosis rate 
and P-gp function. Quantitative real-time polymerase chain reaction and Western blotting 
were used to detect Survivin, XIAP, Caspase-9/3, NF-κB p65, IKKβ and IκB-α mRNA/ 
protein expressions, respectively. Electrophoretic mobility shift assay (EMSA) was per
formed to detect NF-κB binding activity. Rhodamine 123 efflux assay was used to detect 
P-gp function.
Results: Emodin could inhibit cell activity in all cell lines. Both emodin and gemcitabine 
can significantly increase the apoptosis rate, and the combination of the two drugs can further 
significantly increase the apoptosis rate in normal pancreatic cancer cell lines. In both drug- 
resistant pancreatic cancer cell lines, it can be observed that although gemcitabine can 
increase the apoptosis rate, the effect of promoting apoptosis is significantly lower than 
that of emodin; the drug combination can still significantly increase the apoptosis rate on the 
basis of emodin alone. Emodin can significantly reduce the mRNA and protein expression 
levels of Survivin, XIAP, NF-κB, and IKKβ, and significantly increase the mRNA and protein 
expression levels of Caspase-3/9 and IκB-α. Emodin significantly reduced NF-κB activity 
and emodin significantly promoted P-gp fluorescence intensity from Rhodamine 123 efflux 
assay.
Conclusion: Emodin inhibits the expression of IKKβ, thereby inhibiting the expression and 
activity of downstream NF-κB, and inhibits P-gp function at the same time, ultimately 
achieving the purpose of reversing the drug-resistance of pancreatic cancer cell lines.
Keywords: emodin, pancreatic cancer, gemcitabine, NF-κB, IκB-α

Introduction

Pancreatic cancer is one of the most malignant tumors, and East Asian countries, 
especially the People's Republic of China, have been the regions with the highest 
incidence of pancreatic cancer. According to statistics, in 2015, there were 48,960 
new pancreatic cancer patients in the People's Republic of China, and the number of 
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deaths was as high as 40,560.1 Pancreatic cancer has a 
poor prognosis, with a median survival time of less than 6 
months and a 5-year survival rate of only 5%.2,3 Although 
in recent years, the level of pancreatic cancer-related sur
gery has greatly improved, 80% of patients with pancreatic 
cancer are diagnosed at an advanced stage that cannot be 
treated surgically, due to the lack of early clinical symp
toms of pancreatic cancer and the high metastatic potential 
of pancreatic cancer. Most of them are accompanied by 
distant metastases, so less than 20% of patients are suitable 
for surgical resection.4,5 Chemotherapy is another impor
tant method to treat advanced pancreatic cancer and pro
long the survival of patients.6 In the last decade, 
gemcitabine has been the first-line chemotherapy drug of 
choice for clinical treatment of advanced pancreatic 
cancer,7 two combination regimens for metastatic pancrea
tic cancer have turned out to be gold standards in recent 
years: 5-fluorouracil (5-FU)/leucovorin with irinotecan 
and oxaliplatin (FOLFIRINOX), and gemcitabine with 
nab-paclitaxel since 2011.8 Gemcitabine has become a 
blockbuster drug for the treatment of advanced pancreatic 
cancer since it was launched in 1996.9

Unfortunately, patients with pancreatic cancer develop 
resistance to gemcitabine after a few weeks of administra
tion. The emergence of this acquired resistance has greatly 
limited the clinical efficacy of gemcitabine.10 More and 
more evidence indicates that NF-κB may be the most 
important regulatory molecule among them, not only 
because of the high expression of NF-κB in most gemci
tabine-resistant cell lines, but also because NF-κB, as a 
widely acting transcription factor, also plays an important 
transcriptional regulatory role on gemcitabine resistance- 
related proteins including ENT, HIF1-α.11–13

As the dominant subunit of regulatory kinases in the 
classic NF-κB signaling pathway, IKKβ plays a huge 
role in regulating cell proliferation, apoptosis, and 
metastasis. Therefore, the IKKβ/NF-κB signaling path
way has been one of the most popular anti-tumor tar
gets, and its over-activation has been found in almost all 
solid tumor cells.14,15

In summary, IKKβ/NF-κB signaling pathway inhibitors 
have great potential in reversing gemcitabine resistance and 
are expected to become potential drugs to overcome the clin
ical problem of gemcitabine resistance. Unfortunately, the 
related research in this area has not yet attracted enough atten
tion. In addition, currently known inhibitors of IKKβ/NF-κB 
signaling pathways, such as BMS−345,541, ML−120B, TPCA 
−1, etc., although they have good inhibitory activity, are also 

accompanied by strong cytotoxic effects.16–18 Curcumin and 
its analogs EF24 and EF31 are also toxic, and there are huge 
defects in drug metabolism.19–21 Therefore, finding a new type 
of IKKβ/NF-κB inhibitor with high efficiency and low toxicity, 
and exploring if it can reverse the resistance of gemcitabine has 
become our main research goal.

Our previous research screened a large number of active 
monomers from natural products, and successfully found that 
the natural product emodin had good anti-pancreatic cancer 
activity. Numerous papers have also reported that emodin had a 
significant inhibitory effect on a variety of solid tumors includ
ing gastric, breast, lung, liver, and pancreatic cancer.22–24 

Unfortunately, the molecular target of emodin has not been 
confirmed, which greatly limits the clinical application pro
spect of using emodin as an antitumor drug.

In previous studies, we found that emodin showed syner
gistic antitumor effects with gemcitabine in vivo and in vitro. 
However, the specific effect and detailed mechanism of its 
resistance reversal need to be further studied. Based on the 
results reported in the existing literature and our preliminary 
basis, we propose the hypothesis that the reversal effect of 
emodin on gemcitabine resistance in pancreatic cancer cells 
is exerted by inhibiting IKKβ, then we will further verify the 
correlation between abnormal activation of IKKβ and gem
citabine resistance in pancreatic cancer.

Materials and Methods
Reagents and Drugs
Emodin (Sigma, USA) was dissolved in DMSO (dimethyl
sulfoxide), the concentration of the solution was 0.2 mmol/ 
L, and it was stored at −20°C. Gemcitabine (Ely Lilly, 
Germany) was dissolved in sterile saline, the concentration 
of the solution was 50 g/L. FBS (fetal bovine serum) and 
DMEM were purchased from Gibco (USA).

Cell Culture
Panc-1 and MIA-PaCa-2 (human pancreatic cancer cell 
lines) were obtained from ATCC (USA). Cells were cul
tured in RPMI-1640 purchased from Gibco, then they 
were supplemented with 10% FBS (Gibco, USA), and 
were kept in 5% CO2 + 37°C incubator.

Resistant Cell Lines Panc-1/Gem and 
MIA-PaCa-2/Gem Establishment
Gemcitabine-resistant cell lines Panc-1/Gem and MIA- 
PaCa-2/Gem were derived from the human pancreatic 
cancer cell lines Panc-1 and MIA-PaCa-2 by exposing 
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the cells to intermittently increasing concentrations of 
gemcitabine. After a week, cell death was observed, there
fore, median lethal dose (LD80) was chosen as the initial 
concentration to cultivate the resistant cell line for 72 
hours. Cells were passaged twice and cultivated with a 
double LD80 concentration of gemcitabine when cells 
entered the logarithmic growth phase. The process lasted 
10 months, there were a total of nine concentration 
gradients.

Cell Grouping
Both cell lines were divided into four groups, namely the 
blank group, the emodin group, the gemcitabine group, 
and the emodin + gemcitabine group. The blank group 
was treated with normal saline, the emodin group was 
treated with 40 μM concentration of emodin, the gemcita
bine group was treated with 20 μM concentration of gem
citabine, and the emodin + gemcitabine group was the 
combination of two drugs.

Inhibition Effect of Emodin at Different 
Concentrations on Cell Proliferation
Cells in logarithmic phase were cultured in 96-well plates 
(4x103/well) in an incubator with 5% CO2 at 37°C over
night. Emodin with a concentration of 10, 20, 40, 80 and 
160 μM was administered to cells for 72 hours (n = 6). In 
addition, a group of series was set: emodin of 40 μM 
alone, gemcitabine of 20 μM alone, emodin + gemcitabine 
(combination) and a control group (blank) with only nor
mal saline (n = 6). incubation was continued at 37°C for 
72 hours, then 20μL MTT solution (5g/L) was added to 
each well, and followed by incubating in a 37°C 5% CO2 

incubator for 4 hours. Next 200 μL of standard concentra
tion of DMSO was added to each well, mixed by shaking 
for 15 minutes, and then the absorbance value was mea
surd with a microplate reader at 490 nm wavelength. Cell 
viability = Absorbance of test group/Absorbance of 
Control group × 100%.

Flow Cytometry
The cells in each group were counted after resuspending in 
medium. About 1×106 cells were moved into a centrifuge tube 
and centrifuged at 1000 r/min for 5 minutes before discarding 
the supernatant, adding 1 mL of PBS solution, and gently 
shaking the tubes to suspend the cells. The cells were then 
centrifuged at 1000r/min for 5 minutes before discarding the 
supernatant and repeating 2 times. Next, 500 μL of binding 

buffer was added to the cells, and gently shaken to suspend the 
cells, before adding 5 μL of Annexin V-FITC and mixing 
gently. The cells were kept at room temperature for 15 min
utes in the dark, after which 300 μL of binding buffer and 10 
μL of PI were added and mixed gently. After incubating the 
cells at room temperature in the dark for 5 minutes, the data 
was obtained through Cell Quest software.

Western Blot
The cells in each group were extracted according to the 
instructions of the protein extraction kit (Beyotime, the 
People's Republic of China), and the total protein was mea
sured using the BCA kit. The extracted protein samples were 
electrophoresed in SDS-PAGE, and transferred to nitrocel
lulose membrane, then samples were closed with 5% 
skimmed milk for 2 hours. Add the appropriate concentra
tion of primary antibody anti-survivin, anti-XIAP, anti- 
Caspase-9, anti-Caspase-3, anti- IKKβ, anti-NF-κB p65, 
anti- IκB-α primary antibodies (all purchased from Abcam) 
overnight at 4°C, the internal reference was β-actin. After 
washing the membrane, the secondary antibody was incu
bated for 2 hours. After color exposure, protein bands were 
obtained. Image Lab software was used to analyze the gray 
value of the protein bands and the relative expression of the 
protein. The experiment was repeated 3 times.

Quantitative Real-Time PCR
Total RNA was extracted using TRIzol reagent (Invitrogen, 
USA). Applied Biosystems 7300 Fast Real-Time PCR sys
tem was used. Primers were specifically designed by 
Applied Biosystems Primer Express 3.0 (Thermo Fisher 
Scientific, USA). Specific primers were fixed using the 
BLAST program. Each 20 μL reaction contained 
1×SYBR® Premix Ex Taq™ II, 10 μM forward and reverse 
primers, 0.4 μL ROX reference dye and 2 μL cDNA. The 
primer sequences are provided in Table 1. ABI 7300 sequen
cer reaction conditions are: 94°C 5 minutes, 94°C 40 sec
onds × 40 cycles, 60°C 40 seconds. The relative 
quantification (RQ) of target gene expression is calculated 
by the 2−ΔΔCT method. GAPDH was the internal reference. 
The PCR reaction was repeated 3 times for each sample.

Electrophoretic Mobility Shift Assay 
(EMSA)
The DNA probes used in this experiment were amplified 
and recovered by PCR technology. The amplification pri
mer was introduced with 5ʹbiotin label during synthesis for 
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subsequent detection. The operation of the EMSA test 
was based on the instructions of the LightShift® 

Chemiluminescent EMSA Kit (Thermo Fisher Scientific). 
The protein, probe and reaction buffer were completed in a 
20 μL reaction system. During the test, the reaction system 
was incubated at room temperature for 20 minutes. Then 
staining agent was added to it and it was placed in 6.5% 
non-denaturing gel, and run in 0.5×TBE buffer for 1 hour. 
After electrophoresis was completed, nylon membrane 
was used for transfer, cross-linking, and color develop
ment. The chemiluminescence imager was used to observe 
the binding of NF-κB protein to the target gene probe.

Rhodamine123 Efflux Assay of P-gp 
Function in Panc-1/Gem and MIA-PaCa-2/ 
Gem Cells (Flow Cytometry)
Rhodamine 123 staining solution with 10 μL/mL 
(Changchun Keygen Biological Products Co., Ltd., the 
People's Republic of China) was added to the culture 
media, then cells were cultured in 5% CO2 at 37°C for 
30 minutes and then centrifuged at 2000 r/min for 5 
minutes and washed twice, resuspended and incubated 
for 2 hours. Finally, the cells were centrifuged twice, 
washed twice with PBS and the fluorescence intensity 
was measured by flow cytometry at 488/530 nm.

Synergy Assessment
Growth inhibition following combinations of gemcitabine 
with and without emodin was performed (emodin at 10, 
20, 40, 80 and 160 μM, gemcitabine 20 μM) in Panc-1 and 
MIA-PaCa-2 cell lines. After 72 hours, cell viability was 
quantified using CellTiter-Glo Luminescent Cell Viability 
Assay (Promega). Growth was normalized to wells treated 
with DMSO vehicle (100% viability) and bortezomib (0% 
viability). Synergy was scored using Bliss independence 
modelling as described below.

Statistical Analysis
Data analysis were performed by SPSS 21.0 software. 
Data were expressed as mean ± standard deviation. The 
t-test was performed for comparisons between the two 
groups, One-way analysis of variance was applied for 
comparisons among multiple groups. Statistical signifi
cance was assumed as P < 0.05.

Bliss independence between the drug responses to 
combinations of the two drugs equalled the sum of the 
two fractional responses of individual drugs minus their 
product, where (Fa + Fb) – (Fa × Fb). ΔBliss is zero for a 
given dose combination when there is no overall synergy 
or antagonism, while negative ΔBliss values indicate 
synergy at that combination. Overall synergy score for a 
drug combination was calculated by ΣΔBliss.

Results
Emodin Inhibits Pancreatic Cancer Cell 
Growth
Stable gemcitabine-resistant cell lines Panc-1/Gem and 
MIA-PaCa-2/Gem were generated from their parental 
cell lines Panc-1 and MIA-PaCa-2 by exposing them to 
intermittently increasing concentrations of gemcitabine 
for 10 months. Their IC50 for gemcitabine increased sig
nificantly compared to their parental cell lines (Panc-1: 
0.201 μM vs Panc-1/Gem: 359.9 μM; MIA-PaCa-2: 0.087 
μM vs MIA-PaCa-2/Gem: 570.6 μM, Figure 1A and B). 
Different concentrations of emodin were applied to Panc- 
1, Panc-1/Gem, MIA-PaCa-2, and MIA-PaCa-2/Gem cell 
lines. The results are shown in Figure 1. Emodin could 
inhibit cell viability in all cell lines, and the higher the 
dose, the stronger the inhibitory effect (Figure 1C and D). 
Emodin’s inhibitory effect was statistically significant 
starting from a concentration of 40 μM, P<0.05, so our 
subsequent experiments were carried out at a concentra
tion of 40 μM. Furthermore, drug effect was detected on 
gemcitabine-resistant cell lines and their parental cell 
lines, results (Figure 1E) showed that emodin alone 
could significantly reduce cell viability compared to the 
blank group after 72 hours of drug exposure, P< 0.05, 
while gemcitabine had no significant effect on gemcita
bine-resistant cells, P>0.05. Growth inhibition over 72 
hours was quantified after gemcitabine alone and in com
bination with emodin at different concentrations by 
CellTiter-Glo, the ΔBliss analysis was −0.647, demon
strating that emodin had a synergic effect with 
gemcitabine.

Table 1 Primer Sequences for RT-PCR

Genes Sequences

NF-κB p65 F:5ʹ-GGGGCGATGAGATCTTCCTG-3ʹ
R:5ʹ-CACGTCGGCTTGTGAAAAGG-3ʹ

IκB-α F:5ʹ-GGAGTACGAGCAGATGGTGA-3ʹ
R:5ʹ-TTCCATGGTCAGTGCCTTCT-3ʹ

IKKβ F:5ʹ-ACCTGGCTCCCAACGACTT-3ʹ
R:5ʹ-AGATCCCGATGGATGATTCTG-3ʹ

β-actin F:5ʹ-AGATCAAGATCATCGCGCCT-3ʹ
R:5ʹ-ATGCAACTAACAGTCCGCCT-3ʹ
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Emodin Promotes Cell Apoptosis of 
Pancreatic Cancer Cell Lines
It can be observed in two normal pancreatic cancer cell 
lines (Figure 2) that: compared to the blank group, both 
emodin and gemcitabine can significantly increase the 

apoptosis rate, and the combination of the two drugs can 
further significantly increase the apoptosis rate after 72 
hours of drug exposure, all P< 0.05. There was no statis
tically significant difference in the apoptosis rate between 
emodin and gemcitabine groups, P>0.05;.On the other 

Figure 1 (A) Inhibition rate of proliferation of Panc-1 (parental cell line) and Panc-1/Gem (gemcitabine-.resistant cell line); (B) Inhibition rate of proliferation of MIA-PaCa-2 
(parental cell line) and MIA-PaCa-2/Gem (gemcitabine-resistant cell line). (C) Cell viability of Panc-1 and Panc-1/Gem cells after 72 hours of emodin application at different 
concentrations detected by MTT assay. (D) Cell viability of MIA-PaCa-2 and MIA-PaCa-2/Gem cells after 72 hours of emodin application at different concentrations detected 
by MTT assay. (E) Cell viability of all cell lines after 72 hours of treatment from all groups (emodin 40 μM, gemcitabine 20 μM). *P< 0.05.

Figure 2 Cell apoptosis was detected by Flow cytometry. (A) Emodin’s effect on cell apoptosis of Panc-1 and Panc-1/Gem cells. (B) Emodin’s effect on cell apoptosis of 
MIA-PaCa-2 and MIA-PaCa-2/Gem cells. aP<0.05 compared to the blank group, bP<0.05 compared to emodin group, cP<0.05 compared to the gemcitabine group.
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hand, in both drug-resistant pancreatic cancer cell lines, it 
can be observed that although gemcitabine can increase 
the apoptosis rate, the effect of promoting apoptosis is 
significantly lower than that of emodin, P<0.05. The 
drug combination can still significantly increase the apop
tosis rate on the basis of emodin alone, P<0.05.

Emodin Reduces NF-κB and IKKβ 
Expressions
The qRT-PCR result showed that NF-κB p65 and IKKβ 
mRNA expressions were significantly up-regulated in par
ental cell lines (Panc-1 and MIA-PaCa-2), while IκB-α 
mRNA expression was significantly down-regulated 
(Supplementary figure 2E and F), suggesting that NF-κB 
pathway was more active in gemcitabine-resistant cell 
lines. It was observed in two drug-resistant pancreatic 
cancer cell lines (Figure 3 and Supplementary figure 2) 
that after 72 hours of drug exposure, the use of gemcita
bine did not significantly change the mRNA and protein 
expression levels of survivin, XIAP, NF-κB, IKKβ and IκB- 
α, all P>0.05, while emodin can significantly reduce the 
mRNA and protein expression levels of survivin, XIAP, 
NF-κB and IKKβ, and significantly increase the mRNA 
and protein expression levels of caspase-3/9 and IκB-α, all 

P<0.05; The combination of drugs can significantly 
expand this change on the basis of emodin alone: the 
mRNA and protein expression levels of survivin, XIAP, 
NF-κB and IKKβ were significantly reduced, and the 
mRNA and protein expression levels of caspase-3/9 and 
IκB-α were significantly increased, all P<0.05. Meanwhile, 
the NF-κB, IKKβ and IκB-α expressions in the parental cell 
lines shared a similar tendency (Supplementary figure 1A– 
D), showing that emodin can have an effect in both par
ental and drug-resistant cell lines.

Emodin Reduces NF-κB Activity
NF-κB DNA binding activity of nuclear extracts were 
detected by EMSA. As shown in Figure 4, in both Panc- 
1/Gem and MIA-PaCa-2/Gem cell lines, compared with 
the blank group, emodin significantly reduced NF-κB 
activity, P<0.05, while gemcitabine significantly increased 
NF-κB activity. Additionally, emodin combined with gem
citabine could still significantly decrease NF-κB DNA- 
binding activity on the basis of emodin alone, P<0.05.

Emodin Reduces P-gp Function
P-glycoprotein (P-gp), also called ABCB1 (ATP-ABC sub
family B member 1) or MDR1 (for multiple drug resis
tance), plays an important role in development of drug 

Figure 3 (A) mRNA expressions of NF-κB p65, IKKβ and IκB-α of Panc-1/Gem cell. (B) mRNA expressions of NF-κB p65, IKKβ and IκB-α of MIA-PaCa-2/Gem cell. (C) 
Protein expressions of NF-κB p65, IKKβ and IκB-α of Panc-1/Gem cell. (D) Protein expressions of NF-κB p65, IKKβ and IκB-α of MIA-PaCa-2/Gem cell. *P<0.05.
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resistance. Rhodamine 123 (Rh123) is a fluorescent dye 
which locates in the mitochondria of cells. It is a substrate 
for P-glycoprotein (P-gp) and can, therefore, be used as a 
molecular probe in studies of the multidrug resistance 
(MDR) phenotype. Flow cytometry was used to measure 
rhodamine 123 efflux in drug-resistant pancreatic cancer 
cell lines. As shown in Figure 5, after 72 hours of drug 
exposure, in both Panc-1/Gem and MIA-PaCa-2/Gem cell 
lines, compared with the blank group, emodin significantly 
promoted fluorescence intensity, P<0.05, while gemcita
bine had no significant effect on it, P>0.05. Emodin com
bined with gemcitabine could also significantly increase 
the fluorescence intensity, P<0.05, but compared to emo
din alone, the difference was not significant, P>0.05.

Discussion
Resistance to anticancer drugs is the primary cause of the 
failure of chemotherapy for malignant tumors. It includes 
both intrinsic resistance and acquired resistance. Acquired 
resistance is the result of natural selection by anticancer 
drugs, it consists of a gradually developed resistance in an 

originally sensitive cancer during anticancer drug therapy, 
and it occurs in almost half of all cancer patients.25 

Gemcitabine-resistant pancreatic cancer is one of the 
acquired resistances occurring in pancreatic cancer 
patients.

Emodin is a polyhydroxyanthraquinone compound 
extracted from the dried rhizomes and roots of 
Polygonum cuspidatum and rhizomes of Rhubarb 
palmatum.26 Pharmacological researches show that emo
din not only has various pharmacological effects such as 
antibacterial and fungal infections, anti-inflammatory, anti
oxidant, anti-allergic, etc, but also can regulate the expres
sion of various cancer-related proteins such as Akt/mTOR, 
NF-κB, HIF1α, and STAT3 to achieve the effects of inhi
biting cell proliferation and migration, promoting cell 
apoptosis, and inhibiting multidrug resistance in a variety 
of malignant tumors.23,27,28 In 2013, Zhang et al29 found 
that the combined use of emodin and gemcitabine signifi
cantly reduced the expression of NF-κB, XIAP and survi
vin in pancreatic cancer cells, thereby making BxPC-3 
cells that were originally resistant to gemcitabine have 

Figure 4 (A) Emodin’s effect on NF-κB and its downstream signaling protein expressions in Panc-1/Gem cell detected by Western Blot. (B) Emodin’s effect on NF-κB and its 
downstream signaling protein expressions in MIA-PaCa-2/Gem cell detected by Western Blot. aP<0.05 compared to the blank group, bP<0.05 compared to the emodin 
group, cP<0.05 compared to the gemcitabine group, dP<0.05 compared to the emodin+gemcitabine group.
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restored sensitivity to gemcitabine.29 Unfortunately, the 
molecular target of emodin has not been confirmed, 
which greatly limits the clinical application prospect of 
emodin as an antitumor drug. In order to determine the 
target of emodin, we performed computer target prediction 
experiments on emodin. Through reverse virtual screening 
of the drugable site database (sc-PDB), which allowed 
one-to-one docking of emodin with the protein in the 
data by molecular docking technology, and sorting by 
docking to select the most potential target. We found that 
IKKβ, which is extremely important in the NF-κB signal
ing pathway, had a higher order. Further structural analysis 
showed that emodin bound to the allosteric site of the 
junction of the IKKβ kinase C-terminal and ubiquitination 
domain. Based on this finding, we conducted this study, 
confirming our original hypothesis that emodin down- 
regulated the expression of NF-κB in drug-resistant cells 
most likely caused by inhibiting the activity of its 
upstream kinase IKKβ.

The IκB kinase (IKK) complex includes the catalytic 
subunits IKKα and IKKβ and the regulatory subunits 
NEMO/IKKγ. IKK plays an important role in the activation 
of the NF-κB signaling pathway.30 IKKβ is the main 

catalytic subunit of the IKK complex and is required for 
inflammatory mediators to activate NF-κB. When exposed 
to external stimuli such as TNF-α, inflammatory factors, 
ultraviolet light, and lipopolysaccharide, cytokines bind to 
TNF receptors on the surface of cell membranes, and then 
TNF receptors multimerize and interact with TRADD in 
the cytoplasm.31 TRADD recruits TRAF and RIP, which 
passes the signal to IKK. IKK activation phosphorylates 
Ser32 and Ser36 residues of the alpha subunit of IκB and 
Ser19 and Ser23 residues of the beta subunit. IκB was then 
released from the p50/p65/IκB heterotrimer, which was 
degraded by proteasome after ubiquitination. 
Furthermore, NF-κB was able to expose its nuclear loca
lization signals (NLS), quickly enter the nucleus from the 
cytoplasm, and combine with specific sequences on 
nuclear DNA to initiate or enhance the transcription of 
related genes and participate in the regulation of inflam
mation, infection and immune response.32

IκB is an inhibitor of NF-κB, including p100, p105, 
IκBα, IκBβ, IκBγ, IκBε, Bcl-3, and IκB-R. Most IκBs con
tain 3–8 ankyrin repeat motifs at the C-terminus and bind 
to NF-κB through this motif, covering the nuclear locali
zation sequences (NLS) of the Rel homology domain, 

Figure 5 (A and C) Emodin’s effect on P-gp function (presented as fluorescence intensity) in Panc-1/Gem cell detected by flow cytometry. (B and D) Emodin’s effect on P- 
gp function (presented as fluorescence intensity) in MIA-PaCa-2/Gem cell detected by flow cytometry. aP<0.05 compared to the blank group, bP<0.05 compared to the 
emodin group, cP<0.05 compared to the gemcitabine group, dP<0.05 compared to the emodin+gemcitabine group.
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inhibiting NF- κB activity.33 The N-terminus of IκB is a 
signal response region, which contains serine phosphory
lation and ubiquitination sites, and plays an important role 
in the induced degradation of IκB. Normally, NF-κB p65, 
p50 in the cytoplasm and inhibitory protein IκB combine 
to form a trimer complex, and NF-κB exists in a latent 
state.32,34 In this study, we found that expression of NF-κB 
was down-regulated in pancreatic cancer-resistant cell 
lines under the action of emodin, which is consistent 
with previous studies. At the same time, we also found 
that the expression level of IKKβ was also significantly 
down-regulated, which was consistent with the trend of 
NF-κB. In contrast, IκB-α expression was up-regulated. 
These results further confirmed that emodin regulates 
IKKβ to achieve the purpose of regulating NF-κB, thereby 
restoring the chemotherapy sensitivity of pancreatic cancer 
cells. Furthermore, we are still curious to know if emodin 
can act on cell lines which also have high levels of NF-κB 
(such as many other cancer cell lines).

Studies have confirmed that chemotherapy resistance 
of cancer cells may also be caused by multi-drug resis
tance gene (MDR-1) and its encoded protein P-gp.35 Our 
previous studies have also confirmed that emodin affected 
the expression of MRP and P-gp expression levels. P-gp, 
encoded by MDR, is a transmembrane protein and belongs 
to the ATP-binding cassette transporter protein 
superfamily.36 It acts as an ATP-dependent drug efflux 
pump and has been shown to reduce the concentration of 
intracellular chemotherapeutic agents. MDR-1/P-gp plays 
a very important role in the process of tumor chemother
apy resistance.35,37 In this study, rhodamine 123 efflux 
experiments demonstrated that P-gp function was signifi
cantly reduced under the action of emodin.

Considering that the relationship between the expres
sion level of apoptosis-related proteins and emodin has 
been investigated in our previous research, we did not 
expand the apoptosis part in this study. Our future research 
will focus on exploring the specific molecular mechanism 
by which emodin affects the proliferation and apoptosis of 
pancreatic cancer cells, and try to knock out or overex
press the IKKβ gene through gene editing technology to 
observe the effect of this operation on chemotherapy resis
tance of pancreatic cancer.

In summary, our research confirms that emodin inhibits 
the expression of IKKβ, thereby inhibiting the expression 
and activity of downstream NF-κB, and inhibits P-gp 
function at the same time, ultimately achieving the pur
pose of reversing the drug-resistance of pancreatic cancer 

cell lines. The combination of gemcitabine and emodin 
may improve the efficacy of pancreatic cancer patients, 
reduce the possibility of drug resistance, and further 
extend the survival of patients with pancreatic cancer.
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