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Short Communication

Liu et al.: Effects of Erlotinib on Pancreatic Cancer Cells

The number of people who get and die from pancreatic cancer, a deadly type of tumor, has been 
rising lately. Epidermal growth factor receptor is a receptor that adds phosphate groups to tyrosine 
residues and regulates many cell processes, such as growth, movement, invasion, and death. 
Pancreatic cancer cells have more epidermal growth factor receptor than normal cells, and this 
affects how they develop and survive. Erlotinib is a drug that blocks epidermal growth factor 
receptor activity and can treat some lung cancers with epidermal growth factor receptor mutations. 
The way erlotinib works against pancreatic cancer is still unknown. This research examines the 
impact of erlotinib on the proliferation and apoptosis of three types of pancreatic cancer cells; 
PANC-1, BxPC-3, and SW1990. The experiments used the 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl 
tetrazolium bromide assay, Annexin V-fluorescein isothiocyanate/propidium iodide staining, 
quantitative reverse transcription-polymerase chain reaction, and enzyme-linked immunosorbent 
assay. Erlotinib can stop pancreatic cancer cells from growing, make them die, and lower the levels 
and activity of epidermal growth factor receptor and other molecules that send signals from it. This 
means that erlotinib could fight pancreatic cancer by blocking the epidermal growth factor receptor 
pathway, and offer a new way to treat it.
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Pancreatic cancer is a highly lethal malignant tumor, 
with its incidence and mortality rates showing an 
upward trend in recent years[1]. Pancreatic cancer 
ranks 7th in global cancer mortality, and it may rise to 
2nd place by 2030[2]. Mainly early diagnosis of 
pancreatic cancer is difficult, and most patients are 
already in the late stage when diagnosed and cannot 
undergo surgical resection[3]. Understanding how 
pancreatic cancer starts and progresses, and 
discovering new treatments and drugs, can help 
patients with pancreatic cancer live longer and 
better[4].  Epidermal Growth Factor Receptor (EGFR) 
is a receptor that adds phosphate groups to tyrosine 
residues and regulates many cell processes, such as 
growth, movement, invasion, and death[5]. By 
interacting with its ligands, such as EGF and 
Transforming Growth Factor Alpha (TGF-α), EGFR 
induces receptor heterodimerization and 
autophosphorylation, triggers its own tyrosine kinase 
activity, and then activates its downstream signaling 
mediators, such as the Phosphatidylinositol 3-Kinase 

(PI3K)/Protein Kinase B (AKT) and Mitogen-
Activated Protein Kinase (MAPK)/Extracellular 
Signal Kinase (ERK) pathways, to control cell 
proliferation and survival[6]. Pancreatic cancer cells 
have more EGFR than normal cells, and this affects 
how they develop and survive[7]. More EGFR and its 
activity can make pancreatic cancer cells grow, 
move, and invade more, stop them from dying, and 
help them resist drugs and make new blood vessels[8]. 
Therefore, EGFR is an important therapeutic target 
for pancreatic cancer, and inhibitors targeting EGFR 
are expected to have therapeutic effects on pancreatic 
cancer. Erlotinib is a drug that blocks EGFR activity 
and can treat some lung cancers with EGFR 
mutations[9]. Erlotinib binds to the EGFR domain 
that adds phosphates to tyrosines, stopping EGFR 
from being activated and sending signals, and thus 
preventing tumor cells from growing and living[10-12]. 
The mechanism of erlotinib against pancreatic cancer 
remains unclear. This research explores the effects of 
erlotinib on three types of pancreatic cancer cells; 
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PANC-1, BxPC-3, and SW1990. This can help future 
research in this field. This study employed a 
randomized controlled trial method, dividing 60 
healthy male participants into four groups; 
placebo+strength training group (PL+RT), methyl-1-
testosterone+strength training group (MGP+RT), 
placebo+non-strength training group (PL+NRT), and 
methyl-1-testosterone+non-strength training group 
(MGP+NRT). The intervention period lasted for 12 
w, with three sessions of strength training or non-
strength training per week, each lasting for 60 min. 
The dose of methyl-1-testosterone was 10 mg/d, 
administered orally. Before and after the 
intervention, the participants’ body weight, body fat 
percentage, muscle mass, maximal strength, blood 
biochemical markers, and hormone levels were 
measured. The Annexin V-Fluorescein Isothiocyanate 
(FITC)/Propidium Iodide (PI) dual labeling method 
was used for measuring cell apoptosis. A 2 ml aliquot 
of this cell suspension was uniformly distributed into 
each well of a 6-well plate, with three wells allocated 
per group. The incubation process was continued for 
an additional 48 h. Upon completion of each 
incubation cycle, the cells were harvested, rinsed 
twice with Phosphate Buffered Saline (PBS), and 
resuspended in 1×Annexin V binding buffer, adding 
100 μl per well. The fluorescence signals from the 
cells were captured in the FL1 and FL2 channels 
using a flow cytometer, and the apoptosis rate of the 
cells was subsequently analyzed using FlowJo 
software. Expression of EGFR messenger 
Ribonucleic Acid (mRNA) was detected by the 
quantitative Reverse Transcription-Polymerase 
Chain Reaction (qRT-PCR) method. They are 
uniformly seeded in a 6-well plate, with 2 ml per 
well and 3 replicates per group, and cultured at 37° 
with 5 % Carbon dioxide (CO2) for 24 h. After that, 
the medium is removed, and erlotinib solutions at 
various concentrations (0, 5, 10, 15 μM) are added, 
with 2 ml per well, and the culture is extended for 48 
h. After each time point, cells are harvested, total 
RNA is isolated with TRIzol reagent, 
Deoxyribonucleic Acid (DNA) contamination is 
eliminated with DNase I, and the RNA concentration 
and purity are measured with a NanoDrop 2000 
instrument. Reverse transcription is carried out 
according to the PrimeScript RT reagent kit protocol 
to generate complementary DNA (cDNA). qRT-PCR 
is conducted according to the SYBR® Premix Ex 
Taq™ II protocol, and the fluorescence signal is read 
with the StepOnePlus real-time PCR system. 

Expression of EGFR and its downstream signaling 
molecules was detected by the Enzyme-Linked 
Immunosorbent Assay (ELISA) method. The medium 
is removed, and erlotinib solutions at various 
concentrations (0, 5, 10, and 15 μM) are added, with 
2 ml per well, and the culture is extended for 48 h. 
After each time point, cells are harvested, cells are 
disrupted with Radioimmunoprecipitation Assay 
(RIPA) reagent, and the protein concentration is 
measured with a Bicinchoninic Acid (BCA) reagent 
kit. ELISA is conducted according to the Human 
EGFR, AKT, ERK, Matrix Metalloproteinase 
(MMP)-2, MMP-9 ELISA Kit protocol, the 
absorbance (Optical Density (OD)) value is read at 
450 nm with an enzyme label instrument, and the 
protein expression levels are calculated for each 
sample. The findings showed that erlotinib could 
inhibit the proliferation of pancreatic cancer cells in 
a dose-dependent manner. At 15 μM, the viability 
rates were 65.87 %±2.04 %, 63.31 %±1.86 %, and 
64.34 %±2.3 % (fig. 1), respectively. The survival 
rate of the erlotinib group was markedly higher than 
that of the control group (p<0.001). These results 
demonstrate that erlotinib has a remarkable anti-
growth effect on pancreatic cancer cells. The findings 
showed that erlotinib could induce the apoptosis of 
pancreatic cancer cells in a dose-dependent manner. 
At 15 μM, the apoptosis rates were 7.41 %±0.22 %, 
8.94 %±0.39 %, and 10.68 %±0.23 % (fig. 2), 
respectively. The erlotinib group had a significantly 
higher apoptosis rate than the control group 
(p<0.001). These results demonstrate that erlotinib 
has a remarkable apoptosis-inducing effect on 
pancreatic cancer cells. The results revealed that at 
15 μM, erlotinib could reduce the mRNA expression 
of EGFR in pancreatic cancer cells in a dose-
dependent way. The relative expression levels were 
0.56 %±0.11 %, 0.51 %±0.15 %, and 0.47 %±0.12 % 
(fig. 3), respectively. The erlotinib group had a 
significantly lower EGFR, mRNA expression level 
than the control group (p<0.001). These results 
demonstrate that erlotinib has a remarkable inhibitory 
effect on the EGFR signaling pathway in pancreatic 
cancer cells. The results revealed that at 15 μM, 
erlotinib could reduce the protein expression of 
EGFR and its downstream targets in pancreatic 
cancer cells in a dose-dependent way. The relative 
expression levels of AKT were 0.53 %±0.1 %, 0.49 
%±0.12 %, and 0.45 %±0.11 % (fig. 4A), respectively. 
The relative expression levels of ERK were 0.43 
%±0.08 %, 0.47 %±0.08 %, and 0.51 %±0.1 % (fig. 
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4B), respectively. The relative expression levels of 
MMP-2 were 0.49 %±0.1 %, 0.45 %±0.07 %, and 
0.41 %±0.08 % (fig. 4C), respectively. The relative 
expression levels of MMP-9 were 0.47 %±0.1 %, 
0.43 %±0.07 %, and 0.39 %±0.08 % (fig. 4D), 
respectively. The protein expression levels of EGFR 
and its downstream targets in the erlotinib group 
were significantly lower than those in the control 
group (p<0.001). These results are in line with the 
results of mRNA expression, indicating that erlotinib 
has a remarkable inhibitory effect on the EGFR 
signaling pathway in pancreatic cancer cells. This 
study examined the effects of erlotinib on the growth 
and apoptosis of pancreatic cancer cell lines PANC-
1, BxPC-3, and SW1990, as well as its modulatory 
effect on the EGFR signaling pathway. We discovered 
that erlotinib could suppress the growth of pancreatic 
cancer cells and trigger their apoptosis, while 
reducing the expression and activation of EGFR and 
its downstream targets AKT, ERK, MMP-2, and 
MMP-9. The expression and activation levels of 
EGFR in pancreatic cancer are much higher than 

those in normal pancreatic tissue, and are closely 
associated with the progression and outcome of 
pancreatic cancer[13,14]. Therefore, EGFR is a key 
therapeutic target for pancreatic cancer, and inhibitors 
targeting EGFR are anticipated to have therapeutic 
effects on pancreatic cancer[15]. Erlotinib can attach 
to the tyrosine kinase of EGFR, block the 
phosphorylation of EGFR and the transmission of 
downstream signals, thereby suppressing the growth 
and survival of tumor cells. This study discovered 
that erlotinib can efficiently inhibit the expression 
and activation of EGFR and its downstream targets 
AKT, ERK, MMP-2, and MMP-9 in pancreatic 
cancer cells, thereby triggering the apoptosis of 
pancreatic cancer cells. However, this study has 
some limitations. Future research needs to use more 
experimental methods and techniques, as well as 
more cell lines and animal models, to verify and 
extend the findings of this study. This will provide 
stronger evidence and support for the use of erlotinib 
in the therapy of pancreatic cancer.

Fig. 1: The effect of erlotinib on the survival rate of PANC-1, BxPC-3 and SW1990 cells at different concentrations
Note: (  ): PANC-1; (  ): BxPC-3 and (  ): SW1990

Fig. 2: Different concentrations of erlotinib on PANC-1, BxPC-3 and SW1990 cell apoptosis rate
Note: (  ): PANC-1; (  ): BxPC-3 and (  ): SW1990
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Fig. 3: The effect of erlotinib on the EGFR expression in the supernatant of PANC-1, BxPC-3 and SW1990 cells at different concentrations
Note: (  ): PANC-1; (  ): BxPC-3 and (  ): SW1990

Fig. 4: The effect of erlotinib on the expression of EGFR and its downstream effectors, (A): AKT, (B): ERK; (C): MMP-2 and (D): MMP-9 at dif-
ferent concentrations
Note: (  ): PANC-1; (  ): BxPC-3 and (  ): SW1990
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