
Abstract. Background: Non-small cell lung cancer
(NSCLC) is a very aggressive and histologically
heterogeneous type of lung cancer. The main problem in the
treatment of NSCLC is chemoresistance and metastasis.
Compared to other malignant tumors, many molecular
mechanisms are dysfunctional in NSCLC. Epidermal growth
factor receptor (EGFR) is one of the most frequently mutated
genes in NSCLC. Materials and Methods: We investigated
the effect of afatinib the against A549 NSCLC cell line,
because it is active against mutated EGFR. Moreover, we
aimed to investigate the mRNA level of HSPA5 (one of the
heat shock proteins that can contribute in the down-
regulation of the EGF-signaling pathway) before and after
afatinib treatment. Results: Afatinib treatment induced
apoptosis and decreased levels of HSPA5 mRNA in cancer
cells. Conclusion: Advanced analysis, might be helpful in
understanding the mechanisms of relations between tyrosine
kinase inhibition of EGFR and HSPA5 in lung cancer cells. 

Lung cancer is a histologically diverse type of tumor and is one
of the most common causes of cancer mortality in the world (1-
3). More than half of the lung cancer patients have non-small
cell lung cancer (NSCLC). Available therapy mainly depends
on pathomorphological classification (3). The evaluation of new
drugs targeting altered pathways and genes could improve
monitoring and further treatment of NSCLC patients, although
resistance and metastasis are still major complications.
Therefore, analysis of morphological changes in tumor cells, as
well as corresponding alterations in mRNA levels, appears to
be relevant in understanding the biology of this type of cancer.
Here, we present the significance of the heat shock protein

family A (Hsp70) member 5-HSPA5 (the other common name
is GRP78- glucose regulated protein of 78-kDa) in NSCLC. It
is one of the stress proteins constitutively expressed in cells. It
can be overexpressed in stressful conditions, such as hypoxia
which is the typical microenvironment of solid tumors.
Nevertheless, overexpression of HSPA5 could have opposite
results on tumor cells and its effect in cancer seems to be tissue
dependent. Conferring to available data, HSPA5 is known to
induce apoptosis in cancer cells (4). However, according to
other outcomes, overexpression of HSPA5 can be associated
with malignant transformation of tumors, increased metastasis
and overall poor prognosis in some types of cancer (5-8).
Therefore, in the current study we aimed to investigate the
mRNA levels of HSPA5 after treatment with the novel tyrosine
kinase inhibitor – afatinib. It is well known, that EGFR is often
deregulated in NSCLC, a fact that implicates further treatment
(9, 10). Moreover, there are some evidences suggesting that
HSPA5 contributes in the down-regulation of the EGF-signaling
pathway (11).  

Consequently, we measured HSPA5 mRNA expression in
A549 cells before and after treatment with afatinib.
Furthermore, we examined the effect of afatinib treatment by
evaluating morphological changes in cells. Based on our
results, we suggest that treatment of A549 cells with afatinib
induced apoptosis, and a progressive decrease in the level of
HSPA5 mRNA, during the time course treatment.

Materials and Methods
Cell culture. A549 cells were obtained from the American Type
Culture Collection (ATCC). Cells were cultured in RPMI-1640
containing 10% fetal bovine serum (FBS) and antibiotics. The cells
were incubated at 37˚C in a humidified environment with 5% CO2.
The cell culture reagents were purchased from ATCC.
RNA extraction and quality control 

Total RNA was isolated from A549 cells using the mirVana
miRNA isolation kit (Thermo Fisher Scientific, Waltham, MA,
USA) according to the manufacturer’s protocol. The 100-μl
resulting RNA extracts were stored at −80˚C prior to further
processing. Quantity and quality of RNA were assessed using a
UV/VIS spectrophotometer Nano Drop 2000c (Thermo Fisher
Scientific, Waltham, MA, USA). The level of integrity required for
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quantitation (RNA integrity number >7) was determined for the
extracted total RNA using the Agilent RNA 6000 Nano Kit on a
Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA, USA).
A total of 500 ng RNA was reverse transcribed into cDNA in a
reaction with High Capacity RNA-to-cDNA Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s protocol.

Quantitative polymerase chain reaction (qPCR). mRNA expression
levels of HSPA5 were evaluated in the A549 cell line using
comparative qPCR. The TaqMan probes (Hs00607129_gH) and the
TaqMan Assay Kit (all from Applied Biosystems; Thermo Fisher
Scientific, Waltham, MA, USA) were used to perform PCR. The
expression of the above-mentioned genes [by the change-in-cycling-
threshold ΔCq method] (12) were calculated and normalized to
ribosomal 18SRNA gene expression (Hs99999901_s1 18SRNA). The
following cycling conditions were used: 50˚C for 2 min; 95˚C for
10 min; 40 cycles of 95˚C for 15 sec and 60˚C for 60 sec. Each
sample was analyzed in triplicate. All reactions were performed
using the ABI PRISM® 7900HT Sequence Detection system
(Thermo Fisher Scientific, Waltham, MA, USA).

Results
Afatinib treatment caused A549 cell death. A549 cells were
grown in 6-well plates and treated with afatinib. Treatment
of cells was conducted for 24, 48 and 72 h. The
concentration of afatinib used for the treatment was 10 μM.
Morphological alterations of cells were noticed after 24 h
of treatment. At that time, most of the cells detached from
the plate, changed volume and structure, and their
processes shrank. After 48 and 72 h of afatinib treatment,
cells started to form clusters, which seemed to be greater
in size after 72 h of treatment. The untreated cells (1%
DMSO only) formed a monolayer attached to the bottom of
the plate, with no obvious morphological abnormalities
(Figure 1). The index of apoptosis was determined by
counting cells before and after treatment with afatinib.
Around 500 cells in each well were counted, and based on
morphological changes, we determined the number and
percentage of apoptotic cells. Results showed that afatinib
treatment increased the percentage of apoptotic cells
(Figure 2). 

HSPA5 expression in A549 cells. We examined the effect of
afatinib in the expression of HSPA5 mRNA after treatment
of A549 cells with afatinib. During the test with afatinib we
collected cells, isolated RNA and check the mRNA
expression level of HSPA5. Our baseline was A549 cells
treated with DMSO only. Therefore, after 24 h of afatinib
treatment, a significant decrease of HSPA5 mRNA level was
observed (Figure 3). The experimental condition was the
same as used for morphological microscopic observations. 

Discussion

NSCLC is a histologically heterogeneous type of tumor (Figure
4) involving many dysfunctional molecular pathways including
the EGFR pathway. In this study, we aimed to present the effect
of treatment with a drug targeting altered EGFR in NSCLC.
Hence, we selected afatinib which is a tyrosine kinase inhibitor
active against mutated EGFR including T790M. Furthermore,
we tried to find interactions between heat shock HSPA5 and the
designated treatment. HSPA5 is known as glucose regulated
protein of 78-kDa (GRP 78) and is a member of the HSP family
which is recognized to be overexpressed by ER stress (4).
Consequently, we measured mRNA level of HSPA5 in the A549
cell line before and after afatinib treatment. Furthermore, we
examined morphological changes in cells. Our studies
conducted by microscopic examination (Leica DM 2000 LED
light microscope (Leica Microsystems GmbH, Wetzlar,
Germany) focused on general characterization of changes in the
morphology of A549 cell line. We were able to observe changes
in size (cell shrinkage), reduction in cell attachment and the
formation of clusters. The results of microscopic examination
indicated that afatinib treatment caused apoptotic modifications
in cells. Moreover, our conclusion is consistent with latest
research, that afatinib strongly induces mechanisms of apoptosis
(13-15). Next, we examined the levels of HSPA5 mRNA before
and after treatment, since accessible information conferring the
role of HSPA5 in NSCLC, particularly in programmed cell
death, is still contradictory. According to some current results,
NSCLC cells treated with anti-HSPA5 antibodies showed
reduced cell proliferation, colony formation, and enhanced
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Figure 1. The results of morphological studies by converted microscopic examination (100x magnification). The A549 cells were treated with 10
μM afatinib (tyrosine kinase inhibitor) during 24, 48 and 72 h. 
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Figure 2. Percentages of A549 cell death via apoptosis after treatment with tyrosine kinase inhibitor (afatinib). The percentages of cell death via
apoptosis increased significantly in a time-dependent manner. 

Figure 3. Relative expression of mRNA HSPA5 level in time course treatment with afatinib.

Figure 4. Representable picture of histological diversity of non-small cell lung cancer (NSCLC): SCC-Squamous Cell Carcinoma, LCC- Large Cell
Carcinoma.



apoptosis (16). Moreover, the experiments conducted by other
researchers revealed that HSPA5 up-regulation in A549 cells
followed by cisplatin treatment leads to increased apoptosis.
Also, a newest study performed in cervical cancer cells and
verified in animal model showed that increasing HSPA5 level
caused stronger proliferation of tumor cells as well as
influenced resistance to drug targeting cervical cancer. In
accordance to results, it has been postulated by the authors, that
high expression of HSPA5 (GRP78) is tumor stimulating in this
type of cancer (17). In our experiment, the mRNA level of
HSPA5 became lower during afatinib treatment. A549 cells
changed morphology after 24 h of afatinib treatment and after
72 h cells were completely detached and formed clusters.
Moreover, results of counting the cells indicated advanced
apoptosis. Therefore, we think afatinib had apoptotic effect on
A549 cell. Our data seems to be consistent with research
conducted in breast cancer. The researchers proposed that
plumbagin (anticancer drug) induces apoptosis in estrogen-
positive breast cancer cells through HSPA5 (GRP78) inhibition
(18). Nevertheless, in accordance to our studies afatinib by itself
induces apoptosis and mRNA level of HSPA5 decreases. On the
other hand, a study by Dadey Dy et al. showed that enhanced
programmed cell death might be triggered by HSPA5 inhibition
(16). In our results, it seems that apoptosis is caused by afatinib
treatment and HSPA5 mRNA level reduction depends on
morphological changes. However, our interpretations require
further experiments, although it appears there is some
connection between anticancer drugs apoptotic effect and
HSPA5 in cancer cells (18).
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