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Abstract: Gefitinib is a tyrosine kinase inhibitor in the fight against NSCLC by inhibiting intracellular phosphorylation
of tyrosine kinase associated with the epidermal growth factor receptor. To explore the influence of different dosing
times on the efficacy and toxicities of gefitinib and the underlying mechanism, a mouse model of Lewis lung carci-
noma was established in C57BL/6 mice. The tumor and skin tissues were observed with scanning electron micros-
copy. In addition, the levels of IL.-6 and TNF-&, phosphorylation level of EGFR and ERK1/2, and mRNA expressions
of EGFR, ABCG2, and MMP-9 were determined by ELISA, Western-blot and qRT-PCR technique, respectively. The
present study found administration of gefitinib at 8:00 and 4:00 significantly inhibited the tumor growth, and IL-6
and TNF-a levels were higher between 16:00 and 24:00 than at 8:00. Meanwhile, the level of pEGFR and pERK1/2
was higher at 16:00 and 20:00. The cells apoptosis induced by gefitinb administered at 8:00 was more aggravating
compared with administration at 16:00. These findings indicate that efficacy and toxicities of gefitinib vary with the
time of day of administration. The molecular mechanism of action may be related to dynamic activity of EGFR-RAS-
RAF-ERK1/2 pathway. Accordingly, the time of gefitinib administration should be taken into consideration in clinic.

Keywords: Gefitinib, NSCLC, EGFR, circadian rhythm, tumor, lung cancer

Introduction

Lung cancer, which leads to 1.38 million annual
deaths worldwide, is the most common causa-
tion of cancer mortality in men and the second
most common cause in women [1]. The 5-year
survival rate of this disease for all stages is only
15% [2]. There into, non-small-cell lung cancer
(NSCLC) accounts for 80% of all the types of
lung cancer. Although most NSCLC patients
can benefit from chemotherapy, the platinum-
based first-line therapy can only bring about
median survival times of 8 to 11 months, with
1- and 2-year survival rates being 35-40% and
10-20%, respectively [3, 4]. Furthermore, poor
prognosis and disease progression are inevita-
ble, and simultaneously severe cytotoxicities
confine these drugs’ utilization. Therefore, it is
extremely urgent to search for a more effective
method to treat NSCLC.

In the past decades, great progress has been
made in the exploration of signal transduction

pathways. Epidermal growth factor receptor
(EGFR) is a member of erbB family of trans-
membrane receptors tyrosine kinase, which is
over-expressed in many solid tumors, including
head and neck, non-small cell lung and pros-
tate cancers [5]. Activation of EGFR by ligand
binding can promote tumor proliferation, angio-
genesis, invasion and metastasis [6]. Therefore,
inhibiting EGFR pathways might be a promising
strategy in the treatment of advanced NSCLC.
In all of EGFR-targeted agents, gefitinib (IRE-
SSA), an orally administered small molecular
targeted drug, is a typical representative. As a
targeted therapeutic agent, gefitinib has dem-
onstrated its clinical advantage in the treat-
ment of advanced NSCLC patients who have
previously received platinum-based chemo-
therapy, especially females, never-smokers,
and those with adenocarcinoma histology [7,
8]. The mechanism of this drug is that it can
reversibly bind the ATP pocket in the EGFR intra-
cellular tyrosine kinase domain and inhibit its
tyrosine kinase [9].
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Biological rhythms, existing naturally from uni-
cellular organisms to complex mammalians,
synchronize organisms’ physiological, biochem-
ical, metabolic and behavioral processes with
changes in the external environment, to guar-
antee the organisms to accommodate, antici-
pate, and respond to the changes effectively
[10]. Based on the biological rhythms, it has
been put forward that cancer might be caused
by circadian-related disorders [11]. Moreover,
recent researches have interpreted that many
behaviors of both normal cells and tumor cells
in mammals show a characteristic 24-hour cir-
cadian rhythm of their growth, proliferation,
DNA synthesis, and secretion activities [12-16].
As most chemotherapeutic agents not only
inhibit the malignant cells but impair normal
healthy cells, the therapeutic effect of the
drugs should be weighed against their toxici-
ties. Hence, optimizing the dosing time of the
drugs according to the circadian rhythm plays a
critical role in maximizing their anti-tumor effi-
cacy and in decreasing their adverse reactions.
The efficacy of some antimetabolites, such
as platinum drugs (cisplatin, carboplatin, and
oxaliplatin), 5-fluorouracil, and doxorubicin, has
displayed notable circadian rhythm [17-19]. The
basis for these drugs might be the differences
in the biological rhythmicity of proliferation and
DNA synthesis between normal healthy cells
and malignant cells. However, as a small molec-
ular targeted agent, gefitinib is completely dis-
tinct from the above drugs in the anticancer
mechanism. What’s more, no relevant research-
es have been reported in the field of chrono-
therapy. So identifying its circadian rhythm is
meaningful to the cancer patients and will help
to achieve better chronopharmacotherapy for
NSCLC treatment.

The purpose of this study was to investigate the
influence of gefitinib on the inhibition of tumor
growth at different times in mice and the under-
lying mechanism. We aim to find a proper time
for chemotherapy to provide the reference to
the clinical treatment.

Materials and methods
Mice, cells and reagents

C57BL/6 female mice (aged 5 weeks 18-20 g)
were purchased from Vital River Laboratory
Animal Technology Co. Ltd (Beijing, China). The
mice were housed in common animal lab in
groups of 5 per cage under standardized light-
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dark cycle conditions (lights (501 x) on from
7:00 to 19:00) at a room temperature of
24+1°C and a humidity of 60+10% with food
and water available ad libitum. The mice were
accommodated to the light/dark cycle for one
week before the experiments. All animal experi-
ments were conducted in accordance with the
Bioethics Committee guidelines in the 401st
Hospital of Chinese People’s Liberation Army.

The Lewis lung carcinoma cells (ATCC, CRL-
1642) were bought from Beijing Chuanglian
North Carolina Biotechnology Research Insti-
tute. The cells were then cultured with Dulbe-
cco’s modified Eagle’s medium (Hyclone labora-
tories Inc USA) containing 10% fetal bovine
serum, 1% penicillin, and 1% streptomycin
(Hyclone laboratories Inc USA) in a 37°C humid-
ified incubator with 5% CO, atmosphere. A total
of 0.2 ml of 1 x 10° viable tumor cells was
injected into the left hind footpad of each
mouse. One week later, evident implanted
tumors were observed.

Gefitinib (AstraZeneca UK Limited) was provid-
ed by the 401st Hospital of Chinese People’s
Liberation Army. The tablets were stored at
room temperature and dissolved in distilled
water with 5% sodium carboxymethylcellulose
before application. To observe its therapeutical
effect, the drug was given to tumor-bearing
mice via intragastric administration (100 mg/

kg).
Experiment design

The tumor-bearing mice were randomly allocat-
ed into 7 groups (n = 10), including the Model
group, experimental groups 8:00, 12:00,
16:00, 20:00, 24:00, and 4:00. The mice in the
6 experimental groups were given via gavage a
single dose of gefitinib (100 mg/kg), and those
in the Model group were treated with the same
volume of 5% sodium carboxymethylcellulose.
The experiment was performed for three weeks.
On the 22" day, the mice in experimental and
Model groups were Killed with their tumor pelt
off at 8:00, 12:00, 16:00, 20:00, 24:00, and
4:00, respectively.

Tumor volume assessment

The length and width diameters of the tumors
of each mouse were measured with vernier
caliper every three days during the experi-
ments. The tumor volume was calculated as
shown in Eq 1 [20].
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Tumor volume (cm?3) = A x B2/2 (Eq 1)

where A is the length diameter and B is the
width one (centimeter).

Tumor weight and tumor inhibition rate

After three weeks’ treatment, the mice were
Killed by cervical dislocation. Their tumors were
pelt off in sterile conditions and weighed. The
tumor inhibition rate was calculated as shown
in Eq 2 [21],

Average tumor weight of control group ~

Average tumor weight of treament group

Tumor hibition rate (%)
Average tumor weight of control groupx

100%

(Eq 2)
ELISA analysis of TNF-a and IL-6 levels

The blood samples were collected from the eye
socket vein of the mice after three weeks’ treat-
ment with the drug. TNF-a and IL-6 levels in the
blood were determined by ELISA kit (Biolegend
Inc.) according to the manufacturer’'s recom-
mendations. The absorbance of the samples
was read on the microplate reader (BIO-TEK
EIx-800/808) at 450 nm.

Scanning electron microscopy (SEM)

In preparation for SEM, the tumor and skin tis-
sues were cut with a razor blade into many
small blocks. Afterwards the block specimens
were completely rinsed in a 0.1 M phosphate
buffer solution (PBS), fixed in 2.5% glutaralde-
hyde for a few hours, and postfixed in 1% OsO,
in PBS. Next, they were dehydrated in a graded
series of ethanol solutions, immersed in iso-
amyl acetate, and critical-point-dried in CO,.
Finally, they were ion-sputtered with palladium
and observed via a scanning electron micros-
copy (Hitachi Ltd. S-4800, Japan).

gRT-PCR analysis

The expression levels of EGFR, ABCG2 (ATP-
binding cassette sub-family G member 2),
MMP-9 (matrix metalloproteinase-9), and
GAPDH were determined by qRT-PCR tech-
nique. The total mMRNA was extracted with
RNAiso Plus (Takara Biotechnology (Dalian) Co.,
Ltd.) according to the manufacture’s instruc-
tion. cDNA was synthesized from 2 ul total
RNA using PrimeScript® RT reagent Kit (Takara
Biotechnology (Dalian) Co., Ltd.). The gRT-PCR
analyses were performed using TL989 Real
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Time Quantitative PCR (Xi'an Tianlong Science
and technology Co., Ltd). The primers of the
above genes were designed and synthesized by
Takara Biotechnology (Dalian) Co., Ltd based
on the principles for prime design by UCSC. The
primers sequences and cycling conditions of
each gene were displayed in Table 1.

Protein extraction and western blot

Frozen tumor tissues were transferred into
mortar, and then crushed with pestle to homog-
enize until powdery after the adding of liquid
nitrogen. According to the amount of tissue
powder, appropriate ice-cold lysis buffer (50
mM Tris-HCI, pH 7.8, 150 mM NaCl, 5 mM
EDTA, 0.5% Nonidet P-40, 2 mM PMSF, 1 mM
Na,VO,) was added, and then the homoge-
neous tissue was cultured on ice for 30 min.
After the removal of the insoluble materials by
centrifugation at 12,000 g for 10 min at 4°C,
the protein concentrations in tumor mass
lysates were determined using a bicinchoninic
acid protein assay kit (CWBIO, China), and the
resulting supernatants were mixed with an 1/5
volume of 5 x sample buffer and boiled at
95°C for 5 min. Equal amounts of proteins
(10 ul/well) were separated using 10% SDS-
polyacrylamide gels electrophoresis and then
transferred to PVDF membrane (Millipore, US).
Subsequently, the membranes were incubated
overnight at 4°C with antibodies against
B-actin, total EGFR (tEGFR), phospho-EGFR
(PEGFR), total ERK1/2(tERK1/2), phospho-
ERK1/2, bax and bcl-2 (monoclonal rabbit
anti-mouse antibodies 1:1000; Cell Signaling
Technology, US) at 4°C. Then the membranes
were incubated with horseradish peroxidase-
conjugated secondary antibodies (Rabbit IgG,
1:6000; Cell Signaling Technology, US). The
images from the immunoreactive membrane
were digitized. Protein band intensities were
quantified using NIH Image software.

TUNEL assay

DNA fragmentation in situ was detected by
TUNEL assay according to the kit instructions
(Roche, Germany). 4',6-diamidino-2-phenylin-
dole (DAPI) was included in the kit as DNA frag-
ments could be stained by TUNEL specifically
and produced green fluorescence, while DAPI
could combine with complete DNA and debris
and produced blue fluorescence. Briefly, tissue
sections were fixed with 4% paraformaldehyde
at room temperature, and then rinsed with PBS
for 5 min and incubated in a permeabilization
solution (1% Triton X-100 in 0.1% sodium
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Table 1. RT-qPCR primer sequences and cycling conditions for each gene

Accession
NO.

Genes Prime sequence

Cycling conditions Number of cycles

EGFR F: GTAGTGAGCTGAGGGCTTTACTGG NM_207655.2 1. 30s

R: TCAGGGATGGATAACGGTTAGG

ABCG2  F: ACGACTGGTTTGGACTCAAGCAC

R: AAAGATGGAATACCGAGGCTGATG

MMP-9  F: GCCCTGGAACTCACACGACA

R: TTGGAAACTCACACGCCAGAAG

GAPDH  F: TGTGTCCGTCGTGGATCTGA

R: TTGCTGTTGAAGTCGCAGGAG

NM_011920.3 1. 30s

NM_013599.2 1. 30s

NM_008084.2 1. 30s

Process 2 with 40 cycles
2. 5s

30s

60s
Process 2 with 35 cycles
2. 5s

30s

30s
Process 2 with 40 cycles
2. 5s

30s

60s
Process 2 with 40 cycles
2. 5s

30s

60 s

citrate) for 2 min on ice. The TUNEL reaction
mixture was added and the samples were incu-
bated for 1 h at 37°C humidified atmospheres
(5% CO,) in the dark and then dyed with 1 pg/
ml of DAPI for 15 min. After rinsing with PBS,
samples were analyzed under a fluorescence
microscope using an excitation wavelength in
the range of 450-500 nm and detection in the
range 515-565 nm. The apoptotic rate was
indicated by percentage of the TUNEL-positive
cell number against the total cell number (DAPI-
positive) within the same area from five random
selected fields in each treatment.

Statistical analysis

All statistical analyses were accomplished
using SPSS 19.0 (SPSS Inc., Chicago, IL). All
quantitative data were expressed as Mean *
SD and analyzed using one-way ANOVA and
LSD (Least-significant difference), while the
comparison between rates was carried out by
X2 test. A value of P < 0.05 was set as statisti-
cally significant.

Results

Influence of gefitinib dosing times on tumor
volume

Figure 1A shows the influence of dosing times
on the gefitinib inhibition on tumor growth. The
tumor growth displayed significant differences
among groups in which gefitinib administered
at different time points. Three weeks later, the
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minimum average tumor volume was detected
in group 8:00. The volume was smaller than the
Model, groups 16:00 (P < 0.01, LSD). The tumor
in group 4:00 also showed a small volume, but
was bigger than group 8:00 on average (P >
0.05).

Influence of gefitinib dosing times on tumor
weight and tumor inhibition rate

The tumor inhibition rate of each group is dis-
played in Table 2, which exhibits marked differ-
ences among different gefitinib groups (x? =
36.00, P = 0.000). Group 8:00 showed the
maximum tumor inhibition rate, and it was sig-
nificantly higher than those of groups 16:00,
20:00, and 24:00 (P < 0.05, x? test). However,
the tumor inhibition rate was insignificantly dif-
ferent among groups 16:00, 20:00, and 24:00
(P> 0.05).

Influence of gefitinib dosing times on TNF-«
and IL-6 levels in blood

Both IL-6 and TNF-a production in the blood
were significantly augmented in the treatment
groups when compared with those in the Model
group (Figure 2A, 2B). Treatment with gefitinib
at 8:00 can relatively normalize the IL-6 pro-
duction. The secretion of IL-6 was markedly
increased in the mice which were given gefitinib
at the other times, particularly at 16:00 and
20:00 (Figure 2A). Also, TNF-« level in group
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Figure 1. The antitumor effect of gefitinib treated at 8:00 was enhanced compared to those were given at other
time points. The tumor volume was determined after 3 weeks treatment (A) and Lewis lung carcinoma cells were
observed by SEM (B). Pictures Ba-g were from groups 8:00, 12:00, 16:00, 20:00, and 24:00 and Model group,
respectively. The arrow in picture pointed to abnormal deformation of cells, with fibrotic substances covered. *P <
0.05 compared to group 16:00, #P < 0.01 as compared to Model group (LSD).

Table 2. Tumor weight and tumor inhibition
rate in mice from various groups

Groups  Tumor weight (g) Tumor inhibition rate

8:00 3.04+0.62 44.12%
12:00 3.62+1.74 33.46%
16:00 4.67+2.04 14.15%
20:00 4.22+1.17 22.43%
24:00 4.43+1.02 18.57%
4:00 3.35+1.37 38.42%
Model 5.44+1.57

8:00 was significantly lower than that in groups
16:00 (P < 0.05, Figure 2B).
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Observation of tumor and skin tissues by SEM

As is shown in Figure 1B, obvious differences in
the appearance of Lewis lung carcinoma cell
surfaces were observed, including their num-
ber, distribution, and morphology of microvilli.
The biggest number of the tumor cells was
observed in the Model group (Figure 1Bg), and
their arrangement was extremely tight. No con-
spicuous deformation was noticed. The distri-
bution of cells in Figure 1Ba was excessively
irregular, with large amounts of deformation of
cells. The surfaces of these cells were highly
unsmooth. Although the number of the tumor
cells in Figure 1Bf exceeded that in Figure 1Ba,

Int J Clin Exp Med 2016;9(8):15414-15425
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Figure 2. The adverse effects of gefitinib were relatively attenuated when given at 8:00. The IL-6 (A) and TNF-a (B)
level in the blood of tumor-bearing mice were determined. Skin cells in tumor bearing mice were observed by SEM
(C). Pictures Ca-g were from groups 8:00, 12:00, 16:00, 20:00, and 24:00 and Model group, respectively. The yel-
low arrow marked the fibrosis parts. *P < 0.05 compared to group 16:00, **P < 0.01 compared to the Model group

(LSD).

microvilli on their surface were much more than
those in Figure 1Bb-e.

There was significant distinction in the skin tis-
sues among the seven groups (Figure 2C). The
cell surface in Figure 2Ca was a little rougher
than that in Figure 2Cg, in which the cell sur-
face was extremely smooth and bright. The
situations were even worse in Figure 2Cb-e,
where some fibrosis appeared. The most seri-
ous was found in Figure 2Cc, in which the skin
cells were completely covered by the fibrous
substances. The results imply that the impair-
ment by gefitinib to the normal skin might be
less when administered at 8:00.

Gene expressions of EGFR, ABCG2, MMP-9 in
tumor bearing mice

As shown in Figure 3A, the mRNA expression of
EGFR in various groups exhibited insignificant
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differences (P > 0.05) for the over-expression
of EGFR in all of the tumor-bearing mice.

ABCG2, the gene related to the transportation
of gefitinib, was determined. There were no
obvious distinction among groups 8:00, 12:00,
and 16:00 (P > 0.05, Figure 3B). The mRNA
expression of ABCG2 in group 20:00 was
upregulated by twice when compared with that
in group 8:00 (P < 0.05, LSD).

To observe the influence of gefitinib given at
different times on the tumor metastasis, the
mRNA expression of MMP-9 was measured
because it was found over-expressed in many
advanced NSCLC patients [22-25]. As shown in
Figure 3C, the mRNA expression of MMP-9 in
group 20:00 was increased by 3.20 and 3.32
folds when compared to groups 8:00 and 4:00,
respectively (P < 0.05, LSD).

Int J Clin Exp Med 2016;9(8):15414-15425
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Figure 4. Influence of dosing times on tEGFR, pEGFR, tERK1/2, and pERK1/2 protein expression in tumor masses.
A. Western blot analysis of B-actin, tEGFR and pEGFR protein expression in the tumor. B. Western blot analysis of
B-actin, tERK1/2, and pERK1/2 protein expression. C. Relative pEGFR protein expression in the tumor tissues after
geftinib (100 mg/kg) administration. D. Relative pERK1/2 protein expression in the tumor tissues from various
groups treated by gefitinib (100 mg/kg) at different time points. *P < 0.05 compared to group 16:00 or 20:00, **P
< 0.01 compared to the Model group (ANOVA).
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Figure 5. Influence of administration time on the ability of gefitinib to aggravate Lewis lung carcinoma cells apopto-
sis. A, B. Western blot analysis of B-actin, bax and bcl-2 protein expression in the tumor. C. Fluorescence microscopy
images of TUNEL staining. Arrows represent TUNEL-positive cells. D. The quantitative analysis of TUNEL-positive
cells rate. *P < 0.05, **P < 0.01 when compared between groups (ANOVA).

Influence of gefitinib dosing times on pEGFR
and pERK1/2 protein levels

As shown in Figure 4A, the pEGFR protein level
in groups 8:00 and 4:00 was significantly lower
when compared with that in the Model group,
groups 16:00 and 20:00 (P < 0.05, LSD). The
phospho-ERK1/2 protein level was also mea-
sured (Figure 4B). It was found that pERK1/2
protein level in groups 16:00 and 20:00 was
significantly higher than that in groups 8:00
and 4:00 (P < 0.05, LSD).
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Influence of gefitinib dosing times on Lewis
lung carcinoma cells apoptosis

Now that the anti-tumor effect of gefitinib was
distinct when given at various time points, we
mainly observed apoptotic level between group
8:00 and group 16:00. As shown in Figure 5,
the expression of bax, a pro-apoptotic protein,
was increased in group 8:00 compared with
the group 16:00. Conversely, bcl-2, a anti-apop-
totic protein was significantly decreased (P <
0.05, ANOVA). Also, the TUNEL assay results

Int J Clin Exp Med 2016;9(8):15414-15425
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were in accordance the former. Few TUNEL-
positive cells were detected in the group 16:00,
while TUNEL-positive cells increased dramati-
cally in group 8:00 (18.32% and 43.65%,
respectively).

Discussion

As a small molecular-targeted drug, gefitinib
has been used for the treatment of advanced
NSCLC, and its clinical efficacy has been
improved by many researches on molecular
biology, especially of cancer-related genes and
proteins. Gefitinib is effective in treating NSCLC
because it can reversibly and competitively
inhibit the binding of adenosine triphosphate
(ATP) to the phosphate-binding loop of the ATP
site in the intracellular domain of EGFR. By
inhibiting the binding of ATP to EGFR, the drug
restrains auto-phosphorylation and the activa-
tion of downstream signaling pathway further,
leading to the inhibition of cell proliferation and
inducing apoptosis in NSCLC.

It was demonstrated in this study that the
growth of Lewis lung carcinoma inoculated into
C57BL/6 mice was inhibited by gefitinib and
that the efficacy and adverse reactions of the
agent varied with its different dosing time
points. After three weeks of administration
of gefitinib at certain time points, the tumor
volume exhibited significant differences. The
tumor sizes in group 8:00 were much smaller
than those in groups 16:00, 20:00, and 24:00
(P < 0.01, LSD). The tumor inhibition rate in
group 8:00 was significantly higher than that in
groups 16:00 and 20:00 (44.12% vs. 14.15%
and 22.43%, P < 0.05; Table 2), suggesting
that administration of gefitinib at 8:00 can
exert its maximum efficacy to inhibit tumor
growth. In addition, 4:00 might be another
proper time for administering gefitinib. Mean-
while, the tumor tissues in various experimen-
tal groups were analyzed by scanning electron
microscopy. Morphological analysis about the
cells by SEM revealed that the impairment
induced by gefitinib to the tumor cells was
much severer when the drug was given at 8:00
(Figure 1Bb), with irregular distribution and
abnormal deformation. Furthermore, adminis-
tration of gefitinib at 8:00 can promote tumor
cells apoptosis more heavily than at 16:00
(Figure 5). These results collectively suggested
that dosing gefitinib in the morning might be
more effective.
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ABCG2 (ATP-binding cassette sub-family G
member 2), a plasma glycoprotein, provides
physiological protection against xenobiotics,
influences bio-distribution of drugs, and con-
fers multidrug resistance to cancer cells. The
accumulation of ABCG2 is in favor of the pro-
duction of acquired resistance to gefitinib [26].
As over-expression of ABCG2 is a predictor for
ill efficacy of gefitinib treatment [27], the ABCG2
expression in solid tumor was measured. The
MRNA expressions of ABCG2 in groups 20:00
and 24:00 were extremely high (Figure 3B),
suggesting that 8:00 might be suitable for
administration of gefitinib without generating
acquired drug resistance easily. In addition,
the high mRNA expression of ABCG2, a main
transport protein, between 20:00 and 24:00
indicates that the metabolism of gefitinib might
be faster with short mean residence time
(MRT), which wasn’t beneficial to exert its best
efficacy.

MMP-9 (matrix metalloproteinase-9), a mem-
ber of the MMP family, plays a crucial role in
degrading type IV collagen fibers and the ex-
tracellular matrix, which is closely related to
metastasis and invasiveness [28]. MMP-9 may
act as underlying prognostic and therapeutic
markers in lung cancer, and high expression of
MMP-9 means poor prognosis and low survival
rate [29]. Hence, the mRNA expression of
MMP-9 was determined to compare the influ-
ence of gefitinib on the solid tumors in each
group. The mRNA expression of MMP-9 in
groups 16:00 and 20:00 was increased by
3.20 and 3.32 folds when compared to groups
8:00 (Figure 3C), indicating that administration
of gefitinib at 8:00 might result in better prog-
nosis and higher survival rate.

Although typical adverse reactions induced by
cytotoxic chemotherapy, such as hematological
side effects, can be avoided when gefitinb is
applied, cutaneous toxicities caused by gefi-
tinib are still there, which directly affects treat-
ment compliance and impinge on life quality
of the patients [30, 31]. Rashes, one major re-
sult of cutaneous toxicities, can’t be ignored,
although it poses no threat on the life. Ob-
servation of skin tissues by SEM indicates that
administration of gefitinb at 8:00 could prevent
the skin cells from dehydration and fibrosis and
could decrease the damage to skin tissues.
Immunological mechanism of erlotinib-induced
skin rashes has been reported to be positively

Int J Clin Exp Med 2016;9(8):15414-15425



Chronopharmacodynamics of gefitinib-based anti-cancer effect

correlated to serum TNF-a and IL-6 levels [32].
Both TNF-a and IL-6 levels were determined in
our study to estimate the impact of gefitinib on
rashes. The TNF-a and IL-6 levels in various
groups were in accordance with the results of
skin tissues observed by SEM. The results indi-
cate that more TNF-at and IL-6 were secreted at
16:00 and 24:00 than at 8:00 and 4:00 (Figure
2), hinting that cutaneous toxicities might be
relatively decreased at these two time points.

Interleukin-6 (IL-6), a cytokine featuring pleio-
tropic activity, contributes to host defense
against many a disease. IL.-6 plays a significant
role in the gastrointestinal tract, and is closely
related to colorectal cancer [33]. In the gastro-
intestinal tract disorders, particularly diarrhea,
the plasma level of IL-6 is elevated to modulate
biological response to the disease [34]. There-
fore, the IL-6 production in the tumor-bearing
mice was detected to explore the injury to the
gastrointestinal tract caused by gefitinib. All the
groups showed extremely high level, especially
in the Model group. The results suggest that
the agent might have a weaker influence on
the gastrointestinal tract when administered at
8:00.

At present the mechanisms of chronochemo-
therapy about gefitinib are still unclear. The tar-
get of gefitinib is EGFR and gefitinib can sup-
press the tumor growth by inhibiting EGFR auto-
phosphorylation to block the downstream sig-
nal transduction. RAF, RAS and ERK1/2 are the
downstream factors of EGFR signaling path-
way. Some researches [35, 36] have reported
ERK1/2 signal pathway is closely related to
lung adenocarcinoma and plays a critical role in
tumor cell proliferation. Based on the related
findings, we investigated whether the EGFR-
ERK signaling pathway was sensitive to the
small molecular target TKI gefitinib. In this
study, the mRNA expression of EGFR was found
to have no significant differences (Figure 3A)
because it was over-expression in the tumor.
However, the proteins p-EGFR and p-ERK1/2
were found to exhibit circadian rhythm on dif-
ferent time points. The p-EGFR and p-ERK1/2
protein levels in groups 8:00 and 4:00 were sig-
nificantly lower when compared with the Model,
groups 16:00, and 20:00 (Figure 4), indicating
better inhibition can be achieved to the EGFR
signaling through EGFR-RAF-RAS-ERK1/2 path-
way when gefitinib was administered at 8:00

15423

and 4:00. Hence, it can be concluded the
mechanism of chronochemotherapy of gefitinib
might be related to the EGFR-RAS-RAF-ERK1/2
pathway.

Some shortcomings existed in our experiment.
For example, the mouse model of Lewis lung
carcinoma cells wasn’t consummate for lack of
experiments with lung cancer cell line with
mutant EGFR. However, this part of research on
a mouse model mutant target is being in prog-
ress. Secondly, the interstitial pneumonia was
not monitored with an effective method. The
interstitial pneumonia is a serious and lethal
adverse reaction [37, 38], with a reported inci-
dence of 4-6% in Japan and 0.3% in the USA
among such parents [39]. Moreover, because it
was difficult for us to observe the occurrence of
rashes and diarrhea in the tumor bearing mice,
we only determined the relevant cytokines to
estimate the injuries to the skin and the gastro-
intestinal tract. Therefore, we carried out mor-
phological analysis of skin cells by SEM in com-
bination with determination of cytokines, TNF-
«, and IL-6, to explore its cutaneous toxicities.
However, our results are of great significance
as a preliminary exploration in the field of small
molecular targeted drugs.

In conclusion, this finding of present study
reveals, for the first time, that the efficacy and
toxicities of gefitinib vary with its dosing time
during a day. Moreover, the time-dependent
change in the sensitivity of Lewis lung cancer
cells may be related to the EGFR-RAS-RAF-
ERK1/2 signaling pathway. The time factor
should be taken into account when gefitinib is
clinically applied.
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