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Abstract. Small cell lung cancer (SCLC) remains one of 
the most aggressive tumors with a poor prognosis. The 
clinical outcome of SCLC patients has reached its plateau 
with the existing standard treatment and thus new thera-
pies are urgently required. Accumulating evidences have 
indicated that doxycycline, a commonly used antibiotic, has 
antitumor activity against several malignancies. However, 
whether doxycycline has antitumor activity in SCLC and its 
underlying mechanisms remain unclear. Our investigation 
demonstrated that doxycycline could significantly inhibit the 
proliferation and colony formulation of SCLC cells (p<0.05). 
Furthermore, both Hoechst 33258 dye staining and TUNEL 
assays indicated that doxycycline could induce remarkable 
apoptosis of H446 cells in a concentration-dependent manner. 
RT-PCR and western blot assays proved that apoptosis 
induction effect of doxycycline was achieved via inducing 
the expression of caspase-3 and bax, as well as attenuating 
the expression of survivin and bcl-2. Moreover, the wound 
healing assay and Transwell assay indicated that doxycycline 
could significantly suppress the migration and invasion of 
H446 cells in a concentration-dependent manner (p<0.05). 
ELISA assay proved that the inhibitory effect of doxycycline 
on the migration and invasion of H446 cells was achieved via 
decreasing the secretion of MMP-2, MMP-9 and VEGF, as 
well as increasing the secretion of TIMP-2. Taken together, 
doxycycline dose-dependently suppressed the proliferation, 

colony formulation, migration and invasion of SCLC cells, as 
well as induced apoptosis. These findings encourage further 
investigations on the potential of doxycycline as a candidate 
drug for the treatment of SCLC.

Introduction

Lung cancer remains the most common cause of cancer-related 
death worldwide, and was responsible for 1.56 million deaths 
annually, as of 2012 (1). The main primary types are small cell 
lung cancer (SCLC) and non-small cell lung cancer (NSCLC). 
Compared with NSCLC, SCLC has a more aggressive behavior 
due to its higher proliferative index and tends to spread in its 
early stages. Combination chemotherapy, generally platinum-
based plus etoposide or irinotecan, is the mainstay first-line 
treatment for metastatic SCLC patients  (2,3). Despite the 
initial sensitivity, the long-term outcomes of the majority of 
SCLC patients remain poor due to early relapse and acquired 
resistance (2). In addition, the vast majority of patients with 
SCLC fail to respond to tyrosine-kinase inhibitors against the 
epidermal growth factor receptor (EGFR) (4). Except for topo-
tecan, few treatment options then remain (2,5,6). Therefore, it 
is urgent to develop novel and more effective therapeutic drugs 
for the treatment of SCLC patients.

Doxycycline (DOXY) is a member of the tetracycline 
family of antibiotics in widespread clinical use. Accumulating 
evidence has suggested that doxycycline has antitumor activity 
against several kinds of malignancies. It has been reported that 
doxycycline has anti-metastatic activity and cytotoxicity in 
melanoma and breast carcinoma (7,8). Doxycycline was able to 
mediate mesenchymal to epithelial transition in ovarian cancer 
cells (9). Doxycycline could induce apoptosis in pancreatic 
cancer cells  (10). Doxycycline treatment could result in a 
reduction in total tumor burden in a bone metastasis mouse 
model of human breast cancer (11). All these studies demon-
strate that this well-tolerated antibiotic may also be effective in 
treatment of other human cancers and is a candidate antitumor 
drug of great research value.

Therefore, in this study, to investigate whether doxycycline 
has therapeutic potential in small cell lung cancer, we inves-
tigated the effects of doxycycline on the proliferation, colony 
formulation, apoptosis, migration and invasion of human small 
cell lung cancer cell lines and identified its mechanisms.
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Materials and methods

Reagents and antibodies. Doxycycline and Hoechst 33258 
was purchased from Sigma Chemical Co. (St. Louis, MQ, 
USA). 5-fluorouracil was obtained from Xudong Haipu 
Pharmaceutical Co., Ltd. (Shanghai, China). Primary antibodies 
against survivin, bax, bcl-2 and caspase-3 were purchased from 
Cell Signaling Technology, Inc. (Danvers, MA, USA). Antibody 
against β-actin was obtained from Beyotime Biotechnology, 
Inc. (Shanghai, China). The HRP-conjugated goat anti-rabbit 
secondary antibody and goat anti-mouse secondary antibody 
were purchased from Cell Signaling Technology, Inc.

Cell culture. The SCLC H446 and H1688 cells were 
obtained from the Cancer Center of Nanfang Hospital in 
Southern Medical University. Cells were routinely cultured in 
RPMI‑1640 (Gibco, Grand Island, NY, USA), supplemented 
with 10% fetal bovine serum (FBS; Sijiqing, Hangzhou, China) 
and 1% penicillin (10000 U/ml)/streptomycin (10 mg/ml) solu-
tion (Bosheng, Shanghai, China). The cultures were incubated 
in a humidified incubator at 37˚C and 5% CO2 atmosphere.

Cytotoxicity assay. The sensitivity of SCLC H446 and H1688 
cells to doxycycline treatment was measured by using the Cell 
Counting Kit-8 (Beyotime, Shanghai, China) according to the 
manufacturer's instructions (12). The IC50 was calculated from 
survival curves using the Bliss method (13).

Colony formation assay. For colony formation assays, 
3x102 H446 cells were plated in triplicate into 12-well plates in 
RPMI-1640 medium supplemented with different concentra-
tions of doxycycline or 5-fluorouracil for 48 h. Subsequently, 
the medium supplemented with drugs was changed to complete 
medium. After a seven-day routine culture, the colonies were 
fixed and then visualized by staining with 0.04% crystal violet 
for 30 min. A colony with more than 50 cells was counted 
under a light microscope (x200). The colony formation rate 
was calculated using the following formula:

                                          Number of colonies
Colony formation rate (%) ------------------------------------------- x100%
                                          Number of cells seeded

Morphological observation of apoptosis. Hoechst 33258 dye 
staining was carried out to observe the morphological changes 
of cell apoptosis induced by doxycycline (14). Briefly, H446 
cells were seeded at a density of 1x105 cells per well in 24-well 
plates and treated with different concentrations of doxycycline 
or 5-fluorouracil for 48 h. Subsequently, cells were collected 
by trypsinization and centrifugation at 1000 rpm for 3 min. 
After washing twice in PBS, the resultant cells were fixed in 
4% paraformaldehyde for 30 min. Then, after washing three 
times in PBS, the fixed cells were incubated with 5 mg/l 
Hoechst 33258 for 30 min. Cells were then added to slides 
and observed under a fluorescence microscope. The excita-
tion wavelength and emission wavelength were set at 350 and 
460 nm, respectively.

TUNEL assay. TUNEL assay was performed using the TUNEL 
Apoptosis Assay kit (KeyGen, Nanjing, China) following the 
manufacturer's instructions  (15). Then, the apoptotic cells 

(stained in brown or dark brown) were observed under a light 
microscope. Ten microscopic vision fields (x200) were selected 
and 100 cells in each vision field were counted. The apoptosis 
index (AI) was calculated using the following formula:

                        The sum of apoptosis cells
AI = ------------------------------------------------- x100%

                        The sum of cells counted

Wound healing assay. The wound healing assay was 
performed to investigate the effect of doxycycline on the 
migration of H446 cells. Briefly, H446 cells at 90% confluency 
were wounded with a 10 µl sterile pipette tip, washed with 
PBS, and replenished with serum-free RPMI-1640 medium 
supplemented with different concentrations of doxycycline or 
5-fluorouracil. Images were captured using an inverted micro-
scope at 48 h after wounding. The Image-pro Plus software 
was used to measure the migration distance.

Transwell assay. Invasion assay was performed in Transwell 
inserts with 8-µm pore (Corning, NY, USA). Serum-starved 
H446 cells were trypsynized and counted. Cells (5x105) in 
200 µl serum-free medium were placed into the upper chamber. 
The lower chamber was filled with 400 µl RPMI-1640 medium 
containing 10% FBS. After 24 h culture, cells that migrated to 
the lower chamber were fixed in 4% paraformaldehyde, stained 
with crystal violet staining solution and counted under a light 
microscope. Invasion inhibition rate (IR) was calculated using 
the following formula:

              Migrated cells of the experimental group
IR = 1 - -------------------------------------------------------------------------- x100%
              Migrated cells of the control group

RNA extraction, cDNA synthesis and RT-PCR. Total RNA 
was extracted with TRIzol and reverse-transcribed to comple-
mentary cDNA using the PrimeScript™ RT reagent kit 
(Takara, Shiga, Japan) according to the manufacturer's 
instructions. RT-PCR was performed using the SYBR Premix 
Ex Taq kit (Takara) and the MX3005P Quantitative PCR 
Systems (Applied Biosystems, Foster City, CA, USA). The 
sequences of specific PCR primers were 5'-CTTTGCCA 
GCAAACTGG TGC-3' (forward) and 5'-GAGTCTCACCC 
AACCACCCT-3' (reverse) for bax; 5'-CCCTGTGGATGA 
CTGAGTACC-3' (forward) and 5'-GCCGTACAGTTCC 
ACAAAGG-3' (reverse) for bcl-2; 5'-GTGAGGCGGTTG 
TAGAAGAGTT-3' (forward) and 5'-TCACGGCCTGGGA 
TTTCAAG-3' (reverse) for caspase-3; 5'-TTCTGCTTCAA 
GGAGCTGG-3' (forward) and 5'-GCACTTTCTCCGCA 
GTTTC-3' (reverse) for survivin; 5'-TGTTACAGGAAGTC 
CCTTGCCATC-3' (forward) and 5'-CTGTGTGGACTTG 
GGAGAGGAC-3' (reverse) for β-actin.

Western blotting. Protein extracts were obtained by lysing cells 
with RIPA (Beyotime). Protein concentrations were quantified 
using the BCA Protein Assay kit (Beyotime). Equal amounts 
of protein (20 µg) were resolved by SDS-PAGE on a 10% 
polyacrylamide gel and transferred onto a polyvinylidene fluo-
ride membrane. After saturation in 7.5% nonfat milk at room 
temperature for 1 h, the membranes were incubated overnight 
in the corresponding primary antibodies at 4˚C. Then, bound 
antibodies onto membranes were detected using horseradish 
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peroxidase-conjugated secondary antibodies, followed by the 
enhanced chemiluminescence detection reagents (Millipore, 
Billerica, MA, USA).

ELISA assay. Effects of doxycycline on the secretion of 
MMP-2, MMP-9, VEGF and TIMP-2 into the supernatant 
from H446 cells were investigated by ELISA assay using 
corresponding ELISA kit (Cusabio Biotech, Wuhan, China) 
according to the manufacturer's instructions.

Statistical analysis. The data are expressed as the mean ± 
standard deviation. Statistical analyses between groups were 
calculated by One-way ANOVA. p<0.05 was considered to 
indicate a statistically significant difference.

Results

Doxycycline inhibits the proliferation of H446 and H1688 
cells in a concentration- and time-dependent manner. CCK-8 
assay was performed to investigate the cytotoxic effect of 
doxycycline on SCLC cells. As shown in Fig. 1, both H446 
cells and H1688 cells were sensitive to doxycycline treatment. 
Doxycycline inhibited the proliferation of H446 and H1688 
cells in a concentration- and time-dependent manner. For 
example, the IC50 values of doxycycline on H446 cells were 
24.10 µg/ml for the 24 h treatment group, 10.98 µg/ml for 
the 48 h treatment group, 8.20 µg/ml for the 72 h treatment 
group and 8.03 µg/ml for the 96 h treatment group. In addition, 
5-fluorouracil was used as a positive control cytotoxic drug in 
this study. As shown in Fig. 1, doxycycline had a similar or 
even stronger inhibitory effect on the proliferation of H446 
and H1688 cells than 5-fluorouracil. These results indicated 

Figure 1. Doxycycline inhibits the proliferation of H446 and H1688 cells in a concentration- and time-dependent manner.**p<0.05

Figure 2. Doxycycline suppresses the colony formulation of H446 cells. 
(A) Images of colony formulation assay for each group; (B) the colony forma-
tion rates for each group. **p<0.05 vs. control group.
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that doxycycline was a potential cytotoxic candidate drug in 
the treatment of SCLC.

Doxycycline suppresses the colony formulation of H446 
cells. As shown in Fig. 2, the colony formation rates (%) were 
53.68± 0.45 for the control group, 23.43±0.33 for the 5 µg/ml 
doxycycline group, 11.74±0.64 for the 10 µg/ml doxycycline 
group, 6.14±0.06 for the 20 µg/ml doxycycline group and 
6.33±0.48 for the 25 µg/ml 5-fluorouracil group. Doxycycline 
markedly suppressed the colony formulation of H446 cells in 
a concentration-dependent manner (p<0.05).

Doxycycline induces apoptosis of H446 cells via regulating 
the expression of caspase-3, survivin, bax and bcl-2. Inducing 
apoptosis might partly be the reason that led to the inhibitory 
effect of doxycycline on proliferation and colony formation 
of H446 cells. As shown in Fig. 3, untreated H446 cells were 
only lightly stained with Hoechst 33258 dye and exhibited a 
misty light blue appearance under the fluorescent microscope. 
However, doxycycline treated H446 cells were deeply stained 
with Hoechst 33258 and exhibited a bright blue appearance. 
In addition, doxycycline treated H446 cells exhibited signs of 
shrunken cell bodies, nuclear fragmentation and the formation 
of apoptotic bodies.

TUNEL assay. Fig. 4A and B show apoptotic H446 cells with 
brown-stained nuclei, and the apoptotic indexes (%) were 
1.78±0.29 for the control group, 33.17±0.45 for the 5 µg/ml 
doxycycline group, 51.14±0.96 for the 10 µg/ml doxycycline 
group, 64.25±1.08 for the 20 µg/ml doxycycline group and 
68.72±2.12 for the 25 µg/ml 5-fluorouracil group. TUNEL 
staining also showed that there were significantly increased 
proportions of apoptotic H446 cells in the doxycycline groups 
when compared with those in the control group.

To investigate the mechanisms by which doxycycline 
induced the apoptosis of H446 cells, RT-PCR and western blot 
assays were carried out to determine the expression changes of 
apoptosis-related proteins. As demonstrated in Fig. 4C and D, 

doxycycline strongly induced the expression of caspase-3 in 
H446 cells both in the mRNA and protein level in a concen-
tration-dependent manner, whereas it decreased the expression 
of survivin. In addition, doxycycline treatment also increased 
the ratio of Bax/Bcl-2 in H446 cells. These results may raise 
the possibility that doxycycline enables H446 cells to become 
highly susceptible to apoptosis via activation of pro-apoptosis 
genes (caspase-3 and bax) and suppression of anti-apoptosis 
genes (survivin and bcl-2).

Doxycycline suppresses the migration efficacy of H446 cells. 
The wound-healing assay was carried out to investigate the 
effect of doxycycline on the migration efficacy of H446 cells. 
Confluent cells were scraped with a sterile pipette tip, and 
the remaining cells were allowed to migrate into the gap. 
As shown in Fig. 5A and C, the migration distances were 
0.56±0.02 mm for the control group, 0.43±0.01 mm for the 
5 µg/ml doxycycline group, 0.32±0.01 mm for the 10 µg/ml 
doxycycline group, 0.11±0.01 mm for the 20 µg/ml doxycy-
cline group and 0.11±0.01 mm for the 25 µg/ml 5-fluorouracil 
group. The wound gap of H446 cells was significantly wider 
in the doxycycline-treated groups than that in the untreated 
groups (p<0.05). Doxycycline significantly suppressed the 
migration efficacy of H446 cells in a concentration-dependent 
manner (p<0.05).

Doxycycline suppresses the invasion efficacy of H446 cells. 
Transwell assay was performed to investigate the effect of 
doxycycline on the invasion efficacy of H446 cells. As shown 
in Fig. 5B and D, the invasion inhibition rates were 43.71% for 
the 5 µg/ml doxycycline group, 58.70% for the 10 µg/ml doxy-
cycline group, 81.33% for the 20 µg/ml doxycycline group and 
82.25% for the 25 µg/ml 5-fluorouracil group. Doxycycline 
significantly suppressed the invasion efficacy of H446 cells in 
a concentration-dependent manner (p<0.05).

Doxycycline suppresses the migration and invasion of H446 
cells via regulating the secretion of MMP-2, MMP-9, TIMP-2 

Figure 3. Hoechst 33258 dye staining assay confirmation that doxycycline induces apoptosis of H446 cells.
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and VEGF. ELISA assays were performed to investigate the 
mechanisms by which doxycycline suppressed the migration 
and invasion of H446 cells. Increased matrix metalloproteinase 
(MMP) and VEGF activity of tumor cells correlates with a 
higher invasive and metastatic potential (11). Thus, blocking 
the synthesis or release of MMPs or VEGF may result in 
shrinkage of invasive efficacies of the SCLC cells. As shown 
in Table I, doxycycline significantly decreased the secretion 
of MMP-2, MMP-9 and VEGF from H446 cells, whereas it 
increased the secretion of TIMP-2 (a selective inhibitor of 
MMPs) (p<0.05).

Discussion

SCLC remains one of the most aggressive tumors with a poor 
prognosis. Combination chemotherapy, generally platinum-
based plus etoposide or irinotecan, is the mainstay first-line 
treatment for metastatic SCLC patients  (2). However, the 
majority of SCLC patients are diagnosed at an advanced stage. 
The patients with advanced SCLC are initially highly sensitive 
to chemo-treatment, with very high response rates, but invari-
ably relapse. Except for topotecan, few treatment options then 
remain (2). In addition, the major advances in the treatment 

Figure 4. Doxycycline induces apoptosis of H446 cells via regulating the expression of survivin, bax, bcl-2 and caspase-3. (A) Effects of doxycycline on 
apoptosis of H446 cells were investigated by TUNEL assay; (B) the apoptotic indexes for each group, **p<0.05 vs. control group. (C) Effects of doxycycline 
on the protein expression of bcl-2, bax, caspase-3 and survivin were investigated by western blot assay; (D) Effects of doxycycline on the mRNA expression of 
survivin, bax, bcl-2 and caspase-3 were investigated by RT-PCR assay.
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of SCLC have brought only minor improvements in survival 
in the past decade. Therefore, treatment options are still 
limited and the prognosis of these patients is still poor (16). It 
is imperative to develop novel and more effective therapeutic 
drugs for the treatment of SCLC patients (17).

Re-discovering new applications of existing drugs with 
known pharmacokinetics and safety profiles is one more 
efficient solution for the development of new anticancer drugs 
and is a new trend of pharmaceutical research. There are 
thousands of proteins and biomolecules in the human body, 
and the targeting of a certain existing drug is not exclusive. 
Many studies have reported the new applications of old drugs 
with ideal treatment outcomes and fewer side effects in recent 
years. For example, clinical trials have shown that patients 
with prostate, lung, and basal cell carcinoma have benefited 
from treatment with itraconazole (a common triazole anti-

fungal drug in widespread clinical use), and there are also 
additional reports of activity in leukaemia, ovarian, breast, and 
pancreatic cancers (18). In addition, Sarkar et al reported that 
dopamine may be safely used as an anti-angiogenic drug for 
the treatment of malignant tumors (19).

Doxycycline has recently been shown to possess non-anti-
biotic properties including antitumor activity against several 
tumor types including melanoma  (6), ovarian cancer  (9), 
pancreatic cancer (10) and breast cancer (8,11). However, it 
was unclear whether doxycycline has therapeutic potential 
in the treatment of SCLC and how doxycycline affects the 
tumorigenesis pathway of SCLC cells. In the present study, we 
investigated whether doxycycline treatment could inhibit the 
proliferation of SCLC H446 and H1688 cells, as uncontrolled 
proliferation is the most typical biological characteristic of 
cancer cells. As shown in Fig. 1, doxycycline at concentrations 

Figure 5. Doxycycline (doxy) suppressed the migration and invasion efficacy of H446 cells. (A) The wound-healing assay was performed to investigate the 
effect of doxycycline on the migration efficacy of H446 cells. (B) Transwell assay was performed to investigate the effect of doxycycline on the invasion 
efficacy of H446 cells. (C) The migration distances for each group; (D) the numbers of migrated cells for each group; **p<0.05 vs. control group.
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from 5 to 20 µg/ml could significantly inhibit the proliferation 
of SCLC H446 and H1688 cells, which was even more cyto-
toxic than 20 µg/ml 5-fluorouracil (a common chemotherapy 
drug) under some circumstances. The action concentration 
(5 to 20 µg/ml) was also close to the human blood concentra-
tion of doxycycline during antibacterial treatment in the clinic, 
which further improved the possibility of the doxycycline new 
application for SCLC treatment. In addition, colony forming 
rates of drug-treated cancer cells can reflect the self-healing 
ability of cancer cells. Cancer cells with higher self-healing 
abilities are more likely to relapse after chemotherapy treat-
ment. As shown in Fig. 2, doxycycline remarkably suppressed 
the colony formulation of H448 cells. Taken together, these 
results indicated that doxycycline inhibited the proliferation 
and colony formation of SCLC cells.

Inducing apoptosis might be one of the mechanisms by 
which doxycycline inhibited the growth of SCLC cells. As 
shown in Figs. 3 and 4A, both Hoechst 33258 dye staining 
and TUNEL assay proved that doxycycline could significantly 
induce apoptosis of H446 cells. In the process of cell apop-
totic death, the two central pathways are the mitochondrial 
pathway and the caspase protease pathway  (20). In viable 
cells, doxycycline is transferred into the cytoplasm and 
localizes in mitochondria, where it is metabolized to stable 
photoproducts, such as lumidoxycycline, which induces mito-
chondrial fragmentation and alters mitochondrial membrane 
integrity, leading to continuous inhibition of mitochondrial 
protein synthesis  (21). Therefore, we firstly assessed the 
effect of doxycycline on the mitochondrial pathway during 
the apoptosis induction process. Pro-apoptosis protein bax 
and anti-apoptosis protein bcl-2 are the main modulators of 
the mitochondrial pathway. It has also been reported that 
expression of bcl-2 protein was prevalent in nearly 90% SCLC 
patients (22). Herein, doxycycline treatment increased the ratio 
of bax/bcl-2 both in the mRNA and protein level in H446 cells 
(Fig. 4C and D), suggesting its potential in inducing apoptosis. 
In addition, caspase-3 is the most important modulator of the 
caspase protease-mediated apoptosis pathway in mammals. It 
is regarded as the ‘activator’ and ‘performer’ of the caspase 
protease-mediated apoptosis cascade reaction (21). Survivin is 
a new member of the anti-apoptosis protein family and is over-
expressed in multiple cancer cell lines (23,24). Doxycycline 
treatment induced the expression of caspase-3 both in the 
mRNA and protein levels, whereas it attenuated the expression 
of survivin (Fig. 4C and D). Taken together, these results indi-

cated that doxycycline could induce the apoptosis of SCLC 
cells via inducing the expression of pro-apoptosis proteins 
(bax and caspase-3) as well as attenuating the expression of 
anti-apoptosis proteins (bcl-2 and survivin). These results 
further proved the antitumor activity of doxycycline in SCLC 
cells.

Tumor invasion and metastasis are the main biological 
characteristics of malignant tumors, which directly affect 
the therapeutic effect and prognosis of patients. Compared 
with NSCLC, SCLC has a more aggressive behavior due to 
its higher proliferative index and tends to spread in its early 
stages. Approximately 60-70% of SCLC patients have a meta-
static disease at the time of diagnosis (2). The degradation of 
the extracellular matrix (ECM) and basement membrane are 
crucial steps in SCLC cancer invasion and metastasis, and the 
proteolytic enzymes (MMPs) including MMP-2 and MMP-9 
are strongly associated with this process (25). TIMP-2 is the 
selective inhibitor of MMPs (26). Therefore, we next measured 
the secretion changes of MMP-2, MMP-9 and TIMP-2 from 
H446 cells after doxycycline treatment by performing Elisa 
assay. As shown in Table I, doxycycline decreased the secre-
tion of MMP-2 and MMP-9 into the medium from H446 
cells in a dose-dependent manner, whereas it increased the 
secretion of TIMP-2 at the same time. This finding suggests 
that doxycycline may reduce SCLC metastasis by inhib-
iting the degradation of the ECM and basement membrane. 
Duivenvoorden  et  al  also reported that members of the 
tetracycline family of antibiotics, including doxycycline, had 
potential treatment value for bone metastasis as they are also 
potent MMP inhibitors  (11). Golub et al  reported that the 
members of the tetracycline family of antibiotics were potent 
MMP inhibitors, and were probably able to chelate Zn2+ from 
the active sites of the MMPs (27). Our findings were consistent 
with the above studies. In addition, microvascular generation 
also plays an important role in SCLC cancer invasion and 
metastasis. Vascular endothelial growth factor (VEGF) is one 
of the most important angiogenic factors. In the present study, 
doxycycline also decreased VEGF secretion into the medium 
from H446 cells in a dose-dependent manner. Collectively, 
doxycycline suppressed the migration and invasion of H446 
cells via decreasing the secretion of MMP-2, MMP-9 and 
VEGF, as well as increasing the secretion of TIMP-2.

In conclusion, the present study indicated that doxycycline 
inhibited the proliferation and colony formation as well as 
induced apoptosis of SCLC cells. Several apoptotic signal 

Table I. The content of MMP-2, MMP-9, TIMP-2 and VEGF of each group (mean ± SD, n=3).

	 MMP-2	 MMP-9	 TIMP-2	 VEGF
Groups	 (ng/ml)	 (ng/ml)	 (ng/ml)	 (pg/ml)

NC	 24.75±0.53	 3.77±0.05	 0.53±0.05	 323.48±13.32
Doxy 5 µg/ml	 19.19±0.23c	 2.81±0.16a	 0.69±0.06b	 286.88±3.14c

Doxy 10 µg/ml	 16.41±0.14c	 2.05±0.14b	 0.99±0.07c	 260.37±3.66c

Doxy 20 µg/ml	 14.71±0.32c	 1.64±0.04c	 1.37±0.02c	 230.93±5.30c

5-Fu 25 µg/ml	 15.35±0.51c	 1.42±0.05c	 1.21±0.07c	 218.77±10.30c

ap<0.05, bp<0.01, cp<0.001 vs. control group.
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pathways, including mitochondrial pathway (bax and bcl-2), 
caspase activation and the survivin signal pathway seems to 
be involved in the apoptosis induction effect of doxycycline on 
SCLC cells. Moreover, doxycycline also suppressed the migra-
tion and invasion of H446 cells by inhibiting the degradation 
of the ECM and basement membrane as well as angiogenesis. 
These findings encourage further investigations on the poten-
tial of doxycycline as a new therapeutic candidate drug for the 
treatment of small cell lung cancer. 
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