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Heat shock protein B6 potently increases
non-small cell lung cancer growth
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Abstract. The aim of the present study was to address the
effects of heat shock protein B6 (HspB6) on tumor growth
and metastasis in BALB/c mice. Lewis lung carcinoma (LLC)
cells were subcutaneously injected into BALB/c mice followed
by intraperitoneal injection of recombinant HspB6 (HspB6
groups) or phosphate-buffered saline (control groups). Tumor
growth and metastasis were assessed by size measurement and
weighing of tumors and cervical lymph nodes, respectively.
Chemokine expression in tumor masses was quantified quanti-
tative polymerase chain reaction and western blotting. Tumor
cell apoptosis was detected by flow cytometric analysis. The
proliferation and migration of LLC cells, stimulated with
HspB6, were detected using Cell Counting Kit 8 and wound
scratch assays in vitro. Tumors grafted into the BALB/c mice
and intraperitoneally injected with HspB6 were significantly
bigger in size than those grafted into the control mice. From
7 days following the injection, the weight of cervical lymph
nodes in HspB6 groups was higher than that in the control
mice. We also revealed that the apoptotic cell number in tumor
masses in the HspB6 groups was lower than that of the control
mice. CD31 expression of vascular endothelial cells was
higher in tumors grafted in HspB6 groups than those grafted
in the control mice. Concomitantly, the tumor tissue mRNA
and protein expression enhancement of vascular endothelial
growth factor, basic fibroblast growth factor and intercellular
adhesion molecule 1 were greater in HspB6 mice than in the
control mice. HspB6 also inhibited cell apoptosis and enhanced
the migration and proliferation of LLCs in vitro. In conclusion,
HspB6 exhibited tumor promotion through increasing tumor
angiogenesis, tumor metastasis and inhibiting tumor cell
apoptosis.
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Introduction

Lung cancer is the most common cause of cancer-related
mortality worldwide. With >1,000,000 new cases per year, lung
cancer represents the most frequent lethal neoplasm in males,
while its incidence increases progressively in females (1).
Lung cancer is a heterogeneous disease clinically, histologi-
cally, biologically and molecularly (2). The two main types of
lung cancer, non-small cell lung cancer (NSCLC; representing
80-85% of cases) and small cell lung cancer (representing
15-20% of cases) are identified based on histological, clinical
and immunohistochemical characteristics, and also differ
molecularly with numerous genetic alterations exhibiting
subtype specificity (3). Despite considerable efforts, only
5-10% of these patients survive 5 years following diagnosis,
and surgery accounts for the majority of these long-term survi-
vors (4). Therefore, tumor angiogenesis and tumor metastasis
to multiple organs is a critical problem for patients with lung
cancer. The prevention and treatment of tumor angiogenesis
and tumor metastasis are clinically important (5).

It is well appreciated that heat shock proteins (Hsps) are
activated in the mammalian heart in response to numerous
physiological or pathological stresses and, consequently,
provide cardioprotection (6,7). HspB6, also referred to as
Hsp20, belongs to a small Hsp family (15-30 kDa), which
includes =10 members (HspB1-B10) (8,9). While HspB6 can
be detected in various tissues, it is most highly expressed in
muscle cells (8-10). Previously, Wang e al demonstrated that
HspBo6-engineered mesenchymal stem cells augmented the
secretion of growth factors, including vascular endothelial
growth factor (VEGF), basic fibroblast growth factor (bFGF)
and intercellular adhesion molecule 1 (ICAM-1), and promoted
myocardial angiogenesis (11). Numerous studies indicate that
certain Hsps (Hsp90, Hsp70, Hsp60 and aB-crystallin) are
detectable outside a variety of cell types, including neuronal
cells, monocytes, macrophages, endothelial cells and tumor
cells of epithelial origin (12-16). Notably, HspB6 is detectable in
the blood and is considered to inhibit platelet aggregation (17).
Furthermore, the authors identified what they hypothesized
to be a novel function for the extracellular HspB6 in hearts,
which was as a mediator of angiogenesis through directly
interacting with VEGF receptor 2 (VEGFR-2) (11).

HspB6 is important in endothelial proliferation and tumor
growth of several types of cancer (18). However, its effects
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on lung cancer and the biological function of HspB6 remain
unclear (19,20). To further address the roles of HspB6 in lung
cancer, we transplanted Lewis lung carcinoma (LLC) cells into
BALB/c mice to examine the roles of HspB6 in the processes
of tumorigenesis and metastasis in vivo. Tumor size, lymph
node weight and angiogenic factors in the tumor growth phase
following implantation were detected and compared. In the
present study, we provide definitive evidence of the importance
of HspB6 in LLC implanted tumor growth and metastasis.

Materials and methods

Reagents and antibodies. Mouse recombinant protein HspB6
was purchased from BioChem Technology, Inc. (Shanghai,
China). Alexa Fluor® 488 Annexin V/Dead Cell Apoptosis
kit (cat no. V13245) and PE-labeled swine anti-rat IgG
polyclonal antibodies were purchased from Invitrogen Life
Technologies (Carlsbad, CA, USA). Rat anti-mouse CD31
(MEC13.3) monoclonal antibodies were purchased from
BD Pharmingen (San Diego, CA, USA). Goat anti-mouse
VEGEF (sc-1836) polyclonal antibodies, goat anti-mouse bFGF
(C-18) polyclonal antibodies and goat anti-mouse ICAM-1
(sc-1511) polyclonal antibodies were purchased from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Cell line and mice. LLC cells, a murine NSCLC cell line, was
purchased from Shanghai Biotechnology (Shanghai, China).
Cells were maintained in DMEM (Sigma-Aldrich, St. Louis,
MO, USA) supplemented with 10% FCS. BALB/c mice
weighing 20-25 g were kindly supplied by the Immunology
Laboratory of Soochow University (Suzhou, China) and were
kept in our animal facility under specific pathogen-free condi-
tions. All animal experiments were approved by the Guideline
for the Care and Use of Laboratory Animals of the Chinese
Medical Academy and the Soochow University Animal Care
Committee (Suzhou, China). Animals were kept in groups of
five and fed regular laboratory chow and water ad libitum. A
12-h day and night cycle was maintained.

Cell culture and tumor implantation model. LLC cells were
grown in RPMI-1640 culture medium (Invitrogen Life
Technologies, Grand Island, NY, USA) containing 10% FBS,
2 mM L-glutamine, 2 mM sodium pyruvate, 20 mM HEPES,
1% non-essential amino acids, 100 pg/ml streptomycin and
100 U/ml penicillin. Cells were maintained at 37°C with 5%
CO,.Cells were progressively passed to larger plates and allowed
to reach ~90% confluence. Cells were harvested by trypsiniza-
tion, washed with HBSS buffer (Invitrogen Life Technologies)
three times and resuspended at a density of 1.0x107 cells/ml in
serum-free HBSS buffer. LLC cells (1x10°)in 100 1 HBSS buffer
were injected subcutaneously into 8-week-old male BALB/c
mice. Tumor growth was assessed on days 6, 8, 10, 14, 16 and 18
after LLC cells injection by the measurement of two bisecting
diameters in each tumor using calipers. The size of the tumor
was determined by direct measurement of the tumor dimen-
sions. The volume was calculated according to the equation:
V =(LxW?) x 0.5, where V=volume, L=length and W=width (21).
On day 14 following tumor implantation, the mice were anes-
thetized and sacrificed by dislocation of the cervical spine, and
the tumor tissues were dissected and weighed.
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Table I. Specific sets of primers of qPCR.

Gene Primer sequences
VEGF F: 5'-CGCCGCAGGAGACAAACCGAT-3'

R: 5-ACCCGTCCATGAGCTCGGCT-3'
bFGF F: 5~AAGAGCGACCCACACGTCAAAC-3'

R: 5-GTAACACACTTAGAAGCCAGCAGCC-3'
ICAM-1 F:5'-CCGGTCCTGACCCTGAGCCA-3'

R: 5-ATTGGACCTGCGGGGTGGGT-3'
GAPDH F:5-ACCACAGTCCATGCCATCAC-3'

R: 5-TCCACCACCCTGTTGCTGTA-3'

qPCR, quantitative polymerase chain reaction; F, forward primer;
R, reverse primer; VEGF, vascular endothelial growth factor; bFGF,
basic fibroblast growth factor; ICAM-1, intercellular adhesion mol-
ecule 1.

Macroscopic assessments of cervical lymph node metastasis.
The mice were sacrificed on day 14 following the implantation
of LLC cells, and cervical tissues surrounding tumor masses
were excised en bloc. The nearby cervical lymph nodes were
removed and their weights were measured immediately.

Quantitative polymerase chain reaction (qPCR). Total RNA
was extracted from LLC cells using an RNeasy Mini kit
(Qiagen, Tokyo, Japan). The resultant RNA preparations were
further treated with ribonuclease-free deoxyribonuclease
(DNase) I (Invitrogen Life Technologies Inc., Gaithersburg,
MD, USA) to remove genomic DNA. Total RNA (2 ug)
was reverse-transcribed at 42°C for 1 h in 20 ul of reaction
mixture containing mouse Moloney leukemia virus reverse
transcriptase and hexanucleotide random primers (Qiagen).
The PCR solution contained 2 ul of cDNA, the specific primer
set (0.2 uM final concentration) and 12.5 ul of SYBR Premix
Ex Tag™ (SYBR Premix Ex Taq Perfect Real-Time PCR Kkit;
Takara, Bio, Inc., Shiga, Japan) in a final volume of 25 ul. qPCR
was performed using an iCycler iQ Multicolor Real-Time PCR
Detection system (170-8740; Bio-Rad, Hercules, CA, USA).
The PCR parameters were as follows: Initial denaturation at
95°C for 1 min, followed by 40 cycles of 95°C for 5 sec and
60°C for 30 sec. The relative gene expression levels were
calculated using the 224 method, where Ct represents the
threshold cycle, and GAPDH was used as a reference gene.
The primer sequences are shown in Table I.

Western blot analysis. Cell lysates from dissected tumor
tissues 14 days following injection were prepared. Briefly,
protein samples were dissolved in Laemmli buffer (Bio-Rad),
boiled for 5-10 min and centrifuged for 2 min at 10,000 x g
to remove insoluble materials. Protein (30 ug per lane) was
separated by SDS/PAGE (12%; Bio-Rad) and transferred onto
Immobilon-P membranes (Millipore, Bedford, MA, USA).
The inhibited membranes were probed overnight (4°C) with
goat anti-mouse VEGF, bFGF or ICAM-1 antibodies (Santa
Cruz Biotechnology, Inc.; sc-1836, 1:100), respectively, and
rabbit anti-mouse GAPDH (Santa Cruz Biotechnology, Inc.;
N-21, 1:200). Subsequently, the membranes were incubated
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with secondary horseradish peroxidase-conjugated antibody
and immunoreactive bands were visualized using ECL
reagent (Pierce Biotechnology, Inc., Rockford, IL, USA).
Immunoreactive bands corresponding to target proteins were
quantified by Image J analysis (http:/rsb.info.nih.gov/ij/down-
load.html) and normalized to those of GAPDH. Blots are
representative of at least three experiments.

Flow cytometric analysis of CD3I-positive and apoptotic
cells. Tumor tissues dissected from BALB/c mice were minced
with scissors and were homogenized using a homogenizer in
RPMI-1640 medium. Cell suspensions were then passed over
a nylon filter with a 100-ym pore size. The resultant cells
were further stained with rat anti-mouse CD31 mAb followed
by staining with PE-conjugated swine anti-rat IgG mAb.
Fluorescence intensities were determined using a FACSCalibur
(Becton-Dickinson, Franklin Lakes, NJ, USA), together with the
samples stained with non-immunized swine IgG as an isotype
control. In the apoptosis assay, cell suspensions were washed
in cold phosphate-buffered saline (PBS) in the absence of an
inducing agent. The resultant cells were re-centrifuged and the
supernatant was discarded. Cell pellets were resuspended in
100 pl/test annexin-binding buffer. Alexa Fluor® 488 annexin V
(5 pl; component A) and 1 ul 100 ug/ml of PI working solution
were added to each 100-u1 cell suspension followed by incuba-
tion at room temperature for 15 min. Following the incubation
period, 400 ul of 1X annexin-binding buffer was added, gently
mixed and kept on ice. As soon as possible, the stained cells
were analyzed by a flow cytometry calibur.

Wound scratch assays. In order to explore the effects of HspB6
on the migration of LLC cells, wound scratch assays were
performed. The assay was simple and inexpensive and the
experimental conditions can be easily modified for different
purposes. In brief, cells were seeded into six-well plates at a
density that, following 24 h of growth, reached 70-80% conflu-
ence as a monolayer. The monolayer was gently, slowly and
perpendicularly scratched with a new 1-ml pipette tip across
the center of the well. The resulting gap distance was therefore
equal to the outer diameter of the end of the tip. Following this,
the wells were gently washed twice with medium to remove
the detached cells. Subsequently, the wells were replenished
with fresh medium. Cells were treated with 1 yg/ml of human
recombinant HspB6 in experimental wells and PBS in control
wells. Cells were grown for an additional 48 h and images
of the cells were captured on a microscope (BX43; Olympus
Imaging, Shinjuku, Tokyo, Japan) at 0, 12, 24 and 48 h. The
gap distance was quantitatively evaluated using Image J soft-
ware. Each experimental group was repeated multiple times.

Determination of the rate of cell proliferation. The rate of
proliferation was determined using Cell Counting Kit 8 (CCKS;
Dojindo Laboratories, Kumamoto, Japan). Cells (5x10° cells
per well) were incubated in 96-well plates and maintained in
complete medium 24 h following HspB6 stimulation. After 48,
96 and 120 h, 10 pl of sterile CCK8 dye was added to the cells
and incubated for 4 h at 37°C. Spectrometric absorbance at a
wavelength of 450 nm was measured on an enzyme immuno-
assay analyzer (ELx-800; Molecular Devices, Sunnyvale, CA,
USA) following 4 h of incubation. Experiments were performed
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at least three times, with six replicate measurements, and data
are presented as the mean optical density + standard deviation.

Statistical analysis. The means and standard error of the mean
were calculated for all parameters determined in the study.
Data were analyzed statistically using one-way analysis of
variance or two-tailed Student's t-test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Tumor growth and angiogenesis is enhanced in HspB6-injected
groups.To investigate the effects of HspB6 in tumor growth, we
firstly grafted LLC cells subcutaneously into HspB6-injected
group and control group mice, and evaluated the development
of solid tumors surrounding the injection sites. The tumors in
the HspB6-injected groups were significantly larger in size than
those in the control groups after day 8. On day 14 following
implantation, the mean tumor mass in HspB6-injected groups
was increased to almost double of that in the control mice
(Fig. 1A and B). Flow cytometry examination of the xenografts
revealed that the vascularization of tumor tissues was mark-
edly increased by intraperitoneal injection of HspB6 (Fig. 2A
and C). CD31 expression of vascular endothelial cells was
~25% higher in tumors grafted in the HspB6-injected groups
than those grafted in the control groups (Fig. 2C).

Tumor metastasis is enhanced in the HspB6-injected groups.
To examine the effects of HspB6 in tumor metastasis,
cervical lymph nodes surrounding implanted tumor masses
were dissected and weighed. We revealed that the weights
of the cervical lymph nodes were markedly increased in
HspB6-injected groups implanted with LLC cells in compar-
ison with those of the nodes in the control mice. (Fig. 3A). The
subcutaneous implantation of LLC cells in HspB6-injected
groups was demonstrated to result in enhanced metastatic
growth in the cervical lymph nodes combined with promoting
the tumor volume at the implanted site.

HspB6 reduces cell apoptosis. To rule out the possibility that
the inhibition of cell growth was due to cytotoxic effects, an
apoptosis assay was performed. Cells positive for Annexin
V-FITC and negative for PI are in the early stage of apop-
tosis, as shown in the Q4 quadrant, while cells positive for
Annexin V-FITC and PI are in the late stages of apoptosis or
necrosis, as shown in the Q2 quadrant (22). Thus, the degree
of apoptosis correlates with the amount of positive Annexin
V-FITC cells. As depicted in Fig. 2B and 2D, there is little
binding of Annexin V-FITC on tumor cells implanted in the
HspB6 groups compared with the tumor cells implanted in the
control mice. The binding for the control mice group ranges
from 9.7+2.5 to 12.8+3.1% on day 14. While the binding for
the HspB6 group decreased from 6.9+2.7 to 9.5+2.6% on day
14. Combined with these observations, it is clear that the effect
of HspB6 on LLC tumors is primarily mediated by reducing
apoptotic cell death.

Angiogenic factor gene and protein expression is increased
in tumor masses implanted in HspB6 mice. The increased
tumor angiogenesis caused large tumor foci in the xenografts
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Figure 1. Growth of LLC cells subcutaneously implanted into BALB/c mice. A total of 10° cells were injected into the subcutaneous tissue of male BALB/c
mice. (A) Tumor volumes were scored on the indicated days as described in Material and methods. (B) On day 14 following implantation, the tumor tissues
were dissected and weighed. Results are presented as the means + SEM. (n=8). LLC, Lewis lung carcinoma; HspB6, heat shock protein B6.

A B
CD31 Expression Apoptotic cells
21.2% 12.5%
=70 9.8%
17.5%
C D
50 ¢ 15 ¢
g K
2 40 1 1 10 %*
£30 | .-
M2 b = =
—_ g8 S5t
210 -
“ o0 - ;o ool N L W
Control HspB6 Control HspB6

Figure 2. CD31 expression and apoptotic cells in implanted tumor masses
analyzed by flow cytometry. On day 14 following implantation, cells were
obtained from implanted tumor masses by dissection and homogenization.
Flow cytometry analysis of cells stained with (A) CD31 antibodies for the
detection of CD31-positive cells or (B) Annexin V and PI for the detection of
apoptotic cells. (C) CD31 expression or (D) PI-positive cells were measured
from tumor masses in the HspB6 groups and the control mice. There was a
significantly higher proportion of CD31 or low PI-positive cells for HspB6
groups, confirming that there was more tumor angiogenesis and less apop-
totic cells in LLC implanted tumor masses in the HspB6 groups. LLC, Lewis
lung carcinoma; PI, propidium iodide; HspB6, heat shock protein B6.

of HspB6 groups, however not in the control groups. We
also identified that the expression levels of VEGF, bFGF and
ICAM-1 protein and mRNA in tumor tissues were markedly
higher in HspB6 groups than in the control mice (Fig. 4A and
B). The increasing result was confirmed by quantification of the
relative abundance of VEGF, bFGF and ICAM-1 to GAPDH
using a densitometer (Fig. 4A and C). These results suggest
that HspB6 is important in tumor-associated VEGF, bFGF and
ICAM-1 production and the accompanying angiogenesis.

Migration restoration is induced following wound scratching
with HspB6 stimulation. In order to further delineate the

effects of HspB6 on the biological function of LLCs, we next
examined the roles of HspB6 on the migration of LLC cells.
LLCs efficiently seal linear scratch wounds following 48 h
of culture, and this migratory process was clearly induced by
HspB6 supplemented into the culture medium. Cell migration
into the wounded area was markedly increased after 24 h in the
HspB6 stimulation group (Fig. 5A). These data indicated that an
increase in the migration of LLCs following HspB6 stimulation
was responsible for the attenuated wound healing response.

Effects on the proliferation of LLCs. To investigate the
biological result of HspB6, we also examined the proliferation
of LLCs. With the stimulation of HspB6, the proliferation of
LLCs was determined by the MTT assay. HspB6 promotes
cell proliferation, as determined by the MTT assay, up to 24 h
following stimulation with HspB6 (Fig. 5B).

Discussion

HspB6 is recognized to act intracellularly as a molecular
chaperone and confers protection against various hazardous
conditions (3,23). Zhang et al (18) revealed that extracellular
HspB6 physically bound to the VEGF receptor and thereby
activated the downstream signaling pathway (Akt and
ERK). As a result, myocardial angiogenesis was enhanced
in HspB6-overexpressing hearts. Overexpression of HspB6
in the heart not only resists stress-triggered cardiomyocyte
death via the intrinsic anti-apoptotic pathways, but also causes
increased secretion of HspB6 outside cardiomyocytes, which
may function in autocrine or paracine signaling, enhancing
the survival of cardiomyocytes and non-cardiomyocytes.
Furthermore, the circulating HspB6 has been demonstrated to
bind to platelets and inhibit their aggregation (20,24), which
may be beneficial for the treatment of ischemic heart disease.
This suggests that HspB6 may serve as a novel cardiokine and
benefits hearts at multiple levels and that the HspB6 protein
may have an advantage over VEGF in promoting myocardial
angiogenesis. In the present study, we identified a novel role
for HspB6 in facilitating LLC tumor growth by measuring
the tumor mass volume in vivo. This indicated that implanted
tumor growth of LLCs was tightly correlated with the HspB6
protein, suggesting a possible novel biological function of the
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Figure 3. Enhanced tumor metastasis in HspB6 groups. A total of 10° cells were subcutaneously injected into male HspB6 groups and control groups of
BALB/c mice. On the indicated days following implantation, the mice were sacrificed and the removed cervical lymph surrounding implanted tumor masses
were weighed. Results are presented as the means = SEM (n=10). HspB6, heat shock protein B6; SEM, standard error of the mean.
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Figure 4. Quantitative polymerase chain reaction and western blot analysis
of relative intratumor target gene and protein expression, respectively, in the
HspB6 groups and the control mice 14 days following injection of Lewis lung
carcinoma cells. (A) mRNA and (B) protein expression ratios of VEGF, bFGF
and ICAM-1 to GAPDH in tumor masses of the HspB6 groups and the control
groups. (C) Quantification of western blot analysis. Each value represents the
mean + SEM (n=5-8). "P<0.05, compared with the control mice. HspB6, heat
shock protein B6; VEGF, vascular endothelial growth factor; bFGF, basic
fibroblast growth factor; ICAM-1, intercellular adhesion molecule 1.

HspB6 protein in tumors. This provides a possible therapeutic
approach of targeting HspB6 to treat lung cancer.

Lung cancer is notorious for its high probability of lymphatic
metastasis even in its early stage. A previous study reported
that nodal micrometastases were identified in up to 36% of the
resected lungs from the patients with peripheral NSCLC and the
presence of metastases to the lymph nodes has been demonstrated
to immensely reduce the survival rates (25-27). Consequently,
the development of a strategy to suppress lymphatic metastasis
appears to be critical in the treatment of lung cancer patients.
Among the numerous factors associated with the metastatic
process, innate immunity of antitumor metastasis is the first
defensive response (28). We hypothesized that HspB6 affects
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Figure 5. Wound scratch assays and cell proliferation assays to detect the
effects of HspB6 on LLC cell migration and proliferation in vitro. (A) The
LLC cell migration widths were determined. Each value represents the
mean + SEM (n=3). "P<0.05, compared with untreated cells. (B) Optical den-
sity values of LLC cell proliferation were determined by ELISA. Each value
represents the mean and SEM (n=3). "P<0.05, compared with untreated cells.
HspB6, heat shock protein B6; LLC, Lewis lung carcinoma.

LLC xenografted tumors by inducing tumor cell growth and
metastasis. The results of the present study demonstrated that
cervical lymph nodes surrounding tumor masses in the HspB6
groups were markedly higher in weight than those in the control
mice (Fig. 3). Notably, tumor volumes implanted in HspB6
groups were larger in size compared with those in the control
mice (Fig. 1). These findings confirm that HspB6 is crucial in
initiating the metastatic process of implanted LLC tumor cells
in vivo and concomitantly suggesting that they also induce the
proliferation of tumor cells.

We also revealed that the mRNA and protein expression
of potent angiogenic factors, VEGF, bFGF and ICAM-1, were
significantly more enhanced in LLC-implanted tumor tissues
in HspB6 groups compared with the control mice. In 1971,
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Folkman, who became known as the ‘father of tumor angio-
genesis’, first emphasized the importance of tumor vascularity
for tumor growth (29). He described how, if a tumor could be
stopped from growing its own blood supply, it would wither
and die. Various in vitro and in vivo studies have since uncov-
ered the role of VEGF as a central player in physiological and
pathological angiogenesis (30). Concomitantly, we revealed
that LLC implanted tumors exhibited increased angiogenesis
in the HspB6 groups more than that in the control mice using
anti-mouse CD31 mAb by FACS. These results suggested that
HspB6 may be critical in tumor growth by upregulating the
expression of VEGF, bFGF and ICAM-1 angiogenic factors
and thus increasing tumor angiogenesis. Further exploration
regarding the mechanisms by which HspB6 regulates the
expression of VEGF, bFGF and ICAM-1 is required. However,
the biological function of HspB6 and its regulation of tumor
angiogenesis is an interesting topic for clinical discussion.

We also detected the effects of HspB6 on LLC cell migration
and cell proliferation in vitro by wound scratching and CCK-8
assays, respectively, to observe the direct effects of HspB6 on
tumor cells. The results demonstrated that LLC migration and
proliferation were induced following HspB6 stimulation. This
may provide evidence that HspB6 is critical in tumor growth
by multiple pathways, including the promotion of the expres-
sion of angiogenic factors, tumor cell migration and tumor
cell proliferation. Antagonist-like anti-HspB6 neutralizing
antibody could be used to inhibit lung tumor growth.

In summary, we demonstrated that HspB6 is critically
involved in LLC implanted tumor growth, tumor metastasis
and tumor angiogenesis. The results demonstrated that HspB6
induced tumor growth, tumor metastasis and tumor angio-
genesis. Furthermore, the expression of VEGF, bFGF and
ICAM-1, the most important of the proangiogenic factors, was
enhanced more than in the control mice groups. Furthermore,
less apoptotic cells were produced than in the control mice
groups. All these findings suggest that HspB6 could enhance
cancer growth by the synthesis pathway. Thus, our results
provide new information regarding the mechanisms by which
HspB6 induces its effects on tumor growth.
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