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Leukemia inhibitory factor is involved in the pathogenesis of
NSCLC through activation of the STAT3 signaling pathway
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Abstract. Leukemia inhibitory factor (LIF) is a tumor
promoter in several cancer types. However, the role of LIF in
non-small cell lung cancer (NSCLC) remains to be explored.
The present study explored the hypothesis that LIF is impor-
tant for NSCLC development by measuring LIF expression
and its downstream signal transducer and activator of tran-
scription 3 (STAT3) phosphorylation in tumor samples derived
from patients with NSCLC. The association between LIF
expression and clinical features was analyzed in two cancer
subtypes. The effects of LIF on cell proliferation, migra-
tion and invasion were also evaluated in a NSCLC-derived
cell line, A549. LIF mRNA and protein expression levels
were significantly higher in tumor tissues compared with
those in the corresponding adjacent and normal lung tissues.
Regarding NSCLC subtypes, LIF expression was significantly
higher in adenocarcinoma than in squamous cell carcinoma
tissues. It was also found that phosphorylated-STAT3 levels
were higher in tumor tissues compared with those in the
corresponding adjacent and normal lung tissues, which was in
agreement with the LIF expression levels in NSCLC tissues.
Clinically, overexpression of LIF was positively correlated
with aggressive tumor characteristics, including lymph node
metastasis and advanced tumor stage. In A549 cells, LIF
treatment enhanced cell proliferation, migration and invasion.
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LIF also increased STAT3 phosphorylation in A549 cells, and
the STAT3 inhibitor Stattic decreased A549 cell migration
and invasion following LIF stimulation. The present results
demonstrate that LIF is overexpressed in NSCLC, and that
LIF can promote NSCLC development through activation of
the STATS3 signaling pathway. The present study indicates that
LIF may serve as a potential prognostic marker for NSCLC.

Introduction

Lung cancer is a leading cause of cancer-associated mortality.
There are >2 million newly diagnosed lung cancer cases and
1.8 million mortalities from lung cancer each year world-
wide (1). Non-small cell lung cancer (NSCLC) accounts for
85% of all lung cancer cases (2). Lung cancer treatments
include surgery, radiotherapy, chemotherapy, targeted therapies
and immunotherapies (3). However, despite the technological
advances in recent years, the 5-year survival rate of patients
with NSCLC remains low (14%) (4). Poor responsiveness to
therapies for NSCLC is associated with complex underlying
mechanisms (5). Thus, understanding the molecular mecha-
nism of NSCLC invasion and metastasis is important for
identifying novel therapeutic targets and prognostic biomarkers
to improve treatments of patients with NSCLC.

Leukemia inhibitory factor (LIF) is a multifunctional
cytokine that belongs to the interleukin-6 family of cytokines;
it is expressed in numerous types of tissues and cells, such as
embryonic stem cells and monocytes (6). Binding of LIF to
its receptor activates critical signaling pathways that regulate
cell proliferation, survival and differentiation. These pathways
include the Janus tyrosine kinase (JAK)/signal transducer and
activator of transcription 3 (STAT3), extracellular signal-regu-
lated protein kinase (ERK) and phosphoinositide 3-kinase
(PI3K) signaling pathways (7-9). LIF can play opposing roles
in different types of cancer. For example, LIF can promote
tumor growth in rhabdomyosarcoma (10), nasopharyngeal
carcinoma (11), colorectal cancer (12) and oral squamous
cell carcinoma (13), whereas it acts as a tumor suppressor in
breast cancer (14,15), melanoma (16) and hepatocellular carci-
noma (17). However, the expression and role of LIF in NSCLC
are largely unknown; thus, further studies are needed.

The present study determined the expression of LIF and
the activation of its downstream signaling molecule STAT3
in tissues derived from patients with NSCLC. The association
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between LIF expression and the clinicopathological features
of patients with NSCLC was analyzed to evaluate the role of
LIF in NSCLC development, the effects of LIF treatment on
cell proliferation, migration and invasiveness were measured
in a NSCLC-derived cell line.

Materials and methods

Tissue specimen collection. Paraffin-embedded tissues
from 105 patients with adenocarcinoma or squamous cell
carcinoma, as confirmed by pathological biopsy at People's
Hospital Affiliated to Ningbo University (Ningbo, China) were
collected in the present study and underwent immunohisto-
chemical analysis. Patient ages ranged from 38 to 80 years old
(mean age, 60.79 years). Informed consent was provided by
all patients based on the established protocol approved by the
Ethics Committee of Yinzhou People's Hospital.

Specimens of tumor, adjacent and normal tissues from
33 patients with NSCLC were collected from January 2018 to
January 2019 at Yinzhou People's Hospital. Tissue 2 cm away
from the tumor was considered adjacent, while tissue >5 cm
away from the tumor was considered normal tissue. The speci-
mens were flash frozen in liquid nitrogen immediately after
surgical resection and stored at -80°C. All specimens were
pathologically confirmed as one of two subtypes of NSCLC:
Adenocarcinoma or squamous cell carcinoma. Frozen speci-
mens were used to detect LIF mRNA and protein expression
levels, as well as the expression levels of phosphorylated
(p)-STAT3.

Immunohistochemistry (IHC). THC for LIF and p-STAT3
was performed as previously described (18). Briefly,
paraffin-embedded tissue sections were baked at 62°C for
30 min,deparaffinized in xylene (Sinopharm Chemical Reagent
Co., Ltd.) and rehydrated in ethanol prior to pretreatment
with 3% hydrogen peroxide/methanol solution (Sinopharm
Chemical Reagent Co., Ltd.) for 15 min to block endogenous
peroxidase activity. After blocking with 10% normal goat
serum (cat. no. ST023; Beyotime Institute of Biotechnology,
Inc.) for 30 min at room temperature, the tissue sections were
incubated with anti-LIF (1:400 dilution; NBP2-27406; Novus
Biologicals, Ltd.) and anti-p-STAT3 (Tyr705; 1:400 dilution;
CST9145; Cell Signaling Technology, Inc.) primary antibodies
overnight at 4°C. The tissue sections were then treated with a
biotinylated goat anti-rabbit (1:400 dilution; cat. no. BA1000;
Vector Laboratories, Inc.) or goat anti-rat (1:400 dilution;
cat. no. BA9400; Vector Laboratories, Inc.) secondary anti-
bodies at 37°C for 30 min. Immunoreactivity was visualized
with a VECTASTAIN Elite ABC kit (Vector Laboratories,
Inc.). The results of IHC were analyzed by two pathologists
independently.

For evaluation of LIF expression, two pathologists
randomly selected five areas of each slice under a microscope
(Axio Lab.Al; Zeiss AG) with a 10X objective according to
the distribution and intensity of LIF staining (O for no expres-
sion, 1 for weak expression, 2 for moderate expression and
3 for high expression). The mean value of the five areas was
used as the final score for each slice.

The expression of p-STAT3 was analyzed using Imagel
software (v.1.8.0.112; National Institutes of Health). Five areas

of each slice were selected under a microscope (Axio Lab Al;
Zeiss AG) with a 10X objective, and cells with positive
staining in the nuclei were counted. The score was deter-
mined according to the percentage of positive cells (0 for
no staining, 1 for <10% staining, 2 for 11-50% staining and
3 for >50% staining) and averaged. A mean value of 0-0.4
was considered as non-expression, 0.5-1.4 as weak expres-
sion, 1.5-2.4 as moderate expression group and 2.5-3 as high
expression (13,19).

Western blot analysis. A standard western blot technique
was used to detect protein expression in the tumor, adjacent
and normal lung tissues, as well as in A549 cells. The tissues
and A549 cells were collected in ice-cold RIPA lysis buffer
(cat. no. POO13B; Beyotime Institute of Biotechnology, Inc.)
containing protease inhibitor and phosphatase inhibitors
(cat. no. A32961; Thermo Fisher Scientific, Inc.), and then
centrifuged at 13,000 x g for 30 min at 4°C. The concentration
of homogenate protein was determined using a BCA protein
assay kit (cat. no. PO012; Beyotime Institute of Biotechnology,
Inc.). Samples (30 ug) were loaded on 10% gels for SDS-PAGE
and separated proteins were transferred to polyvinylidene fluo-
ride membranes (0.45 ym). The membranes were blocked with
5% non-fat milk (cat. no. LP0031; Solarbio Life Sciences, Inc.)
in TBST (1% Tween 20) at room temperature for 1 h, and incu-
bated with overnight with primary antibodies against anti-LIF
(1:2,000 dilution; cat. no. NBP2-27406; Novus Biologicals, Ltd.),
anti-p-STAT3 (Tyr705; 1:2,000 dilution; cat. no. CST9145; Cell
Signaling Technology, Inc.), anti-STAT3 (1:2,000 dilution;
cat. no. C-20; Santa Cruz Biotechnology, Inc.) and anti-f-actin
(1:2,000 dilution; cat. no. A5441; Sigma-Aldrich; Merck KGaA)
at 4°C. Membranes were washed three times in TBST with
1% Tween-20 and then incubated with secondary goat anti-rabbit
(1:2,000 dilution; cat. no. ab97051; Abcam, Inc.) or goat anti-rat
(1:2,000 dilution; cat. no. ab97057; Abcam, Inc.) antibodies at
room temperature for 1 h. Blots were developed using enhanced
chemiluminescence according to the manufacturer's instruction
(cat.no. 1705060; Bio-Rad, Inc.). The intensity of each band was
analyzed using Image J software (v.1.8.0.112; National Institutes
of Health). -actin was used as a loading control.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA from the tissues was purified using the RNeasy Kit
(Qiagen, Inc.) according to the manufacturer's protocol,
and it was reverse transcribed into cDNA using the reverse
transcriptase and random hexamers found in the TagMan™
Reverse Transcription Reagents kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol (10 min at 25°C, 120 min at 37°C, 5 min at 85°C and
4°C thereafter). Human LIF and B-actin cDNA levels were then
quantified using the StepOnePlus™ Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
TagMan™ probes of LIF and f-actin were purchased from
Applied Biosystems (Thermo Fisher Scientific, Inc; cat. no. for
kit, 4351370). Each sample was measured in triplicate by
RT-qPCR using the TagMan™ PCR Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.; cat. no. 4369016).
The thermocycling conditions for qPCR were as follows:
95°C for 10 min (enzyme activation), followed by 40 cycles
consisting of 95°C for 15 sec (denaturing) and 60°C for
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1 min (annealing/extension). The expression level of the LIF
gene was normalized to that of the internal reference gene
[B-actin (20). Relative gene expression was calculated using the
2424 method. Primer sequences were as follows: LIF forward,
5'-CCAACGTGACGGACTTCCC-3' and reverse, 5-TACACG
ACTATGCGGTACAGC-3'; and p-actin forward, 5-CTAAGT
CATAGTCCGCCTAGAAGCA-3' and reverse, 5-"TGGCAC
CCAGCACAATGAA-3".

Cell line and culture. The A549 cell line was purchased from
the American Type Culture Collection. Cells were maintained
in Dulbecco's modified Eagle's medium (DMEM; Gibco;
Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc.), penicillin
(100 TU/ml) and streptomycin sulfate (100 pg/ml), and incu-
bated at 37°C in a humidified incubator with 5% CO,. Culture
medium was replaced every 2-3 days and cells were harvested
following treatment with 0.05% trypsin-EDTA solution (Gibco
Thermo Fisher Scientific, Inc.) when 80-90% confluence was
reached.

Cell proliferation and invasion assays. Cell proliferation was
determined by Cell Counting Kit-8 (CCK-8; cat. no. HY-K0301;
MedChemExpress, Inc.) assay following the manufacturer's
protocol. A total of 1,000 cells in a volume of 100 ul per
well in a 96-well plate, in medium containing 10% FBS,
were incubated for 24 h at 37°C and with 5% CO,. Next, the
different concentrations of LIF (100, 200 and 400 ng/ml)
(cat. no. 7734-LF-02; R&D Systems, Inc.) were added on the
following day and incubated for 48 h. Untreated A549 cells
were used as the control. At the end of incubation, the CCK-8
reagent (10 ul) was added to 90 ul DMEM to generate a working
solution, and 100 ul per well was used for incubation for 2 h,
with absorbance measured at 450 nm. Cell invasion assays
were performed in 24-well Matrigel-coated Transwell inva-
sion chambers with 8-ym membrane pores (cat. no. 354480;
Corning, Inc.). For the cell invasion assays, a cell suspension
(1x10° cells) in serum-free medium with different concentra-
tions of LIF (100, 200 and 400 ng/ml) was applied to the upper
chamber. Untreated A549 cells were used as the control. The
lower chamber contained DMEM supplemented with 30% FBS.
After 24 h of incubation, the invaded cells on the underside of
the invasion chamber were stained with 0.5% crystal violet
(cat. no. E607309; Shenggong, Inc.). The stained cells were
counted under a microscope (TE2000; Nikon Corporation) and
imaged from 10 different view fields for each membrane. This
value represented the number of migrated cells through the
membrane. Data were presented as the mean + SD of triplicate
assays for each experimental condition.

Wound healing assay. A549 cells grown to 90% confluency
in DMEM with 10% FBS were placed in medium containing
2% FBS and incubated overnight at 37°C. The cell layer was
then scratched with a 200-ul pipette tip and rinsed twice
with PBS to remove floating cells and debris. The wound
gap created by the scratch was measured with a microscope
(TE2000; Nikon Corporation) immediately after the scratch
and at 48 h after incubation with different concentrations of
LIF (100, 200 and 400 ng/ml) (7734-LF-02; R&D Systems,
Inc.) in DMEM with 2% FBS. Untreated A549 cells were
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used as the control. In the STAT3 blocking study, Stattic, a
specific STAT3 inhibitor, was employed to block STAT3. A
total of 200 ng/ml LIF and 20 yM Stattic (Sigma-Aldrich;
Merck KGaA) were added to the A549 cells for incubation in
DMEM with 2% FBS for 48 h. All experiments were repeated
three times.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism 7 (GraphPad Software). Data are expressed
as the mean + standard deviation (SD). All expriments were
independently repeated at last three times. An unpaired,
two-tailed Student's t-test was used to statistically compare
LIF and p-STAT?3 expression between the adenocarcinoma and
squamous carcinoma tissues. One-way ANOVA and Tukey's
post hoc test were used for statistical comparisons in in vitro
experiments, and repeated measures ANOVA with Bonferroni
correction was used for the protein and mRNA expression
comparisons among tumor, adjacent and normal samples. The
correlation between the LIF and p-STAT3 IHC scores was
evaluated by Pearson's correlation analysis. The association
between LIF expression and the clinicopathological param-
eters of patients with NSCLC was analyzed using the y* test,
except for lymph node metastasis, which was analyzed using
Fisher's exact test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

LIF is overexpressed in NSCLC, specifically in the adeno-
carcinoma subtype. The mRNA level of LIF in NSCLC was
measured. Using qPCR, the LIF mRNA levels in the tumor
tissues were compared to those in the corresponding adjacent
tissue and normal lung samples. As shown in Fig. 1A, the
LIF mRNA level was significantly higher in the tumor tissues
compared with that in the adjacent and normal tissues, and
as expected, the LIF mRNA level in the adjacent tissue was
higher compared with that in the normal tissue. LIF levels were
also determined in NSCLS subtypes. The LIF mRNA level
was significantly higher in adenocarcinoma tissues compared
with that in squamous cell carcinoma tissues (Fig. 1B). Next,
LIF protein expression in tumor, corresponding adjacent, and
normal lung tissues were determined using western blot anal-
ysis, and corresponding protein bands derived from the same
membrane. It was found that LIF expression was significantly
higher in tumor tissues compared with that in the corresponding
adjacent and normal tissues, which was consistent with the
mRNA levels (Fig. 1C and D). Semi-quantitative analysis of
LIF IHC staining revealed that LIF expression in NSCLC tumor
tissues was significantly higher than that in the corresponding
adjacent and normal tissues, and LIF staining score in adjacent
tissues was also significantly higher than that in normal tissues
(Fig. 1E and F). In addition, LIF protein expression was signifi-
cantly higher in adenocarcinoma tissues compared with that in
squamous cell carcinoma tissues (Fig. 1G). Thus, the present
data indicate that LIF expression is elevated in NSCLC, particu-
larly in the adenocarcinoma subtype.

LIF/STATS3 signaling is involved in the progression of NSCLC.
Overexpression and activation of STAT3 are associated with
the malignant behavior of carcinomas. To further explore
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Figure 1. LIF expression in tissues derived from patients with NSCLC. (A) Relative mRNA expression of LIF/B-actin in NSCLC tumor, adjacent and normal
tissues. (B) Relative mRNA expression of LIF/B-actin in adenocarcinoma and squamous cell carcinoma subtypes. (C) Western blot analysis of LIF expression
in NSCLC tumor, adjacent and normal tissues. (D) Quantitative analysis of the western blot results for relative protein expression of LIF/B-actin in tumor,
adjacent and normal tissues in adenocarcinoma and squamous cell carcinoma subtypes. (E) IHC staining of LIF in tumor, adjacent and normal tissues of
adenocarcinoma and squamous cell carcinoma subtypes (scale bar, 200 and 50 pm). (F) Quantitative analysis of IHC staining scores of LIF in tumor, adjacent
and normal tissues. (G) Quantitative analysis of IHC staining scores of LIF in adenocarcinoma and squamous cell carcinoma subtypes. "'P<0.05, “P<0.01.
NSCLC, non-small cell lung cancer; LIF, leukemia inhibitory factor; IHC, immunohistochemistry.
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Figure 2. Expression of p-STAT3 expression in tissues derived from patients with NSCLC. (A) Western blot analysis of p-STAT3 and T-STAT?3 expression in
two subtypes of NSCLC. (B) Quantitative analysis of the p-STAT3/T-STAT3 expression ratio in tumor, adjacent and normal tissues of adenocarcinoma and
squamous cell carcinoma subtypes. (C) IHC staining of p-STAT3 in tumor, adjacent and normal tissues of adenocarcinoma and squamous cell carcinoma
subtypes (scale bar, 200 and 50 ym); (D) Quantitative analysis of IHC staining scores of p-STAT3 in tumor, adjacent and normal tissues. (E) Quantitative
analysis of IHC staining scores of p-STAT3 in adenocarcinoma and squamous cell carcinoma subtypes. (F) Correlation analysis for IHC scores of p-STAT3
and LIF expression in tumor, adjacent and normal tissues. "P<0.05, "P<0.01. STAT3, signal transducer and activator of transcription 3; p-, phosphorylated,;

T-, total; NSCLC, non-small cell lung cancer; IHC, immunohistochemistry.

the mechanism of LIF in NSCLC progression, western blot
analysis was used to determine the activation of STAT3 in
tissues with different LIF expression levels. It was found that
the expression of p-STATS3 relative to that of total STAT3

(T-STAT?3) in the tumor tissues from both adenocarcinoma
and squamous cell carcinoma subtypes was significantly
higher compared with that of the corresponding adjacent and
normal tissues (Fig. 2A and B). IHC staining also showed that
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Figure 3. LIF promotes non-small cell lung cancer progression. (A) Cell proliferation was assessed by Cell Counting Kit-8 assay in A549 cells subjected
to different levels of LIF stimulation. (B) Wound healing assays were used to evaluate the migration of A549 cells treated with different concentrations of
LIF (magnification, x100). (C) Quantitative analysis of wound healing rate. (D) Transwell assays were used to measure the effects of LIF on the invasion of
A549 cells (magnification, x400). (E) Quantitative analysis of number of invasive cells. (F) Western blot analysis of p-STAT3 and T-STAT3 expression in
A549 cells subjected to different levels of LIF stimulation. (G) Quantitative analysis of p-STAT3 and T-STAT3 expression. 'P<0.05, “P<0.01. STAT3, signal
transducer and activator of transcription 3; p-, phosphorylated; T-, total; LIF, leukemia inhibitory factor; OD, optical density; CON, control.

p-STAT3 expression was higher in the tumor tissues compared
with that in the matched adjacent and normal tissues (Fig. 2C).
Semi-quantitative analysis revealed that p-STAT3 staining in
tumor tissues of NSCLC was significantly higher compared
with that in the corresponding normal tissues and adjacent
tissues (Fig. 2D). p-STAT3 expression in adenocarcinoma
tissues was higher than that in squamous cell carcinoma
tissues (Fig. 2E). Correlation analysis showed that the THC
scores for p-STAT3 expression were positively correlated
with LIF expression (r=0.346; P<0.01) (Fig. 2F). These results
indicate that STAT3 is activated in NSCLC, particularly in
adenocarcinoma tissues, and its activation is associated with
LIF expression.

LIF induces adenocarcinoma cell proliferation, invasion and
migration, which is dependent on STAT3 activation. To further
evaluate the effects of LIF on cell proliferation, invasion and
migration, NSCLC-derived A549 adenocarcinoma cells were
treated with LIF. It was found that LIF treatment significantly
stimulated A549 cell proliferation (Fig. 3A). Wound healing

assay revealed that high concentrations of LIF (200 and
400 ng/ml) significantly increased the invasion ability of
A549 cells compared with that of the untreated control and
low LIF concentration (100 ng/ml) groups. No significant
difference was found for 100 ng/ml (Fig. 3B and C). Transwell
assays showed that high concentrations of LIF promoted inva-
sion of A549 cells (Fig. 3D). Quantitative analysis revealed
that the number of invasive cells significantly increased with
LIF treatment (200 and 400 ng/ml) compared with that of the
untreated control (Fig. 3E).

To explore the association of STAT3 activation and LIF
overexpression in tissues derived from patients with NSCLC,
the effects of LIF treatment on p-STAT3 expression relative to
T-STAT3 expression were measured in A549 cells. Western
blot analysis showed that LIF treatment (100 and 200 ng/ml)
significantly increased the p-STAT3/T-STAT3 ratio compared
with that of the untreated control. Higher concentrations
(400 ng/ml) had a tendency to activate p-STAT3 expres-
sion (P>0.05), but the activity was the highest at 200 ng/ml
(Fig. 3F and G). Stattic, a specific STAT3 inhibitor, prevents
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(A) Wound healing assays were used to evaluate the migration of A549 cells following LIF stimulation (200 ng/ml) with or without Stattic (20 zM) (magnifica-
tion, x100). (B) Quantitative analysis of wound healing rate. (C) Transwell assays were used to measure the effects of LIF stimulation (200 ng/ml) with or
without Stattic (20 M) on the invasion of A549 cells (magnification, x400). (D) Quantitative analysis of number of invasive cells. "P<0.05, “P<0.01, ""P<0.001.

LIF, leukemia inhibitory factor.
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Figure 5. Representative image of LIF expression in patients with non-small cell lung cancer. Scale bar, 200 ym. LIF, leukemia inhibitory factor.

activation, dimerization and nuclear translocation of STAT3 by
interacting with the SH2 domain (21). It was also used to deter-
mine the effects of blocking STAT3 following LIF treatment
(200 ng/ml) on cell invasion and migration. Wound healing
assays showed that Stattic decreased A549 cell migration both
in the control group treated only with Stattic and in the group

treated with LIF and Stattic (Fig. 4A and B). Transwell assays
showed that Stattic significantly attenuated A549 cell invasion.
There was no significant difference between the control and
LIF + Stattic groups (Fig. 4C and D). Thus, LIF plays a role
in adenocarcinoma cell proliferation, invasion and migration
through activating the LIF/STAT3 signaling pathway.
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Table I. Association between LIF expression and clinicopathological characteristics in 105 non-small cell lung cancer tissues.

LIF expression level (score)

Characteristics Patients, n Low" (n=36) High® (n=69) P-value

Age, years
<60 40 9 31 0.058
=60 65 27 38

Sex
Male 45 18 27 0.285
Female 60 18 42

Smoking status
Smoker 60 20 40 0.812
Non-smoker 45 16 29

Histological type
Squamous cell carcinoma 36 28 8 <0.0001¢
Adenocarcinoma 69 8 61

Tumor stage
I-11 86 33 53 0.047¢
II-1v 19 3 16

Lymph node metastasis
Yes 10 0 10 0.012¢¢
No 95 36 59

Tumor size, cm
<2 83 26 57 0214
=2 22 10 12

Differentiation
Well/moderate 88 30 58 0.924
Poor 17 6 11

“Low: Score, 0-1.49; PHigh: Score, 1.50-3.00; °P<0.05; ‘Fisher's exact test. All other data were analyzed by ¥ test. LIF, leukemia inhibitory

factor.

Association between LIF expression and clinical features of
patients with NSCLC. The present study explored the associa-
tion between LIF expression in tumor tissues and the clinical
features of patients with NSCLC. Potentially due to the stage
and histological type, LIF expression varied greatly among
NSCLC tissues (Fig. 5). Based on the IHC score for LIF
expression, the cohort of 105 patients with NSCLC was divided
into LIF"e" and LIF*" groups (low, 0-1.49; high, 1.50-3.00). As
shown in Table I, high LIF expression significantly correlated
with histological type (P<0.0001) and aggressive tumor char-
acteristics, including lymph node metastasis (P=0.012) and
advanced tumor stage (P=0.043). These data suggest that LIF
expression is negatively correlated with prognosis in patients
with NSCLC.

Discussion

LIF was originally shown to regulate the differentiation of
myeloid leukemia cells (22), and was thus named ‘leukemia
inhibitory factor’. However, other studies have since demon-
strated that LIF can also facilitate the development and

progression of a variety of solid tumors (11,12,23). In fact,
LIF overexpression has been found in breast, colorectal, head
and neck, and ovarian cancer, as well as in melanoma, naso-
pharyngeal carcinoma and pancreatic adenocarcinoma. High
expression of LIF in tumors is linked to poor clinical outcomes
in patients with cancer (10-12,23-26). Increased LIF expres-
sion also contributes to tumor resistance to chemotherapy
and radiotherapy (11,12). These lines of evidence strongly
suggest that LIF can promote tumorigenesis, particularly in
solid tumors. However, the role of LIF in lung cancer remained
unknown.

The present study provides evidence that overexpression of
LIF in NSCLC tissue is associated with cell metastasis to the
lymph node; patients who underwent surgery had earlier stages
and fewer lymph node metastases, and a statistically signifi-
cant correlation was noted between LIF expression and lymph
node metastasis in enrolled patients. These results indicate that
LIF plays an important role in the tumorigenesis of NSCLC,
similar to its previously reported role in other solid tumors,
as aforementioned. Since LIF overexpression can increase the
proliferation rate of cultured cancer cells, the growth rate of
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xenograft tumors and the metastasis of multiple human tumor
types (10-12,23,24). The present study also evaluated the
effects of LIF on a human lung cancer cell line in vitro. It was
found that LIF stimulation promoted cancer cell proliferation,
migration and invasion, further suggesting that LIF induces
metastasis of lung cancer. These in vitro results are consistent
with findings from clinical specimens, which showed that LIF
is overexpressed in tumor tissues along with activation of the
STAT?3 pathway. Together, these findings demonstrate that LIF
is important for lung cancer progression. The present findings
also provide a useful guide in clinical practice, since high LIF
expression could be used a marker of regional lymph node
metastasis in patients with NSCLC.

The molecular mechanisms of LIF's role in promoting
tumor metastasis are not fully understood. LIF functions in an
autocrine and/or paracrine manner through binding to the LIF
receptor (LIF-R) complex (which is composed of LIF-R and
gp-130), which in turn activates certain signaling pathways,
including the PI3K/AKT and JAK/STAT3 pathways (27-29).
STATS3 is a critical downstream effector of LIF signaling in
numerous types of cells and tissues, such as embryonic stem
cells and monocytes (27,30). LIF expression in colorectal
cancer cells can be induced by hypoxia and transcription
factor hypoxia-inducible factor-2a (18). In addition, LIF can
negatively regulate p53 in colorectal cancer cells, which is
associated with its effect of increasing resistance of cancer
cells to chemotherapy and radiotherapy (31). Yang et al (32)
showed that STAT5B and STAT6 could be effective prog-
nostic biomarkers of survival in patients with NSCLC, and
that STAT2 may be a promising therapeutic target for the
treatment of NSCLC, and in particular lung adenocarcinoma.
STAT3 is frequently activated in multiple types of human
cancer, and is crucial to the survival and growth of tumor
cells (33-36). Jiang et al (37) reported that immunoreactivity
of p-STAT3 was significantly increased in lung cancer
tissue compared with that of normal tissue. The present
study showed a high level of p-STAT3 expression in tumor
tissues compared with that of the corresponding adjacent
and normal lung tissues. Furthermore, the expression of
p-STAT3 was positively correlated with LIF expression in
NSCLC tissue samples. LIF (200 and 400 ng/ml) stimulation
also induced STAT3 phosphorylation in A549 cells, which
is correlated with LIF expression levels in NSCLC tissues.
The STAT3-specific inhibitor Stattic inhibited cell migration
and invasion. These findings suggest that LIF promotes the
development and progression of NSCLC through activating
the LIF/STAT3 signaling pathway, although other pathways
could also be involved.

Although there are significant differences between lung
adenocarcinoma and lung squamous cell carcinoma in regards
to clinical features, gene mutations, immune checkpoints,
cytokines and non-coding RNA expression (38-41), the
comparison of LIF expression between these two subtypes
of NSCLC has not been reported to date. The present results
show that LIF and p-STAT3 expression levels are higher in
lung adenocarcinoma compared with those of lung squamous
cell carcinoma. However, the detailed molecular mechanisms
underlying these differences need to be further studied.

In conclusion, the present results demonstrate that LIF
overexpression can promote NSCLC development through
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activating the LIF/STAT3 signaling pathway. Therefore, LIF
may serve as a potential prognostic marker for patients with
NSCLC, and LIF signaling pathways could be potential targets
for anticancer drug discovery for NSCLC.
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