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Abstract. HES5 is a transcription factor activated downstream 
of the Notch pathway and regulates cell differentiation in 
multiple tissues. Disruption of its normal expression has been 
associated with developmental diseases and cancer. But its 
role in non-small cell lung cancer (NSCLC) remains elusive. 
Western blot analysis and immunohistochemistry assays 
demonstrated that HES5 expression was frequently increased 
in NSCLC tumor tissues and cell lines. Moreover, immuno-
histochemistry analysis revealed that upregulation of HES5 
expression was positively correlated with a more invasive 
tumor phenotype and poor prognosis. Immunoprecipitation 
assay indicated that HES5 directly interacted with STAT3. In 
addition, depletion of HES5 resulted in inhibited phosphoryla-
tion of STAT3 and decreased expression of the downstream 
genes. In  vitro studies, using serum starvation-refeeding 
experiment and HES5-siRNA transfection assay demonstrated 
that HES5 expression promoted proliferation of NSCLC 
cells, while HES5 knockdown caused growth arrest of cell 
cycle at G0/G1 phase, decreased rate of colony formation and 
alleviated cellular apoptosis. Taken together, out data have 
delineated that HES5 might contribute to the proliferation of 
NSCLC by STAT3 signaling.

Introduction

Lung cancer is one of the leading causes of cancer-related 
death in the world (1). Human lung cancers can be classified 
into two major histological types, non-small cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC), and the former 

one accounts for more than 80% of all lung cancer cases (2). 
NSCLC is consisted of adenocarcinoma, squamous carci-
noma, adenosquamous carcinoma and large cell carcinoma. 
Despite many advances achieved in the diagnosis and manage-
ment of NSCLC, the mechanisms underlying the pathogenesis 
of NSCLC remain poorly understood and the overall 5-year 
survival rate was no more than 15% (3). The process of lung 
cancer is associated with alterations of both oncogenes and 
tumor suppressors, as well some cell cycle regulators related to 
cell proliferation and survival (4). Therefore, identifying new 
molecular targets and mechanisms can provide novel strate-
gies for the diagnosis and treatment of NSCLC.

HES5 belongs to the basic helix-loop-helix (bHLH) 
superfamily and is a DNA-binding transcription factor. It is 
a downstream molecule and effector of mammalian Notch 
pathway, which is mainly expressed in epithelia in the process 
of embryogenesis or in neural stem cells (5). HES5 has an 
important role in regulating mammalian neuronal differentia-
tion and the maintenance of neural stem cells (6) and positively 
regulates neuronal stem cell self-renewal (7). Recent studies 
have found that HES5 was involved in inducing cell differen-
tiation or promoting the tumor cellular proliferation in many 
kinds of cancer, such as neuroblastoma cells, carcinoid tumor 
cells and breast cancer cell lines (8-10). This indicates that 
HES5 may be involved in the initiation and process of cancers. 
Furthermore, it was reported that HES5 could associate with 
JAK2 and STAT3, and promoted STAT3 phosphorylation 
and activation, which protected hepatocytes from apoptosis 
after I/R injury (11). Since many studies have revealed that 
JAK2-STAT3 could regulate cell proliferation and apoptosis 
in NSCLC (12,13), HES5 may regulate the initiation and cell 
proliferation of NSCLC via STAT3 pathway.

In the present study, we investigated the role of HES5 in 
NSCLC's progression. Expression of HES5 in 8 paired tumor 
and adjacent non-tumor tissues were detected by western blot 
analysis. Immunohistochemistry (IHC) assay was performed 
in 114 NSCLC samples. Then, we also investigated the associa-
tion of HES5 expression with clinical and pathological factors, 
as well as the prognostic implications. Immunoprecipitation 
assay and western blot analysis were used to detect the rela-
tion between HES5 and STAT3. Moreover, we explored the 
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potential involvement of HES5 in the regulation of cell cycle 
progression and cell proliferation in NSCLC cells using HES5 
siRNA transfection.

Materials and methods

Patients and tissue samples. One hundred and fourteen lung 
cancer sections, 8 lung cancer tissue samples, and 8 normal 
tissue samples from patients who underwent surgery from 
the period of 2005 to 2009 at the Department of Pathology, 
Affiliated Hospital of Nantong University. The Affiliated 
Hospital of Nantong University Hospital provided formalin-
fixed and paraffin-embedded tissues for histopathological 
diagnosis and immunohistochemical study. The main clinical 
and pathological variables are shown in Table I. Besides, 8 

paired tumor and adjacent non-tumor NSCLC fresh tissues 
were frozen in liquid nitrogen immediately and stored at -80˚C 
for western blot analysis.

Cell culture and transfection. The human NSCLC cell lines 
A549, H1299 and SPCA-1 were purchased from the China 
Academy of Science cell library (Beijing, China). All the 
cells were cultured in RPMI-1640 medium (Gibco-BRL, 
Grand Island, NY, USA) supplemented with 10% fetal bovine 
serum (FBS) at 37˚C and 5% CO2.

The HES5-siRNA and control-siRNA were chemically 
synthesized (Shanghai GenePharma, Co., Ltd., Shanghai, 
China). The HES5-specific siRNA target sequence was as 
follows: 5'-AAGGCTACTCGTGGTGCCT-3' named as 
siRNA#1; 5'-AGGACTACAGCGAAGGCTA-3' named as 
siRNA#2; and 5'-TGTCAGCTACCTGAAGCAC-3' named as 
siRNA#3.

A549 cells were grown in dishes until they reached 70% 
confluence. The medium was replaced 6 h later with fresh 
medium for transfection. A549 cells were transfected with 
HES5-siRNA or control-siRNA according to the manu-
facturer's instructions. Cells were collected for western blot 
analysis, CCK-8 and flow cytometry assays after transfection 
for 48 h (14).

Western blot analysis. Tissue and cell protein were collected 
with two lysis buffers containing 50 mM Tris-HCl, pH 7.5; 
150 mM NaCl; 0.1% NP-40; 5 mM EDTA; 60 mMb glyc-
erophosphate; 0.1 Mm sodium orthovanadate; 0.1 mM NaF; 
and complete protease inhibitor cocktail (Roche Diagnostics, 
Indianapolis, IN, USA) and then incubated for 20 min at 4˚C 
while rocking. Lysates were collected after centrifugation 
(15 min at 12,000  rpm, 4˚C). Protein concentrations were 
measured with a Bio-Rad protein assay (Bio-Rad Laboratories, 
Hercules, CA, USA). Then, the same total protein was sepa-
rated by SDS-PAGE and transferred to a polyvinylidene 
fluoride (PVDF) membrane (Immobilon; Millipore, Billerica, 
MA, USA). The membranes were first blocked with 5% non-fat 
milk in TBST (150 mM NaCl, 20 mM Tris and 0.05% Tween-
20), and the membranes were washed with TBST three times 
after 2 h at room temperature and then incubated overnight 
with the primary antibodies. Then, LumiGLO reagent and 
peroxide (Cell Signaling Technology, Danvers, MA, USA) was 
used as the secondary antibody. The band was then detected 
by enhanced chemiluminescence (ECL) detection systems 
(Pierce, Rockford, IL, USA). The band intensity was measured 
by an ImageJ analysis system (Wayne Rasband; National 
Institutes of Health, Bethesda, MD, USA) (15).

Antibodies. The antibodies used in the western blot 
analysis included anti-HES5 (anti-rabbit, 1:500; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), anti-STAT3 (anti-
mouse, 1:500; Santa Cruz Biotechnology), anti-p-STAT3 
(anti-rabbit, 1:1,000; abcam), anti-PCNA (anti-mouse, 1:1,000; 
Santa Cruz Biotechnology) and anti-GAPDH (anti-rabbit, 
1:3,000; Sigma-Aldrich).

Immunohistochemistry. Surgically excised tissues were fixed 
with 10% formalin and embedded in paraffin, and 4-µm-thick 
specimen sections were prepared on glass slides. The sections 

Table  I. Expression of HES5 in 114 human lung NSCLC 
tissues.

	 HES5
	 expression
Clinicopathological	 -----------------------
features	 Total	 low	 high	 p-value	 χ2 value

Age (years)
  <60	 51	 27	 24	 0.953	 0.004
  ≥60	 63	 33	 30

Gender
  female	 55	 25	 30	 0.138	 2,196
  male	 59	 35	 24

Tumor size (cm)
  <3	 50	 38	 12	 0.046a	 19.508
  ≥3	 64	 22	 42

Smoking status
  Yes	 29	 15	 14	 0.05	 0.91
  No	 85	 45	 40

Lymph node status
    0	 73	 47	 26	 0.033a	 11.244
  >0	 41	 13	 28

Clinical stage
  Ⅰ	 75	 44	 31	 0.037a	 6.567
  Ⅱ	 25	 13	 12
  Ⅲ	 14	 3	 11

Histological
differentiation
  Well	 25	 19	 6	 0.03a	 7.014
  Moderate	 76	 35	 41
  Poor	 13	 6	 7

Ki-67 expression
  Low	 50	 43	 7	 0.01a	 39.777
  High	 64	 17	 47

Statistical analyses were performed by Pearson's χ2 test. ap<0.05 was 
considered significant.
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were deparaffinized in xylene and rehydrated with graded 
alcohol, and then, antigen retrieval was performed by heating 
to 121˚C for 3 min in 10 mmol/l citrate buffer (pH 6.0) with 
an autoclave. Thereafter, endogenous peroxidase activity was 
blocked by soaking in 0.3% hydrogen peroxide for 20 min. 
After rinsing in phosphate-buffered saline (PBS) (pH 7.2), 
the sections were then incubated with anti-HES5 antibody 
(diluted 1:100; Santa Cruz Biotechnology) for 2 h at room 
temperature, and anti-Ki-67 antibody (diluted 1:400; Santa 
Cruz Biotechnology) for 2 h at room temperature. All slides 
were processed using the peroxidase-antiperoxidase method 
(Dako, Hamburg, Germany). After being washed in PBS, the 
peroxidase reaction was visualized by incubating the sections 
with DAB (0.1% phosphate buffer solution, 0.02% diamino-
benzidine tetrahydrochloride and 3% H2O2). After rinsing in 
water, the sections were counterstained with hematoxylin, 
dehydrated and coverslipped.

Immunohistochemical evaluation. All of the immunos-
tained sections were evaluated in a blinded manner without 
knowledge of the clinical and pathological parameters of 
the patients. For assessment of HES5 and Ki-67, five views 
were chosen per slide, and at least 1,000 cells were counted 
per view at high power fields. In more than one half of the 
samples, staining was repeated three times to avoid technical 
errors, and a consensus was achieved. Three independent 
pathologists evaluated the immunostaining results. For statis-
tical analysis of HES5 stain, each slide was evaluated using 
a semi-quantitative scoring system for both the intensity of 
the stain and the percentage of positive malignant cells (16). 
The intensity of staining was coded as follows: 0 (negative or 
poor staining), 1 (moderate staining), and 2 (strong staining). 
The percentage of cells was scored as follows: low-expression 
group (<50%) score 1, moderate-expression group (50-75%) 2, 
and high expression group (>75%) score 3. Then, we multiplied 
the two scores and divided patients into two groups according 
to the average scores (3): high-expression group (>3) and low 
expression group (≤3). In statistical analysis of Ki-67 stain, 
50% of malignant cells showing positive stain was used as a 
cut-off value to distinguish tumors with a low (<50%) or high 
(≥50%) level of expression (17).

Cell cycle analysis. A serum starvation and refeeding 
process was used to imitate the cell cycle. First, we used 
RPMI-1640 medium without fbs to incubate A549 cells 
for 72 h to synchronize cells, which was then changed into 
complete medium. Then, cells were fixed in 70% ethanol for 
1 h at 4˚C and incubated with 1 mg/ml RNaseA for 30 min at 
37˚C. Subsequently, cells were stained with propidium iodide 
(PI, 50 µg/ml PI) (Becton Dickinson, San Jose, CA) in PBS and 
0.5% Triton X-100, and analyzed using a Becton Dickinson 
flow cytometer BD FACScan (Becton Dickinson) as well as 
CellQuest acquisition and analysis programs.

Cell counting kit-8 assays. Commercial cell counting kit-8 
(CCK-8) assays (Dojindo Laboratories, Kumamoto, Japan) 
were performed to evaluate cell proliferation. A549 cells trans-
fected with HES5-siRNA and control-siRNA were seeded 
onto 96-well cell culture cluster plates (Corning, Inc., Corning 
NY, USA) at a concentration of 2x104 cells/well in volumes 

of 100 µl and grown overnight. CCK-8 reagents (Dojindo 
Laboratories) were added to each well under different time-
points, and the wells were incubated for an additional 2 h at 
37˚C in the dark. The absorbency was measured at a test wave-
length of 450 nm and a reference wavelength of 650 nm with 
a microplate reader (Bio-Rad Laboratories). The experiments 
were repeated at least three times.

Statistical analysis. The SPSS 19.0 statistical program was 
used for statistical analysis. The HES5 expression and clini-
copathological features were analyzed by the chi-square (χ2) 
test. For analysis of survival data, Kaplan-Meier curves were 
constructed and log-rank test was performed. Multivariate 
analysis was performed using Cox's proportional hazards 
model. The risk ratio and its 95% confidence interval were 
recorded for each marker. p<0.05 was considered statistically 
significant for all of the analysis. The values were expressed as 
mean ± SEM (18). Each experiment consisted of at least three 
replicates per condition.

Results

HES5 was increased in NSCLC tissues. To explore whether 
abnormal expression of HES5 is associated with the progres-
sion of NSCLC, first, we investigated the expression of HES5 
between eight paired NSCLC tissues and the adjacent non-
tumorous tissues by western blotting. As shown in Fig. 1a, 
HES5 was significantly upregulated in most NSCLC tissues 
compared to the adjacent non-tumor tissues. Moreover, we 
examined the expression profile of HES5 in three human 
NSCLC cell lines, SPCA1, H1299 and A549. As expected, 
HES5 was highly expressed in A549 cell line, while there was 
no expression in the other two cell lines (Fig. 1c). To further 
investigate the expression of HES5 in clinicopathological spec-
imens, 114 samples from patients with NSCLC were analyzed 
using immunohistochemical assay. We found immunoreac-
tivity of HES5 was seen mainly in the nucleus (Fig. 2). While 
Ki-67, which is a cell proliferation index, was also expressed 
predominantly in the nucleus (Fig. 2). These findings together 
revealed that HES5 was highly expressed in NSCLC tissues.

HES5 expression is correlated with Ki-67 in NSCLC - rela-
tionship to clinicopathological variables. Next, we evaluated 
the clinicopathological significance of HES5 expression and 
the physiological or pathologicalal association between HES5 
and Ki-67 in clinicopathological variables of NSCLC. As 
shown in Table I, we found that the expression of HES5 was 
significantly related with tumor size (p=0.046), lymph node 
metastasis (p=0.033), clinical stage (p=0.037), histological 
differentiation (p=0.03) and Ki-67 expression (p=0.01), while 
there was no correlation with other prognostic factors such as 
age (p=0.953) and gender (p=0.138). Furthermore, we found 
that there was a positive relation between the expression HES5 
expression and Ki-67 using Spearman's rank correlation test 
(P<0.01, r2=0.317; Fig. 3). Taken together, upregulated expres-
sion of HES5 could be a strong determinant of poor prognosis 
in NSCLC.

High expression of HES5 correlates with poor survival of 
NSCLC patients. We used Kaplan-Meier analysis to calcu-
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late the association between the expression of HES5 and 
patients' survival (Fig. 4). The survival curves showed that 
NSCLC patients with high HES5 expression had significantly 
decreased overall survival, compared with those with low 
HES5 expression. Moreover, Cox proportional hazards model 
indicated that HES5 expression (p=0.027), as well as Ki-67 

(p=0.018) and histological differentiation (p=0.048), were 
independent prognostic indicators for overall survival of the 
patients (Table ii).

Expression of HES5 promotes proliferation of NSCLC cells. 
Based on the the fact that HES5 expression was positively 

Figure 2. Immunohistochemical stain of HES5 and Ki-67 in NSCLC tissues. Paraffin embedded tissue sections were stained for HES5 and Ki-67. HES5 and 
Ki-67 expression in adjacent non-tumor tissues (A and B), well differentiated (C and D), moderate differentiated (E and F) and poorly differentiated (G and H) 
NSCLC tissues (magnification, x200).

Figure 1. HES5 was increased in lung cancer tissues compared with adjacent non-tumorous tissues. (a) The expression of HES5 was determined in 8 paired 
samples of NSCLC tumor tissues (T) and adjacent non-tumor tissues (N) using western blot assay. GAPDH was used as a loading control. (b) The bar chart 
demonstrated the relative expression levels of HES5 and PCNA to GAPDH by densitometry. The data are mean ± SEM (*P<0.05, compared with adjacent 
tumor tissues). The same experiment was repeated at least 3 time. (c) HES5 was expressed in three NSCLC cells. The expression of HES5 was significantly 
upregulated and the relative expression levels were shown by density photometry. The same experiment was repeated at least three times.
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correlated with the expression of Ki-67 and higher histological 
grade, we speculated that HES5 might play a role in cell cycle 
progression of NSCLC cells. To verify this hypothesis, we chose 
A549 cells for the serum starvation and refeeding process. 
A549 cells were serum starved for 72 h and then recovered 
by serum refeeding. We analyzed the cell cycle progression 
after serum deprivation for 48 h using flow cytometry. As 
shown in Fig. 5a and b, A549 cells were arrested in G1 phase. 
Upon serum addition, A549 cells were released from the G0/
G1 phase and gradually entered into S and G2/M phases. To 
further confirm the results, western blot assays were performed 
to analyze proliferating cell nuclear antigen (PCNA) and the 
expression of HES5. We found that the expression of PCNA 
and cell cycle regulator cyclin D1 were increased after serum 
stimulation in A549 cells. The protein level of HES5 was also 
upregulated (Fig. 5c and d). Thus, this result suggested that 

HES5 might have a function as a positive regulator of NSCLC 
cells in a cell cycle-dependent manner.

HES5 interacts with STAT3 and affects activation of STAT3. 
Taken together, the results above demonstrated that  HES5 was 
obviously higher expressed in NSCLC cells. Cross-talk has 
been reported between HES5 and STAT3 in hepatocytes and 
hepatocellular carcinoma, which provided a reason to research 
the mechanism of HES5 involved in NSCLC. There are many 
studies suggesting that STAT3 was closely related with the 
proliferation and growth of NSCLC. As a result, we performed 
immunoprecipitation to further investigate the mechanism 
of HES5 on cellular proliferation. Co-immunoprecipitation 
experiments were on non-transfected A549 cell lysates with 
anti-HES5 or anti-STAT3 antibody. As shown in Fig. 6a and 
b, HES5 could co-immunoprecipitate with the anti-STAT3 
antibody, but not in control precipitation, indicating a naturally 
occurring interaction between endogenous HES5 and STAT3 
in vivo, and vice versa. Furthermore, we explored whether 
the HES5/STAT3 interaction can be detected exogenously. 
We transfected A549 cells with HA-HES5 and anti-HA 
was used to precipitate STAT3. It was shown that STAT3 
co-immunoprecipitated specifically with anti-HA antibody, 
which demonstrated that HES5 could interact with STAT3 
in vitro (Fig. 6c). To further investigate the role of HES5 in 
cellular proliferation, we analyzed HES5 in A549 cells using 
lentivirus-mediated RNA interference. We transiently trans-
fected A549 cells with HES5-siRNA#1, HES5-siRNA#2, 
HES5-siRNA#3 or control siRNA. After 36 h, western blot 
analysis was used to evaluate the efficiency of transfection. 
We found that HES5 protein levels decreased most signifi-
cantly in A549 cells infected with HES5-siRNA#2, which 
compared with cells treated with other si-HES5 (Fig. 6d). 
Thus, we used HES5-siRNA#2 to perform the following 
experiments. To evaluate whether loss of STAT3 activation 

Figure  3. Correlation between HES5 and Ki-67 expression in NSCLC 
samples. The correlation between HES5 and Ki-67 expression in NSCLC 
was further evaluated by Spearman's rank correlation test (p<0.05).

Figure  4. Kaplan-Meier survival analysis of HES5 expression status. 
Cumulative overall survival differences between patients with high and low 
level of HES5 protein expression. Patients within the high expression group 
show worse overall survival.

Table II. Contribution of various potential prognostic factors to 
survival by Cox regression analysis in 114 NSCLC specimens.

	 Hazard ratio	 95.0% CI	 P-value

Age	 1.245	 0.703-2.206	 0.453
Gender	 0.542	 0.532-2.705	 0.660
Clinical stage	 1.055	 0.686-1.623	 0.406
Tumor size	 1.448	 0.653-3.212	 0.363
Histological
differentiation	 0.587	 0.345-0.996	 0.048a

Lymph node status	 0.987	 0.534-1.822	 0.966
Ki-67 expression	 1.241	 0.326-0.901	 0.018a

HES5 expression	 1.922	 1.077-3.430	 0.027a

aStatistical analyses were performed by the Cox regression analysis 
and p<0.05 was considered significant. CI, confidence interval.
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was involved in the effects induced by HES5 knockdown, we 
detected STAT3 and the expression of its target genes. We 
observed that knockdown of HES5 inhibited the activation of 
STAT3 and decreased the expression of cyclin D1 and Bcl-xL 
in A549 cells transfected with HES5-siRNA#2 (Fig. 6e). 
Thus, these results suggest that HES5 is responsible for 
tumor oncogenicity and regulate proliferation in NSCLC via 
STAT3 pathway.

Knockdown of HES5 inhibits cell proliferation in NSCLC cells. 
Next, we investigated the role of HES5 on cell proliferation in 
NSCLC. We transfected A549 cells with control-siRNA and 
HES5-siRNA#2, and the flow cytometric analyses of the cell 
cycle showed an increase of cell number in the G0/G1 phase 
from 60.85 to 68.44% and a decrease of cell number in the 
S phase from 15.53 to 10.59% (Fig. 7a and b). It indicates 
that downregulation of HES5 could slow down the NSCLC 
cell cycle. In addition, a CCK-8 assay was used to confirm 
the effect of HES5. Knockdown of HES5 can decrease the 

cell proliferation (Fig. 7c). By colony formation assay, we 
found that the rate of colony formation was significantly 
attenuated in knockdown of HES5 (Fig. 7d). Furthermore, 
the Annexin V-FITC/7-ADD assay also showed significant 
increase of cell death after HES5 knockdown (Fig. 7e). In 
conclusion, these results suggested that knockdown of HES5 
might inhibit G0/G1-S transition and delay the proliferation 
of A549 cells.

Discussion

The initiation and progression of NSCLC is comprehensive, 
where complex alterations of oncogenes and tumor suppressor 
genes are involved. Despite significant progress in diagnostic 
and therapeutic strategy, the prognosis of NSCLC patients 
remained unsatisfactory due to high incidence of tumor 
recurrence, invasion and metastasis. Therefore, it is urgent to 
identify novel therapeutic targets and develop new anticancer 
therapies such as molecular-targeted drugs or antibodies. 

Figure 5. Expression of HES5 promotes proliferation of NSCLC cells. (a and b) Cells were synchronized at G0/G1 and progressed into the cell cycle when 
serum was added for S72 h, R6 h, R12 h, R24 h and R48 h. The experiment was conducted by flow cytometry. (c and d) The S72 h A549 cells were released 
by refeeding with serum, and cell lysates were prepared and analyzed by western blot analysis using antibodies against HES5, cyclin D1, PCNA and GAPDH 
(loading control). The bar chart demonstrates the ratio of HES5, cyclin D1 and PCNA to GAPDH by densitometry. The data are means ± SEM. *,#,^p<0.05, 
compared with control cells serum starved for 48 h (S72 h). S, serum starvation; R, serum release.
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HES5, together with HES1, is an important transcription 
factor that involved in neural stem cells. HES1 has similar 
sequence with HES5, which suggests that they are probably 
functionally related genes. Previous studies showed that 
HES1 is involved in oncogenesis. HES1 is highly expressed 
in many cancer types, including colorectal cancer cells, 
cervical carcinoma cells and colon cancer (19-21). A study in 
human lung cancers also showed that Hes1 expression was 
at abundant level in several non-small cell lung cancer cell 
lines without neuroendocrine features (22), but the roles of 
HES5 in NSCLC remain unknown.

In the present study, we confirmed that HES5 might be an 
important regulator in cell proliferation of NSCLC. Firstly, 
we analyzed the HES5 expression in NSCLC tissues and the 
cell lines using western blot analysis. The results revealed that 
HES5 was upregulated in NSCLC tumor tissues and NSCLC 
cell line compared with adjacent non-tumor ones (Fig. 1). 
Secondly, immunohistochemistry analysis of 114 NSCLC 
samples were performed and showed that HES5 expression was 
associated with tumor size, histological differentiation, clinical 
stage, lymph node status and Ki-67 expression (Table I). Ki-67 
is a useful marker of tumor proliferative activity and only 

Figure 6. The interaction of HES5 with STAT3 and effects of HES5 knockdown on the expression of STAT3 and STAT3 downstream targets. (a and b) 
Co-immunoprecipitation experiments were conducted on non-transfected A549 cell lysates with anti-HES5 or anti-STAT3 antibody. Proteins in the cellular 
lysates and immunoprecipitated (IP) proteins were subsequently analyzed by western blotting (IB) the indicated antibodies. (c) A549 cells were transfected 
with HA-HES5 as indicated. Proteins in the cellular lysates and immunoprecipitated (IP) proteins were subsequently analyzed by western blotting (IB) the 
indicated antibodies. (d) Cellular proteins were analyzed by western blotting in NSCLC cells transfected with control siRNA and HES5-siRNA#2 groups 
with antibodies specific for pSTAT3, STAT3, cyclin D1, Bcl-xL and GAPDH. (e) The ratio of colorimetric density of STAT3 and downstream genes. GAPDH 
served as loading control. The data are means ± SEM. *p<0.05 compared with the control. The results are for three independent experiments.
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expressed during the active phases of the cell cycle (23,24). In 
addition, multivariate analysis indicated that HES5 could be 
an independent prognostic factor for the survival of NSCLC 
patients (Table  ii). Furthermore, Kaplan-Meier analysis 
showed that overexpression of HES5 predicted poor survival 
(Fig. 4). We found that HES5 expression was positively corre-
lated with cell proliferation by serum starvation and release 
assay (Fig. 5). Knockdown of HES5 resulted in decreased rate 
of cell growth, colony formation and alleviated cellular apop-
tosis. In addition, we performed cell cycle analysis in NSCLC 
cells, and we found that HES5 expression was increasingly 
upregulated during G1 to S phase, while the proportion of 
cells in S phase was decreased in cells low expressed of HES5 
(Fig. 7). Therefore, HES5 may be involved in the process of 
NSCLC tumorigenesis.

Previous studies revealed that HES5 proteins associated 
with STAT3 and JAK2, and facilitated complex formation  
between STAT3 and JAK2, thus, promoting STAT3 phosphor-
ylation and activation (11,25). We demonstrated that HES5  
interacted with STAT3 in NSCLC cells, and knockdown of 
HES5 could inhibit the activity of STAT3 and decrease the 
expression of the downstream targets (Fig. 6). This suggested 
that HES5 might affect the proliferation through STAT3 
pathway. However, further studies are needed to clarify the 
molecular mechanisms of HES5 in NSCLC pathogenesis.

In summary, all these results showed that HES5 was 
upregulated in NSCLC and promoted cell proliferation 
process through the activation of STAT3. Therefore, HES5 
might be a novel molecular target for the diagnosis and therapy 
of NSCLC.

Figure 7. Knockdown of HES5 inhibits cell proliferation. (a) Cell cycle analysis was performed after knockdown of HES5 by HES5-siRNA#2 in A549 cells. 
(b) The ratio of colorimetric density of the cell cycle. (c) CCK-8 assay was measured by cell proliferation. A549 cells treated with HES5-siRNA#2 revealed 
significantly weakened proliferation. Absorbance was used to examine the control siRNA- and HES5-siRNA#2-treated A549 cells. (d) Colony formation 
analysis of control siRNA- and HES5-siRNA#2 transfected A549 cells. (e) Annexin V-FITC/7-ADD assay displayed a significant increase of cell death after 
HES5 knockdown. The data are means ± SEM. *p<0.05 compared with the control. The results are from three independent experiments.
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