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Tumor cells stimulate local angiogenesis, resulting in their further multiplication 
and spread. Angiogenesis is a multifaceted process in which angiopoietins parti- 
cipate. Angiopoietin-1 (Ang-1) through its receptor Tie2 stimulates endothelial  
cell survival and the maintenance of the endothelial barrier. These phenomena can 
support tumour growth by promoting angiogenesis. On the other hand, overpro-
duction of Ang-1 triggers endothelium stability and can lead to angiogenesis in-
hibition. Because of the ambiguous role of Ang-1, we decided to determine its 
clinical significance in patients with resectable NSCLC.
In a group of 47 patients, tumours and the adjacent non-cancerous tissues were 
assessed for ANG-1 mRNA expression (using Q-RT-PCR analysis) and Ang-1 
concentration (by enzyme-linked immunosorbent assay) together with clinical pa-
rameters and the five-year survival rate. ANG-1 expression and Ang-1 concen-
tration were higher in tumour-free tissue, showing no differences between histo-
logical types of NSCLC, clinical stage or grading and seemed not to determine 
the five-year survival. ANG-1 expression and Ang-1 concentration in tumour and 
tumour-free tissues in patients with NSCLC seem not to be useful as factors sup-
porting either diagnostics or prognosis.
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Introduction

Every year, lung cancer causes nearly 1.7 million 
deaths worldwide [1, 2, 3]. Non-small cell lung 
cancer (NSCLC) accounts for almost 85% of cases, 
including large-cell carcinoma, squamous cell car-
cinoma (20-30%) and adenocarcinoma (40-50%). 
Because of the initially asymptomatic clinical course, 
over 60% of newly diagnosed patients are in local-

ly advanced or metastatic stage of the disease [4].  
Despite the multimodal care based treatment, 
the prognosis for patients with lung cancer remains 
poor and the 5-year overall survival rate is only 
around 15-18% [5, 6, 7].

Proliferating tumour cells stimulate local angio-
genesis which increases their growth and spread into 
adjacent tissue and organs [8, 9, 10]. Angiogenesis 
is a multistage process of creating new blood vessels 
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based on existing ones. It begins with stimulation 
of endothelial cells by proangiogenic factors, main-
ly vascular endothelial growth factor (VEGF) and 
basic fibroblast growth factor (bFGF). Degradation 
of the vascular basal membrane and extracellular 
matrix, involving proteolytic enzymes, enables en-
dothelial cell migration. New vascular structures are 
formed under specific conditions – endothelial cells 
proliferate alongside adhesive molecules, pericytes 
and smooth muscle cells. The final stage of vessel 
formation is their maturation and stabilization. An-
giopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2), 
among others, participate at this stage of the process 
[11, 12, 13].

Ang-1 and Ang-2 are ligands for the receptor 
tyrosine kinase Tie2, expressed in endothelial cells. 
The Ang-1 receptor is mainly present in pericytes, 
fibroblasts and smooth muscle cells, whereas on en-
dothelial cells it acts in a paracrine manner. Ang-1 
promotes angiogenesis during embryonic develop-
ment. It stabilises the vascular system by promoting 
interaction between endothelial cells and the extra-
cellular matrix, but in malignant tissues it inhibits 
the expansion of vessels [14, 15, 16, 17, 18]. Ang-2, 
on the other hand, is produced by endothelial cells 
and acts as an autocrine antagonist of Tie2 activation 
and a vascular destabiliser [19]. 

Whilst the role of Ang-2 in angiogenesis during 
embryogenesis and tumour development has been 
the subject of detailed study, much less is known 
about Ang-1 function [19]. The role of Ang-1 in 
cancer progression is more controversial than that 
of Ang-2. Although Ang-1 is proven to be at a high-
er level in many cancer tissues such as breast cancer 
[20, 21], glioblastoma [22], and gastric cancer [23], 
its expression is lower in some other cancer types 
like human hepatocellular carcinoma or lung cancer, 
compared with normal tissues [18, 24].

We evaluated ANG-1 mRNA expression and 
Ang-1 concentration in patients with resectable lung 
cancer in various clinical stages and analyzed results 
according to five-year survival in these group.

The aim of our study was to determine the clinical 
significance of tumour tissue ANG-1 mRNA expres-
sion and Ang-1 concentration and their significance 
as a prognostic factors in patients with non-small cell 
lung cancer. 

Material and methods

The study group consisted of 47 patients (12 fe-
males and 35 males) aged 49 to 75 years (average 
age: 63.1 ±7.69) with primary NSCLC undergoing 
surgery in the Thoracic Surgery Ward of Specialist 
Hospital of Lung Diseases and Tuberculosis in Bystra 
Slaska, Poland, between 2009 and 2010. During sur-
gery, the specimens of the tumour tissue and the lung 

parenchyma free from neoplastic infiltration (taken 
no less than 5 cm from the visible edge of the tu-
mour) were obtained. The specimens were about sev-
eral mm with a diameter. Each of them was divided 
into two pieces. One was immediately snap-frozen in 
a separate tube with liquid nitrogen and stored at 
–80°C until molecular procedures. The other one 
was immediately frozen at –20°C for determination 
of ANG-1 concentration by enzyme-linked immu-
nosorbent assay (ELISA). Subsequently, the samples 
were transported on dry ice to the Molecular Re-
search Laboratory of the Department of Medical and 
Molecular Biology in Zabrze for further examination.

Tumour and the adjacent non-cancerous tissues 
were excised and evaluated for clinical parameters, 
such as histopathological type (adenocarcinoma/ 
squamous cell carcinoma), pathological staging 
of the tumor (pTNM) and the grade of differen-
tiation (G) independently by two pathomorpholo-
gists. The absence of tumour infiltration in the pa-
renchyma of the lung that was deemed healthy, 
was each time confirmed with histopathological 
examination.

Clinical and pathological characteristics of the pa-
tients are presented in Table I.

RNA extraction, reverse transcription and 
quantitative Real-Time PCR (qRT-PCR) for 
ANG-1 and a housekeeping gene GAPDH

Total RNA was obtained from ca. 80 mg of fro-
zen tissue samples. Before RNA extraction, samples 
were thawed slowly and then homogenised in Fast-
Prep®-24 homogeniser (MP Biomedicals, USA) us-
ing Lysing Matrix D ceramic beads (MP Biomedicals, 
USA).

Total RNA was isolated using the RNeasy® Mini 
Kit (Qiagen, Germany) according to the manufac-
turer’s instructions. In addition to the standard pro-
cedure, DNase I (Qiagen, Germany) was used to re-
move trace amounts of genomic DNA. 

RNA was quantified by measuring the absor-
bance at 260 and 280 nm (NanoDrop ND – 1000 
Spectrophotometer, Thermo Fisher Scientific, USA) 
and the integrity was assessed by electrophoresis in 
1.2 % agarose gel ethidium bromide stained (Serva, 
Germany). RNA isolates were used to cDNA syn-
thesis by RT reaction. 200 ng of total RNA was re-
verse transcribed into cDNA in a total volume 20 
µl using the High-Capacity cDNA Archive Kit 
(Applied Biosystems, USA) according to manufac-
turer’s instructions. Received cDNA was used to 
determine ANG-1 and GAPDH genes expression 
by quantitative real-time PCR assay (TaqMan® sys-
tem). TaqMan® primers and probe for ANG-1 were 
bought as ready to use  TagMan® Gene Expression 
Assay (Hs00375822_m1) and for housekeeping gene 
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GAPDH Endogenous Control (Hs02758991_g1) 
(Applied Biosystems, USA). Q-PCR for all genes 
was performed in a volume 20 µl on the ABI PRISM 
7300 Real Time PCR Detection System (Applied 
Biosystems, USA). For each run, a Q-PCR mix was 
prepared on ice containing 10 µl of Applied Biosys-
tems Universal PCR Master Mix, 1 µl of primers and 
probe mix and 8 µl of H2O (Qiagen, Germany). To 

each well of a 96-well plate, 19 µl of Q-PCR mix 
and 1 µl of cDNA samples were added. All PCRs 
were performed in triplicate. In all amplification re-
actions, negative control was also included. Thermal 
cycling for ANG-1 and GAPDH genes was initiat-
ed with an incubation step at 50°C for 2 minutes, 
followed by a first denaturation step at 95°C for  
10 minutes, and continued with 40 cycles of 95°C 
for 15 seconds, 60°C for 1 minute. Gene expression 
was considered negligible when the Ct (threshold cy-
cle) value was greater than 40. In view of heteroge-
neity of the investigated tissue and the lack of abil-
ity to use of a commercially available standard, to 
determine ANG-1 expression the ∆CT method was  
applied [27].

Measurement of tissue concentration 
of Ang-1

Tissues were rinsed in ice-cold PBS to remove 
thoroughly excess blood and were consequently cut 
into small pieces, homogenized in PBS (0.25 g of tis-
sue in 2.25 ml PBS) in short cycles of a few seconds 
on ice. After this procedure, the samples were fro-
zen at –80°C and next day sonicated on ice to cause 
the cell membranes to disintegrate, using an UP50H 
ultrasonic processor (Hielscher Ultrasonics, Germa-
ny). Tissue homogenates were centrifuged at 13000 
rpm for 10 minutes at 4°C and the supernatants were 
frozen at –80°C until analysis.

The concentration of Ang-1 in tissue homogenates 
was determined by Enzyme-linked Immunosorbent 
Assay (ELISA) using the ANGPT1 SEA008Hu 
(Cloud-Clone Corp., USA) according to the manu-
facturer’s instructions. The concentration of angio-
poietin-1 was expressed in ng per 1 mg of total pro-
tein determined by the Lowry method [28].

Statistical analyses

Qualitative variables are presented in absolute 
terms (number of patients showing the presence 
of a variable) and as a percentage of the total ana-
lyzed the study group, whilst quantitative variables 
were expressed as mean and standard deviation 
(mean ±SD). 

Statistical analysis was performed using licensed 
STATISTICA 12.0 software (StatSoft. Inc., Tul-
sa, OK, USA). Descriptive statistics were initially 
calculated. The groups were compared using para-
metric tests, after verification of their assumptions 
(t-test, analysis of variance with post-hoc tests). In 
all the other cases, their non-parametric equivalents 
were applied.

For all the analyses, statistical significance was de-
termined for values of p < 0.05. Lack of statistical 
significance was presented as NS (non-significant).

Table I. The clinical and pathological features of NSCLC 
patients [25, 26]

variable number Of patients (%)

tOtal number 47 (100)

Gender

F

M 35 (74.5)

Age

≤ 65 25 (53.2)

> 65 22 (46.8)

Type of histological pattern

squamous cell carcinoma 34 (72.3)

adenocarcinoma 13 (27.7)

Grading

G1 1 (2.1)

G2 19 (40.4)

G3 27 (57.5)

Clinical stage

IA+IB 14 (29.8)

IIA+IIB 21 (44.7)

IIIa+IIIB 11 (23.4)

undefined 1 (2.1)

T: Primary tumour

T1 11 (23.4)

T2 30 (63.8)

T3 5 (10.7)

T4 1 (2.1)

N: Lymph nodes

N0 21(44.7)

N1 17 (36.2)

N2 9 (19.1)

Five-year survival

yes 28 (59.60)

no 19 (40.40) 
G – histopathological cancer grading (G1: well differentiated; G2: moderately 
differentiated; G3: poorly differentiated; G4: undifferentiated); T – tumour size 
(T1: size ≤ 3 cm; T2: size > 3 cm to ≤ 5 cm; T3: size > 5 cm to 7 cm); N – 
metastatic lymph nodes (N0: no regional lymph node metastasis; N1: metastasis 
in ipsilateral peribronchial and/or hilar lymph node and intrapulmonary node; 
N2: metastasis in ipsilateral mediastinal and/or subcarinal lymph nodes) 
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The Document Personalisation Centre of the Minis-
try of Internal Affairs and Administration in Warsaw, 
Poland, kindly granted the access to information about 
the patients’ date of death, which was essential for pre-
cise calculation of the length of patients’ survival. Based 
on these data, 5-year survival rates were proven to be 
correlated with Ang-1 concentration and ANG-1 ex-
pression in cancerous and non-cancerous tissues. 

The study protocol was approved by the Ethical 
Committee of the Medical University of Silesia in 
Katowice, Poland (KNW/0022/KB1/119/I/09), and 
conformed to the ethical guidelines of the Declara-
tion of Helsinki. Informed consent was obtained in 
respect of all study participants. 

Table II. Comparison of ANG-1 expression and Ang-1 concentration in tumour and tumour-free tissue in NSCLC patients

tissue ANG-1 expressiOn p ang-1 cOncentratiOn (ng/mg) p

Tumour 0.0004 ±0.0004

0.001

0.42 ±0.16

0.009Tumour-free 0.053 ±0.03 0.55 ±0.17

Table III. ANG-1 expression and Ang-1 concentration in NSCLC patients depending on the histological type of NSCLC, 
the degree of differentiation, clinical stage and five-year survival

nsclc n (%)
47 (100)

ANG-1 expressiOn ang-1 cOncentratiOn (ng/mg)

tumOur tumOur-free tumOur tumOur-free

Histological type

Squamous cell carcinoma 34 (72.3) 0.0003 ±0.0004 0.06 ±0.04 0.44 ±0.17 0.58 ±0.19

p = 0.001 p = 0.048

Adenocarcinoma 13 (27.7) 0.0005 ±0.0004 0.04 ±0.03 0.36 ±0.1 0.48 ±0.07

p = 0.002 p = 0.031

Grading

G2 19 (40.4) 0.0004 ±0.0004 0.06 ±0.04 0.33 ±0.16 0.62 ±0.19

p = 0.001 p = 0.003

G3 27 (57.5) 0.0005 ±0.0004 0.05 ±0.03 0.46 ±0.15 0.51 ±0.15

p = 0.001 NS

Clinical stage

IA+IB 14 (29.8) 0.0004 ±0.0004 0.08 ±0.03 0.43 ±0.12 0.53 ±0.07

p = 0.001 NS

IIA+IIB 21 (44.7) 0.0004 ±0.0005 0.04 ±0.03 0.37 ±0.09 0.56 ±0.23

p = 0.001 p = 0.03

IIIA+IIIB 11 (23.4) 0.0004 ±0.0004 0.06 ±0.03 0.49 ±0.22 0.56 ±0.14

p = 0.001 NS

Five-year survival

Yes 19 (40.40) 0.0005 ±0.0004 0.05 ±0.04 0.43 ±0.17 0.58 ±0.20

p = 0.001 NS

No 28 (59.60) 0.0003 ±0.0004 0.04 ±0.03 0.41 ±0.14 0.52 ±0.10

p = 0.001 NS
NS – not significant

Results

The analysis encompassed 47 NSCLC tumour 
specimens and 47 corresponding specimens of pul-
monary parenchyma deemed free from tumor infil-
tration. ANG-1 expression and Ang-1 concentration 
in both types of samples were detected. The study 
group characteristics are presented in Table I.

The mean ANG-1 expression in tumor-free tissues 
was significantly higher than in neoplastic tissues 
as well as the mean Ang-1 concentration in tissues 
free from tumour infiltration was significantly higher 
than in tumours (Table II).
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The study compared the expression and concen-
tration of angiopoietin-1 between tumour and tu-
mour-free tissues depending on histological type, 
grading, clinical stage and five-year survival. Re-
gardless of histological type, grading, clinical stage 
and five-year survival, both the expression and con-
centration of Ang-1 have always been higher in tu-
mour-free tissues than in tumours as shown in Table 
III. These results were significant for ANG-1 expres-
sion in every aspect, but concentration of Ang-1 was 
not significantly (NS) higher in tumour- free tissues 
in the case of G3 and in patients in clinical stages 

Table IV. ANG-1 expression and Ang-1 concentration in tumour tissues depending on the histological type of NSCLC, 
the degree of differentiation, clinical stage and five-year survival

nsclc ANG-1 expressiOn p ang-1 cOncentratiOn (ng/mg) p

Histological type

Squamous cell carcinoma 0.0004 ±0.0004 NS 0.45 ±0.17 NS

Adenocarcinoma 0.0005 ±0.0004 0.4 ±0.09

Grading

G2 0.0003 ±0.0004 NS 0.42 ±0.17 NS

G3 0.0004 ±0.0004 0.45 ±0.15

Clinical stage

I 0.0004 ±0.0003 NS 0.44 ±0.15 NS

II 0.0004 ±0.0005 0.39 ±0.10

III 0.0004 ±0.0004 0.49 ±0.20

Five-year survival

Yes 0.0005 ±0.0004 NS 0.42 ±0.17 NS

No 0.0003 ±0.0004 0.43 ±0.14

Table V. ANG-1 expression and Ang-1 concentration in non-tumour tissues depending on the histological type of  
NSCLC, the degree of differentiation, clinical stage and five-year survival

nsclc ang-1 expressiOn p ang-1 cOncentratiOn (ng/mg) p

Histological type

Squamous cell carcinoma 0.05 ±0.03 NS 0.56±0.18 NS

Adenocarcinoma 0.04 ±0.03 0.49 ±0.07

Grading

G2 0.06 ±0.04 NS 0.57 ±0.19 NS

G3 0.09 ±0.03 0.51±0.14

Clinical stage

I 0.08 ±0.03 I vs. II: 

p = 0.01

0.53 ±0.06 NS

II 0.04 ±0.03 0.56 ±0.14

III 0.06 ±0.02 0.49 ±0.11

Five-year survival 

Yes 0.06±0.04 NS 0.56 ±0.18 NS

No 0.05 ±0.03 0.49 ±0.11

IA+B and IIIA+B. Similarly, these parameters seem 
to be unrelated to five-year survival.

Analysis of both parameters in NCSCL tissues 
showed no significant differences (Table IV), but in 
tumour-free tissues a significant difference in ANG-1 
expression was found between patients with clinical 
stages I and II (Table V). No significant differences 
were identified in Ang-1 concentration in non-tu-
mour tissues between squamous cell carcinoma and 
adenocarcinoma, between G2 and G3, between 
5-year survivors and non-survivors, and between 
clinical stages I, II and III.
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In summary, ANG-1 expression was found to be 
higher in cancer-free tissue than in tumours, irrespec-
tively of histological or clinical criteria and seems to 
have no impact on five-year survival. Ang-1 concen-
tration was generally higher in margin tissues of both 
histological types of NSCLC, but it did not show 
significant differences in G3 patients and those in I 
and III clinical stages. No significant differences were 
found between patients who died or survived for over 
five years following surgery.

Discussion

The vast improvements in our understanding 
of NSCLC biology and mechanisms of tumour pro-
gression have changed the treatment paradigm. Tar-
geted therapy and immunotherapy have led to un-
precedented survival benefits, but only in selected 
patients [7, 29]. Surgical resection is the most fre-
quent and preferred treatment in early stages of dis-
ease. Survival rate will depend mainly on the tu-
mour’s stage, with a 5-year survival that ranges from 
67% to 38% for pathologic tumor stage IA to IIB 
[30, 31]. In our study group only 40% of patients 
survived five years following surgery. 

Tumour growth, invasion and metastasis strongly 
depend on oxygen as well as nutrients supply there-
fore for each of these processes angiogenesis is essen-
tial. New vessels development is a complex process 
which depends on activator and inhibitor mole-
cules interactions. Angiopoietins constitute a fam-
ily of endothelial growth factors which are ligands 
for Tie2, type I kinase tyrosine receptor. Ang-1 acts 
paracrine, agonist, inducing Tie2 phosphorylation 
and dimerisation/multimerisation. Activated Tie2 
binds several other ligands, creating downstream 
pathways. That results in endothelial cell survival 
signals and the maintenance of the endothelial bar-
rier [32, 33].

Numerous studies investigated the role of angio-
poietins in advanced NSCLC development and their 
impact on patients’ survival, however, the results 
of these studies remain inconclusive. Takahama et 
al. as early as in 1999 reported that angiopoietin-1, 
vascular endothelial growth factor, and CD31 mR-
NAs were higher in cancers than in adjacent non-
cancerous tissues [34]. Our results, however, indi-
cate the opposite: ANG-1 expression was higher in 
cancer-free tissues regardless of NSCLC histological 
type, grading or clinical stage. Moreover, it has no 
significant impact on five-year survival rate, while 
Reinmuth et al. found that high tumor cell ANG-
1 expression, combined with the intensity and per-
centage of positive tumor cells, was statistically asso-
ciated with a poor survival [35]. Andersen et al. [36]  
underlined the role of another angiopoietins fam-
ily members: Ang-2 and Ang-4. Low tumour cell 

expression of Ang-4 and low stromal expressions 
of both Ang-2 and Ang-4 were individually associ-
ated with a poor rate of survival. These factors were 
analyzed together with VEGF-A expression, which 
was a powerful adverse prognostic factor in patients 
with high tumour cell Ang-2 expression, but not in 
those with low expression [36].

It has been documented that members of the vas-
cular endothelial growth factor and angiopoietin fam-
ilies, mainly secreted by tumour cells, induce tumor 
angiogenesis. Altogether, VEGF/VEGFRs and angio-
poietins/Ties co-regulate the tumour vessels’ regres-
sion, growth and maturation [37]. In the tumour an-
giogenesis, angiopoietins are secreted by tumour cells 
and/or tumour-infiltrating cells [8, 9]. In our study 
Ang-1 concentration was higher in tumour-free tis-
sue, showing no difference between two histological 
types of NSCLC, clinical stage or grading. It did not 
seem to influence the five-year survival rate. Our ob-
servation supports the concept, that in NSCLS Ang-1 
is more likely to be involved in restricting the process 
of tumor invasion. We believe it may be connected 
with its vasculature stabilising properties.

Angiogenesis is regulated by both activator and 
inhibitor molecules. The transition to the angiogenic 
phenotype is associated with a change in local bal-
ance between positive and negative angiogenesis 
regulators. Ang-1 can act as a pro-angiogenic or an-
ti-angiogenic factor. It can induce tumor growth by 
promoting tumor angiogenesis, but overproduction 
of Ang-1 can lead to inhibition of tumor growth [11]. 
The intriguing question is whether higher ANG-1 
expression and its product concentration (found in 
tissues as far as up to 5 cm from visible edge of tu-
mour) could be an attempt at blocking pro-angio-
genic signals spreading in normal tissue surrounding 
the neoplasm.

It was observed that Ang-2 competitively binds 
Tie-2, destabilising the action of Ang-1 and prepar-
ing the tumour vasculature for subsequent action 
of proangiogenic factors such as VEGF. It is tempting 
to speculate, that Ang-1 production is an indication 
of balance reached in tumour-free tissue upon the in-
fluence of cancer-derived pro-angiogenic factors. On 
the other hand, if Ang-1 in NSCLC shows mainly 
anti-angiogenic activity, its lower expression in tu-
mour tissue (as opposed to normal tissue) will reflect 
the higher potency of pro-angiogenic molecules.

Angiogenesis inhibitors were extensively tested in 
different settings and have produced some promising 
outcomes [38]. Despite the rapid research progress 
in the field of NSCLS biology, many questions about 
the molecular mechanisms blocking or promoting 
angiogenesis remain. According to our observations, 
Ang-1 seems not to be a good target for future ther-
apy focused on neoangiogenesis/metastasis blockade.



12

Marzena zalewska-ziob, brygida adaMek, Janusz kasperczyk, katarzyna dobiJa-kubica

ANG-1 expression and Ang-1 concentration in 
tumour and tumour-free tissues in patients with  
NSCLC seem not to be useful either as factors sup-
porting diagnostics or prognosis. Their role in can-
cer-induced angiogenesis, especially in normal tissue 
adjacent to tumours, still requires further research. 
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