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ABSTRACT
Background: Tumour angiogenesis is modulated on both an epigenetic and
protein level and has potential implications for immune cell responses. However,
the importance of related angiogenic biomarkers in cholangiocarcinoma (CCA) is
unknown. This study assessed human CCA samples for the expression of angiogenesisassociated microRNAs, angiopoietins (Angs) and monocytes expressing the Angreceptor, TIE2, with regards to prognostic significance after liver resection.
Methods: Angiogenic miRNAs were analysed in frozen samples of intrahepatic
CCA (iCC; n = 43) and hilar CCA (HC; n = 45). Ang-1 and Ang-2, as well as TIE2expressing monocytes (TEMs), were detected in paraffin-embedded iCC sections (n
= 88). MiRNA expression and the abundance of TEMs and Angs were correlated with
clinicopathological characteristics and survival.
Results: MiR-126 was downregulated in 76.7% of all CCA samples, with
high relative expression associated with smaller tumours and reduced lymph
node metastasis. High Ang-1 expression was associated with less lymphangiosis
carcinomatosa and better histological grading (all p < 0.05). The absence of TEMs in
iCC correlated with elevated CA19-9 levels. High relative miR-126 and low miR-128
levels were associated with improved survival in iCC and HC, respectively (all p <
0.05). High miR-126, low miR-128 and TEMs were independent prognostic factors for
recurrence-free and overall survival (all p < 0.05).
Conclusions: These results suggest that angiogenic miRNAs, Angs and TEMs
are of prognostic value in CCA. In addition to the possible functional links between
angiogenic miRNA expression profiles, Angs and immune-cell responses by TEMs,
these data have clinical implications as novel diagnostic tools.
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INTRODUCTION

depend on the vascularisation grade of solid tumours and
the associated molecular angiogenic pathways.
Angiogenic miRNAs, Angs and TEMs were
suggested to have clinical significance in human
malignancies where the interplay between tumour
immunology and angiogenesis plays a central role in
tumour progression [23]. TEMs express angiogenic
factors such as basic fibroblast growth factor and VEGF
and are causally involved in hepatocarcinogenesis [29].
In hypoxic conditions, activated endothelial cells secrete
Angs and recruit TEMs to the tumour site, thus delineating
the importance of the Ang–TIE2 axis and TEMs in the
context of vascular-rich tumours, such as hepatocellular
carcinoma (HCC) [30, 31]. However, the significance of
these angiogenic immune markers in poorly-vascularised
intrahepatic CCA (iCC) is unknown. It was previously
shown that Ang-1 density was associated with beneficial
tumour characteristics in hilar CCA (HC) and that
corresponding TEMs positively affected patient survival
and prognosis [28]. The current work hypothesised
that miR-126 signalling upregulates Ang-1-dependent
direct beneficial effects in hepatocarcinogenesis and
indirect effects by fostering the homing of TEMs in
tumours, which in turn exert a significant impact on
CCA progression. Therefore the aim of the study was to
evaluate the significance of angiogenic miRNAs, Angs
and related TEMs at the epigenetic, protein and cellular
level. The study also aimed to determine their association
with tumour growth, metastasis, recurrence and clinical
prognosis in human CCA.

MicroRNAs (miRNAs) are a large family of
endogenous small noncoding RNAs (19–24 nucleotides)
that play a crucial regulatory role by binding to the 3′
untranslated regions of target mRNAs and blocking
translation or initiating mRNA degradation [1, 2].
Accumulating evidence suggests that miRNAs regulate
tumour proliferation, invasion, apoptosis and therapy
resistance. MiRNAs can act as oncogenes or tumour
suppressors depending on the target mRNAs, and they
qualify as promising biomarkers [3–5]. Moreover,
miRNAs are crucially involved in the processes of
vascular development and remodelling and angiopoietin
axis-dependent tumour angiogenesis [6–8].
Recent research revealed that mature vessels express
high levels of miR-126, which promotes the remodelling
and stabilisation effects of angiopoietin-1 (Ang-1) [9].
Another angiogenic miRNA, miR-128, which is related to
vascular endothelial growth factor (VEGF)-C translation
and protein expression, is differentially expressed in several
types of human cancer and impacts cancer cell growth
and invasion. However, the published data is inconsistent
with regards to the possible beneficial or negative impacts
of these angiogenic miRNAs in the promotion of human
malignancies [10–12]. In poorly vascularised human
cholangiocarcinoma (CCA), the role of miR-128, miR-126
and other angiogenesis-related miRNAs remains unknown.
Ang family members and VEGF are potent
growth factors and important modulators of tumourrelated angiogenesis; however, they could also represent
functional antagonists [13]. VEGF is required for the
formation of the initial vascular plexus in the early phases
of development, whilst Ang-1 is necessary for subsequent
vascular remodelling into mature blood vessels [14]. In
addition, VEGF can cause vascular instability by promoting
permeability and tissue oedema, whilst Ang-1 stabilises
existing vessels and decreases vascular leakage [15,
16]. Recent studies highlighted the additional beneficial
roles of Ang-1 in cancer models [17–19]. In contrast, the
overexpression of angiopoietin-2 (Ang-2) was associated
with an advanced disease state and poor prognosis in
different solid malignancies, thus suggesting differential
roles of Ang-1 and Ang-2 in tumour biology [20–22].
Tie2-expressing monocytes (TEMs) were recently
shown to exert profound proangiogenic activities and
constitute preeminent immunological compounds that were
distinct from tumour-associated macrophages (TAMs)
[23–24]. The tyrosine kinase with Ig and EGF homology
domains 2 (TIE2) is a receptor binding to all known Angs.
TEMs express functional TIE2 receptor and respond
directly to Angs activity. These immune cells foster tumour
angiogenesis and progression in various models of animal
and human cancer [25–27]. However, as is already apparent
for TAMs, data also imply that TEMs have a beneficial
impact in human malignancies [28]. These effects possibly
www.oncotarget.com

RESULTS
MiRNAs regulating (lymph) angiogenic factors
are differentially expressed in CCA
The relative expression levels of several miRNAs
thought to regulate vascular growth factors involved in
Ang–TIE2 signalling were initially assessed in CCA
samples [9, 32–36]. MiR-126, miR-145, miR-128 and
miR-107 were detected in all CCA samples. We identified
miR-145 with highest median relative level in CCA
when compared with adjacent noncancerous liver tissue
(Figure 1). Of note, MiR-145 in HC revealed a strong
up-regulation, when compared with normal tissue or
iCC (p = 0.0128 and p = 0.0214, respectively). On the
contrary, relative miR-107 and miR-126 expression levels
in HC and iCC revealed a significant down-regulation, in
comparison with normal tissue (all p ≤ 0.05; Figure 1).

MiRNA-126 is downregulated in CCA and
associated with lymph node involvement and
tumour growth
MiR-126 was proposed as a potent tumour
suppressor that regulates Ang-1 signalling [9]. The relative
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expression of miR-126 was strongly downregulated in
32 HC subjects (71.1%) and 33 iCC subjects (76.7%). A
strong upregulation of miR-126 was apparent in only nine
(20.0%) HC subjects and six (13.9%) iCC subjects.
In HC, high miR-126 relative expression was
associated with a smaller tumour mass (largest tumour
diameter < 50 mm) (Table 1). All 27 (100%) cases with
high relative miR-126 expression in the tumour exhibited
a smaller tumour size. Conversely, only seven (38.8%) of
the 18 patients with low relative miR-126 expression in
the tumour exhibited a smaller tumour size (p = 0.0001).
In iCC, high relative miR-126 expression was associated
with reduced lymph node metastasis (p = 0.013). It is
noteworthy that 13 (92.9%) of the 14 iCC patients with
high relative miR-126 expression in the tumour showed
no lymph node involvement.

In iCC, the high density of Ang-1 in tumour
tissue was associated with reduced lymphangiosis
carcinomatosa. In the tumourAng1-high group, 27 (67.5%)
of the 40 patients had no presence of lymphangiosis
carcinomatosa. In the tumourAng1-low group, 22 (45.8%)
of the 48 patients had no lymphangiosis carcinomatosa
(p = 0.042). Furthermore, the high abundance of Ang-1
in the tumour-infiltrating front correlated with a better
histological grading. A well-differentiated (G1) tumour
was diagnosed in 22 (84.6%) of the 26 patients in the
invasive frontAng1-high group, while only 30 (65.2%) of the
46 patients in the invasive frontAng1-low group revealed a G1
tumour status (p = 0.038).
Similarly to Ang-1, Ang-2 was also uniformly dense
in all tumour areas, including the tumour-infiltrating
front; however, Ang-2 distribution was not significantly
associated with clinicopathological characteristics in iCC.

Angiopoietin expression is associated with
lymphangiosis carcinomatosa and histological
grading in iCC

TEM frequency is associated with serum levels
of carbohydrate antigen 19-9 (CA19-9) in
patients with iCC

Ang-1 was previously shown to be associated with
beneficial tumour characteristics in HC [31]. In the current
work, Ang-1 distribution revealed a uniform pattern in
all tumour areas, including the tumour-infiltrating front.
The adjacent liver parenchyma also exhibited Ang-1
expression; however, the pattern was less evident than in
the tumour tissue (data not shown).

In addition to angiogenic miRNAs and the
angiopoietin axis, this study also investigated the impact
of TEMs in CCA. In iCC, TEMs displayed a uniform
density in the tumour, tumour-infiltrating front and
perivascular areas. The same expression pattern was
previously described for HC (Figure 2) [31]. Interestingly,

Figure 1: Angiogenic micro-RNAs in hilar (HC; n = 45) and intrahepatic (iCC; n = 43) cholangiocarcinoma. The relative
expression was calculated using the comparative ΔΔCT method, and the values were expressed as 2-ΔCT compared to normal liver tissue.
MiR-107 and miR-126 showed a strong downregulation in HC and iCC, compared to adjacent noncancerous liver tissue. MiR-145 in HC
revealed a strong upregulation, when compared with normal tissue or iCC (all p<0.05).
www.oncotarget.com
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Table 1: Correlation of microRNA-126 relative expression in tumor with clinicopathological characteristics of
patient with cholangiocarcinoma
Clinicopathological analysis in hilar cholangiocarcinoma
Variable
No. of patients

miR-126 low

miR-126 high

18

27

Gender

P
0.895

Female

8 (44.4%)

13 (46.4%)

Male

10 (55.6%)

14 (53.6%)

Patient age, years

0.170

≤ 60

10 (55.6%)

20 (75.0%)

> 60

8 (44.4%)

7 (25.0%)

Tumor size

0.0001

≤ 50 mm

8 (44.4%)

27 (100%)

> 50 mm

10 (55.6%)

0 (0%)

Pathologic N stage

0.542

Positive

7 (38.8%)

14 (51.9%)

Negative

11 (61.2%)

13 (48.1%)

Histologic differentiation

0.798

Well

4 (22.2%)

4 (14.8%)

Moderate/poor

13 (77.8%)

23 (85.2%)

Clinicopathological analysis in intrahepatic cholangiocarcinoma
Variable
No. of patients

miR-126 low

miR-126 high

29

14

Gender

0.676

Female

15 (55.6%)

8 (57.1%)

Male

14 (44.4%)

6 (42.9%)

Patient age, years

0.524

≤ 60

12 (41.4%)

4 (28.6%)

> 60

17 (58.6%)

10 (71.4%)

Tumor size

0.967

≤ 50 mm

9 (31.0%)

4 (28.6%)

> 50 mm

20 (69.0%)

10 (71.4%)

Pathologic N stage

0.013

Positive

14 (47.4%)

1 (7.1%)

Negative

15 (52.6%)

13 (92.9%)

Histologic differentiation

0.529

Well

20 (69.0%)

9 (64.3%)

Moderate/poor

9 (31.0%)

5 (35.7%)

www.oncotarget.com

p

29924

Oncotarget

Table 2: Multivariate analysis of prognostic factors in patients with cholangiocarcinoma
Multivariate analysis (Overall Survival)
Variable

Category

Odds ratio

p

Confidence interval

well or moderate/poor

2.266

0.040

1.038-4.946

T2/T3

1.688

0.236

0.710-4.009

Overall Tumor
Recurrence

negative/positive

0.011

0.0001

0.001-0.093

Local Tumor
Recurrence

negative/positive

0.707

0.401

0.315-1.588

Multiple Tumor
Nodules

negative/positive

0.135

0.010

0.029-0.623

Tumor size

negative/positive

0.006

0.001

0.000-0.137

TEMs in tumor

negative/positive

2.423

0.040

1.042-5.633

miR-128 expression

low/high

38.976

0.004

3.257-466.374

miR-126 expression

low/high

0.322

0.013

0.131-0.789

Category

Odds ratio

p

Confidence interval

Tumor Nodules

solitary/multiple

0.301

0.001

0.149-0.606

Perineural Sheet
Infiltration

negative/positive

0.370

0.008

0.178-0.772

well or moderate/poor

2.123

0.047

1.010-4.460

negative/positive

0.542

0.066

0.282-1.042

high/low

2.721

0.047

1.014-7.302

Histologic
Differentiation
T Status

Multivariate analysis (Recurrence-free Survival)
Variable

Histologic
Differentiation
Lymph Node
Involvement
TEMs in tumor
invasive front

Following clinicopathological parameters were reported previously in the same cohort of patients: histologic differentiation,
T status, overall and local tumor recurrence, multiple tumor nodules, tumor size, perineural sheet infiltration and lymph
node involvement [37].
TEMs were observed in the tumour (tumourTEM-positive
group) and tumour-infiltrating front (invasive frontTEMpositive
group) in 56 patients, while the rest of the tumour
specimens (tumourTEM-negative group, n = 33, and invasive
frontTEM-negative group, n = 31) displayed a complete absence
of infiltrating TEMs. No invading TEMs were observed in
adjacent healthy liver tissue.
The absence of TEMs in the tumour-infiltrating
front was associated with pathological CA19-9 levels.
In the invasive frontTEM-positive group, 43 (79.6%) of the 54
patients had normal CA19-9 serum levels, whereas in the
invasive frontTEM-negative group, only 15 (57.7%) of the 26
patients had normal values (p = 0.040).
The TEM density was not significantly associated
with other clinicopathological markers or angiopoietin
expression in iCC; however, a trend was observed between
reduced local and overall tumour recurrence and mitigated
www.oncotarget.com

formation of fibrosis in tumours with a high TEM density
(data not shown).

The influence of miRNAs and TEMs on overall
and recurrence-free survival in patients with
CCA
In iCC, survival was significantly decreased in patients
with high relative miR-128 expression in the tumour in
comparison to those with low miR-128 expression (p = 0.018;
Figure 3A). The overall survival rates at 1-year postsurgery
were 75.2% and 42.3% for patients with low and high miR128 tumour expression, respectively. In HC, survival was
significantly better in patients with high relative miR-126
expression in the tumour in comparison to those with low
miR-126 expression (Figure 3B). No survival for longer than
3 years after resection was observed in patients with high
29925
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Prognostic significance of miRNAs and TEMs in
CCA

miR-128 or low miR-126 expression in the tumour. Kaplan–
Meier analysis with regards to the down- or upregulation
of miRNAs relative to adjacent normal tissue revealed no
significant differences (data not shown).
In patients with iCC, distinct trends towards
improved overall and recurrence-free survival after
resection were noted in those containing TEMs; however,
this did not reach statistical significance. The overall
survival rates were 67.8%, 32.4% and 27.6% at 1-, 3- and
5-years postsurgery, respectively, in patients with TEMs
in the tumour-infiltrating front. Conversely, the overall
survival rates were 53.1%, 20.2% and 12.8% at 1-, 3and 5-years postsurgery, respectively, in patients without
TEMs in the tumour-infiltrating front (p = 0.218) (Figure
3C). The 1-, 3- and 5-year recurrence-free survival rates
in patients with tumours containing TEMs were 53.1%,
22.8% and 22.8%, respectively, whereas the 1-, 3- and
5-year recurrence-free survival rates in patients with
tumours without TEMs were 31.9%, 18.4% and 13.8%,
respectively (p = 0.185; Figure 3D).

This study also analysed whether miRNAs, Angs
and TEMs, in addition to other clinicopathological
parameters, could predict the outcome after resection
for CCA. Clinicopathological parameters reported
previously in the same cohort of patients included
histological differentiation, T status, overall and
local tumour recurrence, multiple tumour nodules,
tumour size, perineural sheet infiltration and lymph
node involvement [37]. Using multivariate analysis,
the presence of TEMs in tumorous tissue, miR126 and miR-128 were all identified as independent
prognostic factors for survival (p = 0.040, p = 0.013
and p = 0.004, respectively; Table 2). With regards to
recurrence-free survival, the presence of TEMs in the
tumour-infiltrating front proved to be an independent
prognostic variable in the multivariate analysis
(P = 0.047; Table 2).

Figure 2: Cholangiocarcinoma stained with antibodies for CD14 and TIE2 showing a high abundance of TIE2expressing monocytes (TEMs) (arrow) in close proximity to blood vessels (asterisk). Original magnification: x100. Detail of
selected area, original magnification: x400. Scale bar 50 μm.
www.oncotarget.com

29926

Oncotarget

DISCUSSION

profiles and, together with angiogenic miRNAs, affected
patient outcomes in CCA [28]. These findings suggest
that ANG1–TIE2 signalling is potentially regulated by
epigenetic miRNAs and influences TEM invasion resulting
in beneficial effects in CCA; however, further studies are
needed to shed light on the possible mechanisms.
Little information is currently available regarding
the impact of angiogenesis in human CCA. Angiogenic
miRNAs that regulate potent (lymph) angiogenic factors
were shown to impact tumour progression in various
models of human disease. Experimental data suggest
a potential role of VEGF and angiopoietin-related
pathways in CCA progression [38]. In addition, novel
experimental and clinical research demonstrates that the
impact of monocytes/macrophages on tumour progression
varies with regards to the tumour type and the extent of
neovascularization [39]. In comparison to HCC where the
formation of prominent tumour neovascularization is a

This study analysed the tissue density of infiltrating
TEMs and Angs and the expression of related angiogenic
miRNAs in tumour samples from patients who underwent
resection for CCA. The main findings were five-fold:
(1) a high Ang-1 density was associated with reduced
lymphangiosis carcinomatosa and improved histological
grading in iCC; (2) angiogenic TEMs and miRNAs were
differentially expressed in iCC and HC; (3) associated
with established tumour markers, tumour growth and
lymph node involvement; (4) served as independent
prognosticators and (5) impacted on survival rates.
In the current work we show that high miR-126
and low miR-128 expression levels were associated with
beneficial effects in CCA. Moreover, in accordance with
previously published results in HC, the results showed
that Ang-1 and TEMs correlated with improved tumour

Figure 3: (A) Survival after intrahepatic cholangiocarcinoma surgery in relation to miR-128 expression in tumorous tissue. (B)

Survival after hilar cholangiocarcinoma surgery in relation to miR-126 expression in tumorous tissue. (C) Survival after intrahepatic
cholangiocarcinoma surgery in relation to the presence or absence of TEMs in the tumour-infiltrating front. (D) Recurrence-free survival
after intrahepatic cholangiocarcinoma surgery in relation to the presence or absence of TEMs in the tumour-infiltrating front.
www.oncotarget.com
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major factor influencing tumour progression, the extent
of tumour-related neovascularization in CCA is uncertain.
Therefore the current work focused on the importance of
angiogenic miRNAs involved in the Ang- and VEGFdependent molecular pathways. The next step explored
the impact of angiogenic TEMs that directly respond to
vascular growth factors on CCA progression and patient
outcome.
Recent data suggest that miRNAs play important
roles in liver biology and diseases, although the clinical
impact of miRNAs in CCA remains to be further
elucidated. Downregulation of miR-126 induces
carcinogenesis, and miR-126 acts as a tumour suppressor
and is also crucially involved in Ang-1 signalling and
vessel maturation [9, 40–44]. Furthermore, miR-126 is
also a potent modulator of VEGF signalling via KLF2-dependent mechanisms, especially in the context of
liver inflammation and cirrhosis. This is of potential

importance for the presented results, as CCA tumour
progression is highly dependent upon chronic hepatobiliary inflammation and injury [45].
Based on previous findings linking the angiopoietin
axis to TEMs in HC, this study explored the impact
of angiogenic miRNAs that influence Ang-1-related
pathways on CCA progression. A potential mechanism
was hypothesised that linked miR-126 to the activation of
Ang-1-dependent mechanisms, which mediated enhanced
infiltration of TEMs, which in turn exerted a beneficial
effect on CCA progression (Figure 4). In this study,
Ang-1 density correlated with reduced lymphangiosis
carcinomatosa and improved histological grading. In
addition, the multivariate analysis showed that Ang-1regulating miR-126 and TEMs were associated with
improved survival and prognosis. Thus TEMs seem to
associate with prevailing beneficial miR-126 and Ang-1
profiles in CCA.

Figure 4: MiR-126 signalling is hypothesised to upregulate the Ang-1-dependent direct beneficial effects on tumour
growth and indirect effects by fostering the homing TEMs in tumours, which in turn has a negative impact on CCA
progression.
www.oncotarget.com
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Given the growing interest in the miRNAdependent modulation of (lymph) angiogenic signalling,
the importance of other angiogenic miRNAs in CCA
progression was investigated. Recent results are
inconsistent; however, they do suggest that miR128 is involved in malignant diseases, either as a
tumour suppressor or oncogene [10, 46–54]. A tumour
suppressive role of miR-128 was documented for glioma,
neuroblastoma, prostate and nonsmall cell lung cancer,
where abnormal miR-128 expression may impact the
malignant phenotypes of cancer cells (i.e. proliferation,
cell motility, invasion, apoptosis and self-renewal) [54,
55]. Conversely, in HCC and colorectal carcinoma,
elevated serum and intratumoural levels of miR-128 were
negatively associated with patient survival and disease
prognosis [33].
This is the first work to document the expression
of miR-128 in CCA. Moreover, it also shows that the
upregulation of intratumoural miR-128 expression is a
negative prognostic factor for patient survival following
surgery (Table 1; Figure 3A). These data are consistent
with studies that showed a negative prognostic value of
elevated miR-128 serum levels in HCC patients [33].
However, most published scientific data showed that
decreased miR-128 expression in tissue and serum
samples was associated with tumour progression. This
was linked to enhanced neovascularization via VEGF
molecular pathways [55, 56]. The role of miR-128 in
CCA progression is unknown. One possible explanation
for these contradictory results is that in CCA dysregulation
of miR-128 impacts tumour progression via mechanisms
different from tumour related angiogenesis.
A negative prognostic value of the angiopoietin
axis and TEMs was documented in highly vascularised
malignancies; however, there is also a growing body
of evidence that suggests that TEMs can have a
positive impact. Research into HCC and pancreatic
adenocarcinoma showed a negative influence of TEMs
and Angs [40, 57–59]. Conversely, novel scientific data
has linked TEMs to enhanced liver regeneration and a
positive influence on patient outcome [60–62]. Moreover,
Ang-1 and Ang-2 are functional antagonists, and a
beneficial role of Ang-1 in human cancer has also been
highlighted [17, 18].
The M1 or M2 polarisation state of TAMs
differentially affects tumour progression and patient
prognosis, therefore TIE2 expression on TEMs may
be only the tip of the iceberg. In addition, further
discrimination of distinct subpopulations within TEMs
may deliver new insights regarding novel functions and
differential influences on disease progression. It should be
noted that results published to date that have revealed a
negative prognostic value of TEMs have been performed
in highly vascularised tumours where tumour progression
relies on prominent tumour microvasculature [60, 63].
The extent of vascularisation in CCA is uncertain. In the
www.oncotarget.com

current study, both Ang-1 and Ang-2 were not associated
with the presence of TEMs; however, intratumoural Ang1 expression was correlated with reduced lymphangiosis
carcinomatosa and improved histological grading. These
findings are in accordance with previous results that
highlighted the beneficial effects of Ang-1 and TEMs in
HC [28].
There is a scarce amount of data available with
respect to the clinical significance of the angiopoietin
axis and TEMs in CCA. Previously, the significance of
TEMs was established with respect to their circulating
blood population [39]. However, our group was the first
to document the importance of TEM density in cancerous
tissue and establish a link with the angiopoietin axis in
HC [28]. Consistent with the findings in HC, the current
work performed intratumoural visualisation of TEMs
using immunoreactivity and revealed their preferential
localisation in proximity to the microvasculature (Figure
2). Of note, a considerable number of tumours displayed a
complete absence of TEMs.
The descriptive nature of the results is a limitation
of the current work. Hence functional tests (i.e. in vitro
co-culturing of TEMs and tumour-derived factors or
tumour cells to measure and verify angiogenic responses
will help to mechanistically elucidate the proposed effects.
In summary, angiogenic miRNAs, the related Ang-1 axis
and corresponding TEMs were associated with beneficial
tumour profiles and improved outcomes in human CCA.
However, further research is required to investigate the
molecular mechanisms linking TEMs to miRNAs and
related tumour angiogenesis.

MATERIALS AND METHODS
Patients and tumour samples
A total of 186 patients who underwent major
hepatectomy for CCA (iCC or HC) at the Department of
Surgery, Charité–Universitätsmedizin Berlin were included
in the study. CCA was confirmed histopathologically and
was classified according to the Union for International
Cancer Control. The study was approved by the Ethics
Committee of Charité–Universitätsmedizin Berlin (ID:
111 EA1/318/15).
Clinicopathological characteristics of the study
population were reported previously [37]. Briefly, liver
resection was in curative intent in all patients, and none
of the patients received neoadjuvant radiotherapy or
chemotherapy prior to surgery. None of the patients died
in the postoperative period. Tissue blocks containing
embedded representative samples of the tumours were
retrieved from the archives at the Institute of Pathology.
Histological diagnoses of the primary tumour stage and
nodal status were determined from haematoxylin and eosin
stained sections. Histological evaluation of all specimens
was performed by an independent pathologist who had
29929
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no knowledge of the prognosis or the clinicopathological
variables. Cryopreserved (n = 88) and formalin-fixed
paraffin-embedded (n = 88) tumour samples, which
represented different patient collectives, were used.
Analysis of miRNA expression was performed in the
cryopreserved samples (iCC = 43; HC = 45), and Ang and
TEM studies were performed in formalin-fixed tumour
samples (iCC = 88).

The tumour-infiltrating front was identified in 72 of the 88
tumour samples stained for Ang-1 or Ang-2.

Gene expression analysis
Samples of CCA and matched adjacent
noncancerous liver tissue were collected after liver
resection. Samples were snap frozen, and the relative
expression of angiogenic miRNAs (hsa-miR-107
(MS00031255), which regulates VEGF-D signalling;
hsa-miR-126 (MS00003430), which regulates Ang-1
signalling; hsa-miR-128 (MS00008582), which regulates
VEGF-C signalling and hsa-miR-145 (MS00003528),
which regulates Ang-2 signalling) was assessed by
quantitative reverse transcriptase PCR [9, 32–34]. Total
RNA (including miRNA) was isolated using Qiazol®
Lysis Reagent (Qiagen, Hilden, Germany) and purified as
described in the user manual but with some modifications
(miRNeasy System, Qiagen). Purified RNA was reverse
transcribed, and qPCR was performed (miScript System
II, Qiagen; RevertAid First Strand cDNA Synthesis Kit,
Life Technologies, Karlsruhe, Germany and GoTaq qPCR
Master Mix, Promega, Mannheim, Germany). RNU6 was
used as an internal control in miRNA studies. The relative
expression was calculated using the comparative ΔΔCT
method, and the values were expressed as 2-ΔCT [66].

Immunohistochemistry
All protocols used for immunohistochemistry,
histology, cellular infiltrate quantification and angiopoietin
density were described in detail previously [28, 37, 64,
65].

Quantification of TEM density
Briefly, TEMs were defined by their coexpression
of CD14 and TIE2. The TEM density in the whole
tumour area and in the tumour-infiltrating front was
semiquantitatively scored as 1 = negative or 2 = positive.
For statistical analysis, a score of 1 was categorised as the
absence of abundance (or negative), while a score of 2 was
categorised as the presence of abundance (or positive).
Patients with iCC were divided into groups either
by the ‘positive’ or ‘negative’ abundance of TEMs in the
tumour (tumourTEM-positive group, n = 55, and tumourTEMnegative
group, n = 33) or by the ‘positive’ or ‘negative’
abundance of TEMs in the tumour-infiltrating front
(invasive frontTEM-positive group, n = 56, and invasive
frontTEM-negative group, n = 31). The tumour-infiltrating front
was identified in 87 of the 88 tumour samples.

Statistical analysis
Statistical analysis was performed using GraphPad
Prism (Prism 6 for Macintosh Version 6.0b, GraphPad
Software, La Jolla, CA) and SPSS software program
(version 23). Data were described as means +/- standard
deviations (SD) or standard error of mean (SEM, in
figures). D’Agostino & Pearson omnibus normality test
was used to test for normal distribution. For comparison
of two groups unpaired t-test or non-parametric MannWhitney U test was used. A Two-Way Analysis of Variance
(Two-Way ANOVA) was performed to test whether the
two independent variables‚ entity’ (HC versus iCC) and
’tissue sample’ (normal tissue versus tumor) affect the
expression of the selected miRNAs. Two-Way ANOVA was
followed by Sidak’s multiple comparison test for a pairwise
comparison. Survival analysis, univariate analysis and
Kaplan–Meier curves were performed and generated using
SPSS. Comparison of categorical and continuous variables
was performed using the Chi-squared test and the Wilcoxon
test, respectively. Survival data were compared using the
log-rank test. Variables that significantly influenced survival
in the univariate analysis were entered into a Cox regression
analysis. When p ≤ 0.05 the differences were considered
statistically significant.

Quantification of angiopoietin density
Briefly, Angs were defined by the expression of
Ang-1 or Ang-2. The Ang density in the whole tumour
area was semiquantitatively classified using the following
categories: 0 = negative, 1 = 1%–25%, 2 = 26%–75% and
3 = >75%. For statistical analysis, scores of 0 and 1 were
categorised as low expression, while scores of 2 and 3
were classified as high Ang expression. Ang density in the
tumour-infiltrating front was semiquantitatively classified
using the following categories: 0 = negative, 1 = 1%–25%,
2 = 26%–75% and 3 = >75%. For statistical analysis,
scores of 0 and 1 were categorised as low abundance (or
negative), while scores of 2 and 3 were categorised as high
abundance (or positive).
Patients with iCC were divided into groups either
by the ‘low’ or ‘high’ abundance of Angs in the tumour
(tumourAng1-low group, n = 48; tumourAng2-low group, n = 66;
tumourAng1-high group, n = 40 or tumourAng2-high group, n =
22) or by the ‘low’ or ‘high’ abundance of Angs in the
tumour-infiltrating front (invasive frontAng1-low group, n =
46; invasive frontAng2-low group, n = 49; invasive frontAng1high
group, n = 26 or invasive frontAng2-high group, n = 23).
www.oncotarget.com

Abbreviations
Ang, angiopoietin; CCA, cholangiocarcinoma; HCC,
hepatocellular carcinoma; HC, hilar cholangiocarcinoma;
29930

Oncotarget

ICC, intrahepatic cholangiocarcinoma; TAMs, tumourassociated macrophages; TEMs, TIE2-expressing
monocytes; VEGF, vascular endothelial growth factor

11. Cui JG, Zhao Y, Sethi P, Li YY, Mahta A, Culicchia
F, Lukiw WJ. Micro-RNA-128 (miRNA-128) downregulation in glioblastoma targets ARP5 (ANGPTL6),
Bmi-1 and E2F-3a, key regulators of brain cell proliferation.
J Neurooncol. 2010; 98:297–304.

CONFLICTS OF INTEREST

12. Hauser B, Zhao Y, Pang X, Ling Z, Myers E, Wang
P, Califano J, Gu X. Functions of miRNA-128 on the
regulation of head and neck squamous cell carcinoma
growth and apoptosis. PLoS One. 2015; 10: e0116321.

The authors declare that they have no competing
interest.

FUNDING

13. Balkwill F, Charles KA, Mantovani A. Smoldering and
polarized inflammation in the initiation and promotion of
malignant disease. Cancer Cell. 2005; 7:211–7.

This work was made possible by funding from
the Berlin Institute of Health (BIH) to GA and from the
German Federal Ministry of Education and Research
(BMBF 1315883) to MS. Georgi Atanasov is a participant
of the BIH Charité Clinician Scientist Program funded by
the Charité–Universitätsmedizin Berlin and the BIH.

14. Suri C, Jones PF, Patan S, Bartunkova S, Maisonpierre
PC, Davis S, Sato TN, Yancopoulos GD. Requisite role
of angiopoietin-1, a ligand for the TIE2 receptor, during
embryonic angiogenesis. Cell. 1996; 87:1171–80.
15. Augustin HG, Koh GY, Thurston G, Alitalo K. Control
of vascular morphogenesis and homeostasis through the
angiopoietin-Tie system. Nat Rev Mol Cell Biol. 2009;
10:165–77.

REFERENCES
1. Valinezhad Orang A, Safaralizadeh R, Kazemzadeh-Bavili
M. Mechanisms of miRNA-mediated gene regulation from
common downregulation to mRNA-specific upregulation.
Int J Genomics. 2014; 2014:970607.

16. Thurston G, Suri C, Smith K, MacClain J, Sato TN,
Yacopolos GD, McDonald DM. Leakage-resistant
blood vessels in mice transgenically overexpressing
angiopoietin-1. Science. 1999; 286:2511–4.

2. Bushati N, Cohen SM. MicroRNA functions. Annu Rev
Cell Dev Biol. 2007; 23:175–205.

17. Mofarrahi M, McClung JM, Kontos CD, Davis EC, Tappuni
B, Moroz N, Pickett AE, Huck L, Harel S, Danialou G,
Hussain SN. Angiopoietin-1 enhances skeletal muscle
regeneration in mice. Am J Physiol Regul Integr Comp
Physiol. 2015; 308: R576-89.

3. Hwang HW, Mendell JT. MicroRNAs in cell proliferation,
cell death, and tumorigenesis. Br J Cancer. 2006; 94:776–80.
4. Calin GA, Croce CM. MicroRNA signatures in human
cancers. Nat Rev Cancer. 2006; 6:857–66.

18. Satoh N, Yamada Y, Kinugasa Y, Takakura N.
Angiopoietin-1 alters tumor growth by stabilizing blood
vessels or by promoting angiogenesis. Cancer Sci. 2008;
99:2373–9.

5. Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A,
Petrocca F, Visone R, Iorio M, Roldo C, Ferracin M, Scarpa
A, Vecchione A, Negrini M, et al. A microRNA expression
signature of human solid tumors defines cancer gene targets.
Proc Natl Acad Sci U S A. 2006; 103:2257–61.

19. Kumpers P, Koenecke C, Hecker H, Hellpap J, Horn R,
Verhagen W, Buchholz S, Hertenstein B, Krauter J, Eder
M, David S, Göhring G, Haller H, et al. Angiopoietin-2
predicts disease-free survival after allogeneic stem
cell transplantation in patients with high-risk myeloid
malignancies. Blood. 2008; 112:2139–48.

6. Kuehbacher A, Urbich C, Zeiher AM, Dimmeler S. Role of
Dicer and Drosha for endothelial microRNA expression and
angiogenesis. Circ Res. 2007; 101:59–68.
7. Suarez Y, Sessa WC. MicroRNAs as novel regulators of
angiogenesis. Circ Res. 2009; 104:442–54.

20. Park JH, Park KJ, Kim YS, Sheen SS, Lee KS, Lee HN, Oh
YJ, Hwang SC. Serum angiopoietin-2 as a clinical marker
for lung cancer. Chest. 2007;132:200-6

8. Yang WJ, Yang DD, Na S, Sandusky GE, Zhang Q, Zhao G.
Dicer is required for embryonic angiogenesis during mouse
development. J Biol Chem. 2005; 280:9330–5.

21. Wang J, Wu K, Zhang D. Expressions and clinical
significances of angiopoietin-1, -2 and Tie2 in human
gastric cancer. Biochem Biophys Res Commun. 2005;
337:386–93.

9. Sessa R, Seano G, di Blasio L, Gagliardi PA, Isella C,
Medico E, Cotelli F, Bussolino F, Primo L. The miR-126
regulates angiopoietin-1 signaling and vessel maturation
by targeting p85beta. Biochim Biophys Acta. 2012;
1823:1925–35.

22. Detjen KM, Rieke S, Deters A, Schulz P, Rexin A,
Vollmer S, Hauff P, Wiedenmann B, Pavel M, Scholz
A. Angiopoietin-2 promotes disease progression
of neuroendocrine tumors. Clin Cancer Res. 2010;
16:420–9.

10. Khan AP, Poisson LM, Bhat VB, Fermin D, Zhao R,
Kalyana-Sundaram S, Michailidis G, Nesvizhskii AI,
Omenn GS, Chinnaiyan AM, Sreekumar A. Quantitative
proteomic profiling of prostate cancer reveals a role for
miR-128 in prostate cancer. Mol Cell Proteomics. 2010;
9:298–312.
www.oncotarget.com

23. Venneri MA, De Palma M, Ponzoni M, Pucci F, Scielzo C,
Zonari E, Mazzieri R, Doglioni C, Naldini L. Identification
of proangiogenic TIE2-expressing monocytes (TEMs)
29931

Oncotarget

in human peripheral blood and cancer. Blood. 2007;
109:5276–85.

al. Tumor necrosis and infiltrating macrophages predict
survival after curative resection for cholangiocarcinoma.
Oncoimmunology. 2017; 6:e1331806.

24. De Palma M, Venneri MA, Roca C, Naldini L. Targeting
exogenous genes to tumor angiogenesis by transplantation
of genetically modified hematopoietic stem cells. Nat Med.
2003; 9:789–95.

38. Ogasawara S, Yano H, Higaki K, Takayama A, Akiba J,
Shiota K, Kojiro M. Expression of angiogenic factors, basic
fibroblast growth factor and vascular endothelial growth
factor in human biliary tract carcinoma cell lines. Hepatol
Res. 2001; 20:97–113.

25. Balkwill F, Mantovani A. Inflammation and cancer: back to
Virchow? Lancet. 2001; 357:539–45.
26. Pollard JW. Tumour-educated macrophages promote tumour
progression and metastasis. Nat Rev Cancer. 2004; 4:71–8.

39. Matsubara T, Kanto T, Kuroda S, Yoshio S, Higashitani
K, Kakita N, Miyazaki M, Sakakibara M, Hiramatsu N,
Kasahara A, Tomimaru Y, Tomokuni A, Nagano H, et al.
TIE2-expressing monocytes as a diagnostic marker for
hepatocellular carcinoma correlates with angiogenesis.
Hepatology. 2013; 57:1416–25.

27. de Visser KE, Eichten A, Coussens LM. Paradoxical roles
of the immune system during cancer development. Nat Rev
Cancer. 2006; 6:24–37.
28. Atanasov G, Hau HM, Dietel C, Benzing C, Krenzien F,
Brandl A, Englisch JP, Wiltberger G, Schierle K, Robson
SC, Reutzel-Selke A, Jonas S, Pascher A, et al. Prognostic
significance of TIE2-expressing monocytes in hilar
cholangiocarcinoma. J Surg Oncol. 2016; 114:91–8.

40. Crawford M, Brawner E, Batte K, Yu L, Hunter MG,
Otterson GA, Nuovo G, Marsh CB, Nana-Sinkam SP.
MicroRNA-126 inhibits invasion in non-small cell lung
carcinoma cell lines. Biochem Biophys Res Commun.
2008; 373:607–12.

29. Fiedler U, Reiss Y, Scharpfenecker M, Grunow V, Koidl S,
Thurston G, Gale NW, Witzenrath M, Rosseau S, Suttorp N,
Sobke A, Herrmann M, Preissner KT, et al. Angiopoietin-2
sensitizes endothelial cells to TNF-alpha and has a crucial
role in the induction of inflammation. Nat Med. 2006;
12:235–9.

41. Musiyenko A, Bitko V, Barik S. Ectopic expression of miR126*, an intronic product of the vascular endothelial EGFlike 7 gene, regulates prostein translation and invasiveness
of prostate cancer LNCaP cells. J Mol Med (Berl). 2008;
86:313–22.

30. Murdoch C, Tazzyman S, Webster S, Lewis CE. Expression
of Tie-2 by human monocytes and their responses to
angiopoietin-2. J Immunol. 2007; 178:7405–11.

42. Guo C, Sah JF, Beard L, Willson JK, Markowitz SD, Guda
K. The noncoding RNA, miR-126, suppresses the growth of
neoplastic cells by targeting phosphatidylinositol 3-kinase
signaling and is frequently lost in colon cancers. Genes
Chromosomes Cancer. 2008; 47:939–46.

31. Dapas B, Grassi M, Grassi G. Can TIE-2 expressing
monocytes represent a novel marker for hepatocellular
carcinoma? Hepatobiliary Surg Nutr. 2014; 3:175–8.

43. Saito Y, Friedman JM, Chihara Y, Egger G, Chuang
JC, Liang G. Epigenetic therapy upregulates the tumor
suppressor microRNA-126 and its host gene EGFL7 in
human cancer cells. Biochem Biophys Res Commun. 2009;
379:726–31.

32. Chen L, Li ZY, Xu SY, Zhang XJ, Zhang Y, Luo K, Li WP.
Upregulation of miR-107 inhibits glioma angiogenesis and
VEGF expression. Cell Mol Neurobiol. 2016; 36:113–20.
33. Zhuang L, Xu L, Wang P, Meng Z. Serum miR-128-2 serves
as a prognostic marker for patients with hepatocellular
carcinoma. PLoS One. 2015; 10: e0117274.

44. Feng R, Chen X, Yu Y, Su L, Yu B, Li J, Cai Q, Yan M,
Liu B, Zhu Z. miR-126 functions as a tumour suppressor in
human gastric cancer. Cancer Lett. 2010; 298:50–63.

34. Wang H, Hang C, Ou XL, Nie JS, Ding YT, Xue SG, Gao
H, Zhu JX. MiR-145 functions as a tumor suppressor via
regulating angiopoietin-2 in pancreatic cancer cells. Cancer
Cell Int. 2016; 16: 65.

45. Yang H, Li TW, Peng J, Tang X, Ko KS, Xia M,
Aller MA. A mouse model of cholestasis-associated
cholangiocarcinoma and transcription factors involved in
progression. Gastroenterology. 2011; 141:378–88.

35. Bijkerk R, Duijs JM, Khairoun M, Ter Horst CJ, van der
Pol P, Mallat P, Rotmans JI, de Vries AP, de Koning EJ, de
Fijter JW, Rabelink TJ, van Zonneveld AJ, Reinders ME.
Circulating microRNAs associate with diabetic nephropathy
and systemic microvascular damage and normalize after
simultaneous pancreas-kidney transplantation. Am J
Transplant. 2015; 15:1081–90.

46. Zhang Y, Chao T, Li R, Liu W, Chen Y, Yan X, Gong Y, Yin
B, Liu W, Qiang B, Zhao J, Yuan J, Peng X. MicroRNA-128
inhibits glioma cells proliferation by targeting transcription
factor E2F3a. J Mol Med (Berl). 2009; 87:43–51.

36. Cao WJ, Rosenblat JD, Roth NC, Kuliszewski MA, Matkar
PN, Rudenko D, Liao C, Lee PJ, Leong-Poi H. Therapeutic
angiogenesis by ultrasound-mediated microRNA-126-3p
delivery. Arterioscler Thromb Vasc Biol. 2015; 35:2401–11.

47. Guidi M, Muinos-Gimeno M, Kagerbauer B, Marti E,
Estivill X, Espinosa-Parrilla Y. Overexpression of miR-128
specifically inhibits the truncated isoform of NTRK3 and
upregulates BCL2 in SH-SY5Y neuroblastoma cells. BMC
Mol Biol. 2010; 11: 95.

37. Atanasov G, Dietel C, Feldbrügge L, Benzing C,
Krenzien F, Brandl A, Mann E, Englisch JP, Schierle K,
Robson SC, Splith K, Morgul MH, Reutzel-Selke A, et

48. Medina-Villaamil V, Martinez-Breijo S, Portela-Pereira P,
Quindon-Varela M, Santamaria-Cainzos I, Anton-Aparicio
LM, Gómez-Veiga F. Circulating microRNAs in blood

www.oncotarget.com

29932

Oncotarget

of patients with prostate cancer. Actas Urol Esp. 2014;
38:633–9.

Hauff P, Thierauch KH, Alves F, Wiedenmann B, et al.
Angiopoietin-2 drives lymphatic metastasis of pancreatic
cancer. FASEB J. 2011; 25:3325–35.

49. Papagiannakopoulos T, Friedmann-Morvinski D, Neveu P,
Dugas JC, Gill RM, Huillard E, Liu C, Zong H, Rowitch
DH, Barres BA, Verma IM, Kosik KS. Pro-neural miR-128
is a glioma tumor suppressor that targets mitogenic kinases.
Oncogene. 2012; 31:1884–95.

58. Forget MA, Voorhees JL, Cole SL, Dakhlallah D, Patterson
IL, Gross AC, Moldovan L, Mo X, Evans R, Marsh CB,
Eubank TD. Macrophage colony-stimulating factor
augments Tie2-expressing monocyte differentiation,
angiogenic function, and recruitment in a mouse model of
breast cancer. PLoS One. 2014; 9: e98623.

50. Evangelisti C, Florian MC, Massimi I, Dominici C,
Giannini G, Galardi S, Buè MC, Massalini S, McDowell
HP, Messi E, Gulino A, Farace MG, Ciafrè SA. MiR-128
up-regulation inhibits Reelin and DCX expression and
reduces neuroblastoma cell motility and invasiveness.
FASEB J. 2009; 23:4276–87.

59. Gabrusiewicz K, Liu D, Cortes-Santiago N, Hossain MB,
Conard CA, Aldape KD, Fuller GN, Marini FC, Alonso
MM, Idoate MA, Gilbert MR, Fueyo J, Gomez-Manzano
C. Anti-vascular endothelial growth factor therapy-induced
glioma invasion is associated with accumulation of Tie2expressing monocytes. Oncotarget. 2014; 5:2208–20.
https://doi.org/10.18632/oncotarget.1893.

51. Hu J, Cheng Y, Li Y, Jin Z, Pan Y, Liu G, Fu S, Zhang
Y, Feng K, Feng Y. MicroRNA-128 plays a critical role
in human non-small cell lung cancer tumourigenesis,
angiogenesis and lymphangiogenesis by directly targeting
vascular endothelial growth factor-C. Eur J Cancer. 2014;
50:2336–50.

60. Semela D, Dufour JF. Angiogenesis and hepatocellular
carcinoma. J Hepatol. 2004; 41:864–80.
61. Goede V, Coutelle O, Shimabukuro-Vornhagen A,
Holtick U, Neuneier J, Koslowsky TC, Weihrauch MR,
von Bergwelt-Baildon M, Hacker UT. Analysis of Tie2expressing monocytes (TEM) in patients with colorectal
cancer. Cancer Invest. 2012; 30:225–30.

52. Tian Z, Guo B, Yu M, Wang C, Zhang H, Liang Q, Cao
L. Upregulation of micro-ribonucleic acid-128 cooperating
with downregulation of PTEN confers metastatic potential
and unfavorable prognosis in patients with primary
osteosarcoma. Onco Targets Ther. 2014; 7:1601–8.

62. Nowak G, Karrar A, Holmen C, Nava S, Uzunel M,
Hultenby K, Sumitran-Holgersson S. Expression of
vascular endothelial growth factor receptor-2 or Tie-2 on
peripheral blood cells defines functionally competent cell
populations capable of reendothelialization. Circulation.
2004; 110:3699–707.

53. Ji S, Shao G, Lv X, Liu Y, Fan Y, Wu A, Hu H.
Downregulation of miRNA-128 sensitises breast cancer
cell to chemodrugs by targeting Bax. Cell Biol Int. 2013;
37:653–8.
54. Peruzzi P, Bronisz A, Nowicki MO, Wang Y, Ogawa
D, Price R, Nakano I, Kwon CH, Hayes J, Lawler SE,
Ostrowski MC, Chiocca EA, Godlewski J. MicroRNA-128
coordinately targets polycomb repressor complexes in
glioma stem cells. Neuro Oncol. 2013; 15:1212–24.

63. Fernandez M, Semela D, Bruix J, Colle I, Pinzani M,
Bosch J. Angiogenesis in liver disease. J Hepatol. 2009;
50:604–20.
64. Atanasov G, Hau HM, Dietel C, Benzing C, Krenzien
F, Brandl A, Wiltberger G, Matia I, Prager I, Schierle
K, Robson SC, Reutzel-Selke A, Pratschke J, et al.
Prognostic significance of macrophage invasion in hilar
cholangiocarcinoma. BMC Cancer. 2015; 15:790.

55. Liu HT, Xing AY, Chen X, Ma RR, Wang YW, Shi DB,
Zhang H, Li P, Chen HF, Li YH, Gao P. MicroRNA-27b,
microRNA-101 and microRNA-128 inhibit angiogenesis
by down-regulatingvascular endothelial growth factor C
expression in gastric cancers. Oncotarget. 2015; 6:37458–
70. https://doi.org/10.18632/oncotarget.6059.

65. Atanasov G, Schierle K, Hau HM, Dietel C, Krenzien F,
Brandl A, Wiltberger G, Englisch JP, Robson SC, ReutzelSelke A, Pascher A, Jonas S, Pratschke J, et al. Prognostic
significance of tumor necrosis in hilar cholangiocarcinoma.
Ann Surg Oncol. 2017; 24:518–525.

56. Shi ZM, Wang J, Yan Z, You YP, Li CY, Qian X, Yin Y,
Zhao P, Wang YY, Wang XF, Li MN, Liu LZ, Liu N, et
al. MiR-128 inhibits tumor growth and angiogenesis by
targeting p70S6K1. PLoS One. 2012; 7:e32709.

66. Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2(T) (-Delta Delta C) method. Methods. 2001; 25:402–408.

57. Schulz P, Fischer C, Detjen KM, Rieke S, Hilfenhaus
G, von Marschall Z, Böhmig M, Koch I, Kehrberger J,

www.oncotarget.com

29933

Oncotarget

