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Abstract: Interleukin (IL)-11 is a member of the IL-6 family of cytokines. Recently, IL-11 signaling has been shown to
play a crucial role in gastrointestinal carcinoma. However, the role of IL-11 in breast cancer progression is unclear.
The aim of this study was to investigate the clinicopathological significance of IL-11 and IL-11Ra in breast cancer
and their relationship to angiogenesis. The clinicopathological features of 124 patients with breast cancer were
analyzed. Immunohistochemistry was used to measure IL-11 and IL-11Ra expressions and microvessel density
(MVD) in tumor tissues. The association of IL.-11 and IL-11Ra co-expression with MVD was assessed. In this cohort,
IL-11 expression was associated with low Her-2 expression (86.1%) and high Ki-67 expression levels (62.0%). (P =
0.043, 0.038, respectively). Meanwhile, IL-11Ra expression was associated with high ER levels (67.9%), high PR
levels (60.7%), and low Her-2 expression (76.8%) (P = 0.006, 0.004, and 0.013, respectively). The average MVD
of the IL-11 and IL-11Ra positive group was 9.32 per field of view, and the average MVD of the negative group was
6.83 per field of view. MVD in the positive group was significantly higher than that in the negative group (P<0.05).

This study helped elucidate the role of IL-11 in angiogenesis of breast cancer.
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Introduction

Breast cancer is one of the most frequently
diagnosed cancers and a leading cause of can-
cer-related deaths among women. Angiogene-
sis, the formation of new blood vessels, is re-
quired for tumor growth, progression, and agg-
ressiveness [1, 2]. The vascular network is
essential for cancer cell to gain nutrients for
growth and to eliminate metabolic products.
Especially when some tumors’ size is in millim-
eter range, stimulation of new blood vessels-
also known as angiogenesis- is necessary [3].
Numerous studies have reported a correlation
between increased angiogenesis and poor
prognosis in various cancers [3]. Thus, inhibit-
ing angiogenesis is a promising strategy for
cancer treatment.

Interleukin (IL)-11 is one of the IL-6 family,
which includes nine cytokines [4] IL-11 inter-
acts with a specific non-catalytic transmem-
brane receptor. More recently, both IL-11 and
IL-6 have been linked to the development of

epithelial cancers [5, 6]. The IL-6 family is
defined by their shared use of glycoprotein-130
beta-subunit (GP130, also known as CD130 or
IL6ST) which is a transmembrane protein [7].
Recent reports have suggested a complex mul-
tifarious role for IL-11 in various cancers, includ-
ing breast cancer. Several studies have shown
that under hypoxic conditions the tumorigenici-
ty of PC-3 prostate cancer cells have been
enhanced by IL-11, which suggests that IL-11
may promote angiogenesis [8]. This study ass-
essed the clinicopathological significance of
IL-11 and its receptor IL-11Ra in breast cancer
and their relationship to angiogenesis.

Materials and methods
Patients and ethics statement

The patients in the present study had histologi-
cally confirmed breast cancer and underwent
operations at the Department of Breast Surgery
of the First Hospital of China Medical University
in 2015. A total of 124 formalin-fixed, paraffin-
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Figure 1. Representative IHC staining of IL-11 expression in clinical specimens. A. Positive expression of 1L-11; B.
Negative expression of IL-11. Representative images are shown at x400 magnification.

embedded primary tumor tissues were avail-
able for this study. None of the patients received
preoperative radiotherapy, chemotherapy or
immunotherapy. The clinical data, including
age, tumor features, histological classification,
TNM stage, and lymph node metastasis, were
recorded.

The Human Research Ethical Committee of the
China Medical University Affiliated Stomatolo-
gical Hospital approved the use of these tissue
samples for the study. All patients included in
the study agreed that their tumor samples
could be used during their initial diagnosis, and
written consent was obtained from all partici-
pants.

Immunohistochemistry (IHC)

The specimens were fixed in 10% formalin solu-
tion and then embedded in paraffin. Serial sec-
tions were cut and prepared for hematoxylin
and eosin (H&E) staining and IHC. The sections
were incubated with a rabbit polyclonal IL-11
antibody (1:100 dilution, Novus, USA), a rabbit
monoclonal IL-11Ra antibody (1:1000 dilution,
Abcam, USA) or a mouse monoclonal CD31
antibody (1:100 dilution, Cell Signaling, USA)
overnight at 4°C, followed by incubation at
37°C for 30 min with a secondary antibody
against rabbit and mouse immunoglobulins
(Maixin Co., Fuzhou, China). Then, the sections
were stained with DAB for 5 min. Positive stain-
ing of the cytoplasm and cell membrane was
yellow-brown. The number of IL-11-positive or
IL-11RA-positive cells was counted in 10 ran-
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dom optic fields using a light microscope equi-
pped with a 50x objective. Small blood vessels
were visualized by CD31 staining of the endo-
thelial cells. For determination of the MVD, the
highest neovascularization areas (hot spots)
were identified by scanning whole tumor sec-
tions at low power, followed by counting indi-
vidual microvessels at 400x magnification. The
highest single field value within each hot spot
was recorded. Endothelial cells or endothelial
cell clusters positive for CD34, CD31, or von
Willebrand Factor (VWF) that were separate
from the adjacent clusters were considered
single countable microvessels [9].

Statistical analysis

Data were analyzed using SPSS 23.0. The
association between IL-11 or IL-11Ra expres-
sion and clinicopathological features of the
patients was determined using the x? test. The
t-test was used to compare the MVD between
patients in the IL-11 and IL-11Ra double-posi-
tive group and those in the negative group. A
P-value of <0.05 was considered statistically
significant.

Results
IL-11 and IL-11Ra expression in breast cancer

Using IHC, we assessed the IL-11 and IL-11Ra
protein expressions in human tumor tissues
from 124 breast cancer patients. IHC examina-
tion showed that IL-11 was predominantly
located in the cytoplasm of breast cancer cells
(Figure 1A), and IL-11Ra, as a transmembrane
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Figure 2. Representative IHC staining of IL-11Ra expression in clinical specimens. A. Positive expression of IL-11Ra;
B. Negative expression of IL-11Ra. Representative images are shown at x400 maghnification.

Table 1. Correlations of IL-11 and IL-11Ra expressions with MVD and clinicopathological status in

samples from 124 patients with breast cancer

N _ Number of I-11 IL-11Ra

Clinicopathological features ; ) (-) P value (+) (-) P value

patients
N=79 n=45 N =56 n=68
Age 0.285 0.213
<50 61 36 (45.6%) 25 (55.6%) 31 (55.4%) 30 (44.1%)
250 63 43 (54.4%) 20 (44.4%) 25 (44.6%) 38 (55.9%)

ER+ 98 63 (79.7%) 35 (77.8%) 0.798 38(67.9%) 60 (88.2%) 0.006**
26 16 (20.3%) 10 (22.2) 18 (39.3%) 8(11.8%)

PR+ 91 58 (73.4%) 33(73.3%) 0.992 34 (60.7%) 57 (83.8%) 0.004**
33 21 (26.6%) 12 (26.7) 22 (39.3%) 11 (16.2%)

Her-2+ 18 11 (13.9%) 7 (15.6%) 0.043* 13(23.2%) 5(7.4%) 0.013*
106 68 (86.1%) 38 (84.4%) 43 (76.8%) 63 (92.6%)

Ki-67+ 85 49 (62.0%) 36 (80.0%) 0.038* 42 (75.0%) 43 (63.2%) 0.160
39 30 (38.0%) 9 (20.0%) 14 (25.0%) 25 (36.8%)

LN+ 41 25(31.6%) 16 (35.6%) 0.656 20 (35.7%) 21(30.9%) 0.569
83 54 (68.4%) 29 (64.4%) 36 (64.3%) 47 (69.1%)

Size of the tumor 0.222 0.320
<2cm 36 22 (27.8%) 14 (31.1%) 12 (21.4%) 24 (35.3%)
2cm-5cm 71 49 (62.0%) 22 (48.9%) 36 (63.3%) 35 (51.5%)
>5cm 17 8(10.1%) 9 (20.0%) 8(14.3%) 9(13.2%)

*P<0.05, **P<0 =0.1.

receptor, was located on the cytomembrane of
breast cancer cells (Figure 2A).

Among 124 cases of breast cancer, 79 (63.7%)
cases (Figure 1A) showed expression of 1L.-11,
and negative expression of IL-11 was found in
45 (36.3%) cases (Figure 1B). Positive expres-
sion of IL-11Ra was found in 56 (45.2%) cases
(Figure 2A), and negative expression of IL-11Ra
was found in 68 (54.8%) cases (Figure 2B).
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Correlation of IL.-11 and IL-11Ra expression
with clinicopathological features in patients
with breast cancer

The clinical profiles of breast cancer patients in
this study are shown in Table 1. Statistical anal-
ysis indicated a significant correlation between
IL-11 expression and Her-2 (P = 0.043) or Ki-67
expression (P = 0.038), showing that IL-11 ex-
pression was associated with low Her-2 expres-
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Figure 3. MVD in breast cancer tissues. A-C: Double positive case. D-F: Not double positive case. A: Positive expres-
sion of IL-11; B: Positive expression of IL-11Ra; C: The average MVD of the IL-11 and IL-11Ra positive expression
group was 9.32 per field of view; D: Negative expression of IL-11; E: Negative expression of IL-11Ra; F: T the aver-
age MVD of the negative expression group was 6.83 per field of view Representative images are shown at x400
maghnifications.

sion (86.1%) and high Ki-67 expression levels
(62.0%). However, no significant association
was observed between IL-11 expression and
age, lymph node metastasis, size of the tumor,
and ER or PR expression. Meanwhile, the
expression of IL-11Ra was associated with ER
expression (P = 0.006), PR expression (P =
0.004), and Her-2 expression (P = 0.013).
IL-11Ra expression was associated with high
ER expression levels (67.9%), high PR expres-
sion levels (60.7%), and low Her-2 expression
(76.8%).

Correlation of IL-11 expression with MVD in
patients with breast cancer

To investigate the correlation between IL-11
and IL-11Ra expressions and tumor angiogen-
esis, we performed IHC staining for IL-11
expression using anti-IL-11 antibodies, IL-11Ra
expression using anti-Il-11Ra antibodies and
MVD using anti-CD31 antibodies in 124 prima-
ry invasive ductal breast carcinoma samples.
MVD was used as a marker of angiogenesis
because it was reported to be an independent
and highly significant prognostic factor [9-11].

We divided the 124 patients into two groups.
The positive group expressed both IL-11 and
IL-11Ra, while patients in the negative group
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did not meet this standard. The average MVD of
the positive group (Figure 3A) was 9.32 per
field of view, and the average MVD of the nega-
tive group (Figure 3B) was 6.83 per field of
view. The difference was analyzed with an inde-
pendent t test. MVD in the double positive
group was significantly higher than that in the
negative group (P<0.05).

Discussion

IL-11 is a pleiotropic cytokine that was initially
described in 1990 as a bone marrow stroma-
derived hematopoietic cytokine [12]. IL-11 is
expressed by all kinds of tissues, such as the
gut, brain, spinal cord neurons, and testes, and
thus may have a physiological function in these
organs [13]. Recent studies have suggested
that IL-11 may participate in several unrelated
aspects of cancer biology [14], including the
promoting angiogenesis [15], survival under
the condition of hypoxia [8], apoptosis [16] and
chemoresistance [17], as well as metastasis
[18]. MVD is commonly used to evaluate tumor
angiogenesis [19-21]. We measured CD31 in
endothelial cells to determine the MVD. Elu-
cidating the association of IL-11 and its recep-
tor with MVD may contribute to understanding
the clinicopathological significance of IL-11
expression in breast cancer.
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In this study, IL-11 and IL-11Ra expressions
were detected in breast cancer tissues using
IHC analyses. Our results showed that IL-11
was predominantly located in the cytoplasm of
breast cancer cells, and IL-11Ra, a transmem-
brane receptor, was located on the cytomem-
brane of breast cancer cells. IL-11 expression
was significantly correlated with Her-2 expres-
sion and Ki-67 expression in cancer patients,
and IL-11Ra expression was significantly corre-
lated with ER expression, PR expression, and
Her-2 expression. In addition, IL-11 and IL-11Ra
co-expression was inversely correlated with the
MVD of breast cancer tumors. These results
indicate that IL-11 is involved in angiogenesis
of breast cancer patients.

One limitation of our study is that only a small
number of patients were examined; thus, it was
difficult to assess the significance of this study.
We hope to analyze a greater number of pa-
tients in the future. Further researches are
required to elucidate the specific mechanisms
by which IL-11 contributes to angiogenesis.

In conclusion, IL-11 is closely associated with
angiogenesis. Analysis of the clinicopathologi-
cal significance of IL-11 expression in breast
cancer and its relationship to angiogenesis
may provide a theoretical basis for antiangio-
genic therapy.
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