
Summary. In endometrioid carcinomas (ECs) of the
uterine corpus, neutrophil accumulation within the
carcinoma cell clusters is a representative microscopic
finding. Because this accumulation is active, some sort
of transmitter ought to exist between the EC cells and
neutrophils. Interleukin-8 (IL-8) and C-X-C motif
chemokine ligand 5 (CXCL5) is a cytokine that attracts
neutrophils in vivo. In this study, we investigated IL-8,
CXCL5 and C-X-C motif chemokine receptor 2
(CXCR2) (their chemokine receptor) expressions in ECs
by immunohistochemistry and reverse transcription
polymerase chain reaction (RT-PCR). There are few
reports on the relationship between these chemokines
and ECs. For comparison, we enrolled samples of
colorectal adenocarcinoma (CRAC), it is another
representative tumor with neutrophil infiltration. We
analyzed 30 ECs and 30 CRACs. We confirmed IL-8
expression (H-score ≥50 points) in 40% of EC and 7%
of CRAC samples; CXCL5 expression in 7% of EC and
10% of CRAC samples; CXCR2 expression in 83% of
EC and 53% of CRAC samples by immunohisto-
chemistry. We examined each mRNA (IL-8 and CXCL5)
expression of 3 representative EC and 3 CRAC samples.
Finding IL-8 expression might indicate that this cytokine
is important for the process of neutrophil accumulation,
particularly within ECs. The participation of CXCL5
regarding neutrophil accumulation within their
carcinoma cell clusters might be restrictive compared to
IL-8.
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Introduction

Endometrial carcinoma is generally divided into two
categories, type I and type II, based primitively on
whether or not it is estrogenic, the distinction between
these two categories is based on clinicopathologic
factors such as age, obesity, para-gravidity,
presence/absence of hyperplasia, histological type and
molecular disorders; the conceptions of type I as a low
grade cancer represented by G1/2 endometrioid
carcinoma (EC) and type II as high-grade cancer
represented by serous carcinoma (SC) and clear cell
carcinoma (CCC) have generally been accepted; type I
frequently shows abnormalities of PTEN, microsatellite
instability attributed to defects in DNA mismatch repair,
mutations in β-catenin and K-Ras, and type II is not
associated with hormonal risk factors represented by
estrogen receptor and progesterone receptor expression
status (Yasuda, 2014). Furthermore, 4 groups were
described based on integrated genomic architecture
rather than single genetic mutations, which are (1)
ultramutated/polymerase ε mutated, (2) hypermutated/
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microsatellite instability, (3) low-copy number
abnormalities and (4) high-copy number abnormalities;
high-somatic-copy number abnormalities were seen in
serous-like tumors and correspond broadly to type II,
while the low-somatic-copy number tumors correspond
to type I (Goebel et al., 2018). The majority of
endometrial carcinomas are ECs accounting for more
than 80% of uterine corpus cancers, and the populations
of SC and CCC of the uterine corpus are minor
compared to EC (Yasuda, 2014). 

Neutrophil accumulation within carcinoma cell
clusters in ECs of the uterine corpus is a representative
microscopic finding. Because this accumulation is
active, some sort of transmitter ought to exist between
the EC cells and neutrophils. Interleukin-8 (IL-8) is a
member of the CXC chemokine family and is an
influential cytokine causing neutrophils to accumulate in
vivo. The basic biological effect is the attraction and
activation of neutrophils (Wang et al., 2015). IL-8 is also
expressed by various human tumor cells, including
breast cancer, colon cancer, ovarian cancer, cervical
cancer, gastric cancer, lung cancer, prostate cancer, renal
cell carcinoma, thyroid cancer and pancreatic cancer
(Yasumoto et al., 1992; Green et al., 1997; König et al.,
1999; Tjiong et al., 1999; Veltri et al., 1999; Brew et al.,
2000; Ivarsson et al., 2000; Hussain et al., 2010; Chen et
al., 2012). Meanwhile, C-X-C motif chemokine ligand 5
(CXCL5) is initially identified to recruit neutrophils by
binding to C-X-C motif receptor 2 (CXCR2), and
CXCL5, previously named as neutrophil-activating
protein 78, consists of 114 amino acids and belongs to
the CXC chemokine subfamily (Cui et al., 2018).
Abnormal elevation of CXCL5 and/or CXCR2 has been
observed in the cancer tissues, such as colorectal cancer
(Kawamura et al., 2012; Zhao et al., 2017a,b), pancreatic
adenocarcinoma (Li et al., 2011) and hepatocellular
carcinoma (HCC) (Zhou et al., 2015).

We performed this study to clarify IL-8 and CXCL5
expressions in ECs of the uterine corpus using
immunohistochemistry and reverse transcription
polymerase chain reaction (RT-PCR). There are few
reports on the relationship between these chemokines
and EC. For comparison, we enrolled colorectal
adenocarcinoma (CRAC) as a representative type of
tumor with neutrophil infiltration (Rao et al., 2012;
Wikberg et al., 2017). Furthermore, it has been reported
in relation to IL-8 and CXCL5 expressions (Brew et al.,
2000; Kawamura et al., 2012; Zhao et al., 2017b).
Meanwhile, because CXCR2 (their chemokine receptor)
expression in CRACs has been reported by some
researchers, we performed CXCR2 expression as well by
immunohistochemistry (Lee et al., 2012; Desurmont et
al., 2015; Zhao et al., 2017a). 
Materials and methods

Materials

We collected 30 ECs of the uterine corpus and 30

CRACs obtained surgically at the University of
Yamanashi Hospital. Two pathologists (K.M. and T.K.)
independently reviewed hematoxylin and eosin (HE)
stained slides blinded to the original pathological
diagnosis. The Research Ethics Committee of the
Faculty of Medicine, University of Yamanashi approved
this study (approval number: 2186).
Neutrophil accumulation

We evaluated neutrophil infiltration by a
representative HE stained slide in each individual case.
The HE stained slides were scanned at low
magnification (100×). Then 2 pathologists (K.M. and
T.K.) together selected carcinoma cell clusters having
the highest density of distinctly highlighted neutrophil
infiltration (‘hot spot’) within each section. They
counted the neutrophils in each ‘hot spot’ within a 400×
microscopic field of an Olympus BX53 (Tokyo, Japan)
microscope. We defined more than 10 neutrophils as
neutrophil accumulation.
Immunohistochemistry

Sections 4-μm thick were cut from formalin-fixed,
paraffin-embedded (FFPE) tissue blocks that were
dewaxed and rehydrated. This was followed by
immunohistochemical staining performed on
representative slides. IL-8 (Polyclonal, Invitrogen,
Carlsbad, USA, dilution 1:200) was used as the
primary antibody. After inhibiting endogenous
peroxidase, we used a positive control (lung cancer) to
perform the primary antibody reaction. CXCL5
(Polyclonal, Abcam plc, Cambridge, UK, dilution
1:200) was used as the primary antibody. We
performed antigen retrieval through heat treatment:
autoclaving at 121°C for 10 min in citrate buffer pH 6.
After inhibiting endogenous peroxidase, we used a
positive control (pancreas cancer) to perform the
primary antibody reaction. CXCR2 (Polyclonal, Abcam
plc, Cambridge, UK, dilution 1:200) was used as the
primary antibody. After inhibiting endogenous
peroxidase, we used a positive control (rectum cancer)
to perform the primary antibody reaction. We used the
Ｎ-Histofine Simple Stain MAX PO (MULTI) (Nichirei
Biosciences, Tokyo, Japan) with diaminobenzidine as a
chromogen and a light counterstain with hematoxylin
to perform immuno-histochemistry. Two pathologists
(K.M. and T.K.) simultaneously reviewed immuno-
stained sections using a double-headed light
microscope.

We used the H-score as immunohistochemical
evaluation system, which is calculated by adding the
multiplication of the different staining intensities in four
gradations with each percentage of positive cells; the H-
score was classified as 0=0 to 49 points, 1=50 to 99
points, 2=100 to 199 points, and 3=200 to 300 points, we
also defined 1, 2 or 3 classified specimens as positive
and sections classified 0 as negative (Specht et al.,

1504
IL-8 and CXCL5 in ECs and CRACs



2015).
Microdissection and extraction of RNA from paraffin
embedded tissue

Two 10 µm thick serial sections were cut from
routinely processed, FFPE tissue blocks. The tumor
tissue (immunostained area) was microdissected with a
disposable syringe needle and the nucleic acids extracted
by standard procedures. To avoid sampling problems, we
selected non-necrotic tumor tissue with a considerable
number of tumor cells. We used the RNeasy FFPE Kit
(QIAGEN, Hilden, German) to extract RNA from the
microdissected tissue samples.
RT-PCR

Total RNA was reverse transcripted using iScript
gDNA Clear cDNA Synthesis Kit (Bio-Rad, Hercules,
CA, USA). All RT reactions were performed in the
iCycler Thermal Cycler (Bio-Rad). After the RT
reaction, we amplified the cDNA corresponding to IL-8
(primers: 5’-GGTGCAGTTTTGCCAAGGAG-3’ and
5’-TTCCTTGGGGTCCAGACAGA-3’; product size:
183bp) and CXCL5 (primers: 5’- GAGAGAGCT
GCGTTGCGTTT -3’ and 5’- TTCAGGGAGGCTA
CCACTTC -3’; product size: 123bp) using HotStarTaq
DNA Polymerase (QIAGEN, Hilden, German). Samples
were denatured at 95°C for 15 min followed by 40 three-
step cycles (95°C for 30 s, 58°C for 30 s and 72°C for 1
min), and then at 72°C for 10 min in the iCycler
Thermal Cycler (Bio-Rad). We used the amplification of
glyceraldehyde-3-phosphate dehydrogenase as a quality
control for RNA integrity (primers: 5’-GATGACAT
CAAGAAGGTGGTGA-3’ and 5’-TTCGTTGTCATA
CCAGGAAATG-3’; product size: 186bp). Amplified
fragments were separated on an agarose gel and
visualized by Midori Green Advance staining (NIPPON
Genetics, Tokyo, Japan).
Statistical analysis

We used the Pearson’s chi-square test. A p-value of
less than 0.05 indicates statistical significance. Statistical
analysis was carried out using the IBM SPSS Statistics
version 22 (IBM Corp., Armonk, NY, USA).
Results

Neutrophil accumulation

Results of neutrophil accumulation are summarized
in Table 1. It was confirmed in 63% of ECs of the
uterine corpus and 87% of CRACs.
IL-8 immunostaining in ECs of the uterine corpus and
CRACs

Results of immunohistochemical studies are

summarized in Table 2. ECs of the uterine corpus
showed the following immunostaining patterns: 60%
classified 0, 37% classified 1, 3% classified 2, and 0%
classified 3 (Fig. 1C). CRAC showed the following
immunostaining patterns: 93% classified 0, 3%
classified 1, 3% classified 2, and 0% classified 3 (Fig.
2C). Using the two-tailed Pearson’s chi-square test, EC
of the uterine corpus and CRAC cases were significantly
different in IL-8 immunostaining expression (p=0.005).
CXCL5 immunostaining in ECs of the uterine corpus and
CRACs

Results of immunohistochemical studies are
summarized in Table 2. ECs of the uterine corpus
showed the following immunostaining patterns: 93%
classified 0, 3% classified 1, 3% classified 2, and 0%
classified 3 (Fig. 1D). CRACs showed the following
immunostaining patterns: 90% classified 0, 7%
classified 1, 3% classified 2, and 0% classified 3 (Fig.
2D). Using the two-tailed Pearson’s chi-square test, EC
of the uterine corpus and CRAC cases were not
significantly different in CXCL5 immunostaining
expression.
CXCR2 immunostaining in ECs of the uterine corpus and
CRACs

Results of immunohistochemical studies are
summarized in Table 2. ECs of the uterine corpus
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Table 1. Neutrophil accumulation of in 30 ECs of the uterine corpus and
30 CRACs.

Tumor type Neutrophil accumulation (%)

EC (n=30) 19 (63%)
CRAC (n=30) 26 (87%)

EC, endometrioid carcinoma; CRAC, colorectal adenocarcinoma.

Table 2. Expressions of IL-8, CXCL5 and CXCR2 in 30 ECs of the
uterine corpus and 30 CRACs.

Tumor type H-score (Classification)* p-value**
0 1 2 3

IL-8 EC (n=30) 18 11 1 0 0.005
CRAC (n=30) 28 1 1 0

CXCL5 EC (n=30) 28 1 1 0 0.839
CRAC (n=30) 27 2 1 0

CXCR2 EC (n=30) 5 15 10 0 0.017
CRAC (n=30) 14 13 3 0

IL-8, interleukin-8; CXCL5, C-X-C motif chemokine ligand 5; CXCR2, C-
X-C chemokine receptor 2; EC, endometrioid carcinoma; CRAC,
colorectal adenocarcinoma. *0=0 to 49 points; 1=50 to 99 points; 2=100
to 199 points; 3=200 to 300 points. **Pearson’s chi-square test.
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Fig. 1. Representative immunohistochemical images of IL-8, CXCL5
and CXCR2 in the EC of the uterine corpus. The EC showing neutrophil
infiltration (A, B) and exhibiting IL-8 (C), CXCL5 (D) and CXCR2 (E)
immunoreactivities in the cytoplasm. A, x 40; B-E, x 400.
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Fig. 2. Representative immunohistochemical images of IL-8, CXCL5
and CXCR2 in CRAC. The CRAC showing neutrophil infiltration (A, B)
and exhibiting IL-8 (C), CXCL5 (D) and CXCR2 (E) immunoreactivities
in the cytoplasm. A, x 40; B-E, x 400.



showed the following immunostaining patterns: 17%
classified 0, 50% classified 1, 33% classified 2, and 0%
classified 3 (Fig. 1E). CRACs showed the following
immunostaining patterns: 47% classified 0, 43%
classified 1, 10% classified 2, and 0% classified 3 (Fig.
2E). Using the two-tailed Pearson’s chi-square test, EC
of the uterine corpus and CRAC cases were significantly
different in CXCR2 immunostaining expression
(p=0.017).
Relation to between neutrophil accumulation and IL-
8/CXCR2 or CXCL5/CXCR2 immunostaining in ECs of
the uterine corpus and CRACs

Results are summarized in Table 3. Using the two-
tailed Pearson’s chi-square test, the presence of
neutrophil accumulation was not significantly different
in IL-8/CXCR2 or CXCL5/CXCR2 immunostaining
expression.

IL-8 and CXCL5 mRNA expressions in ECs of the
uterine corpus and CRACs by RT-PCR

We examined IL-8 and CXCL5 mRNA expressions
in 3 representative EC of the uterine corpus and 3 CRAC
samples each having immunostained areas (Fig. 3).
Discussion

Hijacking the immune system is a very common
strategy that cancers utilize to benefit their long-term
growth and survival against locally limited resources
such as decreased oxygen in solid tumor tissues. To
overcome this shortage of resources, cancer cells express
various cytokines, growth factors, and receptors for
cytokines and growth factors to become independent of
the mitogens that are supplied other than themselves
(Liou, 2017). 

We confirmed IL-8 expression (H-score ≥50 points)
in 40% of EC of the uterine corpus and 7% of CRAC
samples. The IL-8 immunostaining was significantly
different between the ECs and CRACs (p=0.005), which
might show that the ECs have IL-8 productivity
exceeding that of CRACs. Browne et al. showed a low
intensity expression of IL-8 in 60% of 10 ovarian EC
cases by immunohistochemistry (Browne et al., 2013).
These findings taken together might indicate that IL-8
plays an important role in neutrophil accumulation,
particularly within ECs of the uterine corpus.
Meanwhile, Shi et al. showed that elevated expression of
IL-8 in pancreatic ductal adenocarcinoma (PDAC)
tumors under hypoxic conditions was associated with the
cancer’s metastatic ability in xenograft mice (Shi et al.,
1999). Ning et al. used cell lines and animal models to
show that overexpression of IL-8 is associated with
progression, angiogenesis and chemoresistance in colon
cancer (Ning et al., 2011). Cui et al. showed a higher
tissue IL-8 mRNA in colorectal cancers compared to
colorectal adenomas. These levels were related to
Dukes’ stages suggesting that increased IL-8 may be an
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Fig. 3. Representative results of IL-8 (A) and CXCL5 (B) mRNA detected by RT-PCR analysis in 3 EC samples having their respective immunostained
areas. Representative results of IL-8 (C) and CXCL5 (D) mRNA detected by RT-PCR analysis in 3 CRAC samples having their respective
immunostained areas. Lane 1 is DNA size markers (100 bp ladder). Lane 2 is a positive control. Positive bands are shown in all cases (Lanes 3-5).
Lane 6 is a negative control (water). Lane 7 is a negative control without reverse transcriptase (tissue of Lane 5).

Table 3. The relation between NA and immunoexpression of IL-
8/CXCR2 or CXCL5/CXCR2 in 30 ECs of the uterine corpus and 30
CRACs.

EC (n=30) CRAC (n=30)
NA (+) NA (-) p-value* NA (+) NA (-) p-value*

IL-8 (+)/CXCR2 (+) 8 4 0.560 2 0 0.457
IL-8 (+)/CXCR2 (-) 0 0 0 0
IL-8 (-)/CXCR2 (+) 7 6 11 3
IL-8 (-)/CXCR2 (-) 4 1 13 1
CXCL5 (+)/CXCR2 (+) 1 0 0.648 1 1 0.415
CXCL5 (+)/CXCR2 (-) 1 0 1 0
CXCL5 (-)/CXCR2 (+) 14 10 12 2
CXCL5 (-)/CXCR2 (-) 3 1 12 1

NA, neutrophil accumulation; IL-8, interleukin-8; CXCR2, C-X-C
chemokine receptor 2; CXCL5, C-X-C motif chemokine ligand 5; EC,
endometrioid carcinoma; CRAC, colorectal adenocarcinoma. *Pearson’s
chi-square test.



important contributor to cancer progression (Cui et al.,
2009). We showed that neutrophil accumulation was
frequently confirmed in the ECs (63%) and CRACs
(87%). Although these reports seem to indicate that EC
and CRAC cells might promote neutrophil accumulation
as a secondary effect rather than as a primary purpose, it
should be noted that neutrophils can actively promote
cancer growth. Fang et al. summarized the functions of
neutrophils, which induce mutation of cancer
suppressive genes, secrete cytokines and enzymes that
promote the growth, metastasis and vascular infiltration
of malignant cells and can produce reactive oxygen
species, nitric oxide and arginase and suppress cytotoxic
activity of lymphocytes, natural killer cells and activated
T cells (Fang et al., 2018). Furthermore, Grosse-Steffen
et al. showed that neutrophil-derived elastase cleaves E-
cadherin in PDAC cell lines, and infiltrating neutrophils
correlated with tumor cell expression of the epithelial-to-
mesenchymal transition (EMT) marker ZEB1 (Grosse-
Steffen et al., 2012). Galdiero et al. in a review article
reported that epidemiological evidence suggests
neutrophil infiltration within human cancers may be
associated with a poor clinical outcome as observed in
patients with metastatic and localized clear cell renal cell
carcinomas, bronchioloalveolar carcinoma, HCC,
colorectal carcinoma and head and neck squamous cell
carcinoma. In addition, neutrophil infiltration has been
correlated with tumor grade in human gliomas and with
more aggressive types of pancreatic tumors (Galdiero et
al., 2013). These reports indicate that carcinoma cells
might initiate and attract neutrophils for their own tumor
progression. Furthermore, Fu et al. indicated that
combination therapy targeting IL-6 and IL-8 signaling
activity can inhibit cell viability, colony-forming activity
and cell migration of PDAC cells (Fu and Lin, 2018).
This suggests IL targeting might be a future therapy for
malignant tumors.

We confirmed CXCL5 expression (H-score ≥50
points) in 7% of EC of the uterine corpus and 10% of
CRAC samples, they were a low rate compared to IL-8
expression, the CXCL5 immunostaining was not
significantly different between the ECs and CRACs.
This may indicate that the participation of CXCL5
regarding neutrophil accumulation within carcinoma cell
clusters in their carcinomas is restrictive. Nevertheless,
recent studies have indicated that CXCL5 also
contributed to carcinogenesis, proliferation, migration
and invasion of cancer cells, Cui et al. demonstrated that
the activation of β-catenin signaling contributed to the
invasion- and EMT-promoting effects of CXCL5-
CXCR2 axis in papillary thyroid carcinoma cells (Zhou
et al., 2015; Zhao et al., 2017b; Cui et al., 2018).

On the other hand, we confirmed a high rate of
CXCR2 expression (H-score ≥50 points) in 83% of EC
of the uterine corpus and 53% of CRAC samples by
immunohistochemistry, which might show that the
autocrine system of IL-8 and CXCL5 produced by these
tumor cells exists. Meanwhile, because the CXCR2
immunostaining was significantly different between the

ECs and CRACs (p=0.017), this might show that the
dependency on the system in the ECs is higher compared
to CRACs. Nevertheless, because CXCR2 ligands
include CXCL1, CXCL2, CXCL3, CXCL5, CXCL6,
CXCL7, and IL-8 (CXCL8), further studies would be
needed in order to understand correctly the system
(Desurmont et al., 2015).

Although the number of cases was small, the
presence of neutrophil accumulation was not
significantly different in IL-8/CXCR2 or
CXCL5/CXCR2 immunostaining expression in ECs and
CRACs. Further studies using more cases would be
needed in order to examine these exact relevancies.

In conclusion, our results showed that IL-8
expressed at a relatively high rate particularly in ECs of
the uterine corpus. This might suggest that IL-8 is an
important cytokine for attracting neutrophils into this
tumor. The participation of CXCL5 regarding neutrophil
accumulation within their carcinoma cell clusters might
be restrictive compared to IL-8.
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