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Abstract: Increasing evidence has highlighted the impact of inflammation in colorectal cancer (CRC), but the effects
of the inflammatory process on CRC remain largely unknown. Neurokinin A (NKA) presents in the tumor microenvi-
ronment and could induce neurogenic inflammation by intracellular signaling through NK2R. However, the precise
significance of NKA and its receptor NK2R in CRC need to be fully defined. We performed Immunohistochemistry
staining on tissue microarrays (TMA) containing 90 pairs of CRC and adjacent normal tissues to evaluate the clinical
significance of NKA or NK2R in CRC, and the potential correlation between NKA and NK2R in CRC development was
also explored. The expressions of NKA and NK2R were overexpressed in CRC (P<0.001). High expression of NKA
in CRC was significantly associated with lymph node metastasis (P=0.008) and TNM stage (P=0.021). Meanwhile,
high expression of NK2R in CRC was significantly related to tumor diameter (P=0.025), pathology grading (P=0.032)
and lymph node metastasis (P=0.046). A high correlation between NKA and NK2R expression was also observed
(r=0.229, P=0.030). Survival analysis showed that CRC patients with high expression of NKA or NK2R have a
poorer survival than those with low NKA or NK2R expression (Log rank test, P<0.05). Multivariate analysis using
Cox regression model showed that survival was independently correlated with age, distant metastasis, TNM stage
and NK2R expression (P<0.05). In conclusion, high expression of NKA-NK2R may play pro-inflammatory role in CRC
carcinogenesis and progression, which may also be used as predictors for prognosis of CRC.
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Introduction nogenesis of CRC does not allow us to introduce
new, effective CRC treatment modalities. Re-

Colorectal cancer (CRC) is the fourth most com- cently, many studies have highlighted the

mon form of cancer in the world [1]. Especially
in China, CRC has become the second and
fourth leading cause of cancer death in women
and men, respectively [2]. Most of the deaths
are caused by the progression of the tumor to
metastatic disease, for example, liver metasta-
sis post operation easily cause relapse [3].
Although CRC is one of the most effectively
studied subjects in recent years, the pathogen-
esis of CRC is still not fully identified. Initially it
was thought that genetic mutations play a key
role in CRC pathogenesis, and many studies
have been performed to confirm this hypothe-
sis [4-6]. However, genetic basis for the carci-

impact of inflammation in CRC, and the effects
of the inflammatory process on neoplasia devel-
opment were demonstrated in endometrial,
cervical, ovarian, breast, prostate and colon
tumors [7]. The inflammatory process most like-
ly plays a key role in the pathogenesis of CRC,
especially in its promotion, which is an impor-
tant factor in cancer staging and prognosis.

Neurogenic inflammation is orchestrated by a
large number of neuropeptides mainly including
tachykinins, which are present in the tumor
microenvironment and can act on different
stages of carcinogenesis [8]. Beside substance
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P (SP), tachykinins includes the classical mem-
bers as neurokinin A (NKA), neurokinin B (NKB),
and the biological activity of neurokinins
depends on their interaction with three specific
NKs receptors, NK1R (specific for SP), NK2R
(specific for NKA) and NK3R (specific for NKB)
receptors [9-11]. Such as SP, the endogenous
ligand for NK1R, activates responses to pro-
mote cell growth and inhibit apoptosis in human
breast, colon, and prostate cancer cell lines
[12]. NKA is a ten amino acid peptide translat-
ed from the pre-protachykinin gene with bron-
cho-constrictive properties [13]. Dobson et al.
reported that NKA levels are considered to play
an important role in evaluating carcinoid heart
disease and treatment responses [14]. Mean-
while, NKA is also a good predictor of survival in
patients with small bowel neuroendocrine neo-
plasms as the endogenous ligand for NK2R
[15].

NK2R is expressed in a variety of organs,
including the gastrointestinal tract, while func-
tional data suggest that NK2R could be signifi-
cant in mediating the NK-evoked smooth mus-
cle contraction of organs [16]. Our previous
study revealed that NK2R polymorphism alone
or combination with NK1R may be a promising
prognostic marker of lymph node metastasis in
CRC patients [17]. Studies also suggested that
numerous tumors that express NKRs can mis-
use the NK-induced signaling of normal cells,
which leads to promote the proliferation and
survival of cancer cells, releasing cytokines and
soluble mediators that conducive to tumor cell
growth [18]. However, the precise involvement
and significance of NKA and its receptor NK2R
in CRC pathologies remains to be fully defined.

To better understand the involvement of inflam-
matory process in human CRC, we evaluate the
clinical significance of NKA and NK2R in the
progression and prognosis of CRC, and to
explore the potential association between NKA
and NK2R in CRC progression. We expected
that understanding the mechanisms of inflam-
matory processes in CRC combining it with any
other genetic background should allow for a
reduction in the incidence of CRC and for effec-
tive treatment.

Materials and methods
CRC patients of tissue microarray

Immunohistochemical staining was performed
to evaluate the expression level of NKA and
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NK2R with tissue microarrays (TMA), which
were purchased from Shanghai Biochip Co.,Ltd.
(Shanghai, China). The TMAs containing a total
of 90 formalin-fixed, paraffin-embedded archi-
val samples from a total of 90 CRC patients, as
well as 90 corresponding controls derived from
adjacent normal tissues. The patient cohort
consisted of 47 males and 43 females, with a
median age of 70-year (range 24-90) at the
time of surgery. All patients had follow-up
records for >5 years. The survival time was cal-
culated from the date of surgery to the follow-
up deadline or date of death.

Immunohistochemistry analysis

TMA sections were then used for the subse-
quent immunohistochemical staining. Briefly,
TMA sections were deparaffinized and dehy-
drated according to standard procedures using
xylene and graded alcohol. Antigen retrieval
was then carried out by autoclaving in 0.01 M
citrate buffer (pH 6.0) for 3 min. They were then
blocked with 3% (v/v) H,0, for 10 min to quench
endogenous peroxidase activity, followed by
incubation with 10% normal goat serum to
reduce background non-specific binding at
room temperature. Then TMA sections were
incubated with a rabbit anti-human primary
polyclonal antibody against NKA (1:2000,
orb13610, Biorbyt, Cambridge, UK) or a goat
anti-human polyclonal antibody against NK2R
(1:75, SC14121, Santa Cruz, USA) at 4°C over-
night. Negative controls were also performed
by replacement of the primary antibody with
PBS. Subsequently, the sections were incubat-
ed with biotin labeled secondary antibody
(Invitrogen, Carlsbad, CA, USA) at room temper-
ature for 20 min, rinsed with PBS (phosphate
buffered saline), and incubated with streptavi-
din-biotinylated horseradish peroxidase conju-
gated antibody (Invitrogen, Carlsbad, CA, USA)
for another 20 min at room temperature. Finally,
the slides were stained with 3,3-diaminobenzi-
dine (DAB) and counterstained with hematoxy-
lin, dehydrated and mounted.

Evaluation of immunohistochemical staining

Immunohistochemical staining showed that
NKA and NK2R positive staining were mainly
located in the cytoplasm. The degree of immu-
nostaining was reviewed under a light micro-
scope by two expert pathologists without
knowledge of the clinical data and scored inde-
pendently. The NKA and NK2R expression level
was based on the intensity of cellular staining
and the proportion of stained tumor cells.
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Figure 1. Immunohistochemical staining of NKA and NK2R in CRC and normal colorectal tissue. A. Low expression
of NKA in normal colon tissue; C. High expression of NKA in CRC, and positive staining was mainly in the cytoplasm;
E. Low expression of NK2R in normal colorectal tissue; G. High expression of NK2R in CRC, and positive staining was
mainly in the cytoplasm. A, C, E, G. Original magnification 100 x; B, D, F, H. Original magnification 600 x.

Table 1. Relationship between NKA expression and clinico-

pathological features of CRC

Statistical analysis

NKA expression
Low (%) High (%)

Clinical parameters

All statistical analyses were

Pvalue performed using the Statis-

Gender 1.663
Male 18 (38.3%) 29 (61.7%)
Female 11 (25.6%) 32 (74.4%)

Age (yrs) 0.254
<60 4(26.7%) 11 (73.3%)
>60 25 (33.3) 50 (66.7%)

Tumor diameter 0.778
<20 cm 14 (36.8%) 24 (63.2%)
>20 cm 14 (28.0%) 36 (72.0%)

Pathology grading 2.764
I 3(60.0%) 2 (40%)

[ 17 (34.7%) 32 (65.3%)
i 9 (25.0%) 27 (75.0%)

TNM stage 5.315
[+l 24 (42.1%) 33 (58.9%)
H+1v 5 (15.2%) 28 (82.4%)
Lymph node metastasis 6.953
No 23 (41.1%) 33 (57.9%)
Yes 6 (17.6%) 28 (84.8%)
Distant metastasis 0.296
No 28 (31.8%) 60 (68.2%)
Yes 1(50.0%) 1 (50.0%)

tical Package of Social Sci-
ences (SPSS, version 13.0;
SPSS Inc, Chicago, IL, USA).
To assess the relationships
0.766 between the expression of
NKA and NK2R and the clini-
copathological parameters of
0.378 the patients with CRC, the x?
test or Fisher’s exact test was
used. Univariate survival anal-
0.262 ysis was performed using the
Kaplan-Meier method, accom-
panying log-rank test to calcu-
late differences between the
curves. Cox proportional haz-
ards regression model was
used to perform multivariate
survival analysis to assess
0.008 predictors related to progno-
sis. Variables that were signifi-
cant in the univariate analysis
1.000 were included in the model
with the Backward Wald
method. Additionally, correla-

0.197

0.021

Staining intensity was scored according to the
following criteria: O (no staining), 1 (weak stain-
ing, light yellow), 2 (moderate staining, yellow
brown), and 3 (strong staining, brown). Pro-
portion of stained tumor cells were scored
according to the proportion of positively stain-
ing tumor cells as follows: O for <5% positive
tumor cells; 1 for 6-25% positive tumor cells; 2
for 26-50% positive tumor cells; and 3 for >51%
positive tumor cells. On the basis of these data,
the immunoreactive score was calculated by
Proportion of stained tumor cells x staining
intensity score. For further evaluation, st
aining index score of <4 was used to define
tumors with NKA or NK2R low expression, and
staining index score of >5 was regarded as NKA
or NK2R high expression. In cases of discrep-
ancy, a consensus score was chosen for
evaluation.
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tion between NKA, NK2R pro-

tein expression and clinico-
pathological features were estimated using
Spearman correlation method. All P values
were two-sided and a P value <0.05 was con-
sidered as statistically significant.

Results

Expression of NKA and NK2R in CRC and non-
cancerous colorectal mucosa

The immunostaining for NKA was mainly locat-
ed in the cytoplasms of the cells (Figure 1).
High expression level of NKA was detected in
61 (67.8%) of the 90 patients with CRC, which
was significantly higher than that in the non-
cancerous colorectal mucosae (2.2%, 2/90,
P<0.001). The immunostaining for NK2R was
dominantly distributed in the cytoplasms
(Figure 1). High expression level of NK2R was
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Table 2. Relationship between NK2R expression and clini-

copathological features of CRC

detection rate of NKA high expres-
sion was 84.8% (28/34) in CRC

NK2R expression

patients with lymph node metasta-

Clinical parameters Low (%) High (%) x2  Pvalue sis, which was higher than that with-

out lymph node metastasis (57.9%,

Gender 1386 0239 33/55 42=6.953, P=0.008). High

Male 15 (31.9%) 32 (68.1%) expression of NKA was detected in

Female 9 (20.9%) 34 (79.1%) 82.4% (28/33) CRC patients with

Age (yrs) 0.409 0.533 TNM stage llI+1V, which was higher

<60 5(33.3%) 10 (66.7%) than that with TNM stage I+11 (58.9%,

>60 19 (25.3%) 56 (74.7) 33/57,x?=5.315, P=0.021). The Spe-

Tumor diameter 5.019 0.025 arman correlation coefficient of NKA

<20 ¢m 15 (39.5%) 23 (60.5%) hig? i‘XpTeSSiog m& lyTZh node

o o metastasis an stage were

=20em 9(18.0%) 41(82.0%) 0.243 and 0.279 (P<0.05) res-
Pathology grading 6.710 0.032 pectively.

| 3(60.0%) 2 (40.0%)

Il 16 (32.7%) 33 (67.3%) Similarly, high expression of NK2R in

1] 5(13.9) 31 (86.1%) CRC has no significant association

TNM stage 1.918 0.166 with age, gender, TNM stage and dis-

1+1I 18 (31.6%) 39 (68.4%) tance metastasis, but was signifi-

Y 6(18.2%) 27 (81.8%) cantly related .to tumor diameter,

, pathology grading and lymph node

Lymph node metastasis 3.997 0.046 metastasis (Table 2). High expres-

No 19(33.9%) 37 (66.1%) sion of NK2R was detected in 82.0%

Yes 5(14.7%) 29 (85.3%) (41/50) CRC cases with tumor diam-

Distant metastasis 0.569 1.000 eter 220 cm, which was higher than

No 23 (26.1%) 65 (73.9%) that with tumor diameter <20 cm

Yes 1(50.0%) 1 (50.0%) (60.5%, 23/38, x2=5.019, P=0.025).

detected in 66 (73.3%) of the 90 patients with
CRC, which was significantly higher than that in
the non-cancerous colorectal mucosae (10.0%,
9/90, P<0.001).

Correlation between expression of NKA and
NK2R in CRC

Our present study showed that a high correla-
tion between NKA and NK2R expression was
observed in CRC. Of the 61 patients with high
expression of NKA, 49 (80.3%) also had a high
expression of NK2R. The correlation between
the expression of NKA and NK2R in patients
with CRC was statistically significant (r=0.229,
P=0.030, Spearman’s p-test).

Relationship of NKA and NK2R expression
with clinicopathological features of CRC

High expression of NKA in CRC has no signifi-
cant association with age, gender, tumor diam-
eter, pathology grading and distance metasta-
sis, but was significantly associated with lymph
node metastasis and TNM stage (Table 1). The
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The detection rates of NK2R high

expression were 40.0% (2/5), 67.3%
(33/49), 86.1% (31/36) in CRC patients with
pathology grading I, Il, lll respectively, which
revealed a significant difference (x?=6.710,
P=0.032). Meanwhile, high expression of NK2R
was detected in 85.3% (29/34) CRC patients
with lymph node metastasis, which was higher
than that without lymph node metastasis
(66.1%, 37/56, x>=3.997, P=0.046). The Spe-
arman correlation coefficient of NK2R high
expression with tumor diameter, pathology
grading and lymph node metastasis were
0.239, 0.264 and 0.211 (P<0.05), respe-
ctively.

Correlation of NKA and NK2R expression with
prognosis

Survival analysis revealed the 3- and 5-year
cumulative survival rates were 69.2% and
61.5% for patients with low NKA expression,
and 59.6% and 43.9% for those with high NKA
expression, respectively. The mean survival
time for patients of CRC with high NKA expres-
sion was 50.07+4.12 months, and 63.42+5.55

Int J Clin Exp Pathol 2016;9(2):2616-2624
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NK2R have a poorer progno-
sis than those with low NK2R
expression (Log rank test,
x?=15.073, P<0.001, Figure
2). Multivariate analysis using
Cox regression model showed
that survival was indepen-
dently correlated with age,
distant metastasis, TNM
stage and NK2R expression
(Table 3).

Discussion

Innate immune system cells
are included in the microenvi-
ronment of tumors, and these
cells secrete proinflammatory
cytokines, chemokines, gro-
wth factors and reactive oxy-
gen species that could cause
DNA damage [19, 20]. Inflam-
matory processes play an
important role in the develop-
ment and progression of CRC,
which additionally are the

1.0+
0.8— ‘L\—\_\_\—O—‘
I I I I

|
0.00 20.00 40.00 60.00 80.00

survival time (months)

Figure 2. Kaplan-Meier survival curve analysis in patients with positive and
negative NKA or NK2R expression. It shows that patients with NKA (A) or
NK2R (B) high expression level have long-term survival time than those with

NKA or NK2R low expression level.

months for those with low expression of NKA.
Clearly, CRC patients with high expression of
NKA have a poorer prognosis than those with
low NKA expression (Log rank test, x>=3.890,
P=0.049, Figure 2). Likewise, the 3- and 5-year
cumulative survival rates were 91.7% and
71.2% for patients with low NK2R expression,
and 50.8% and 35.6% for those with high NK2R
expression, respectively. The mean survival
time for patients of CRC with high NKA expres-
sion was 45.14+3.88 months, and 75.92+4.03
months for those with low expression of NKA.
Therefore, CRC patients with high expression of
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basis by which we can deter-
mine their progression and
outcome [21].

Neuropeptides mainly includ-
ing tachykinins (SP, NKA and
NKB) are traditionally viewed
as with well-defined functions
as neurotransmitters, which
also have an impact on the
function of the immune sys-
tem [22]. After exposure to
allergens, inflammatory cell
derived tachykinins are a
major second source of these
proinflammatory  mediators
[23], which can alter the function of the immune
system [22]. Tachykinins may induce the so
called neurogenic inflammation by recruitment
and activation of the inflammatory cells [23].
Neuropeptides were reported to have modula-
tory effects on immune cells, especially on
T-helper (Th)1/Th2 balance [24]. In this con-
text, NKA have been recognized as key media-
tors of neuro-immune interactions in some
autoimmune diseases by intracellular signaling
through NK2R [25]. Recent articles reported
that NK2R expression was observed in neurons
[26], murine macrophages [27], alveolar mac-
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Table 3. Multivariate Analysis of the Correlation between Clinicopath-
ological Parameters and Prognosis of Patients with CRC

gets for the treatment and
diagnosis of cancer [18].

Our present study revealed
a link between inflamma-

Covariates Coefficient Stz?r(iarrd HR 95% Cl for HR P value
Age 1.164 0.496 3.202 1.212-8.457 0.019

Distant metastasis ~ 3.147 1.075 23.264 2.830-191.268 0.003
1.072-3.071  0.026
2.015-17.399 0.001

TNM stage 0.596 0.268 1.815
NK2R expression 1.779 0.550 5.921

tion and cancer, which con-
tributing to a microenviron-
ment favouring cancer pro-
gression. This mentioned

rophages from patients with COPD [28] and tis-
sue from chronic pancreatitis [29]. Kitamura et
al suggested that the NKA-NK2R cascade
would be a promising target in chronic inflam-
mation caused by excessive type 1-dominant
immunity [30]. However, the function of NKA-
NK2R signaling in the process of inflammatory
induced pathogenesis of CRC is less-well
defined.

In this retrospective study, we evaluated the
expression NKA and NK2R in CRC and its prog-
nostic implications. We found that the expres-
sion of NKA was upregulated in CRC as com-
pared with that in adjacent non-cancerous col-
onrectal mucosae, and elevated NKA expres-
sion was significantly associated with lymph
node metastasis and TNM stage. The findings
presented by Sun et al suggest that NKA, as an
important mediator of neuroimmunomodulato-
ry activity and that macrophages and proin-
flammatory chemokines, may be implicated in
NKA mediated inflammatory and immunologi-
cal conditions [27]. Study by Zhi et al shows
that NKA stimulation of macrophages leads to
activation of NF-kB, a transcription factor that
has a crucial modulatory role in inflammation,
immunity, cell proliferation and apoptosis [31].
Consistent with the above study, our present
results indicate that NKA may have a pro-
inflammatory role that is linked to CRC carcino-
genesis and development.

We also found in our study that patients with
high expression of NKA also had a high rate of
upregulated expression of NK2R in CRC, and
the expression of NKA positively correlated
with that of NK2R. Furthermore, the expression
of NK2R was significantly correlated with tumor
diameter, pathology grading and lymph node
metastasis. It showed that NK2R may play
important role in tumorigenesis and progres-
sion of CRC. Extensive reviews have also
described the neuropeptide receptors as tar-
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results indicated that when

NKA-NK2R increased, they
can be used as a markers predicting the pres-
ence of cancer invasiveness and metastases.

Epithelial cells are now seen as important play-
ers in the gut immune response because they
have the ability to secrete a range of pro-inflam-
matory factors and other mediators that modu-
late the function of the immune cells [32].
Therefore, the inflammatory process most likely
plays a key role in the pathogenesis of CRC,
which is an important factor in cancer staging
and prognosis. It has been suggested that NKA
levels may be an independent indicator of neu-
roendocrine tumor prognosis; >50 pmol/l asso-
ciated with decreased 3 year survival rates
[33]. Diebold et al. found that patients with
midgut neuroendocrine neoplasms who have
serial plasma NKA levels <50 pg/mL have an
excellent short-term prognosis, while patients
with plasma NKA levels >50 pg/mL have a poor
short-term prognosis [15]. Our present study
also showed that CRC patients with high
expression of NKA or NK2R have a poorer prog-
nosis than those with low expression, which
revealed that NKA-NK2R expression may be
used as predictors for prognosis of CRC.

In conclusion, upregulated expression of NKA-
NK2R may play pro-inflammatory role in CRC
carcinogenesis and progression, meanwhile,
NKA-NK2R expression may also be used as
predictors for prognosis of CRC. Based on the
present findings, one novel therapeutic strate-
gy for CRC in the future may be the inhibition of
the potential signaling pathways associated
with NKA and NK2R. Therefore, key signaling
molecules involved to control the conditions
should be further elucidated.
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