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Abstract
The inflammatory proteins S100A8 and S100A9 form a heterocomplex associated with the prognosis of various cancers.
This study aims to examine the association between S100A8 and S100A9 expressions and various pathological variables
in primary lung adenocarcinoma (AC). Serial paraffin-embedded tissue sections from 150 patients with lung AC resected
at the Shizuoka General Hospital were immunostained and assessed. In patients with invasive lung AC (n = 132), an
overlap between S100A8 and S100A9 immunopositivities was observed. S100A8 alone was not reported, but both
immunopositivities were associated with high histological grade (P < 0.05), and S100A8 immunopositivity was
associated with vessel permeation, poor pT categories, node metastasis, and poor pStage (P < 0.05). In patients with AC
in situ (n = 18), only limited S100A9 immunopositivity was observed. The overexpression of S100A8 (S100A8/S100A9
up-regulation) might be a poor prognostic factor in lung AC.
Keywords: S100A8, S100A9, Lung adenocarcinoma, Immunohistochemistry, Immunopositivity, pTNM, pStage, Lung
squamous cell carcinoma.
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INTRODUCTION
Lung cancer is a leading cause of cancerrelated deaths worldwide [1]. In Japan, it is the first
leading cause of cancer-related death regardless of
gender [2]. Non-small-cell lung cancer is associated
with increased expressions of several members of the
S100 protein family [3]. S100 proteins belong to the
superfamily of calcium-binding proteins with a helixloop-helix domain [3, 4]. To date, 21 different S100
proteins have been identified, and they are expressed in
a controlled tissue- or cell-type-specific manner [3, 4].
This protein family is considered to be involved in
various biological processes [3, 4]. Further, changes in
the expressions and/or functions of S100 proteins
represent key steps during cancer development or
progression [3, 4].
S100A8 and S100A9 were originally identified
in myeloid cells, and they are up-regulated during
inflammatory conditions [5-10]. S100A8 and S100A9
naturally form a stable functional heterodimer, and the
functions of both proteins are mainly dependent on the
heterocomplex [4-10]. The overexpression of S100A8
and S100A9 correlates with several pathological
parameters that suggest poor prognosis in breast
carcinoma [11]. This overexpression has also been
reported to be associated with adenocarcinoma (AC)

progression in various organs [3, 4, 12-15]. It was
indicated that high mRNA expression levels of S100A8
and S100A9 are associated with poor overall survival in
lung AC. However, the relationships between each
protein and pathological parameters have not been
studied in detail [16]. The overexpression of S100A8
and S100A9 in AC can lead to aggressive biological
behavior. We aimed to examine the relationships
between S100A8 and S100A9 expressions and various
pathological parameters in primary lung AC.

MATERIALS AND METHODS
Study design
The mRNA expressions of S100A8 and
S100A9 were assessed in lung carcinoma cell lines. The
expression of each protein was examined by
immunohistochemistry in tissue sections of lung cancer,
and the relationships of the expression with various
pathological parameters influencing prognosis were
assessed.
Cells and Culture
The human lung AC cell line PC-3
(JCRB0077) and human lung squamous cell carcinoma
(SCC) cell line LC-1 sq (JCRB0258) were obtained
from Japan Health Sciences Foundation (Tokyo, Japan).
Cells were grown in F12 medium supplemented with
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10% heat-inactivated foetal bovine serum (Sigma, St.
Louis, MO, USA) and 100 ug/ml each of sodium
ampicillin and kanamycin sulphate at 37°C under
humidified 5% CO2/95% air [17, 18].
Reverse transcription-polymerase chain reaction
(RT-PCR) of cultured lung carcinoma cells
Total RNA was isolated using Trizol solution
(Invitrogen, Tokyo, Japan), and first-strand cDNA was
synthesized using the SuperScript III kit (Invitrogen)
and oligo (dT)20 primer, as previously described [17].
PCR amplification was performed for S100A8 and
S100A9 using appropriate primers. The PCR protocol
and primers have been described elsewhere [17, 19].
Antibodies against S100A8 or S100A9
Monoclonal antibodies (mAbs) against
S100A8 and S100A9 (clone #83 and mAb60B8,
respectively) were prepared [19]. These antibodies
showed no cross-reaction with other members of the
S100 protein family [18].
Immunohistochemistry
Samples
Samples were obtained from 150 patients with
primary lung AC (98 males; mean age, 69 years) who
underwent surgery at Shizuoka General Hospital
between January 2001 and December 2015. All study
participants provided informed consent, and the study
design was approved by the Ethics Committee of
Shizuoka General Hospital (approval number:
SGHIRB#2018091). All tumor samples were fixed in
20% neutral buffered formalin. The histological type
was classified according to the criteria of WHO [20].
Special types of lung AC were excluded. There were
132 cases of invasive, but not minimally invasive, lung
AC (mean invasion size, 3.1 cm; range, 0.6–11.5) and
18 cases of non-mucinous AC in situ (AIS; mean
diameter, 1.8 cm; range, 1–3). The 132 patients with
invasive lung AC were subcategorized into lepidic AC
(n = 36), papillary AC (n = 45), acinar AC (n = 28), and
solid AC (n = 23). Vascular invasion and pleural
involvement in these tumors were judged using the
Elastica van Gieson stain. The mitotic count was
determined as the number of mitoses per 10 high-power
fields (HPFs) at ×400 magnification (field area, 0.196
mm2) in areas with the highest density of mitotic
figures. The mitotic index was categorized into the
following grades: grade 1, ≤4 mitotic cells/10 HPFs;
grade 2, 5–9/10 HPFs; and grade 3, ≥10/10 HPFs [21].
The 132 cases were staged according to the TNM
classification proposal of the International Association
for the Study of Lung Cancer [22]. S100A9 protein
expression is related to the differentiation of lung AC
[23]. In the present study, histological grade was
classified as follows: low grade, lepidic AC (n = 36);

intermediate grade, papillary and acinar ACs (n = 73);
and high grade, solid AC (n = 23) [20].
In total, 75 patients with primary lung SCC
(including 65 males; mean age, 72 years; mean
diameter, 4.0 cm; range, 1.0–10.3) were included as
controls. Histological grading of these lung SCCs was
performed in accordance with the 2004 WHO
classification [24], and the cases were classified into
well, moderately, and poorly differentiated SCC (n = 4,
33 and 38, respectively).
Staining of Tissue Sections
Immunohistochemical analysis was performed
on serial sections prepared from formalin-fixed,
paraffin-embedded tissues. The protocols have been
described elsewhere [11]. The sections were subjected
to heat antigen retrieval in 10 mM citrate buffer (pH
6.0) for 30 min at 98°C (S100A8 staining) and
pretreated with 0.4 mg/mL proteinase K (DAKO,
Glostrup, Denmark) for 5 min (S100A9 staining). After
the inhibition of endogenous peroxidase activity, the
sections were incubated with mAbS100A8 (#83) or
mAb60B8 for 30 min. The labeled antigens were
detected using ChemMate EnVision (DAKO), and the
reaction products were visualized with 3,3′diaminobenzidine.
Ki-67 antigen expression was examined in all
samples. Immunostaining for the Ki-67 antigen and the
estimation of the Ki-67 labeling index were performed
as previously described [11].
Evaluation of S100A8 and S100A9 immunostaining in
tumor cells
The percentage of positively stained tumor
cells was scored as follows: score 0, non-reactive (no
immunoreactive tumor cells); score 1, <10% positive
cells; score 2, ≥10% but <50% positive cells, and score
3, ≥50% positive cells [11, 18, 23].
Statistical Analysis
All statistical analyses were performed using
SPSS software version 21 (IBM Corp., Armonk, NY,
USA). Categorical data were studied using chi-squared
test, and measurement data were analyzed using
Student’s t-test or Welch’s t-test, as appropriate. A Pvalue of <0.05 was considered significant.

RESULTS AND DISCUSSION
Gene expressions of S100A8 and S100A9 in
cultured lung carcinoma cells
Gene expressions of S100A8 and S100A9
were detected in lung AC and SCC cells (Fig-1).
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Fig-1: Expression of S100A8 and S100A9 in human lung carcinoma cell lines
The transcripts of S100A8 and S100A9 genes
are amplified using RT-PCR in both adenocarcinoma
cell line PC-3 and squamous cell carcinoma cell line
LC-1 sq.
The transcripts of S100A8 and S100A9 genes
were amplified using RT-PCR in both adenocarcinoma
cell line PC-3 and squamous cell carcinoma cell line
LC-1 sq.
Immunohistochemical analysis of S100A8 and
S100A9 expressions in invasive lung AC
Among 132 patients with invasive lung AC,
immunostaining revealed S100A8 and S100A9

expressions in 84 (63.6%) and 129 (97.7%) patients,
respectively (Table-1).
S100A8 alone was not detected in any case
(Table-1). S100A8-immunopositive cases expressed
both proteins. Immunoreactivity for S100A8 showed
heterogeneity among tumor cells similar to that for
S100A9 [11, 13, 18, 23]. In invasive lung ACs that
showed immunopositivity for both proteins, an overlap
between S100A8 and S100A9 staining patterns was
observed. However, S100A9 immunopositivity was
also observed in S100A8-negative tumor cells (Fig-2).

Table-1: Relationship of the immunoreactivity between S100A8 and S100A9 in 132 cases of pulmonary invasive
adenocarcinoma
S100A8 immunoreactivity
S100A9 immunoreactivity Score 0 Score 1 Score 2 Score 3
Score 0
3 (6)
Score 1
20 (42) 8 (17)
Score 2
23 (48) 28 (58) 12 (46)
Score 3
2 (4)
12 (25) 14 (54) 10 (100)
Immunoreactivity score: score 0, non-reactive;
score 1, positively stained tumor cells <10%; score 2,
≥10% but <50%; and score 3, ≥50%. The numbers in

parentheses represent the percentage of positively
stained tumor cells.

Fig-2: Immunohistochemistry for S100A8 (A, C) and S100A9 (B, D) on the serial sections of lung adenocarcinoma
(C and D are high-power views of A and B, respectively)
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An overlap between S100A8 and S100A9
staining patterns was observed. However, S100A9
positivity is also found in S100A8-negative tumor cells
(Original magnifications, A and C, ×100; B and D,
×400).

Relationships between the immunoreactivity of each
S100 protein and pathological parameters in invasive
lung AC.
The
relationships
between
immunoreactivity of each S100 protein
pathological parameters are presented in Table-2.

the
and

Table-2: Relationships between the immunoreactivity of each S100 protein and pathological parameters in 132
cases of pulmonary invasive adenocarcinoma

Histological grade
Low (n = 36)
Intermediate (n
= 73)
High (n = 23)
Mitotic counts
Grade 1 (n = 90)
Grade 2 (n = 11)
Grade 3 (n = 31)
Vascular invasion
Absent (n = 61)
Present (n = 71)
Lymphatic
permeation
Absent (n = 66)
Present (n = 66)
Pleural
involvement
Absent (n = 61)
Present (n = 71)
pT categories
pT1 (n = 44)
≥pT2 (n = 88)
Node metastasis
Absent (n = 90)
Present (n = 42)
pStage
pStage IA (n = 42)
pStage ≥IB (n =
90)
Ki-67 labelling
index
Mean ± SD (%)

S100A8 immunoreactivity
NonReactive (n = 84)
reactive
Score 0
Score 1
Score 2
(n = 48)
(n = 48)
(n = 26)

S100A9 immunoreactivity
NonReactive (n = 129)
reactive
Score 0
Score 1
Score 2
(n = 3)
(n = 28) (n = 63)

Score 3
(n = 10)

Score 3
(n = 38)

24 (50)
21 (44)

11 (23)
30 (63)

1 (4)
17 (65)

5 (50)

2 (67)
1 (33)

14 (50)
14 (50)

20 (32)
35 (56)

23 (61)

3 (6)

7 (15)

8 (31)

5 (50)

-

-

8 (13)

15 (39)

41 (85)
1 (2)
6 (13)

30 (63)
5 (10)
13 (27)

13 (50)
3 (12)
10 (38)

6 (60)
2 (20)
2 (20)

P=
0.019

3 (100)
-

26 (93)
2 (7)

40 (63)
4 (6)
19 (30)

21 (55)
7 (18)
10 (26)

P<
0.01

31 (65)
17 (35)

19 (40)
29 (60)

10 (38)
16 (62)

1 (10)
9 (90)

P<
0.01

1 (33)
2 (67)

18 (64)
10 (36)

35 (56)
28 (44)

7 (18)
31 (82)

P<
0.01

33 (69)
15 (31)

25 (52)
23 (48)

7 (27)
19 (73)

1 (10)
9 (90)

P<
0.01

3 (100)
-

17 (61)
11 (39)

34 (54)
29 (46)

12 (32)
26 (68)

P=
0.017

25 (52)
23 (48)

24 (50)
24 (50)

10 (38)
16 (62)

2 (20)
8 (80)

P=
0.241

1 (33)
2 (67)

14 (50)
14 (50)

33 (52)
30 (48)

13 (34)
25 (66)

P=
0.318

19 (40)
29 (60)

19 (40)
29 (60)

6 (23)
20 (77)

10 (100)

P=
0.035

1 (33)
2 (67)

9 (32)
19 (68)

25 (40)
38 (60)

9 (24)
29 (76)

P=
0.374

39 (81)
9 (19)

30 (63)
18 (38)

18 (69)
8 (31)

3 (30)
7 (70)

P=
0.011

3 (100)
-

23 (82)
5 (18)

42 (67)
21 (33)

22 (58)
16 (42)

P=
0.136

19 (40)
29 (60)

18 (38)
30 (63)

5 (19)
21 (81)

10 (100)

P=
0.026

1 (33)
2 (67)

9 (32)
19 (68)

23 (37)
40 (63)

9 (24)
29 (76)

P=
0.594

P=
0.058

Score 0 and 1
13.4 ± 13.1

Score 0 and 1
21.5 ± 24.1

Score 2 and 3
31.9 ± 28.3

Immunoreactivity score: score 1, positively
stained tumor cells <10%; score 2, ≥10 but <50%; score
3, ≥50%. Mitotic counts: grade 1, 0–4/10 high-power
fields (HPFs); grade 2, 5–9/10 HPFs; and grade 3,
≥10/10 HPFs. The numbers in parentheses represent the
percentage of positively stained tumor cells.
S100A8 immunopositivity was significantly
correlated with high histological grade, mitotic activity,
vascular invasion, lymphatic permeation, poor pT
categories, node metastasis, and poor pStage (P < 0.01,
P = 0.019, P < 0.01, P < 0.01, P = 0.035, P = 0.011, and
P = 0.026, respectively, using chi-squared test) but not
with pleural involvement (P = 0.241). Conversely,

P<
0.01

Score 2 and 3
27.9 ± 27.6

P<
0.01

P=
0.000
1

S100A9 immunopositivity was significantly correlated
with high histological grade, mitotic activity, vascular
invasion, and lymphatic permeation (P < 0.01, P < 0.01,
P < 0.01, and P = 0.017, respectively, using chi-squared
test) but not with pleural involvement, poor pT
categories, node metastasis, and poor pStage (P =
0.318, P = 0.374, P = 0.136, and P = 0.594,
respectively). In S100A8 and S100A9, no significant
difference was found between papillary AC and acinar
AC (data not shown). The Ki-67 labeling index was
higher in cases with S100A9-positive tumor cell scores
of 2 or 3 than in cases with scores of 0 or 1. However,
such a significant difference was not identified for
S100A8 immunoreactivity.
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Immunohistochemical
mucinous AIS.

analysis

in

non-

S100A9 immunopositivity in tumor cells was
observed in 12 of the 18 patients with non-mucinous
AIS. However, in all cases, positivity was barely visible
and was scored 1. There was no correlation between
S100A9 immunoreactivity and the Ki-67 labeling index
(S100A9-negative, 1.9% ± 1.1%; S100A9-positive,

3.6% ± 4.6%; P = 0.211). No
immunopositivity in tumor cells was found.

S100A8

Immunohistochemical analysis of S100A8 and S100A9
expressions in lung SCC.
Among the 75 patients with lung SCC,
S100A8 and S100A9 were detected in 68 (90.7%) and
75 (100%) patients, respectively (Table-3).

Table-3: Relationship of the immunoreactivity between S100A8 and S100A9 in 75 patients with pulmonary
squamous cell carcinoma
S100A8 immunoreactivity
S100A9 immunoreactivity Score 0 Score 1 Score 2 Score 3
Score 0
Score 1
3 (43)
5 (28)
Score 2
4 (57) 12 (67) 14 (54)
Score 3
1 (6)
12 (46) 24 (100)
Immunoreactivity score: score 0, non-reactive;
score 1, positively stained tumor cells <10%; score 2,
≥10 but <50%; score 3, ≥50%. The numbers in
parentheses represent the percentage of positively
stained tumor cells.

Immunopositivity for each protein was mainly
detected in the spinous layer of tumor cell nests, and it
decreased or was undetectable in the basal layer (Fig-3).

Fig-3: Immunohistochemistry for S100A8 (A) and S100A9 (B) on the serial sections of lung squamous cell
carcinoma
An overlap between S100A8 and S100A9
staining patterns was observed in squamous cell
carcinoma. Both S100A8 and S100A9 are chiefly
immunolocalized in the spinous layers of the tumor cell
nests (Original magnification: ×200).
The staining pattern of each protein in lung
SCC was similar to that in invasive lung AC in the
following respects: 1) staining heterogeneity among
tumor cells; 2) no case showing S100A8
immunopositivity alone; and 3) an overlapping
expression pattern in corresponding tissue areas (Fig-3).
Relationships between the immunoreactivity
of each S100 protein and pathological parameters in
lung SCC

The results are summarized in Supplementary
Table-1.
Immunopositivities of S100A8 and S100A9
(especially S100A8) were inversely correlated with
poor tumor differentiation (P < 0.01 and P = 0.012,
respectively) in contrast to the results for invasive lung
AC. Vascular invasion was associated with S100A9
immunopositivity (P = 0.027) but not with S100A8
immunopositivity
(P
=
0.151).
Neither
immunopositivities showed correlations with the
following pathological parameters: mitotic activity,
lymphatic permeation, pleural involvement, pT
categories, node metastasis, pStage, and the Ki-67
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labeling index (each P-value is shown in Supplementary
Table-1).
In this study, the overexpression of S100A8 in
lung AC was correlated with several poor pathological
parameters. In lung cancer of category pT2, the
frequency of node metastasis has been shown to
increase 2.4 times compared with that in category pT1
[22]. In lung cancer with node metastasis, pStage is
classified as >IIB, and the 5-year survival rate has been
predicted to be <60% [22]. Accordingly, the
overexpression of S100A8 is considered a poor
prognostic factor of lung AC [11, 13, 16].
In myeloid cells, S100A8 is ordinarily bound
to S100A9 [5–7, 9], and heterocomplex formation with
S100A9 is thought to be essential for the stability of
S100A8 [5, 6]. In this study, S100A8-positive tumor
cells were localized with S100A9-positive tumor cells
irrespective of the histological carcinoma type, and no
cells expressing only S100A8 were found. The coimmunolocalization of both proteins has also been
observed in breast carcinoma, prostatic AC, and thyroid
carcinoma, suggesting the formation of a
S100A8/S100A9 complex in carcinoma cells [11-13].
S100A8 in carcinoma cells acquire stability through
S100A8/S100A9 complex formation, as in myeloid
cells. Thus, the overexpression of S100A8 is considered
to indicate S100A8/S100A9 complex up-regulation.
In tissue sections, S100A9 immunopositivity
was found in S100A8-negative tumor cells, suggesting
that S100A9-positive tumor cells include cells with the
S100A8/S100A9 complex and those without the
complex. This has also been found in breast and thyroid
carcinoma [11, 13]. The S100A8/S100A9 complex is a
functionally relevant form of S100A8 and S100A9, and
each protein has individual functions [6–8]. S100A8
was considered as an active component of the
S100A8/S100A9 complex in inflammatory cells,
whereas S100A9 was regarded as a regulator of
S100A8 function [7]. S100A8 and S100A9 change the
biological behavior of inflammatory and carcinoma
cells co-operatively or individually. The present
findings suggest that S100A8 and S100A9 are
overexpressed in lung AC because they are related to
high histological grade. S100A8/S100A9 complex upregulation leads to aggressive biological behaviors,
such as severe stromal invasion and lymphatic spread,
and the overexpression of S100A9 is associated with
cell proliferation. In breast cancer, the overexpression
of S100A8 was related to poor histological grade, high
mitotic counts, poor pT categories, node metastasis,
vessel invasion, overexpression of HER2, and poor
pStage [11]. In thyroid cancer, S100A8 expression was
associated with cancer dedifferentiation [13]. The

S100A8 immunoreactivity

S100A8/S100A9 complex promotes tumor cell
migration/invasion, vessel permeation, and metastasis
in carcinomas of glandular cell origin, and S100A8 is
the active component of the heterocomplex in
inflammatory and carcinoma cells.
Mitogen-activated protein kinase, nuclear
factor-κB, the receptor of advanced glycation end
products, Toll-like receptor 4, and CD147 are known
mediators of S100A8/S100A9 function [4, 6, 7, 9, 10,
25]. These signaling proteins also play important roles
in inflammatory and immune responses [6, 7, 9, 10].
Elucidation of S100A8/S100A9-triggered signaling in
myeloid cells would be useful for clarifying that in AC
cells.
In lung SCC, expressions of S100A8 and
S100A9 (especially S100A8) were inversely correlated
with poor tumor differentiation. Similar results have
been reported in oesophageal SCC and uterine cervical
intraepithelial neoplasia [26, 27]. The S100A8/S100A9
complex in SCC is inseparably linked to the
maintenance of squamous differentiation [26, 27]. The
differences in both protein expressions between SCC
and AC suggest different expression mechanisms and
biological roles of these S100 proteins according to the
histological carcinoma type.
S100A8 and S100A9 secreted by myeloid and
endothelial cells in tumoral environments induce tumor
cell migration/invasion and metastasis [4, 9, 10, 28, 29].
AC cells can also enhance their aggressiveness through
the S100A8/S100A9 complex.
The present study had some limitations,
including a retrospective design, relatively small sample
size, and lack of matching or regression to adjust for
potential confounders and mediators in between-group
characteristics. However, the findings are consistent
with those of previous studies conducted on S100
proteins [3, 4, 6, 10-16, 25]. Large cohort studies are
needed to confirm the present results.
Supplementary Table-1: Immunopositivities of
S100A8 and S100A9 (especially S100A8) were
inversely correlated with poor tumor differentiation (P
< 0.01 and P = 0.012, respectively), in contrast to the
results for invasive lung AC. Vascular invasion was
associated with S100A9 immunopositivity (P = 0.027),
but not with S100A8 (P = 0.151). Neither
immunopositivities showed correlations with the
following pathological parameters: mitotic activity,
lymphatic permeation, pleural involvement, pT
categories, node metastasis, pStage and the Ki-67
labelling index (each P-value is shown in
Supplementary Table-1).

S100A9 immunoreactivity
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Tumour
differentiation
Well (n = 4)
Moderate (n = 33)
Poor (n = 38)
Mitotic counts
Grade 1 (n = 8)
Grade 2 (n = 7)
Grade 3 (n = 60)
Vascular invasion
Absent (n = 29)
Present (n = 46)
Lymphatic
permeation
Absent (n = 30)
Present (n = 45)
Pleural involvement
Absent (n = 39)
Present (n = 36)
pT categories
pT1 (n = 12)
≥pT2 (n = 63)
Node metastasis
Absent (n = 44)
Present (n = 31)
pStage
pStage IA (n = 8)
– pStage ≥IB (n =
67)
Ki-67 labelling
index
Mean ± SD (%)

Nonreactive
Score 0
(n = 7)

Reactive (n= 68)

Nonreactive
Score 0
(n = 0)

Reactive (n = 75)

Score 1
(n = 18)

Score 2
(n = 26)

Score 3
(n = 24)

Score 1
(n = 8)

Score 2
(n = 30)

Score 3
(n = 37)

1 (14)
6 (86)

2 (11)
16 (89)

4 (15)
12 (46)
10 (38)

18 (75)
6 (25)

P<
0.01

-

1 (13)
7 (88)

2 (7)
9 (30)
19 (63)

2 (5)
23 (62)
12 (32)

P=
0.012

7 (100)

1 (6)
2 (11)
15 (83)

1 (4)
3 (12)
22 (85)

6 (25)
2 (8)
16 (67)

P=
0.301

-

1 (13)
1 (13)
6 (75)

2 (7)
28 (93)

7 (19)
4 (11)
26 (70)

P=
0.055

2 (29)
5 (71)

4 (22)
14 (78)

10 (38)
16 (62)

13 (54)
11 (46)

P=
0.151

-

2 (25)
6 (75)

7 (23)
23 (77)

20 (54)
17 (46)

P=
0.027

5 (71)
2 (29)

4 (22)
14 (78)

12 (46)
14 (54)

9 (38)
15 (63)

P=
0.148

-

5 (62)
3 (38)

10 (33)
20 (67)

15 (41)
22 (59)

P=
0.348

3 (43)
4 (57)

8 (44)
10 (55)

15 (58)
11 (42)

13 (54)
11 (46)

P=
0.819

-

1 (13)
7 (88)

18 (60)
12 (40)

20 (54)
17 (46)

P=
0.058

1 (14)
6 (86)

2 (11)
16 (89)

3 (12)
23 (88)

6 (25)
18 (75)

P=
0.836

-

1 (13)
7 (88)

3 (10)
27 (90)

8 (22)
29 (78)

P=
0.568

6 (86)
1 (14)

11 (61)
7 (39)

13 (50)
13 (50)

14 (58)
10 (42)

P=
0.302

-

7 (88)
1 (13)

17 (57)
13 (43)

20 (54)
17 (46)

P=
0.318

1 (14)
6 (86)

1 (6)
17 (94)

2 (8)
24 (92)

4 (17)
20 (83)

P=
0.567

-

1 (13)
7 (88)

1 (3)
29 (97)

6 (16)
31 (84)

P=
0.199

P=
0.546

Score 0 and 1
48.0 ± 20.5

Score 0 and 1
42.8 ± 24.3

Score 2 and 3
39.5 ± 20.5

CONCLUSION
In conclusion, S100A8 and S100A9
immunopositivities are associated with high histological
grade, and S100A8 immunopositivity is associated with
vessel permeation, poor pT categories, node metastasis,
and poor pStage in invasive lung AC. The
overexpression of S100A8 (S100A8/S100A9 upregulation) might be a poor prognostic factor in lung
AC.
Acknowledgements
The author would like to thank Enago
(www.enago.jp) for the English language review.

1.

2.

3.

Funding
This research received no specific grant from
any funding agency in the public, commercial, or notfor-profit sectors.
Declaration of Conflicting Interests
The Author declares that there is no conflict of
interest.

4.

5.

Score 2 and 3
39.6 ± 21.8

P=
0.307

Vos, T., Allen, C., Arora, M., Barber, R. M.,
Bhutta, Z. A., Brown, A., ... & Coggeshall, M.
(2016). Global, regional, and national incidence,
prevalence, and years lived with disability for 310
diseases and injuries, 1990–2015: a systematic
analysis for the Global Burden of Disease Study
2015. The Lancet, 388(10053), 1545-1602.
Nakamura, K., Ukawa, S., Okada, E., Hirata, M.,
Nagai, A., Yamagata, Z., ... & Kamatani, Y.
(2017). Characteristics and prognosis of Japanese
male and female lung cancer patients: The
BioBank
Japan
Project. Journal
of
epidemiology, 27(Supplement_III), S49-S57.
Wang, T., Huo, X., Chong, Z., Khan, H., & Liu, R.
(2018). A review of S100 protein family in lung
cancer. Clinica Chimica Acta, 476, 54-59.
Bresnick, A. R., Weber, D. J., & Zimmer, D. B.
(2015). S100 proteins in cancer. Nature Reviews
Cancer, 15(2), 96-109.
Hobbs, J. A., May, R., Tanousis, K., McNeill, E.,
Mathies, M., Gebhardt, C., ... & Hogg, N. (2003).
Myeloid cell function in MRP-14 (S100A9) null
mice. Molecular and cellular biology, 23(7), 25642576.

REFERENCES
© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

153

Kazumori Arai., Saudi J Pathol Microbiol, March 2019; 4(3): 147-155

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Ehrchen, J. M., Sunderkötter, C., Foell, D., Vogl,
T., & Roth, J. (2009). The endogenous Toll–like
receptor 4 agonist S100A8/S100A9 (calprotectin)
as innate amplifier of infection, autoimmunity, and
cancer. Journal of leukocyte biology, 86(3), 557566.
Vogl, T., Tenbrock, K., Ludwig, S., Leukert, N.,
Ehrhardt, C., Van Zoelen, M. A., ... & Roth, J.
(2007). Mrp8 and Mrp14 are endogenous activators
of Toll-like receptor 4, promoting lethal,
endotoxin-induced shock. Nature medicine, 13(9),
1042-1049.
Koike, A., Arai, S., Yamada, S., Nagae, A., Saita,
N., Itoh, H., ... & Ikemoto, M. (2012). Dynamic
mobility of immunological cells expressing
S100A8 and S100A9 in vivo: a variety of
functional roles of the two proteins as regulators in
acute inflammatory reaction. Inflammation, 35(2),
409-419.
Zheng, R., Chen, S., & Chen, S. (2015).
Correlation between myeloid-derived suppressor
cells and S100A8/A9 in tumor and autoimmune
diseases. International
immunopharmacology, 29(2), 919-925.
Shabani, F., Farasat, A., Mahdavi, M., & Gheibi,
N. (2018). Calprotectin (S100A8/S100A9): a key
protein
between
inflammation
and
cancer. Inflammation Research, 67(10), 801-812.
Arai, K., Takano, S., Teratani, T., Ito, Y., Yamada,
T., & Nozawa, R. (2008). S100A8 and S100A9
overexpression is associated with poor pathological
parameters in invasive ductal carcinoma of the
breast. Current cancer drug targets, 8(4), 243-252.
Hermani, A., Hess, J., De Servi, B., Medunjanin,
S., Grobholz, R., Trojan, L., ... & Mayer, D.
(2005). Calcium-binding proteins S100A8 and
S100A9 as novel diagnostic markers in human
prostate cancer. Clinical Cancer Research, 11(14),
5146-5152.
Ito, Y., Arai, K., Nozawa, R., Yoshida, H.,
Hirokawa, M., Fukushima, M., ... & Takamura, Y.
(2009). S100A8 and S100A9 expression is a
crucial factor for dedifferentiation in thyroid
carcinoma. Anticancer research, 29(10), 41574161.
Duan, L., Wu, R., Ye, L., Wang, H., Yang, X.,
Zhang, Y., ... & Luo, J. (2013). S100A8 and
S100A9 are associated with colorectal carcinoma
progression and contribute to colorectal carcinoma
cell survival and migration via Wnt/β-catenin
pathway. PloS one, 8(4), e62092.
Yong, H. Y., & Moon, A. (2007). Roles of
calcium-binding proteins, S100A8 and S100A9, in
invasive phenotype of human gastric cancer
cells. Archives of pharmacal research, 30(1), 7581.
Liu, Y., Cui, J., Tang, Y. L., Huang, L., Zhou, C.
Y., & Xu, J. X. (2018). Prognostic roles of mRNA
expression of S100 in non-small-cell lung
cancer. BioMed research international, 1-11.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Domoto, T., Miyama, Y., Suzuki, H., Teratani, T.,
Arai, K., Sugiyama, T., ... & Nozawa, R. (2007).
Evaluation of S100A10, annexin II and B‐FABP
expression
as
markers
for
renal
cell
carcinoma. Cancer science, 98(1), 77-82.
Arai, K., Teratani, T., Kuruto-Niwa, R., Yamada,
T., & Nozawa, R. (2004). S100A9 expression in
invasive ductal carcinoma of the breast: S100A9
expression in adenocarcinoma is closely associated
with poor tumour differentiation. European
Journal of Cancer, 40(8), 1179-1187.
Teratani, T., Watanabe, T., Kuwahara, F.,
Kumagai, H., Kobayashi, S., Aoki, U., ... &
Nozawa, R. (2002). Induced transcriptional
expression of calcium-binding protein S100A1 and
S100A10
genes
in
human
renal
cell
carcinoma. Cancer letters, 175(1), 71-77.
Travis, W. D., Brambilla, E., Nicholson, A. G.,
Yatabe, Y., Austin, J. H., Beasley, M. B., ... &
Geisinger, K. (2015). The 2015 World Health
Organization classification of lung tumors: impact
of genetic, clinical and radiologic advances since
the 2004 classification. Journal of thoracic
oncology, 10(9), 1243-1260.
Yokose, T., Suzuki, K., Nagai, K., Nishiwaki, Y.,
Sasaki, S., & Ochiai, A. (2000). Favorable and
unfavorable morphological prognostic factors in
peripheral adenocarcinoma of the lung 3 cm or less
in diameter. Lung Cancer, 29(3), 179-188.
Goldstraw, P., Chansky, K., Crowley, J., RamiPorta, R., Asamura, H., Eberhardt, W. E., ... &
Rami-Porta, R. (2016). The IASLC lung cancer
staging project: proposals for revision of the TNM
stage groupings in the forthcoming (eighth) edition
of the TNM classification for lung cancer. Journal
of Thoracic Oncology, 11(1), 39-51.
Arai, K., Teratani, T., Nozawa, R., & Yamada, T.
(2001). Immunohistochemical investigation of
S100A9 expression in pulmonary adenocarcinoma:
S100A9 expression is associated with tumor
differentiation. Oncology reports, 8(3), 591-596.
Travis, W. D., Brambilla, E., Muller-Hermelink, H.
K., & Harris, C. C. (2004). World Health
Organization classification of tumours. Pathology
and genetics of tumours of the lung, pleura, thymus
and heart, 10, 179-84.
Srikrishna, G. (2012). S100A8 and S100A9: new
insights into their roles in malignancy. Journal of
innate immunity, 4(1), 31-40.
Pawar, H., Srikanth, S. M., Kashyap, M. K., Sathe,
G., Chavan, S., Singal, M., ... & Pandey, A. (2015).
Downregulation of S100 calcium binding protein
A9 in esophageal squamous cell carcinoma. The
Scientific World Journal, 1, 1-10.
Zhu, H., Wu, T. C., Chen, W. Q., Zhou, L. J., Wu,
Y., Zeng, L., & Pei, H. P. (2013). Roles of
galectin‐7 and S100A9 in cervical squamous
carcinoma: Clinicopathological and in vitro
evidence. International journal of cancer, 132(5),
1051-1059.

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

154

Kazumori Arai., Saudi J Pathol Microbiol, March 2019; 4(3): 147-155

28.

29.

Hiratsuka, S., Watanabe, A., Aburatani, H., &
Maru, Y. (2006). Tumour-mediated upregulation of
chemoattractants and recruitment of myeloid cells
predetermines lung metastasis. Nature cell
biology, 8(12), 1369-1375.
Lim, S. Y., Yuzhalin, A. E., Gordon-Weeks, A. N.,
& Muschel, R. J. (2016). Tumor-infiltrating
monocytes/macrophages promote tumor invasion
and migration by upregulating S100A8 and
S100A9
expression
in
cancer
cells. Oncogene, 35(44), 5735-5745.

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

155

