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ABSTRACT

Purpose: Oncology immunity was reported to play a key role in cancer
development and progression, so we investigated the prediction role of several
immune markers in esophageal squamous cell carcinoma (ESCC) patients after
operation in this study.

Patients and Methods: 66 primary ESCC tumor tissues and four sets of tissue
microarrays including 705 primary ESCC tumor tissues from four centers were
collected and analyzed. Expressions of several immune markers in ESCC tumor tissue
were detected with immunohistochemistry staining. Their distribution densities were
analyzed with InForm™ 2.0.1 software. All statistic analyses were performed with
SPSS16.0 and Stata version 10.0.

Results: Survival analyses assessed by Kaplan-Meier plots and log-rank tests
demonstrated that densities of CD68 and interleukin 13 (IL-13) in tumor stroma
were positively correlated with the overall survival of ESCC patients after operation
(p < 0.01 for CD68, p < 0.001 for IL-13). Further, a model based on tumor stroma
densities of CD68 and IL-13 was constructed and it could significantly classify
patients with poor or good prognosis. This model could further identify high-risk
group and low-risk group at the same Tumor lymph Nodes Metastases (TNM) stage.
Lastly, a more accuracy model based on TNM stage, densities of CD68 and IL-13 was
constructed to predict the prognosis of ESCC patient after operation.

Conclusion: Combining the TNM staging system and densities of CD68 and IL-13
could substantially improve the prognosis prediction accuracy of ESCC patient after
operation, which might be an excellent tool for selecting patients for individualized
therapy in future.
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INTRODUCTION

It is estimated that there were 482,300 new
esophageal squamous cell carcinoma (ESCC) cases and
406,800 deaths in 2008 worldwide [1]. ESCC incidence
varies as high as 16-fold in different areas [1]. Current
Tumor lymph Nodes Metastases (TNM) staging system
provides a useful benchmark for ESCC prognosis estimation
and treatment strategy establishment. This system, however,
is only based on the anatomical extent (tumor, lymph node
and distant metastasis), histopathology type, biological
activity and tumor location, which does not include the

immune state of patient [2]. The role of immune system
in cancer development and progression has been well
established both in mice model [3,4] and on clinic [5, 6].
ESCC was not excluded from this dogma. Many immune
cells and their related factors had been reported to be
involved in the progression of it [7-9]. It is highly possible
that the immune status of ESCC patient may provide useful
information for the prognosis prediction, which may help to
explain the discrepancy prognosis at the same TNM stage.

Rapid progress of immunology unveils plenty
of immune specific markers, which aids to the

prompt detection of patient’s immune status with
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Figure 1: Representative images of different immune markers’ distribution in ESCC tissues detected with THC
staining. Lines of different color represented diverse areas of esophagus tissue. Positive stained cells were demonstrated as brown.
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immunohistochemistry (IHC) staining [10, 11]. We
screened the expression and distribution of a panel of
immune markers in ESCC primary tumor samples firstly,
and found that the distribution of CD68 and interleukin 13
(IL-13) could distinguish between good and poor prognosis.
We then constructed a model based on these two immune
markers to predict ESCC patients’ prognosis, which was
further validated with samples from three external centers.
This model could also classify high risk and low risk group
even at the same TNM stage. A model based on TNM
stage, densities of CD68 and IL-13 was further constructed
to predict the prognosis of ESCC patient after operation.

RESULTS

Distribution features of different immune
markers in ESCC tumor area and adjacent area

Distribution features of CDIA, CD123, CD57,
CD66b, CD68 and IL-13 were detected in 20 ESCC
patients’ tumor tissues with IHC staining. Results
demonstrated that they distributed differently in diversity
areas (Figure 1). CD1A positive cells mainly distributed in
tumor and normal stroma around the normal epithelium.
CD123 positive cells mainly distributed in tumor stroma
and normal stroma. CD57 and CD66b positive cells
mainly existed in normal stroma and tumor stroma as well
as in tumor area sometimes. CD68 and IL-13 positive
cells distributed exclusively but with different densities
in different areas. Higher magnification demonstrated the

CD68

cellular location of respective marker was also provided
(Supplementary Figures 1-6). From results of preliminary
experiments, we observed that positive cells of CDIA,
CD68 or IL-13 had distinct distribution among ESCC
patients with good or poor prognosis.

Densities of CD68 and IL-13 positive cells in
tumor stroma correlated to the survival time of
ESCC patient after operation

Distribution densities of CD1A, IL-13 and CD68 in
tumor stroma of 66 ESCC patients were further calculated
with InForm™ 2.0.1 software (Figure 2). Results
demonstrated that densities of CD68 and IL-13 in tumor
stroma area were probably associated with the prognosis
of patients. So the correlation between density of CD68 as
well as IL-13 in tumor stroma and patients’ survival time
was further confirmed by a TMA containing 194 ESCC
tumor samples from the same center (training set). ROC
curves analyses showed the optimum cutoff value for
density of CD68 was 87 (CD68 density > 87 was defined
as CD68"e" group, CD68 density <87 was defined as
CD68"°" group) and IL-13 was 23 (IL-23 density > 23 was
defined as IL-13%e" group, IL-23 density < 23 was defined
as IL-13"Y group) respectively. Survival analyses assessed
by Kaplan-Meier plots and log-rank tests disclosed that
densities of both CD68 and IL-13 in tumor stroma were
significantly positively correlated to the overall survival
time and disease-free survival time of patients after
operation (p < 0.0001, Figure 3A).
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Figure 2: Diagrammatic sketch of immune markers’ distribution density in different areas processed by InForm™
2.0.1 software. The upper row presented original images that represented two different expression patterns (low density and high density)
of CD68, IL-13 and CD1A. The middle row demonstrated segment maps, which divided tissues into tumor area (red) and tumor stroma area
(green) processed by InForm™ 2.0.1 software. In bottom row, the nucleus of tumor cells or tumor stroma cells are marked in blue, Positive

stained cells in tumor or tumor stroma were marked in brown.
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Model based on the tumor stroma densities of
CD68 and IL-13 demonstrated priority at the
prognosis prediction after operation

Univariate and multivariate Cox regression analysis
were performed to explore whether CD68 and IL-13 were
independent prognostic factors for ESCC patient or not
(Table 1). The result demonstrated that tumor stroma
densities of CD68 and IL-13 were independent prognostic
factors for patients’ overall survival (» <0.01). To explore
whether they had more accuracy prognostic function when
combined, we derived a model to calculate the union
score for every patient with the densities of them and their
weighted regression coefficient.

Union score = Density of CD68 * 0.711 + Density
of IL-13 * 0.632

ROC curves analyses displayed that the optimum
cutoff value for union score was 78, which divided
patients (z = 194) into Union"¢" group (union score
> 78) and Union"" group (union score < 78) Pearson chi-
square test showed that clinicopathological characteristics
did not vary significantly between the high-risk and low-
risk group (Table 2). Further, the relation of protective
score and survival status was analyzed and the result
demonstrated that patients with higher union score
generally had longer survival time than those with lower
score (Figure 3A). 5-year overall survival was 66% (95%
CI 60.9-91.1) for the low-risk group, and 20% (95% CI
19.9-20.4) for the high-risk group respectively (HR 0.358,
95% CI1 0.249-0.514).

Prognosis prediction of CD68 and IL-13 based
model was validated from other three centers

Another 511 ESCC patients tumor tissues from
three different centers including Northern and Southern
areas of China (validation sets) (Table 2) were collected
to confirm whether CD68 and IL-13 based model had
popular prognostic priority in patients from different
areas or not. As only overall survival data were collected
in these 511 cases, we analyzed only the overall survival
prognosis for them (Table 3). Kaplan-Meier analysis
indicated that CD68 or IL-13 or union score with high
value was associated with good prognosis and long overall
survival time (Figure 3B). We observed similar relation
of protective scores and survival status in the training set
(HR 0.358, 95% CI 0.249-0.514; p < 0.0001; Table 3),
as well as in three independent validation sets: validation
set 1 (HR 0.247, 95% CI 0.160-0.382; p < 0.0001;
Table 3), validation set2 (HR 0.186, 95% CI 0.112-0.308;
p <0.0001; Table 3) and validation set 3 (HR 0.206, 95%
CI 0.085-0.498; p < 0.0001; Table 3).

CD68 and IL-13 based model was superior to
TNM staging system at prognosis prediction in
these 705 ESCC patients

Next we compared the prediction accuracy
of the two-immune marker-based model with other
clinicopathological risk factors and single immune marker
with ROC curves analyses. The result revealed that CD68
and IL-13 density based union model demonstrated
significantly higher prognostic accuracy than indicated
clinicopathological factors including TNM staging in
these 705 ESCC patients (Figure 4). In the analyses,
TNM staging including TNM stage I, II, III and IV was
considered as ordinal variable. Gender including male and
female was considered as nominal variable. Age including
age > 60 and age < 60 was considered as nominal variable.
Location, which meant ESCC located in upper chest,
middle chest or low chest, was considered as nominal
variable. Grade, which meant degree of differentiation
including poor-differentiated, moderately differentiated,
well-differentiated, was considered as ordinal variable.

CD68 and IL-13 based model could further
identify high risk and low risk population at the
same TNM stage

We also found that ESCC patient in advanced TNM
stage had relatively low tumor stroma IL-13 density and
low union score (Figure 5A). Further, we explored the
prediction ability of CD68, 1L-13 and union model at
different TNM stages. Results demonstrated that CD68
and IL-13 density based model could further identify
low-risk group and high-risk group at every TNM stage
(Figure 5B). Tumor stroma CD68 density could only
identify low-risk group and high-risk group at TNM stage
I, IT and II (Figure 5B). Tumor stroma IL-13 density
could only identify low-risk group and high-risk group at
TNM stage II and III (Figure 5B).

Model combining TNM stage, CD68 and IL-13
predicted more accuracy than any others

As CD68 density, IL-13 density and TNM stage
were proved to be independent prediction factors
for ESCC prognosis evaluated by multivariate cox
regression analysis in all cases (n = 705) (Table 4), we
further explored whether we could make more accuracy
prediction or not by combining them. A formula based on
the TNM stage, tumor stroma CD68 density, [L-13 density
and their respective weighted regression coefficient was
further constructed:

United score = Density of CD68 * 0.003 + Density
of IL+ 13 *0.013 — TNM stage * 0.682
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Figure 3: Prognosis prediction of CD68, IL-13 and union model in ESCC patients. (A) Kaplan-Meier analysis demonstrated
that high density of CD68 or IL-13 or union had good overall survival and disease-free survival for ESCC patient from Sun Yat-Sen
University cancer center (training set). (B) Kaplan-Meier analysis validated that high density of CD68 or IL-13 or union had good overall
survival for ESCC patients from three external centers. Validation set 1, The First Affiliated Hospital, Sun Yat-sen University; validation
set 2, Linzhou Cancer Hospital (Henan, China); validation set 3, Hong Kong University.
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Table 1: Univariate and multivariate cox regression analysis for training set from SunYat-sen
university cancer center

Univariate Multivariate
Variable DFS OS DFS 0S

P value P value HR (95% CI) P value HR (95% CI) P value
Gender 0.500 0.053
Age 0.596 0.904
Location 0.349 0.438
Grade 0.054 0.082
TNMstage 0.014 <0.001 1.417 (0.985-2.037) 0.060 1.640 (1.172-2.295) <0.001
CD68 0.010 <0.001 0.597 (0.388-0.917) 0.018 0.457 (0.307-0.681) <0.001
IL-13 0.039 <0.001 0.670 (0.438-1.025) 0.065 0.376 (0.250-0.567) 0.004

In this comparison, TNM staging including TNM stage I, II, III and IV was considered as ordinal variable; Gender
including male and female as nominal variable; Age including age > 60 and age < 60 was considered as nominal variable;
Location, which meant ESCC located in upper chest, middle chest or low chest, was considered as nominal variable; Grade,
which meant degree of differentiation including poor-differentiated, moderately differentiated or well-differentiated, was
considered as ordinal variable.

Table 2: Clinicopathological characteristics of ESCC patients from different centers

Clinical Training set Validation set 1 Validation set 2 Validation set 3
features Case High (%) Low (%) Case High (%) Low (%) Case High (%) Low (%) Case High (%) Low (%)
Age (years old)
<60 127 | 68 (53.5%) | 59 (46.5%) | 90 | 65 (72.2%) | 25 (28.0%) | 137 | 84 (61.3%) | 53 (38.7%) | 26 |19 (73.1%)| 7 (26.9%)
>60 67 |38(56.7%) | 29 (43.3%) | 66 |46 (70.0%) |20 (30.0%) | 119 | 74 (62.2%) | 45 (37.8%) | 53 |43 (81.1%) 10
(18.9%)
Gender
Male 106 | 74 (69.8%) | 32 (30.2%) | 110 | 74 (67.3%) | 36 (32.7%) | 152 [ 106 (69.7%) | 46 (30.3%) | 62 |49 (79.0%) 13
Female 88 | 64 (72.7%) | 24 (27.3%) | 46 |26 (56.5%) | 20 (43.5%) | 121 | 88 (72.7%) |33 (27.3%) | 17 |13 (76.5%)| (21.0%)
4 (23.5%)
Location
Upper 15 | 9(60.0%) | 6(40.4%) 53 | 41 (77.4%) | 12 (22.6%)
Middle 141 | 79 (56.0%) | 62 (44.0%) 171 | 97 (56.7%) | 74 (43.3%)
Lower 38 | 18 (47.4%) | 20 (52.6%) 20 | 13(65.0%) | 7(35.0%)
Differentiation
Grade 1 17 | 3(17.6%) | 14 (82.4%) | 28 |23 (82.1%) | 5(17.9%) | 23 15(65.2%) | 8(34.8%) | 16 |13 (81.2%)| 3 (18.8%)
Grade 2 131 | 71 (54.2%) | 60 (45.8%) | 74 |45 (60.8%) | 29 (39.2%) | 164 | 94 (57.3%) | 70 (42.7%) | 43 |32 (74.4%) 11
Grade 3 46 | 32(69.6%) | 14 (30.4%) | 39 |27(69.2%) | 12 (30.8%) | 64 | 44 (68.8%) |20 (31.2%) | 20 |17 (78.5%)| (25.6%)
3(21.5%)
pN category
NO 104 | 51 (49.0%) | 53 (51.0%) | 106 | 63 (78.6%) | 43 (21.4%) | 151 | 93 (61.6%) | 58 (38.4%) | 29 |24 (82.8%)| 5(17.2%)
N1 90 |55(61.1%) | 35(38.9%) | 50 |37(61.3%) |13 (38.7%) | 105 | 65(61.9%) | 40 (38.1%) | 50 |38 (76.0%) 12
(24.0%)
TNM stage
Early (I-11) 117 | 56 (47.9%) | 61 (52.1%) | 125 | 73 (58.4%) | 52 (41.6%) | 184 | 142 (56.3%) | 42 (43.6%) | 32 |23 (71.9%)| 9 (28.1%)
Advance 76 |49 (64.5%) | 27 (35.5%) | 31 |27 (87.1%) | 4(12.9%) | 89 | 52(35.5%) |37 (64.5%) | 47 |39 (83.0%)| 8 (17.0%)
(II1-1V)

All 705 patients had undergone surgical resection and none of them received preoperative treatment. The median follow-
up was 23 months (IQR 13-36). Training set, Sun Yat-sen University Cancer Center; validation set 1, The First Affiliated
Hospital, Sun Yat-sen University; validation set 2, Linzhou Cancer Hospital (Henan, China); validation set 3, Hong Kong
university.
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Table 3: Univariate cox regression analysis of overall survival with different parameters in four

centers
Training set Validation set 1 Validation set 2 Validation set 3
HR(95%CI) pvalue HR(95%CI) pvalue HR(95%CI) pvalue HR(95%CI) p value
Age 1.286 1.025 4.995 1.93
0.093 0.904 <0.001 0.029
(<60* VS > 60%) (0.959-1.725) (0.686-1.531) (3.312-7.535) (1.07-3.484)
Gender 0.881 0.612 0.899 0.482
0.406 0.053 0.626 0.039
(male VS female) (0.654-1.187) (0.372-1.006) (0.585-1.380) (0.241-0.962)
Differentiation 1.344 1.355 1.004 0.994
0.01 0.082 0.981 0.978
(poor VS well) (1.072-1.685) (0.962-1.908) (0.743-1.356) (0.667-1.483)
Lymphatic metastasis 2.080 2.327 1.77 1.091
<0.001 <0.001 0.004 0.757
(yes VS no) (1.548-2.795) (1.579-3.427) (1.196-2.620) (0.629-1.892)
Distant metastasis 2.505 2.032
0.044 0.01
(yes VS no) (1.025-6.118) (1.186-3.482)
TNMstage 2.306 2.423 2.002 1.547
<0.001 <0.001 0.002 0.12
(advanced VS early)| (1.726-3.081) (1.654-3.551) (1.29-3.107) (0.893-2.678)
CD68 0.559 0.387 0.427 0.31
(high VS low <0.001 <0.001 <0.001 0.001
expression) (0.412-0.758) (0.261-0.574) (0.284-0.642) (0.16-0.602)
IL-13 043 0.313 0.437 0.348
(high VS low <0.001 <0.001 <0.001 0.001
g . (0.315-0.588) (0.211-0.464) (0.292-0.654) (0.186-0.654)
expression)
Union 0.358 0.247 0.186 0.206
(high VS low <0.001 <0.001 <0.001 <0.001
g . (0.249-0.514) (0.16-0.382) (0.112-0.308) (0.085-0.498)
expression)

*Years old. Training set, Sun Yat-sen University Cancer Center; validation set 1, The First Affiliated Hospital, Sun Yat-sen
University; validation set 2, Linzhou Cancer Hospital (Henan, China); validation set 3, Hong Kong university.

The value of TNM stage was identified as following,
TNM stage [ as 1, TNM stage II as 2, TNM stage III as
3, and TNM stage IV as 4. Patients were divided into
United™" group (United score < 0.82) and United"¢"
(United score > 0.82) group with the optimum cutoff value
(0.82). Prediction result of united score in different centers
was further analyzed with Kaplan-Meier analysis (Figure
6A) as well as in all cases combined (Figure 6B). United
score predicted more accuracy than TNM stage or CD68
alone or IL-13alone or union score (Figure 6C).

Double staining of I1L-13 with different immune
markers

Double staining of IL-13 with CD3, or CD56, or
CD68, or CD20, or CD4 or CD8 was further performed

to explore the source of IL-13 in ESCC patients. Results
demonstrated that IL-13 could be expressed by CD3, CD4,
CDg, CD56, CD68 and CD20 positive cell respectively in
ESCC tumor tissue (Supplementary Figure 7).

DISCUSSION

Prognosis prediction played a critical role in the
determination of therapy strategy for cancer patients. With
the development of biology and new technique, many
factors were reported to be correlated with the progression
and prognosis of ESCC. [12—-16] However, the TNM
staging system is still the most popular accepted prognosis
estimation for ESCC patients in clinical practice. Cancer
is a system disease that plenty of elements were involved,
so the ideal prognosis prediction model of which should
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be based on the integration analysis of all elements. It
is inevitable to observe large variations in the clinical
outcome of ESCC patient even with the same TNM stage,
as the TNM staging system for ESCC mainly based on
the anatomical extent (tumor, lymph node and distant
metastasis), histopathologic type, biological activity and
tumor location [2].

The immune system plays a key role in the
progression of cancer. According to the description of
Robert D. Schreiber et al., the correlation between immune
system and cancer can be divided into three different
phases [17]. In the full landscape of cancer development,
the immune system played different roles. It could not
only prevent the development of tumor by T cells, natural
killer cells and natural killer T (NKT) cells secreted

cytotoxic elements such as interferon-alpha (IFN-a),
granzyme, perforin et al [18-22]. It could promote the
progression of tumor by tumor associated macrophages,
myeloid-derived suppressor cells and regulatory T cells
[23, 24]. The immune system was ranked as the emerging
hallmark for cancer, because of the important and diverse
role it played in tumor progression [25]. So in this study,
we investigated the prognosis value of different immune
markers in ESCC patients.

We systemically searched Pub Med for reports
published before Feb 10, 2011 with the terms “esophageal
squamous cell carcinoma”, “immune” and “prognosis”,
and found that several immune markers were reported to be
correlated with the prognosis of ESCC patients. While no
systemically study was reported and evaluated from other
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Figure 4: CD68 and IL-13 based model displayed superior prognosis function compared with TNM staging system
and other clinicopathological factors as well as single immune marker. ROC curves analyses of indicated elements in 705

ESCC patients.
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Figure 5: CD68 and IL-13 based model could identify high risk and low risk population at the same TNM stage.
(A) Tumor stroma CD68 density, IL-13 density and union model value at different TNM stages, *P < 0.05; **P < 0.01. (B) Prognosis
prediction of CD68, IL-13 and union model at different TNM stages for ESCC patients.
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Table 4: Univariate and multivariate cox regression analysis for all cases

Clinical Features

Univariate analysis

Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Gender 0.899 (0.585-1.380) 0.626
Age 1.004 (0.743-1.356) 0.981
Grade 0.994 (0.667—1.483) 0.978
TNMstage 2.020 (1.748-2.335) <0.001 1.959 (1.683-2.281) <0.001
CD68TS 0.449 (0.369-0.545) <0.001 0.542 (0.444-0.662) <0.001
IL-13TS 0.384 (0.316-0.468) <0.001 0.456 (0.372-0.558) <0.001
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Figure 6: Prognosis prediction of united model compared with TNM stage, single immune marker and two-immune
marker based model in survival function, sensitivity and specificity. (A) Kaplan-Meier analysis demonstrated that ESCC
patients with high united score had good overall survival in four different centers. Training set, Sun Yat-sen University Cancer Center;
validation set 1, The First Affiliated Hospital, Sun Yat-sen University; validation set 2, Linzhou Cancer Hospital (Henan, China); validation
set 3, Hong Kong University. (B) Overall survival prediction function comparing of Union and United model in all cases. (C) ROC curves

of indicated markers.
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centers and applied to clinics. We planned to investigate
the prognosis role of immune markers systemically and
profoundly. So we began with investigating the expression
and distribution of 21 different immune markers with
different functions in tumor immunity to screen the
possible correlation of their expressions with ESCC
patients’ prognosis firstly. Six of them, as we reported in
the manuscript, were selected for further study according
to their expression characteristics after the first screen.
We discovered that different immune markers distributed
differently, even in the same patient, which might be
correlated with the diversity of the immune system and the
distinctive function of respective immune cell or cytokine.
We further found that distribution densities of CD68 and
IL-13 in tumor stroma area were positively correlated
with ESCC patients’ overall survival after operation.
CD68 was a popular marker for macrophages, which had
been reported by plenty of investigations. The function
of macrophages varied with local microenvironment and
tumor characteristics. [25] For example, macrophages
were reported to be associated with tumor progression and
poor prognosis in breast cancer, [26] classic Hodgkin’s
lymphoma, [27] and hepatocellular cancer, [28] et al. High
macrophage density was also reported to be correlated
with increased survival in non-small cell lung cancer [29].
We also found that patients with high density of tumor
stroma CD68 positive cells had long overall survival in
ESCC especially at TNM stage I, II and III. We also found
that high density of IL-13 was a good prognostic factor for
ESCC patients in this investigation. IL-13 was a cytokine
which was first reported to be secreted by activated type 2
T helper (Th2) cells, with the development of immunity,
many innate immune cells were reported to can secrete
IL-13 including eosinophils, basophils, mast cells, natural
killer cells, NKT cells and group 2 innate lymphoid cells.
[30, 31] IL-13 was not only reported to play important role
in helminthic parasites infection, allergic asthma, ulcerate
colitis and eosinophilic esophagitis, [31, 32] which was
reported to prevent tumor development and progression.
For example, Low serum IL-13 concentration was reported
to be correlated with poor prognosis of colorectal cancer,
[33] and IL-13 had been reported to can protect mice
from papilloma formation during 9,10-dimethyl-1,2-
benzanthracene/12-O-tetradecanoylphorbol-13-acetatetwo-
step skin carcinogenesis via IL-4Ro. induced signaling
pathway. [34] In this investigation, IL-13 was found to be
high expressed at the early stage of ESCC patient and high
IL-13 density in tumor stroma predicted good prognosis,
so IL-13 might also play similar protective role in ESCC
progression.

Further, we developed a model based on densities
of CD68 and IL-13, which was superior to the TNM stage
system in the prognosis prediction of ESCC in the analyzed
705 ESCC patients. It implied the important function of
immune system in ESCC progression from another way.
As TNM staging system was a comprehensive staging

system, which had been evaluated by thousands of patients
on clinic, the priority of CD68 and IL-13 based model
to TNM staging system in ESCC prognosis prediction
required further evaluation on clinic. The two immune
markers based model could further identify high and low
risk ESCC population even at the same TNM stage, which
could provide more useful information for personalized
therapy. So we further combined TNM stage and densities
of CD68 and IL-13 in tumor stroma to construct a united
model for ESCC prognosis prediction, which proved to
can provide more accuracy prognosis prediction for ESCC
patients after operation. As sample in our investigation
was acquired from four different centers including ESCC
high prevalence area such as Linzhou in North China
as well as normal ESCC prevalence area as Guangzhou
and Hong Kong in South China, the investigation could
provide popular property for ESCC patients.

MATERIALS AND METHODS

Specimen and sample

66 ESCC primary tumor specimens were applied
for initial observation. Four sets of tissue microarrays
(TMA) that contained formalin-fixed paraffin-embedded
tumor tissues from 705 ESCC patients were performed
in this study. TMA containing 194 primary ESCC
tumor samples from Sun Yat-sen University cancer
center (Guangzhou, China) was used as the training
set, TMAs for validation were obtained from the First
Affiliated Hospital, Sun Yat-sen University (Guangzhou,
China, n = 156), Linzhou Cancer Hospital (Henan, China,
n =274) and Hong Kong University (Hong Kong, China,
n = 81) respectively. None of these patients received
preoperative treatment. Samples collected in this study
were obtained under the approval of the Committees for
Ethical Review of Research involving Human Subjects
of Zhengzhou University, Sun Yat-sen University
and Hong Kong University. TMA was constructed as
described previously. [35]

IHC staining

Paraffin-embedded, formalin fixed tissues and TMA
sections were deparaffinized and nonspecific bindings
were blocked with 5% BSA in PBS for 30mins, RT.
Tissues were then incubated with first antibody against
human CD1A (Dako, Denmark ), or CD123 (Zhongshan
Goldengridge, China), or CD57 (Zeta Cooperation, Sierra
Madre, CA), or CD66b (Becton Dicknson, Bedford, MA)
or CD68 (Abcam, UK), or IL-13 (Boster, China) at 4°C
overnight, and subsequently incubated with horseradish
peroxidase (HRP)-conjugated second antibody (Dako,
Denmark). Diaminobenzidine tetrahydrochloride (DAB)
was used as the visualization substrate followed by counter
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staining with hematoxylin. Positively stained cells were
counted with InForm™ 2. 1software under microscope.

For double staining, formalin fixed ESCC tissues
were deparaffinized and nonspecific bindings were
blocked with 5% BSA in PBS for 30mins, RT. Tissues
were then incubated with first antibody (rabbit origin)
against human IL-13 and another first antibody (mouse
origin) against human CD3 (Gene Tech Company, China),
or CD4 (Gene Tech Company, China), or CD8 (Gene
Tech Company, China ), or CD20 (Gene Tech Company,
China ), or CD68, or CD56 (Gene Tech Company, China)
at 4°C overnight. Subsequently, tissues were incubated
with mixer of HRP-conjugated goat anti-mouse IgG and
alkaline phosphatase (AP)-conjugated goat anti-rabbit
IgG (Golden Bridge International, USA). After washing,
tissues were visualized with DAB and AP-red working
solution. Hematoxylin was finally used to stain the
nucleus.

Automatic image acquisition and analysis

Vectra platform (Perkin-Elmer, Waltham, MA) was
used for acquiring multispectral images (8bit). Nuance
3.0 software (Perkin-Elmer, Waltham, MA) was then
used to build distinctive spectral curves for both of the
two chromogens (hematoxylin and DAB), then unmixed
the signals of these images. In order to segregate tumor
and stroma, 20% of these images were trained with
InForm™ 2.0.1software (Perkin-Elmer, Waltham, MA).
After training, area of tumor or stroma, numbers of tumor
cell, stroma cell or positive stained cell in tumor area and
stroma area were acquired with InForm™ 2.0.1software
respectively. To calculate more reasonable and reliable,
the distribution density of immune marker was calculated
as 1076*number of positive cells divided by area in pixel
acquired with InForm™ 2.0.1 software.

Statistical analysis

All statistical analysis was performed with
SPSS16.0 and Stata version 10.0 with two-tailed tests,
and significance was defined as p values less than 0.05.
The overall survival (OS) of each parameter was estimated
with Kaplan-Meier method and long-rank test. The hazard
ratio (HR) was calculated with multivariate Cox regression
analysis. Receiver operating characteristics (ROC) curves
were used to compare the sensitivity and specificity for
the prediction of survival by immune markers and TNM
stage. The relation between clinical characteristics and risk
score model value was assessed with Student’s # test, or
Chi-Square test.

GRANT SUPPORT

This study was supported by the National Basic
Research Program of China (2012CB967000), grants from
National Natural Science Foundation of China (30971606,
30772475, 81072047 and 81302079) and Hong Kong
Research Grant Council Collaborative Research Funds
(C7038-14G and C7027-14G).

CONFLICTS OF INTEREST

We declare that we have no conflicts of interest in this
investigation.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA. 2011; 61:69-90.

2. Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7th edition of the AJCC cancer staging manual
and the future of TNM. Annals of surgical oncology. 2010;
17:1471-1474.

3. Street SE, Trapani JA, MacGregor D, Smyth MJ.
Suppression of lymphoma and epithelial malignancies
effected by interferon gamma. The Journal of experimental
medicine. 2002; 196:129-134.

Girardi M, Oppenheim DE, Steele CR, Lewis JM, Glusac E,

Filler R, Hobby P, Sutton B, Tigelaar RE, Hayday AC.

Regulation of cutaneous malignancy by gammadelta T cells.

Science. 2001; 294:605-609.

S. Zippelius A, Batard P, Rubio-Godoy V, Bioley G, Lienard D,
Lejeune F, Rimoldi D, Guillaume P, Meidenbauer N,
Mackensen A, Rufer N, Lubenow N, Speiser D, et al.
Effector function of human tumor-specific CD8 T cells
in melanoma lesions: a state of local functional tolerance.
Cancer Res. 2004; 64:2865-2873.

6. Carey TE, Takahashi T, Resnick LA, Oettgen HF, Old LJ.
Cell surface antigens of human malignant melanoma: mixed
hemadsorption assays for humoral immunity to cultured
autologous melanoma cells. Proc Natl Acad Sci USA. 1976;
73:3278-3282.

7. Dai Q, Zheng W, Ji BT, Shu XO, Jin F, Cheng HX, Gao YT.
Prior immunity-related medical conditions and oesophageal
cancer risk: a population-based case-control study in
Shanghai. European journal of cancer prevention. 1997;
6:152-157.

8. Advani SH, Kutty PM, Gopal R, Swaroop S, Nair CN,
Dinshaw KA, Damle SR, Nadkarni JS, Akolkar PN,
Gothaskar BP, et al. Immunity in esophageal carcinoma.
Journal of surgical oncology. 1983; 24:268-273.

9. Huang H, Chen A, Wang T, Wang M, Ning X, He M,
HuY, Yuan L, Li S, Wang Q, Liu H, Chen Z, Ren J, et al.
Detecting cell-in-cell structures in human tumor samples by

www.impactjournals.com/oncotarget

15536

Oncotarget



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E-cadherin/CD68/CDA4S5 triple staining. Oncotarget. 2015;
6:20278-87. doi: 10.18632/oncotarget.4275.

Wang B, Liu H, Dong X, Wu S, Zeng H, Liu Z, Wan D,
Dong W, He W, Chen X, Zheng L, Huang J, Lin T. High
CD204" tumor-infiltrating macrophage density predicts a
poor prognosis in patients with urothelial cell carcinoma of
the bladder. Oncotarget. 2015; 6:20204—14. doi:10.18632/
oncotarget.3887.

Khoo BL, Lee SC, Kumar P, Tan TZ, Warkiani ME, Ow
SG, Nandi S, Lim CT, Thiery JP. Short-term expansion
of breast circulating cancer cells predicts response to
anti-cancer therapy. Oncotarget. 2015; 6:15578-15593.
doi:10.18632/oncotarget.3903.

Li Y, Chen L, Nie CJ, Zeng TT, Liu H, Mao X, Qin Y,
Zhu YH, Fu L, Guan XY. Downregulation of RBMS3 is
associated with poor prognosis in esophageal squamous cell
carcinoma. Cancer Res. 2011; 71:6106-6115.

Kong KL, Kwong DL, Chan TH, Law SY, Chen L, Li Y,
Qin YR, Guan XY. MicroRNA-375 inhibits tumour growth
and metastasis in oesophageal squamous cell carcinoma
through repressing insulin-like growth factor 1 receptor.
Gut. 2012; 61:33-42.

HuY, Correa AM, Hoque A, Guan B, Ye F, Huang J, Swisher
SG, Wu TT, Ajani JA, Xu XC. Prognostic significance of
differentially expressed miRNAs in esophageal cancer. Int
J Cancer. 2011; 128:132-143.

Fu L, Zhang C, Zhang LY, Dong SS, Lu LH, Chen J, Dai Y, Li Y,
Kong KL, Kwong DL, Guan XY. Wnt2 secreted by tumour
fibroblasts promotes tumour progression in oesophageal
cancer by activation of the Wnt/beta-catenin signalling
pathway. Gut. 2011; 60:1635-1643.

Baba Y, Iyama K, Honda S, Ishikawa S, Miyanari N, Baba H.
Cytoplasmic expression of type VII collagen is related
to prognosis in patients with esophageal squamous cell
carcinoma. Oncology. 2006; 71:221-228.

Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting:
integrating immunity’s roles in cancer suppression and
promotion. Science. 2011; 331:1565-1570.

Hanson HL, Donermeyer DL, Ikeda H, White IM,
Shankaran V, Old LJ, Shiku H, Schreiber RD, Allen PM.
Eradication of established tumors by CD8" T cell adoptive
immunotherapy. Immunity. 2000; 13:265-276.

Fernandez NC, Lozier A, Flament C, Ricciardi-Castagnoli P,
Bellet D, Suter M, Perricaudet M, Tursz T, Maraskovsky E,
Zitvogel L. Dendritic cells directly trigger NK cell
functions: cross-talk relevant in innate anti-tumor immune
responses in vivo. Nature medicine. 1999; 5:405-411.

Smyth MJ, Godfrey DI. NKT cells and tumor immunity—a
double-edged sword. Nature immunology. 2000; 1:459-460.

Kimura T, Sugaya M, Oka T, Blauvelt A, Okochi H, Sato
S. Lymphatic dysfunction attenuates tumor immunity
through impaired antigen presentation. Oncotarget. 2015;
6:18081-93. doi: 10.18632/oncotarget.4018.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Levi I, Amsalem H, Nissan A, Darash-Yahana M, Peretz T,
Mandelboim O, Rachmilewitz J. Characterization of tumor
infiltrating natural killer cell subset. Oncotarget. 2015;
6:13835-13843. doi: 10.18632/oncotarget.3453.

Ostrand-Rosenberg S, Sinha P, Beury DW, Clements VK.
Cross-talk between myeloid-derived suppressor cells
(MDSC), macrophages, and dendritic cells enhances tumor-
induced immune suppression. Seminars in cancer biology.
2012; 22:275-281.

Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P,
Evdemon-Hogan M, Conejo-Garcia JR, Zhang L, Burow M,
Zhu Y, Wei S, Kryczek I, et al. Specific recruitment of
regulatory T cells in ovarian carcinoma fosters immune
privilege and predicts reduced survival. Nature medicine.
2004; 10:942-949.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. Cell. 2011; 144:646-674.

Su S, Liu Q, Chen J, Chen J, Chen F, He C, Huang D,
Wu W, Lin L, Huang W, Zhang J, Cui X, Zheng F, et al.
A positive feedback loop between mesenchymal-like
cancer cells and macrophages is essential to breast cancer
metastasis. Cancer cell. 2014; 25:605-620.

Steidl C, Lee T, Shah SP, Farinha P, Han G, Nayar T,
Delaney A, Jones SJ, Igbal J, Weisenburger DD, Bast
MA, Rosenwald A, Muller-Hermelink HK, et al. Tumor-
associated macrophages and survival in classic Hodgkin’s
lymphoma. The New England journal of medicine. 2010;
362:875-885.

Zhu XD, Zhang JB, Zhuang PY, Zhu HG, Zhang W, Xiong
YQ, Wu WZ, Wang L, Tang ZY, Sun HC. High expression
of macrophage colony-stimulating factor in peritumoral
liver tissue is associated with poor survival after curative
resection of hepatocellular carcinoma. Journal of clinical
oncology. 2008; 26:2707-2716.

Kim DW, Min HS, Lee KH, Kim YJ, Oh DY, Jeon YK,
Lee SH, Im SA, Chung DH, Kim YT, Kim TY, Bang Y],
Sung SW, et al. High tumour islet macrophage infiltration
correlates with improved patient survival but not with
EGFR mutations, gene copy number or protein expression
in resected non-small cell lung cancer. Br J Cancer. 2008;
98:1118-1124.

Roediger B, Kyle R, Yip KH, Sumaria N, Guy TV, Kim
BS, Mitchell AJ, Tay SS, Jain R, Forbes-Blom E, Chen X,
Tong PL, Bolton HA, et al. Cutaneous immunosurveillance
and regulation of inflammation by group 2 innate lymphoid
cells. Nature immunology. 2013; 14:564-573.

Fuss 1J, Heller F, Boirivant M, Leon F, Yoshida M, Fichtner-
Feigl S, Yang Z, Exley M, Kitani A, Blumberg RS, Mannon P,
Strober W. Nonclassical CD1d-restricted NK T cells that
produce IL-13 characterize an atypical Th2 response in
ulcerative colitis. J Clin Invest. 2004; 113:1490-1497.
Mishra A, Rothenberg ME. Intratracheal IL-13 induces
eosinophilic esophagitis by an IL-5, eotaxin-1, and

WWW

.impactjournals.com/oncotarget

15537

Oncotarget



33.

34.

STAT6-dependent mechanism. Gastroenterology. 2003;
125:1419-1427.

Saigusa S, Tanaka K, Inoue Y, Toiyama Y, Okugawa Y,
Iwata T, Mohri Y, Kusunoki M. Low serum interleukin-13
levels correlate with poorer prognoses for colorectal cancer
patients. International surgery. 2014; 99:223-229.

Rothe M, Quarcoo D, Chashchina AA, Bozrova SV,
Qin Z, Nedospasov SA, Blankenstein T, Kammertoens T,
Drutskaya MS. IL-13 but not IL-4 signaling via IL-4Ralpha
protects mice from papilloma formation during DMBA/
TPA two-step skin carcinogenesis. Cancer medicine. 2013;
2:815-825.

35.

Xie D, Sham JS, Zeng WF, Lin HL, Che LH, Wu HX, Wen
IJM, Fang Y, Hu L, Guan XY. Heterogeneous expression and
association of beta-catenin, p16 and c-myc in multistage
colorectal tumorigenesis and progression detected by tissue
microarray. Int J Cancer. 2003; 107:896-902.

www.impactjournals.com/oncotarget

15538

Oncotarget



