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Milk fat globule-epidermal growth factor factor 8 (MFG-E8) is secreted from
macrophages and is known to induce immunological tolerance mediated by regula-
tory T cells. However, the roles of the MFG-E8 that is expressed by cancer cells
have not yet been fully examined. Expression of MFG-E8 was examined using
immunohistochemistry in surgical samples from 134 patients with esophageal squa-
mous cell carcinoma. The relationships between MFG-E8 expression levels and clini-
copathological factors, including tumor-infiltrating lymphocytes, were evaluated.
High MFG-E8 expression was observed in 23.9% of the patients. The patients with
tumors highly expressing MFG-E8 had a significantly higher percentage of neoadju-
vant chemotherapy (NAC) history (P < .0001) and shorter relapse-free survival
(P = 0.012) and overall survival (OS; P = .0047). On subgroup analysis, according to
NAC history, patients with high MFG-E8 expression had significantly shorter
relapse-free survival (P = .027) and OS (P = .0039) only when they had been treated
with NAC. Furthermore, tumors with high MFG-E8 expression had a significantly
lower ratio of CD8" T cells/regulatory T cells in tumor-infiltrating lymphocytes
(P = .042) only in the patients treated with NAC, and those with a lower ratio had a
shorter OS (P = .026). High MFG-E8 expression was also found to be an indepen-
dent prognostic factor in multivariate analysis. The abundant MFG-E8 expression in
esophageal squamous cell carcinoma might have a negative influence on the long-
term survival of patients after chemotherapy by affecting T-cell regulation in the

tumor microenvironment.
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1 | INTRODUCTION

In recent years, the human immune system has been recognized as
having important roles in tumor progression.2? Because immune
escape, which is caused by various factors such as regulatory cells,
molecules, and cytokines, is associated with tumor development, the
inhibition of these factors has been considered a promising treat-
ment for cancer.® This strategy has proven effective with the suc-
cessful development of antibody therapies blocking immune
checkpoints, including anti-cytotoxic T-lymphocyte associated pro-
tein-4 or programmed cell death-1 (PD-1) therapy‘4 Therefore, it
might be worth investigating other factors involved in immune sup-
pression that are related to tumor progression.

Milk fat globule-epidermal growth factor factor 8 (MFG-E8), also
known as lactadherin in humans, was originally identified as a glyco-
protein that exists on the membrane of milk fat globule in the mam-
mary duct®” and is known to be associated with adhesion to
integrin-expressing cells.® This molecule is also secreted from various
types of cells, including mammary epithelial cells, macrophages, and
immature dendritic cells, and mediates the efficient engulfment of
apoptotic cells by binding to ayfz integrin on phagocytes.”** Mice
deficient in MFG-E8 have defects in the removal of apoptotic cells

and tend to develop autoimmune disease.'? These results suggest a

MFG-E8  MFG-E8
Total low high
n=134 n = 102 n=32
Patient characteristics (%) (%) (%)
Age, years <65 73 (54.5) 52(38.8) 21 (15.7)
>65 61 (45.5) 50(37.3) 11(8.2)
Sex Male 117 (87.3) 86 (64.2) 31 (23.1)
Female 17 (12.7) 16 (11.9) 1(0.8)
Location? ut 18 (13.4) 10 (7.5) 8 (6.0)
Mt-Lt 116 (86.6) 92 (68.7) 24 (17.9)
Tumor differentiation® Well- 102 (76.1) 81 (60.5) 21 (15.7)
Mod
Por 32(239) 21(157) 11(8.2)
Neoadjuvant chemotherapy With 68 (50.7) 41 (30.6) 27 (20.2)
Without 66 (49.3) 61 (45.5) 5(3.7)
Tumor depth® pT1-2 47 (35.1) 37 (27.6) 10 (7.5)
pT3-4 87 (64.9) 65 (48.5) 22 (16.4)
Lymph node metastasis® pNO-1 83 (61.9) 69 (51.5) 14 (10.5)
pN2-3 51(38.1) 33(24.6) 18(13.4)
Non-regional lymph node pMO 111 (82.8) 91 (67.9) 20 (14.9)
WEERERES pM1 23(172) 1182 12 (9.0)
Tumor stage® I-1l 51 (38.0) 42 (31.3) 9 (6.7)
-1v 83 (62.0) 60 (44.8) 23(17.2)

2Upper (Ut), middle (Mt), and lower (Lt) third of thorax.

critical role for MFG-E8 in phagocytosis and the suppression of the
immune response against apoptotic cells.

Furthermore, MFG-E8 expression in the tumor microenvironment
was suggested to regulate the function of granulocyte macrophage
colony-stimulating factor and to suppress antitumor immune
responses through regulatory T cell (Treg) propagation.'®> When an
anti-MFG-E8 blocking antibody was administered accompanied with
the treatments that induce tumor cell apoptosis in mouse tumors,
systemic and potent antitumor effects were observed with efficient
dendritic cell cross-presentation, which leads to the activation of
cytotoxic CD8" T cells through the suppression of Treg induction.'*

Milk fat globule-epidermal growth factor factor 8 is reported to
be expressed in several types of human cancer cells, as well as
immune-related cells. Such expression has been found to be associ-
ated with tumor proliferation, epithelial-mesenchymal transition, cell
migration, M2 macrophage polarization, and the induction of
Tregs.2>2? However, there are limited reports that clarified its prog-
nostic impact on cancer patients.®?° Furthermore, although MFG-
E8 is predicted to affect the balance of the expression of tumor-infil-
trating lymphocytes such as CD8" T cells and Tregs,'* this relation-
ship and its influence on survival are yet to be revealed.

In this study, we investigated MFG-E8 expression in surgical

samples of esophageal squamous cell carcinoma patients, including

TABLE 1 Relationship between milk fat globule-
epidermal growth factor factor 8 (MFG-ES8)
p. expression and clinicopathological factors in 134

Vel patients with esophageal squamous cell carcinoma

15
.06
.028

A1

<.0001
.6000
.0150
.0005

.1800

PWell, moderately (Mod), and poorly (Por) differentiated squamous cell carcinoma.
“Pathological classification according to UICC (7th edition).
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those who underwent preoperative chemotherapy, and evaluated

the relationship with clinicopathological factors, including the

immunological situation in the tumor microenvironment.

2 | MATERIALS AND METHODS

2.1 | Patients

Among the 403 esophageal cancer patients who underwent curative
esophagectomy between May 2000 and January 2008 in Osaka
University Hospital (Suita, Japan), the 134 patients with squamous
cell cancer whose surgical specimens and clinical information were
obtainable were enrolled in this study. Patients who underwent pre-
operative chemoradiotherapy were excluded.

Of the 134 patients, 19, 32, 60, and 23 patients were pathologi-
cally diagnosed as stage |, II, lll, and IV, respectively, according to the
UICC classification (7th edition). Sixty-six patients (49.3%) underwent
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esophagectomy without preoperative therapy. Sixty-eight patients
(50.7%) received neoadjuvant chemotherapy (NAC) that consisted of
cisplatin, doxorubicin, and 5-fluorouracil (Table 1). The precise regimen
is described elsewhere.?! In the study period, the NAC was given to
patients with tumors in any T category (cT1-4) accompanied with
metastasis only to the regional or non-regional lymph nodes. The NAC
was also given to patients with tumors classified as cT2 or more in
depth with or without lymph node metastasis. The patients with meta-
static lesions in distant organs other than the lymph nodes at the pre-
operative evaluation were excluded from the study.???® The
characteristics of patients with and without NAC are described in
Table 2. Surgical treatment was carried out 3-8 weeks after 2 courses
of NAC. The surgical procedure has been described previously.2* The
median follow-up period after the operation was 89.3 months.

This study was approved by the appropriate institutional
review boards of Osaka University Hospital (approved no. 08226-6)
and was carried out in accordance with the Declaration of Helsinki.

TABLE 2 Difference in clinical and pathological characteristics of patients with esophageal squamous cell carcinoma treated with or without

neoadjuvant chemotherapy (NAC)

Total
Patient characteristics n = 134 (%)
Age, years <65 73 (54.5)
>65 61 (45.5)
Sex Male 117 (87.3)
Female 17 (12.7)
Location® Ut 18 (13.4)
Mt-Lt 116 (86.6)
Tumor differentiation® Well-Mod 102 (76.1)
Por 32 (23.9)
cT® cT1-2 57 (42.5)
cT3-4 77 (57.5)
cN°¢ cNO 42 (31.3)
cN1 92 (68.7)
cM© cMO 107 (79.9)
cM1 27 (20.2)
cStage®© cl-ll 51 (38.1)
clll-Iv 83 (61.9)
pTd pT1-2 47 (35.1)
pT3-4 87 (64.9)
pN¢ pNO-1 42 (31.3)
pN2-3 24 (17.9)
pm¢ pMO 111 (82.8)
pM1 23 (17.2)
pStage* pl-II 51 (38.1)
plll-IV 83 (61.9)

2Upper (Ut), middle (Mt), and lower (Lt) third of thorax.

NAC— NAC+

n = 66 (%) n = 68 (%) P-value

30 (22.4) 43 (32.1) .0390

36 (26.9) 25 (18.7)

57 (42.5) 60 (44.8) 7400
9 (6.7) 8 (6.0)

12 (9.0) 6 (4.5) .1100

54 (40.3) 62 (46.3)

52 (38.8) 50 (37.3) 4800

14 (10.5) 18 (13.4)

37 (27.6) 20 (14.9) .0018

29 (21.6) 48 (35.8)

36 (26.9) 6 (4.5) <.0001

30 (22.4) 62 (46.3)

62 (46.3) 45 (33.6) <.0001
4(3.0) 23 (17.2)

39 (29.1) 12 (9.0) <.0001

27 (20.2) 56 (41.8)

28 (20.9) 9 (14.2) .0800

38 (28.4) 49 (36.6)

41 (30.6) 83 (61.9) .6900

27 (20.2) 51 (38.1)

61 (45.5) 50 (37.3) .0037
5(3.7) 18 (13.4)

30 (22.4) 21 (15.7) 0.0800

36 (26.9) 47 (35.1)

PWell, moderately (Mod), and poorly (Por) differentiated squamous cell carcinoma.
Clinical classification of tumor depth (cT), lymph node metastasis (cN), non-regional lymph node metastasis (cM), and stage (cStage) in UICC (6th edi-

tion).

dpathological classification of tumor depth (pT), lymph node metastasis (pN), non-regional lymph node metastasis (pM), and stage (pStage) in UICC (7th

edition).
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2.2 | Clinical and pathological evaluation of
response to chemotherapy

The clinical response was assessed according to the following crite-
ria. Patients with complete regression or a partial response (with
>50% reduction in the tumor on computed tomography) were
defined as responders. Patients with progressive disease (PD; with
>25% enlargement of the tumor or with appearance of new lesions)
or with stable disease (with residual tumor and neither categorized
as partial response nor PD) were defined as non-responders.?® The
pathological response was categorized into 5 groups according to
the criteria of the Japanese Society for Esophageal Diseases.?® The
grades were as follows: grade O, no therapeutic effect; gradela,
viable cancer cells accounting for 2/3 or more tumor tissue; grade
1b, viable cancer cells accounting for 1/3 to 2/3 of tumor tissue;
grade 2, viable cancer cells accounting for less than 1/3 of tumor tis-
sue; and grade 3, no viable cancer cells. In this study, patients with
grades 1b-3 were defined as responders and those with grades 0-1a
were defined as non-responders.

2.3 | Immunohistochemistry

Surgical samples were fixed in 10% phosphate-buffered formalin and

embedded in paraffin. These formalin-fixed paraffin-embedded

(FFPE) tissues were sliced into 3.5-pm-thick sections. Our immuno-
histochemistry (IHC) method is described elsewhere.?” Briefly, the
FFPE sections were deparaffinized in xylene and rehydrated in a
graded series of ethanol solutions. Heat-induced epitope retrieval
was carried out at 110°C for 15 minutes in citrate buffer (pH 6.0)
using a decloaking chamber (Biocare Medical, Walnut Creek, CA,
USA). Endogenous peroxidase was blocked with 0.3% H,O, in
methanol for 20 minutes. The specimens were blocked with normal
horse serum (Vectastain Elite ABC kit; Vector Laboratories, Burlin-
game, CA, USA) for 20 minutes at room temperature. Subsequently,
the specimens were incubated overnight at 4°C with mouse mAbs
specific to human MFG-E8 (14A-11B produced in The Institute of
Medical Science, University of Tokyo, Tokyo, Japan) at a dilution of
1:100, Foxp3 (Clone 236A/E7; Abcam, Cambridge, UK) at a dilution
of 1:100 or CD8 (Clone C8/144B; Dako, Glostrup, Denmark) without
dilution. A secondary antibody reaction was carried out using
biotinylated rabbit anti-mouse secondary antibodies (Vectastain Elite
ABC kit; Vector Laboratories) for 20 minutes at room temperature.
The samples were then incubated for 30 minutes with avidin-biotin
complex reagent (Vectastain Elite ABC kit; Vector Laboratories) at
room temperature. The reaction products were developed in liquid
3,3'-diaminobenzidine (DAB Chromogen tablets; Dako) dissolved
with 0.05 M Tris-HCI buffer (pH 7.5). As positive controls, human
tonsils were used for Foxp3 and CD8 staining.

7 oy
* i T ety
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FIGURE 1 Representative staining patterns of immune-reactive milk fat globule-epidermal growth factor factor 8 (MFG-E8), CD8, and

Foxp3 in tumor samples of esophageal squamous cell carcinoma. A, Endothelial cells of muscular blood vessels were used as internal positive
control of MFG-E8 expression (red arrow). Squamous cell carcinoma with MFG-E8 expression stronger than that of the positive control was
defined to have intensity score 2 (100x). B, Tumor cells with MFG-E8 expression equal to that of the positive control were defined to have
intensity score 1 (100x). C, Tumor cells with MFG-E8 expression weaker than that of the positive control were defined to have intensity score
0 (100x). D, Immunohistochemical staining of intratumoral Foxp3™ T cells (200x). E, Immunohistochemical staining of intratumoral CD8" T cells
(200x%)
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(A) RFS 0s
1.0 1.0
0.8 0.8
MFG-ES low n = 102 MFG-ES8 low n = 102
v 08 e w»n %6 g el S,
S5 "tesssscssend e
. © 0.4
0.4 . _ x
MFG-E8 high n =32 MFG-ES high n = 32
0.2 0.2
P =.012 by log-rank test P =.0047 by log-rank test
.0+ 0.0 . . . . :
8o 0 365 730 1460 1825 2190 1] 365 730 1095 1460 1825 2150
Time (d) Time (d)
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1.0y 1.0
[ ™ MFG-ES8 highn =5
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) % MFG-E8 low n = 61 &
FIGURE 2 Comparison of relapse-free B o o MFG-E8 low n= 61
i i P = .65 by log-rank test
survival (RFS? and oyeral.l survival (OS). € P =68 by log-rank test
between patients with high and low milk e 02
fat globule-epidermal growth factor factor o 56
8 (MFG-ES8) expression. A, Patients with ] 365 730 1460 1825 2190 0 365 730 1095 1460 1825 2190
high MFG-E8 expression showed Time (d) Time (d)
significantly worse relapse-free survival
(RFS) and overall survival (OS) compared RFS 0s

with patients with low MFG-E8 expression ©) ,
in total 134 patients examined. B, There
was no significant difference in RFS and
OS between the patients with high and
low MFG-E8 expression in subgroup
without neoadjuvant chemotherapy. C,
Patients with high MFG-E8 expression

RFS

MFG-ES8 low n =41

MFG-ES high n =27
MFG-ES high n =27

showed significantly worse RFS and OS ‘
compared with the patients with low 0.0

MFG-E8 expression in subgroup with & % T
neoadjuvant chemotherapy

2.4 | Evaluation of MFG-E8 expression and
quantification of tumor-infiltrating T cells

The MFG-E8 expression of the tumor cells was examined. Other cells
including macrophages and dendritic cells in tumor stroma showed
sporadic MFG-E8 expression at significantly lower level. The intensity
of MFG-E8 expression was examined and classified according to the
highest intensity of the staining in each sample. The grades of intensity
were determined by comparison with that of endothelial cells of mus-
cular blood vessels found in the same specimen in high-power (100x)
microscopic fields?® (Figure 1A). Intensity scores 2, 1, or O were given
to those with stronger, equal, or weaker staining intensity than vascu-
lar endothelial cells, respectively (Figure 1A-C). The tumors scored as
2 were classified as high expression, and those with score 1 or O were
defined as low expression. Foxp3 was used to detect Tregs. Five inde-
pendent areas of the tumor with the most abundant lymphocytes were
selected in each specimen to evaluate the number of tumor-infiltrating
Foxp3* and CD8" T cells. The positive cells were counted manually in
each high-power (200x) microscopic field (Figure 1D,E), and the mean
values of the intratumoral tumor-infiltrating T cells were calculated.
Based on these results, CD8"/Foxp3* T-cell ratios (CD8/Foxp3 ratios)

Time (d)

P =.027 by log-rank test

P =.0039 by log rank test
1460 1825 2150 0 365 730 1095 1460 1825 2190

Time (d)

were evaluated. The samples were assessed by two investigators in a

blinded manner.

2.5 | Statistical analyses

The associations between MFG-E8 expression and clinicopathologi-
cal factors were analyzed by the Xz test. Relapse-free survival (RFS)
and overall survival (OS) were calculated using the Kaplan-Meier
method, and the log-rank test was used to assess the association
between the survival and MFG-E8 expression or CD8/Foxp3 ratios.
A subgroup analysis of RFS and OS according to NAC history was
undertaken using the same method. Hazard ratios and 95% confi-
dence intervals of the variables were calculated using the Cox pro-
portional hazard regression model. A multivariate Cox regression
analysis was undertaken for the potential variables that could influ-
ence the survival. The difference of the CD8/Foxp3 ratios between
high and low MFG-E8 expression groups was compared by the Wil-
coxon rank sum test. Receiver operating characteristic (ROC) curve
analysis was applied to determine the cut-off value for decreased
CD8/Foxp3 ratio that affects the survival by using the 3-year OS as

t.27

the end-poin A two-sided P value less than 0.05 was considered
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TABLE 3 Relationship between milk fat globule-epidermal growth
factor factor 8 (MFG-E8) expression and clinicopathological factors
in 68 patients with esophageal squamous cell carcinoma treated with
neoadjuvant chemotherapy (NAC)

NAC+
MFG-E8 MFG-E8
Low High
N =41 N = 27 P-
Patient characteristics (%) (%) value
Age, years <65 25 (36.8) 18 (26.5) .630
>65 16 (23.5) 9 (13.2)
Sex Male 34 (50.0) 26 (38.2) .090
Female 7 (10.3) 1(1.5)
Tumor location? Ut 0 (0) 6 (8.8) .002
Mt-Lt 41 (60.3) 21 (30.9)
Tumor Well-Mod 32 (47.1) 18 (26.5) .300
. « 4 b
differentiation Por 9 (13.2) 9 (13.2)
Tumor depth® pT1-2 12 (17.7) 7 (10.3) 760
pT3-4 29 (42.7) 20 (29.4)
Lymph node pNO-1 30 (44.1) 11 (16.2) .008
metastasis® pN2-3 11 (162) 16 (23.5)
Non-regional pMO 34 (50.0) 16 (23.5) .030
lymph node
metastasis®
pM1 7 (10.3) 1(16.2)
Tumor stage® pStagel-Il 15 (22.0) 6 (8.8) 210
pStagelll-IlV 26 (38.2) 1 (31.0)
Clinical response to  Responder 23 (33.8) 5(22.0) 960
NAC
Non 18 (26.5) 12 (17.7)
responder
Pathological Responder 10 (14.7) 6 (8.8) .840
response to NAC
Non 31 (45.6) 21 (30.9)
responder

2Upper (Ut), middle (Mt), and lower (Lt) third of thorax.

PWell, moderately (Mod), and poorly (Por) differentiated squamous cell
carcinoma.

“Pathological classification in UICC (7th edition).

significant. All statistical analyses were carried out with JMP version
13 (SAS, Cary, NC, USA).

3 | RESULTS

3.1 | Relationship between MFG-E8 expression and
clinicopathological factors

Among the 134 patients, high MFG-E8 expression levels in the
tumors were observed in 32 patients (23.9%). The relationships
between MFG-E8 expression and clinicopathological factors are
shown in Table 1. In the group with high MFG-E8 expression, the
frequency of patients with tumors located in the upper thoracic

esophagus (P = .028), tumors with pathologically diagnosed advanced
lymph nodes metastasis (pN2-3) (P = 0.015), or non-regional lymph
node metastasis (pM1) (P = .0005) and a history of NAC (P < .0001)
were significantly higher compared with the patients with low MFG-
E8 expression. There was no significant relationship between the
intensity of MFG-E8 and other pathological factors such as sex,
poorly differentiated tumor, tumor depth (pT), or tumor stage

(pStage).

3.2 | Relationship between MFG-E8 expression and
patient survival

Among all 134 patients, the RFS and OS of the high MFG-E8
expression group were significantly worse than those of the low-
expression group (P =.012 in RFS and P = .0047 in OS; Figure 2A).
To minimize the differences in patient backgrounds (Table 2), further
analysis was undertaken in the subgroups divided according to the
NAC history. Within the patients without NAC, there was no signifi-
cant difference in the RFS or OS between those with high MFG-E8
expression and those with low expression (RFS, P = .65; OS, P = .68;
Figure 2B]. However, among patients treated with NAC, those with
high MFG-E8 expression showed significantly shorter RFS and OS
compared with those with low expression (RFS, P =.027; OS,
P = .0039; Figure 2C).

As shown in Table 3, the high MFG-E8 expression group among
patients who received NAC had a significantly larger percentage of
N2-3 lymph node metastasis and non-regional lymph node metasta-
sis. This observation was not made for the group without NAC
(Table S1).

To analyze the causes that led to the worse survival rate of
patients with high MFG-E8 expression after receiving NAC, the rela-
tionships between MFG-E8 expression and both the clinical and
pathological response to therapy were examined. There were no

relationships between these factors (Table 3).

3.3 | Relationship between expression of MFG-E8
and CD8" T cell/Treg (Foxp3* T cell) ratio

To investigate the possible influence of MFG-E8 expression on
immune suppression through Treg induction, the CD8" T cell/Treg
(Foxp3* T cell) ratio was examined in the patients with NAC. Among
134 cases whose MFG-E8 expression was evaluated, the same FFPE
sections were available for CD8" T cell and Foxp3™ T cell assessment
in 127 cases (61 cases without NAC and 66 cases with NAC). Within
the 61 patients without NAC, there were no significant differences
in the CD8/Foxp3 ratio between those with high MFG-E8 expression
and those with low expression (median value, 1.0 vs 1.71; P = .34)
(Figure 3A). Within the 66 patients who underwent NAC, the CD8/
Foxp3 ratios were significantly lower in patients with high MFG-E8
expression compared with those with low expression (median value,
1.53 vs 3.28; P = .042) (Figure 3B). These results indicated the effect
of MFG-E8 on the balance of infiltrating CD8* T cells and Tregs in

tumors within patients who received NAC.
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FIGURE 3 Examination of CD8"/ Patients without NAC Patients with NAC
Foxp3* T-cell ratio (CD8/Foxp3) in tumor
samples of esophageal squamous cell
carcinoma. A, There was no significant (C) 10
difference in the CD8/Foxp3 between the '
patients with high and low milk fat 0.8 "-.
globule-epidermal growth factor factor 8 ""':_ CD8+ T cell/Foxp3 ratio = 3.2
(MFG-E8) expression in the subgroup 0.6 _n=28
without neoadjuvant chemotherapy (NAC). 8 T e
B, Patients with high MFG-E8 expression 0.4
showed a significantly lower CD8/Foxp3
compared with that of the patients with - CD8+ T cell/ Treg ratio < 3.2 I—
low expression in the subgroup with NAC. ’ n=238
C, Patients with a CD8/Foxp3 below 3.2 P =.026 by log rank test
showed significantly worse overall survival 0.0 e o P e S
compared with that of the patients with a
CD8/Foxp3 equal to or higher than 3.2 Time (d)
4 | DISCUSSION

3.4 | Relationship between CD8" T cell/Treg ratio
and survival in patients with NAC

To assess the influence of immunological status on tumor progres-
sion, the relationship between the CD8" T cell/Treg (Foxp3* T cell)
ratio and the survival of patients with NAC was evaluated. The
patients were divided into 2 groups according to the cut-off value
determined with ROC curve analysis. The cut-off value was 3.2 with
an area under the curve of 0.61. Twenty-eight patients had a CD8/
Foxp3 > 3.2 (high CD8/Foxp3 group), and 38 patients had a CD8/
Foxp3 < 3.2 (low CD8/Foxp3 group). When the OS was compared
between the two groups, the low CD8/Foxp3 group showed a signif-
icantly worse prognosis (P = .026; Figure 3C). This finding might sug-
gest that CD8" T-cell suppression with Treg propagation leads to
worse OS of patients treated with NAC.

3.5 | Univariate and multivariate analyses for
factors associated with OS in patients treated with
NAC

In the univariate analysis among patients with NAC history, poor
tumor differentiation, pathologically diagnosed N2-3 lymph node
metastasis, non-regional lymph node metastasis, tumor stage IlI-IV,
and high MFG-E8 expression were the factors correlated with worse
OS (Table 4). In the multivariate analysis, poor tumor differentiation,
tumor stage IlI-IV, and high MFG-E8 expression were found to be
independent prognostic factors (Table 4).

We examined MFG-E8 expression in human esophageal squamous cell
carcinoma using IHC staining and found that some of the cells abun-
dantly express MFG-E8, as shown in other types of cancer.>
20283031 Ag the |HC staining of the samples showed that the expres-
sion of MFG-E8 was more abundant in cancer cells than in macro-
phages or other stromal cells, MFG-E8 from cancer cells appears to
play an important role in the tumor microenvironment. Analysis of all
patients examined showed that tumors with high MFG-E8 expression
had a significantly higher possibility of having advanced lymph node
and non-regional lymph node metastasis (M1), as previously suggested
in malignant melanoma patients.’® Our study also showed that the
RFS and OS of the high MFG-E8 expression group were significantly
worse than those of the low-expression group. These findings are con-
sistent with the previous reports.162031

In the subgroup analysis according to the history of NAC showed
unexpected characteristics associated with MFG-E8 expression of
the tumors. In the patient group with NAC history, high MFG-E8
expression in the tumors correlated with worse RFS and OS. In both
univariate and multivariate analyses, high MFG-E8 expression was
found to be a statistically significant negative prognostic factor.

Because the unfavorable influence of abundant MFG-E8 expres-
sion on survival was only observed in patients who received NAC,
we initially speculated that the effect might be associated with
tumor resistance for the chemotherapy. However, our data showed
no significant relationship between the MFG-E8 expression and the
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TABLE 4 Univariate and multivariate analyses of factors
associated with overall survival in patients with esophageal
squamous cell carcinoma treated with neoadjuvant chemotherapy

Univariate analysis Multivariate analysis

HR  95% CI Pvalue HR 95%CI P value
Age, years
>65 0.98 0.50-1.84 0.95 0.71 0.35-1.37 031
Sex
Male 1.29 0.51-4.31 0.62

Tumor location®

Ut 0.76 0.18-2.11 0.64
Tumor differentiation®
Por 3.74 1.93-7.12 0.0002 3.04 1.54-592 0.0016

Tumor depth®

pT3-4 1.53 0.75-341 0.24
Lymph node metastasis®

pN2-3 6.06 3.08-12.38 <0.0001

Non-regional lymph node metastasis®

pM1 3.93 202-7.61 <0.0001
Tumor stage®
H-1Iv 403 1.80-10.71 0.0003 3.77 1.63-10.24 0.0013

MFG-E8 expression

High 246 1.30-4.65 0.0054 2.07 1.08-3.99 0.028

2Upper (Ut), middle (Mt), and lower (Lt) third of thorax.

PWell, moderately (Mod), and poorly (Por) differentiated squamous cell
carcinoma.

“Pathological classification in UICC (7th edition).

Cl, confidence interval; HR, hazard ratio; MFG-E8, milk fat globule-epi-
dermal growth factor factor 8.

extent of tumor shrinkage in response to the chemotherapy
(Table 3). Therefore, the negative effect of MFG-E8 on survival does
not appear to be the result of enhanced resistance of the tumor cell
to the treatment. Thus, we hypothesized that immunosuppression
induced by abundant MFG-E8 expression, which is shown in mouse
tumor models'* and in other human cancers,'® might have long-term
immunosuppressive effects and cause the recurrence and poor sur-
vival. To investigate this hypothesis, we examined the influence of
MFG-E8 on the characteristics of TILs. Multiple reports elsewhere
have shown that lower CD8/Foxp3, not the absolute number of Fox-
p3* or CD8" T cells, better indicates the extent of suppression of
antitumor immunity and has a relationship with worse patient sur-
vival in multiple cancer types, including esophageal squamous cell
carcinoma.>>®” In the current study, among patients treated with
NAC, tumors with high MFG-E8 expression had a significantly lower
CD8/Foxp3 ratio compared with those with low MFG-E8 expression.
Furthermore, the patients with lower CD8/Foxp3 ratio had worse
survival compared with those with high ratio, consistent with previ-
ous reports.>2>3” These findings in patients treated with NAC suggest
that high MFG-E8 expression in the tumors treated with chemother-
apy might induce Treg propagation to suppress antitumor immunity
exerted by CD8" T cells. It is of interest that the substantial

influence of high MFG-E8 expression is observed only in patients
treated with NAC. Because MFG-E8 mediates the phagocytosis of
apoptotic cells and suppresses the immune responses, the immune-
regulatory effects of this molecule might become apparent when
extensive apoptosis is induced with chemotherapy, as shown in
mouse tumor models.}*

Soki et al reported the impact of MFG-E8 on tumor-associated
macrophage polarization in prostate cancer,!” therefore this interac-
tion could be important in esophageal cancer as well. Thus, we
examined the relationship between MFG-E8 and tumor-associated
macrophages by IHC on our surgical samples using methods similar
to the previous study from our group?® which examined the expres-
sion of total macrophages (M1 and M2) and independent M2 in eso-
phageal cancer by CD68 and CD163 IHC staining, respectively. As a
result, MFG-E8 expression in esophageal cancer had no relationship
with total macrophages (Figure S1) or M2 macrophages (Figure S2).
The finding shown in prostate cancer was not seen in the surgical
samples of esophageal cancer.

In the current study, there was a significantly higher rate of high
MFG-E8 expression in the tumors of patients treated with NAC
compared with those not treated with NAC. Immune checkpoint
molecules, such as PD-1, cytotoxic T-lymphocyte associated protein-
4 and PD-1 ligand (PD-L1), have been suggested to increase after
chemotherapy.?”*83? We hypothesized that MFG-E8 also might be
induced by preoperative chemotherapy in esophageal cancer cells.
The promotion of MFG-E8 expression could be clarified by compar-
ing IHC before and after the therapy. However, as preoperative
biopsy samples did not include vascular endothelial cells used as
internal control, objective comparison was not possible. Instead, we
found increased MFG-E8 expression from esophageal cancer cell
lines after treatment with chemotherapeutic agents (cisplatin, 5-
fluorouracil, and adriamycin) in RT-quantitative PCR and ELISA assay
(Figures S3,54). This might suggest induced MFG-E8 expression after
chemotherapy, although further analysis of this matter would be
beneficial.

The prognosis of esophageal cancer patients improved after NAC
was introduced;***! however, even when treated with NAC, the 5-
year survival rate remains as low as 59.2% among those who
showed a good response to therapy.*? Our results suggested that
immunosuppression, which is possibly occurring after chemotherapy,
might influence the long-term postoperative outcomes of patients.
Our previous study also showed that strong PD-L1 expression in
esophageal squamous cancer cells after NAC was associated with
reduced activity of CD8* T cells and worse survival.?” These results
might suggest that various types of immunological escape occur in
the tumor microenvironment, particularly after chemotherapy, and
serve as critical events that strongly influence the outcome of the
treatment. Therefore, the inhibition of the responsible molecules,
including MFG-E8, could be a useful strategy to significantly improve
the survival of esophageal cancer patients treated with chemother-
apy.

In conclusion, abundant MFG-E8 expression in esophageal squa-

mous cell carcinomas might have a negative influence on the long-
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term survival of patients after chemotherapy by affecting T-cell regu-

lation in the tumor microenvironment.
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