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ARTICLE INFO ABSTRACT

Background: MFG-E8(Milk fat globule-EGF factor 8), a secreted glycoprotein, plays an exceptional role in various
diseases. MFG-E8 overexpression is found in a variety of cancers. However, it remains unclear whether MFG-E8
overexpression is associated with the clinicopathological characteristics and prognosis of human breast cancer.
Materials and methods: In this study, we detected the expression and localization of MFG-E8 protein in breast
cancer and cancer-adjacent tissues using immunohistochemical staining, Western blot analysis and immuno-
fluorescence. We analyzed the association between MFG-E8 expression and clinical characteristics and outcomes
of breast cancer patients with different HR and HER2 statuses.

Results: Our results confirmed that MFG-E8 expression increased significantly in breast cancer compared with
cancer-adjacent tissues by immunohistochemical staining (P < 0.001). Similarly, the Western blot results
further confirmed the increased expression of MFG-E8 in breast cancer compared with cancer-adjacent tissues
(P = 0.001). Immunofluorescence staining showed that MFG-E8 was mainly localized in the cytoplasm and
membrane of tumor cells, consistent with the immunohistochemical staining results. The high expression levels
of MFG-E8 showed a greater association with lymph node metastasis, TNM stage and histological grade
(P < 0.001). Moreover, high MFG-E8 expression was related to a shortened overall survival (OS) (P < 0.001)
and disease-free survival (DFS) (P < 0.001). Bioinformatics analysis with a Kaplan-Meier plotter also de-
monstrated a strong association of MFG-E8 mRNA overexpression with a short OS and DFS compared with low
MFG-ES8 expression (P = 0.040, P = 0.005).

Conclusions: Our findings indicate that MFG-E8 may be a potential marker for poor prognosis and survival in
breast cancer.
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1. Introduction Clinically, Ki67 is used to determine prognosis, although methodolo-
gical problems persist [14,15]. Hence, the search for new biomarkers

Breast cancer in females is the most common malignant cancer for breast cancer is crucial.

worldwide and remains a leading cause of cancer-related death [1-3].
Clinically, there are different histological forms of breast cancer, which
may result in diverse therapy protocols and prognoses [4-7]. Until now,
some biomarkers have been available for guiding pharmacy and pre-
dicting prognosis in breast cancer. Estrogen receptor (ER) and proges-
terone receptor (PR) are likely to respond to endocrine therapy [8-10].
Patients with high HER2 expression can use anti-HER2 (human epi-
dermal growth factor receptor-2) therapy (trastuzumab) [11-13].

MFG-E8, also known as lactadherin, is a secreted glycoprotein in
humans that is encoded by the MFG-E8 gene [16,17]. MFG-E8 is com-
posed of two-repeated EGF-like domains, two repeated discoidin-like
domains (C domains), and a mucin-like domain. In the EGF-like do-
main, there is an integrin-binding motif that contributes av3 and avp5
integrins heterodimers for cell adhesion and causes integrin-mediated
signal transduction [17,18]. This glycoprotein is located and expressed
widely in humans and has multiple functions. Traditionally, MFG-E8

Abbreviations: OS, overallsurvival; DFS, disease-free survival; MFG-E8, milk fat globule-EGF factor 8; ER, estrogen receptor; PR, progesterone receptor; HR, hor-

mone receptor; HER2, human epidermal growth factor receptor-2
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Fig. 1. Overexpression and location of MFG-E8 in breast cancer tissues. (A) Representative immunohistochemical staining of MFG-E8 in cancer-adjacent tissues (Aa,
Ae) and breast cancer tissues (Ab-d, f-h). b and f, c and g, d and h show weak, moderate and strong staining, respectively; 50 um for 200 X and 20 um for 400 X . (B)
and (C) Statistics for the immunohistochemical staining of MFG-E8 in cancer-adjacent tissues and breast cancer tissues; (B) compared with 55 pairs of samples of
cancer-adjacent and breast cancer by Wilcoxon signed-rank test; (C) compared with 55 cases of cancer-adjacent tissues and 166 cases of breast cancer tissues; (D) Six
pair of fresh breast cancer tissues (T) and cancer-adjacent tissues (N) were selected and analyzed for MFG-E8 protein expression by Western blotting. GAPDH was
used as a loading control. (E) Statistics for the gray scanning scales of MFG-E8/GAPDH in breast cancer tissues and cancer-adjacent tissues. (F) Localization and
expression of MFG-E8 in human breast cancer and cancer-adjacent tissues using immunofluorescence staining. Green color from FITC represents MFG-E8 expression.
Blue color from DAPI represents cell nuclei. Red color from Dil represents cell membrane. Scale bar: 50 um for 200 X . (G) The integrated optical density (IOD) was
analyzed using NIS Elements software. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).



L. Yuetal

Pathology - Research and Practice 215 (2019) 490-498

A TNM stages B Histological grade C Lymph node metastasis D Tumor size
1.0 1. 1. 1.
0.8 0.81 0.8 0.8
2 2 2 2
S 0.6 S 0.6 S 0.6 S 0.6
S G 7 G
S 0.4 S 0.4 S 0.4 S 0.4
»n n ) »
Cutpoint = 137.5% Cutpoint = 137.5% Cutpoint = 145% Cutpoint = 162.5%
9.2 AUC =0.649 0:2] AUC =0.624 9.2] AUC=0.619 0-2] AUC=0.561
P=10.004 P=10.006 P=0.009 0.0 P=0.184
%0 o2 o4 os o8 10 "%o o0z o4 o6 o8 10 0o o0z os4 o6 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity
E DFS F oS G ER H HER2
1.0 1.0 1.0 1.0
0.8 0.8 0.8 0.8
z z z 5
S 0.6 S 0.6 S 0.67 £ 0.67
= = = 2
0 7] ‘0 =
§ 0.41 § 0.41 S 0.4 2 9.41
@
Cutpoint = 155% Cutpoint =155% % Cutpoint = 162.5%| @ Cutpoint = 172.5%
0.2] AUC=0.621 0-2] AUC=0.613 021 AUC =0.587 0.2] AUC = 0.550
" P=0.007 P=0.014 P=0.055 P=0.316
%0 o0z o4 os o8 10 B0 oz o4 06 08 10 6o oz o4 os o8 1 e o2 04 o6 o8 a0
1 - Specificity 1 - Specificity 1-Specificity 1-Specificity

Fig. 2. Receiver operating characteristic curves were used to determine the cutpoint score for MFG-E8 overexpression in breast cancer. The ROC curves displayed a
discrimination of the expression levels of MFG-E8 by TNM stage, histological grade, lymph node metastasis, tumor size, DFS, OS, ER and HER2 status. The specificity
and sensitivity for each outcome were plotted, and the areas under the curve (AUC) and P value are indicated. The AUC for TNM stage had the biggest area and the P
value was the smallest of all. (A) TNM stage; (B) histological grade; (C) lymph node metastasis; (D) tumor size; (E) DFS; (F) OS; (G)ER status.; (H) HER2 status.

has been verified as an important factor for the clearance of apoptotic
cells and a prominent factor in the immune system [19-25]. In recent
years, some studies have demonstrated that MFG-E8 is a crucial factor
in various diseases, including sepsis, age-related diseases and tumors
[26-29].

Previous experiments have shown that MFG-E8 is significantly up-
regulated in carcinomas compared with normal tissues such as color-
ectal cancers, oral squamous cell carcinomas, and hepatocellular car-
cinomas [26]. However, Chuanwei Yang et al have demonstrated that
the expression of MFG-E8 mRNA is upregulated in triple-negative breast
cancer patients and cell lines [30]. To date, it remains unclear whether
the expression of MFG-E8 is associated with HR and HER2 status and
the related clinical outcomes in breast cancer patients

In this study, we investigated the expression of MFG-E8 protein in
the cancerous and cancer-adjacent tissues of breast cancer patients by
immunohistochemistry and Western blotting. We found that over-
expression of MFG-E8 was associated with a poor prognosis in breast
cancer patients. These results suggest that MFG-E8 might be a potential
biomarker for predicting prognosis in breast cancer.

2. Materials and methods
2.1. Patients and tissue samples

This study was approved by the Medical Ethics Committee of China
Medical University. Due to the retrospective nature of the study, the
Ethics Committee waived the need for written informed consent by the
patients.

Human breast cancer tissue samples were obtained from 166 female
patients who underwent surgery at the First Affiliated Hospital of China
Medical University from 2008 to 2012. Fifty-five cancer-adjacent tis-
sues were also collected as a control. The diagnosis of breast cancer and
cancer-adjacent samples were confirmed by pathological staining.

The average age of the breast cancer patients was 51 years (range,
28-78 years). Of the 166 breast cancer patients, 8 had intraductal
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carcinoma, 129 had infiltrating ductal carcinoma, 6 had infiltrating
lobular carcinoma, and 23 had other types of carcinomas including
medullary carcinoma, mucinous carcinoma, and cribriform carcinoma.
The histological grade of the breast cancer was determined in ac-
cordance with the World Health Organization grading system. The
stage of the breast cancer was evaluated in 166 patients according to
the TNM staging system as follows: stage I (n = 22), stage II (n = 101),
and stage III'TV (n = 43). The clinicopathological data for the patients,
including age, menopausal status, tumor size, lymph node metastasis,
ER, PR, HR and HER2 status, were retrospectively retrieved from the
medical records.

2.2. Tissue microarray (TMA) and immunohistochemistry

Paraffin blocks, including representative breast cancer samples and
cancer-adjacent samples, were selected by reviewing all the hematox-
ylin and eosin-stained slides. Tissue cores with a diameter of 1.5mm
were extracted from each paraffin block and precisely arrayed into a
new paraffin recipient block with a maximum of 200 cores using the
Organization Microarrayer (Pathology Devices, USA). Sections with a
thickness of 4 um were obtained from formalin-fixed and paraffin-em-
bedded TMA blocks, mounted on poly-i-lysine-coated glass slides, and
used for immunohistochemistry.

Sections of the tissue microarray were deparaffinized with xylene,
rehydrated in a graded alcohol series, and then washed in distilled
water. Subsequently, they were heated in a microwave oven with
10 mM sodium citrate buffer (pH 6.0) for 10 min to retrieve antigen.
Sections were incubated with 3% hydrogen peroxide at 37 °C for 30 min
to block endogenous peroxidase activity. The nonspecific protein
binding sites were blocked with 10% normal goat serum at 37 °C for
30 min. Then, the sections were incubated with mouse anti-MFG-E8
antibody (1:50 dilution; Santa Cruz) overnight at 4 °C, followed by
incubation with biotin conjugated secondary antibody (1:200 dilution;
LSAB kit; Dako, Glostrup, Denmark) for 30 min at 37 °C. The slides were
incubated in streptavidin horseradish peroxidase for an additional
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Table 1
Association of MFG-E8 expression with clinicopathological characteristics of
breast cancer.

MFG-E8 expression, n (%)

High Low P-value”
Age at diagnosis
< 51 (year) 35(44.9) 43 (55.1) 0.827
> 51 (year) 38 (43.2) 50 (56.8)
Menopausal status
Pre-Menopause 31 (44.8) 36 (55.2) 0.864
Post-Menopause 43 (43.49) 55 (56.6)
Tumor size (cm)
=3.0 39 (39.4) 60 (60.6) 0.148
> 3.0 34 (50.7) 33 (49.3)
Nodes metastasis
0 19 (27.5) 50 (72.5) < 0.001
173 26 (47.3) 29 (52.7)
49 16 (76.2) 5(23.8)
=10 12 (57.1) 9 (42.9)
TNM stage
1 5(22.7) 17 (77.3) < 0.001
I 39 (38.6) 62 (61.4)
IV 29 (67.4) 14 (32.6)
Histological grade
G1 28 (66.7) 14 (33.3) < 0.001
G2 22 (50.0) 22 (50.0)
G3 23 (28.7) 57 (71.3)
Histological type
Intraductal carcinoma 2(27.5) 6 (72.5) 0.497
Infiltrating ductal carcinoma 60 (46.5) 69 (53.5)
Infiltrating lobular carcinoma 3 (50.0) 3 (50.0)
Others 8 (34.8) 15 (65.2)
ER status
Negative 31 (50.8) 30 (49.2) 0.176
Positive 42 (40.0) 63 (60.0)
PR status
Negative 32 (41.6) 45 (58.4) 0.559
Positive 41 (46.1) 48 (53.9)
HR status
Negative 19 (48.7) 20 (51.3) 0.552
Positive 55 (43.3) 72 (56.7)
HER-2 status
Negative 32 (52.5) 29 (47.5) 0.093
Positive 41 (39.0) 64 (61.0)

@ P-value obtained from Pearson Chi-Square test or Fisher's Exact Test.
HR + was defined as either ER + or PR+; HR- was defined as both ER- and
PR-.

30 min, washed three times with PBS, and stained with DAB (3,3-dia-
minobenzidine) for approximately 2 min. Finally, the sections were
counterstained with hematoxylin, dehydrated, and mounted. Sections
in PBS instead of anti-MFG-E8 primary antibody served as a negative
control.

2.3. Evaluation of immunohistochemistry

The immunostaining was assessed by two pathologists in-
dependently who were blinded to the experimental conditions. The
staining intensity was scored as follows: 0 for no staining, 1 for weak
staining, 2 for moderate staining, and 3 for strong staining. The per-
centage of stained tumor cells was calculated as 0-100%. Five sections
were used from each sample, and five fields were randomly selected in
each section. The final immunoreactivity score was determined by the
intensity score by multiplying by the percentage of positively stained
cells. Scores was assigned using 5% increments (0%, 5%, 10%,
....300%) as previously reported [31,32]. The average score of each
sample was used to assess the cutoff point for high or low MFG-E8
expression using receiver operating characteristic (ROC) curves. The
sensitivity and specificity for each outcome of the breast cancer patients
under this study was plotted.
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2.4. Western blot analysis

Western blot analysis was performed according to a previous study
[33]. Briefly, total protein from 6 pairs of fresh tumor and cancer-ad-
jacent samples were separated by SDS-PAGE and then transferred to
nitrocellulose membranes (Bio-Rad, Hercules, CA). The membranes
were blocked in 5% fat free milk/TBST solution and incubated with
primary MFG-E8 antibody (Santa Cruz, USA) at 1:100 overnight at 4 °C.
After washing with TBST, the membranes were incubated with perox-
idase-conjugated secondary antibodies for 1 h at 37 °C. The proteins of
MFG-E8 were visualized using ECL development solution, and GAPDH
was used as a loading control.

2.5. Immunofluorescence

The tissues of 6 pairs of fresh tumors and cancer-adjacent samples
were cut into 8 mm sections. The sections were then fixed in 4% par-
aformaldehyde dissolved in PBS for 20 min. After blocking with 10%
normal goat serum at 37 °C for 30 min, the sections were incubated with
1:100 primary MFG-E8 antibody (Santa Cruz, USA) at 37 °C for 1h,
followed by FITC-conjugated secondary antibody at 37 °C for 30 min.
Next, Dil to stain the membrane and DAPI for the nucleus were applied
at 37 °C for 10 min. Finally, images were captured and analyzed using a
Nikon ECLIPSE Ti camera and NIS Elements software (Nikon).

2.6. Bioinformatics analysis of data mining in the Kaplan-Meier plotter

The Kaplan-Meier plotter is able to assess the effect of 54,675 genes
on survival using 10,461 cancer samples. It includes 5143 breast cancer
patients in the Kaplan-Meier plotter browser. The data for MFG-E8
expression were derived from the Kaplan-Meier plotter, from which
original data were downloaded (http://kmplot.com/analysis/index.
php?p =service&cancer = breast). The correlation between MFG-E8 ex-
pression and overall survival (OS) and disease-free survival (DFS) was
examined by data mining in the Kaplan-Meier plotter with the cutoff of
median MFG-E8 expression.

2.7. Statistical analysis

Analyses were performed using SPSS 16.0 (Chicago, IL, USA). The
relationship between MFG-E8 expression and clinical pathological
characteristics were compared with Pearson chi-squared tests or
Fisher’s exact probability tests. Survival probabilities were judged by
the Kaplan-Meier method and assessed by a log-rank test. Cox propor-
tional hazards regression models were used to assess the association
between potential confounding variables and prognosis (OS or DFS). OS
was calculated as the time between the first day of diagnosis and dis-
ease-related death. DFS was calculated as the time between the first day
of diagnosis and the occurrence of local recurrence or distant metas-
tasis. Probability values 0.05 were considered statistically sig-
nificant.

<

3. Results
3.1. Clinicopathological characteristics of breast cancer patients

The clinicopathological data for the 166 breast cancer patients was
summarized in Table S1. The median age of these patients was 51.4
years (range, 20-78 years). The majority of these patients had a tumor
with infiltrating ductal carcinoma (77.7%), < 3cm in size (59.6%),
histological Grade I and II (74.7%), or TNM stage I-II (74.1%). Lymph
node metastasis occurred in 97 (58.4%) of 166 patients. ER and PR
results were combined jointly as the hormone receptor (HR) status.
HR + was defined as either ER + or PR +; HR- was defined as both ER-
and PR-. Of the 166 patients, 105 (63.3%), 89 (53.6%), and 105
(63.3%), 127 (76.5) were ER-, PR-, HR- and HER2-positive,
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Fig. 3. Kaplan-Meier survival analysis of MFG-E8 expression in breast cancer patients. The log-rank test was performed to evaluate statistical significance. (A) and (D)
Survival curves show the association between MFG-E8 expression and OS and DFS in 166 breast cancer patients, respectively (n = 166). (B) and (C) Survival curves
show the association between MFG-E8 expression and OS with HER2-positive (n = 105) and HER2-negative status (n = 61). (E) and (F) Survival curves show the
association between MFG-E8 expression and DFS with HER2-positive (n = 105) and HER2- negative status (n = 61).

respectively. Follow-up data were available for 166 breast cancer pa-
tients. During the follow-up period of 7-116 months, relapses occurred
in 73 cases, and cancer-associated deaths were found in 67 cases. The 5-
year survival rate was 83.7%. The median OS and DFS was 83.8 months
and 81.9 months, respectively.

3.2. MFG-E8 overexpression and location in human breast cancer

We evaluated the expression of MFG-E8 in 166 samples from breast
cancer patients and 55 samples from cancer-adjacent control patients,
using immunohistochemistry. MFG-E8 immunoreactivity was observed
in 73 (44.0%) of 166 breast cancer samples and 6 (10.9%) of 55 control
samples. Positive staining of MFG-E8 was observed mainly in the cy-
toplasm and membrane of the tumor cells. The different im-
munohistochemical staining images obtained for MFG-E8 in breast
cancer and cancer-adjacent tissues are shown in Fig. 1A. MFG-E8 im-
munoreactivity occurred significantly more frequently in breast cancer
than control samples (P < 0.001, Fig. 1B, C). Moreover, the Western
blot results for 6 pairs of fresh tumor and cancer-adjacent tissues from
breast cancer patients demonstrated significantly upregulated MFG-E8
expression in breast cancer samples compared with control samples
from the same patient (P = 0.001, Fig. 1D, E).

Then, we further explored the localization of MFG-E8 in human
breast cancer tissues. Immunofluorescence staining of 6 pairs of fresh
tumors and cancer-adjacent tissues showed that MFG-E8 was mainly
localized in the cytoplasm and membrane of tumor cells, in agreement
with the immunohistochemical staining results (Fig.1F). The fluores-
cence intensity of MFG-E8 in the breast cancer group (4398 *+ 286.1,
n = 6) was significantly higher than in the cancer-adjacent group
(1046 = 126.6,n = 6) (P < 0.001, Fig. 1G). Based on the above re-
sults, we confirmed that MFG-E8 expression was increased in human
breast cancer and mainly localized in the cytoplasm and membrane of
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tumor cells.

3.3. Selection of the cutpoint value for MFG-E8 expression

ROC curve analysis was carried out to determine an optimal cut-
point score for MFG-E8 expression in breast cancer samples. The ROC
curves of every clinicopathological characteristic are shown in Fig. 2,
which displayed a discrimination of the expression levels of MFG-E8 by
TNM stage (P = 0.004), histological grade (P = 0.006), lymph node
metastasis (P = 0.009), tumor size (P = 0.184), DFS (P = 0.007), OS
(P = 0.014), ER (P = 0.055) and HER2 status (P = 0.316). The AUC
for TNM stage had the biggest area and P value was the smallest of all.
Based on this outcome, a cutpoint score of 137.5% was selected for
MFG-E8 expression. Tumors with immunohistological scores > 137.5%
and < 137.5% were defined as tumors with ‘high” and “low” MFG-E8
expression, respectively; 73 (44.0%) tumors showed high expression of
MFG-E8, and 93 (56.0%) tumors exhibited low expression of MFG-ES8.

3.4. Association of MFG-E8 expression with the clinicopathological
characteristics of breast cancer patients

We then explored the association between MFG-E8 expression and
the clinicopathological characteristics of breast cancer. The age, me-
nopausal status, tumor size, histological type, ER status, PR status and
HR status of the patients were not significantly associated with the
expression of MFG-E8 (P > 0.05, Table 1). The high expression levels of
MFG-E8 were more associated with lymph node metastasis, TNM stage
and histological grade (P < 0.001, Table 1).
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Fig. 4. Survival curves of the association between MFG-E8 expression and OS and DFS in breast cancer patients with different HR and HER2 statuses. ER and PR
results were combined jointly as the hormone receptor (HR) status. HR + was defined as either ER + or PR +; HR- was defined as both ER- and PR-. (A)-(C) Survival
curves show the association between MFG-E8 expression and OS in HR + /HER2+ patients (A) (n = 101), HR+ /HER2- patients (B) (n = 26) and triple-negative
patients (C) (n = 35). (D)—(F) Survival curves show the association between MFG-E8 expression and DFS in HR+/HER2+ patients (D) (n = 101), HR + /HER2-
patients (E) (n = 26) and triple-negative patients (F) (n = 35). There were only 4 cases patients with HR-/HER2 + .

Table 2

Univariate Cox regression analysis of the association between clinicopathological data and overall survival (OS) and disease-free survival (DFS) in breast cancer

patients.
Category 0os DFS

RR" (95% CI ”) P RR (95% CI) P

Age (year) (> 51/< 51) 1.175 (0.7371.90) 0.511 1.196 (0.7571.90) 0.450
Menopausal status (post/pre) 1.087 (0.67°1.77) 0.735 1.173 (0.7371.88) 0.508
Tumor size(cm) (> 3/< 3) 1.909 (1.1873.09) 0.008 1.887 (1.1973.00) 0.007
Histological grade (III/I11/I) 2.725 (1.6274.58) < 0.001 2.948 (1.7874.88) < 0.001
Histological type (ductal / Lobular / mucinous/Other) 0.971 (0.7071.35) 0.861 1.035(0.7671.41) 0.829
TNM stage (IV'III/II/I) 3.090 (1.9075.02) < 0.001 3.495 (2.1875.58) < 0.001
Lymph node status (=10/479/173/0) 2.247 (1.3273.83) 0.003 2.416 (1.4474.05) 0.001
ER status (positive/negative) 0.568 (0.3570.93) 0.023 0.570 (0.3670.91) 0.019
PR status (positive/negative) 0.939 (0.5871.52) 0.796 0.942 (0.5971.50) 0.800
HR status (positive/negative) 0.813 (0.4671.43) 0.472 0.772 (0.4571.32) 0.343
HER-2 status (positive/negative) 0.518 (0.3270.84) 0.008 0.522 (0.3370.84) 0.007
MFG-E8 (positive/negative) 2.296 (1.4073.76) 0.001 2.287 (1.4273.67) 0.001
2 RR, relative risk.
b 950 CI, 95% confidence interval.
¢ P value were obtained from Cox proportional hazard analysis.

3.5. Association of MFG-E8 expression with the survival of breast cancer associated with a shorter OS (P = 0.002) and DFS (P = 0.001) in

patients

We used Kaplan-Meier analysis to evaluate the association of MFG-
E8 expression levels with OS and DFS in human breast cancer patients.
Overexpression of MFG-E8 was significantly associated with a shorter
OS and DFS in breast cancer patients, respectively (n = 166, P < 0.001,
P < 0.001, Fig. 3A, D). We further explored the association of MFG-E8
expression with OS and DFS in the HER2-positive and HER2-negative
group. Our results demonstrated that high expression of MFG-E8 was

patients with HER2-negative breast cancer (Fig. 3B, C, E, F). Next, we
combined the ER and PR results jointly as the hormone receptor (HR)
status. HR + was defined as either ER + or PR+; HR- was defined as
both ER- and PR-. We analyzed the relationship between MFG-E8 and
survival time in subgroups of breast cancer patients, categorized ac-
cording to HR and HER2 status. High MFG-E8 expression was asso-
ciated with a shorter OS in patients with HR + /HER2- (P = 0.015,n =
26) and HR-/HER2- (P = 0.046, n = 35) breast cancer (Fig. 4A-C).
Moreover, high expression of MFG-E8 was associated with a shorter
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Table 3
Multivariate Cox Regression analysis of the association between clinicopathological data and overall survival (OS) and disease-free survival (DFS) in breast cancer
patients.
Category oS DFS
RR" (95% CI ") P RR (95% CI) P
Tumor size(cm) (> 3/< 3) 1.107 (0.6371.96) 0.725 1.005 (0.5871.75) 0.640
Histological grade (III/1I/T) 1.605 (0.5774.53) 0.372 1.708 (0.6174.75) 0.197
TNM stage (IV'III/II/I) 2.705(1.6374.50) < 0.001 3.294 (2.0175.40) < 0.001
Lymph node status (=10/479/173/0) 0.800 (0.2972.20) 0.665 0.803(0.3072.18) 0.493
ER status (positive/negative) 7.515 (0.95759.34) 0.056 6.828 (0.88°52.78) 0.070
HER-2 status (positive/negative) 0.505 (0.3170.82) 0.006 0.473 (0.2970.76) 0.002
MFG-E8 (positive/negative) 1.745 (1.0472.92) 0.035 1.671 (1.0272.74) 0.042
2 RR, relative risk.
b 9504 CI, 95% confidence interval.
¢ P value were obtained from Cox proportional hazard analysis.
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Fig. 5. Bioinformatics analysis of the correlation between MFG-E8 expression and prognosis in breast cancer using the Kaplan-Meier plotter. All data derived from
5143 cases of breast cancer patients. (A-C) Kaplan-Meier curves of OS with all patients, HER2-positive and HER2- negative groups. (D-F) Kaplan-Meier curves of DFS

with all patients, HER2-positive and HER2- negative groups.

DFS in patients with HR + /JHER2- (P = 0.014, n = 26) and HR-/HER2-
(P = 0.020, n = 35) breast cancer (Fig. 4D-F). Because there were only
4 cases of patients with HR-/HER2 +, this subgroup was not analyzed.

We then employed a univariate Cox regression analysis to assess the
influence of each clinicopathological variable on OS and DFS in human
breast cancer patients. The univariate analysis confirmed that tumor
size, histological grade, TNM stage, lymph node metastasis, ER status,
HER2 status and MFG-E8 were significantly associated with the OS and
DFS of breast cancer patients (Table 2). Furthermore, multivariate Cox
regression analysis revealed that TNM stage was a predictive prognostic
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factor for a shorter OS and DFS in breast cancer patients (P < 0.001,
Table 3). HER2 status was also a predictive prognostic factor for a
shorter OS (P = 0.006, Table 3) and DFS (P < 0.002, Table 3) in
breast cancer patients. Notably, we confirmed that MFG-E8 over-
expression was a prognostic factor for a shorter OS (P = 0.035,
Table 3) and DFS (P = 0.042, Table 3) in breast cancer patients.
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3.6. MFG-E8 expression levels are associated with breast cancer prognosis
based on the Kaplan-Meier plotter database

To investigate the influence of MFG-E8 on breast cancer, we per-
formed the analysis using the Kaplan-Meier plotter browser (http://
kmplot.com/analysis/index.php?p= service & cancer = breast). We
analyzed the OS and DFS curves of the MFG-E8 gene family in 5143
cases of breast cancer patients. The log-rank test of the OS curve sug-
gested that MFG-E8 gene overexpression was remarkably associated
with a shorter OS (P = 0.040, Fig. 5A) and DFS (P = 0.005, Fig.5D)
compared with low MFG-E8 expression. High MFG-E8 gene expression
was also associated with a shorter DFS in the HER2-negative group
(P = 0.049, Fig. 5F). The gene expression of MFG-E8 showed no as-
sociation with either OS (P = 0.170, Fig. 5B) or DFS (P = 0.092,
Fig. 5E) in the HER2-positive group.

4. Discussion

In this study, we showed that the expression of MFG-E8 was sig-
nificantly upregulated in breast cancer compared with cancer-adjacent
tissue. Furthermore, overexpression of MFG-E8 was associated with
TNM stage, lymph node metastasis and histological grade. We also
found that high MFG-E8 expression resulted in a shorter OS and DFS.
Furthermore, TCGA database analysis showed that MFG-E8 over-
expression was markedly associated with a shorter OS compared with
low MFG-E8 expression over 5 years.

MFG-ES8 is a multifunctional glycoprotein that plays an important
role in mediating homeostasis maintenance and immune tolerance and
enhancing angiogenesis. Previous studies have reported that MFG-ES8 is
highly expressed in many tumors, including oral squamous cell carci-
noma, colorectal cancer and breast cancer [20,34,35]. Consistent with
these studies, we found that MFG-E8 was highly expressed in 73
(44.0%) of 166 breast cancer patients. In contrast, we detected MFG-E8
expression in only 10.9% of the 55 cancer-adjacent samples. We con-
firmed that MFG-E8 was significantly upregulated in breast cancer
compared with cancer-adjacent tissue by immunohistochemistry and
Western blot analysis. Immunofluorescence staining confirmed that
MFG-E8 was mainly located in the cytoplasm and membrane of tumor
cells. These findings suggest that MFG-E8 overexpression may facilitate
malignant transformation of normal epithelial cells into breast cancer.

A previous study has reported that MFG-E8 promotes tumor pro-
gression in oral squamous cell carcinoma because of the clearance of
apoptotic tumor cells by living tumor cells [20]. Min Jia et al also de-
monstrated a high level of MFG-E8 expression regulation in human
colorectal cancer and an association of MFG-E8 overexpression with
lymph node metastasis and angiogenesis [33]. Chuanwei Yang’s study
showed MFG-E8 was upregulated in triple-negative breast cancers as a
target gene of the P63 pathway [30]. Although MFG-E8 is over-
expressed in human breast cancer, the cause of this overexpression in
breast cancers and the relationship between breast cancer and its
clinicopathological characteristics remain unclear. In the present study,
we showed that high expression levels of MFG-E8 had a great associa-
tion with TNM stage and lymph node metastasis. These results suggest
that overexpression of MFG-E8 predicates more aggressive behavior of
human breast cancer.

High expression of MFG-E8 protein has been reported to be an in-
dependent poor prognostic factor for melanoma [33]. Overexpression
of MFG-E8 is associated with increased metastasis and mortality and
poorer differentiation in cholangiocarcinoma [36]. However, the re-
lationship between the expression of MFG-E8 and patient survival in
breast cancer has not been addressed until now. In the present study,
we found that high expression of MFG-E8 protein was associated with a
significantly poorer prognosis in breast cancer patients. The same re-
sults were obtained in the HER2-negative, HR + /HER2- and triple-ne-
gative groups (Fig. 3,4).

Finally, we performed a bioinformatics analysis of data mining with
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the Kaplan-Meier plotter. The results showed that MFG-E8 gene over-
expression was markedly associated with a short OS and DFS compared
with low MFG-E8 expression (Fig. 5). This result is similar to that re-
ported by C Carracosa, who verified that the MFG-E8 gene was highly
expressed in breast cancer and associated with a shorter survival in ER-
negative status patients [35]. Based on the above results, we found that
high MFG-E8 expression at both gene and protein levels was associated
with a short OS and DFS.

In summary, we detected the expression of MFG-E8 in breast cancer
and analyzed the correlation of MFG-E8 expression with the clin-
icopathological characteristics and prognosis of breast cancer patients.
We found that overexpression of MFG-E8 was involved in the TNM
stage, lymph node metastasis, histological grade and poor prognosis in
breast cancer patients. Moreover, high MFG-E8 expression was asso-
ciated with a shortened OS and DFS at both the gene and protein level.
Our study suggests that MFG-E8 may promote breast cancer tumor-
igenesis and represents a novel biomarker for prognosis in breast
cancer.
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