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Abstract. Preoperative chemoradiotherapy (CRT) for rectal 
cancer contributes to tumor down‑staging and decreases 
locoregional recurrence. However, each patient shows a 
significantly different response to CRT. Therefore, the 
identification of predictive factors to CRT response would 
be beneficial to avoid unnecessary treatment. Cancer immu‑
nity in patients has been suggested to play an important 
role in the eradication of the tumor by CRT. In the present 
study, the utility of CD8+ and forkhead box P3 (FoxP3)+ 
tumor‑infiltrating lymphocytes (TILs) and the expression of 
a novel immuno‑regulatory factor, lactadherin (MFG‑E8), in 
predicting CRT effectiveness in patients with rectal cancer 
was examined. A total of 61 patients with rectal cancer, who 
underwent curative resection following CRT were included 
in the study. The numbers of CD8+ and FoxP3+ TILs in a 
biopsy taken before CRT and MFG‑E8 expression level in the 
specimens obtained at the time of the surgery after CRT were 
examined using immunohistochemical staining, and their 
association with clinicopathological characteristics, including 
patient survival, was determined. The tumors with more CD8+ 
TILs in the biopsy samples before CRT showed a significantly 

more favorable CRT response. The patients with tumors and 
a higher number of CD8+ TILs before CRT also exhibited 
significantly longer disease‑free and overall survival times. 
Higher MFG‑E8 expression level in post‑CRT specimens 
was significantly associated with favorable CRT response; 
however, no significant association was found with any 
other clinicopathological characteristics, including survival 
time. The number of CD8+ TILs before CRT was a valuable 
predictor for CRT response and was associated with favorable 
prognosis in patients with lower rectal cancer and who were 
treated with CRT. High MFG‑E8 expression level after CRT 
was also associated with a favorable CRT response.

Introduction

Preoperative chemoradiotherapy (CRT) has been widely 
accepted as a standard therapy for advanced lower rectal 
cancer and previous studies have shown that it contributed to 
tumor down‑staging and decreased postoperative locoregional 
recurrence (1‑3). Notably, each patient showed significantly 
different responses to CRT, with some cases showing little 
or no response (4,5). Therefore, identification of predictive 
factors for CRT response would be beneficial for selecting 
measures of treatment to avoid adverse events, such as radia‑
tion dermatitis, hematologic toxicity, and enteritis, which may 
be associated with CRT (1‑3).

Previous studies have suggested that the host immune 
system might play an important role in the eradication of the 
tumor using preoperative CRT and that some immunological 
markers might predict the tumor response to CRT  (6,7). 
Shinto et al (8) reported positive and negative associations 
between CRT response and the density of intraepithelial 
infiltration of CD8+ T cells and forkhead box P3 (FoxP3)+ 
regulatory T cells, respectively. Some studies have also 

Clinical significance of CD8+ and FoxP3+ tumor‑infiltrating 
lymphocytes and MFG‑E8 expression in lower rectal 

cancer with preoperative chemoradiotherapy
YUZO HARADA1,  SHINSUKE KAZAMA1,2,  TEPPEI MORIKAWA3,  HIROFUMI SONODA1,  

HIROAKI ISHI1,  SHIGENOBU EMOTO1,  KOJI MURONO1,  MANABU KANEKO1,  KAZUHITO SASAKI1,  
YASUTAKA SHUNO1,  TAKESHI NISHIKAWA1,  TOSHIAKI TANAKA1,  KAZUSHIGE KAWAI1,  KEISUKE HATA1,  

HIROAKI NOZAWA1,  TETSUO USHIKU4,  HIDEAKI TAHARA5,6  and  SOICHIRO ISHIHARA1

1Division of Surgical Oncology, Department of Surgery, Faculty of Medicine, The University of Tokyo, 
Tokyo 113‑8655; 2Department of Gastroenterological Surgery, Saitama Cancer Center, Saitama 362‑0806;  

3Department of Pathology, NTT Medical Center Tokyo, Tokyo 141‑8625; 4Department of Pathology, 
The University of Tokyo, Tokyo 113‑8655; 5Project Division of Cancer Biomolecular Therapy, Institute of 

Medical Science, The University of Tokyo, Tokyo 108‑8639; 6Department of Cancer Drug Discovery 
and Development Project, Osaka International Cancer Institute, Osaka 541‑8567, Japan

Received December 22, 2019;  Accepted February 4, 2021

DOI: 10.3892/mco.2021.2249

Correspondence to: Dr Yuzo Harada, Division of Surgical 
Oncology, Department of Surgery, Faculty of Medicine, 
The University of Tokyo, 7‑3‑1 Hongo, Bunkyo‑ku, Tokyo 113‑8655, 
Japan
E‑mail: yharada‑tky@umin.ac.jp

Key words: CD8+ TIL, FoxP3+ TIL, MFG‑E8, rectal cancer, 
chemoradiotherapy, immunohistochemistry

https://www.spandidos-publications.com/10.3892/mco.2021.2249
https://www.spandidos-publications.com/10.3892/mco.2021.2249
https://www.spandidos-publications.com/10.3892/mco.2021.2249
https://www.spandidos-publications.com/10.3892/mco.2021.2249


HARADA et al:  CD8+ AND FoxP3+ TILs, AND MFG-E8 IN LOW RECTAL CANCER2

reported the association between FoxP3+, CD4+, and CD8+ 
tumor‑infiltrating lymphocytes (TILs) and CRT response in 
rectal cancer (9‑12).

Lactadherin (MFG‑E8) is a secreted glycoprotein 
with pleiotropic functions, including enhancement of 
phagocytosis of apoptotic cells by macrophages, anti‑inflam‑
matory effects, and VEGF‑dependent angiogenesis (13‑15). 
MFG‑E8‑knockout mice were reported to develop autoim‑
mune and inflammatory diseases, due to the accumulation 
of dead cells (16). Furthermore, it plays an important role in 
the regulation of cancer immunity of the host and enhances 
tumorigenicity (16). Jinushi et al (17) reported that MFG‑E8 
promoted phagocytosis of apoptotic cells by macrophages 
and induced immune tolerance by the secretion of regula‑
tory T cells, inducing cytokines. This phenomenon has been 
observed in some human tumors, such as cancer of the ovary, 
bladder, and prostate; malignant melanoma; and colorectal 
cancer (18‑22). Notably, MFG‑E8 expression has been reported 
to be a poor prognostic factor in malignant melanoma (21). 
Kusunoki et al (23) reported that MFG‑E8 promoted tumor 
growth in a mouse model of colon cancer, and that MFG‑E8 
expression in advanced colorectal cancer was higher compared 
with that in adenoma or early colorectal cancer. Furthermore, 
Zhao et al (22) revealed that MFG‑E8 expression in patients 
with colorectal cancer who were not treated with preoperative 
therapy was associated with lymph node metastasis, distant 
metastasis, and poor cancer‑specific survival. However, the 
significance of MFG‑E8 expression in patients with rectal 
cancer treated with preoperative CRT has not been clarified so 
far. Therefore, CD8+, FoxP3+ TILs, and MFG‑E8 expression 
level in patients with rectal cancer and treated with preopera‑
tive CRT was investigated, and the association between their 
expression levels and clinicopathological features, response to 
CRT, and patient prognosis was also analyzed.

Materials and methods

Patients and specimens. A total of 61 patients, who under‑
went curative resection following CRT for T3‑T4 lower rectal 
cancer at the Department of Surgical Oncology, University of 
Tokyo (Tokyo, Japan) between March 2001 and October 2009 
were retrospectively analyzed. Written informed consent was 
obtained from all the patients. Tumor depth, nodal status, and 
presence of distant metastases were determined using colonos‑
copy, computed tomography, and magnetic resonance imaging.

The patients received a total radiation dose of 50.4 Gy 
(1.8  Gy in 28  fractions) and concomitant chemotherapy 
(oral administration of tegafur‑uracil, 300 mg/m2/day and 
leucovorin, 75 mg/day for 28 days from the beginning to the 
end of irradiation). Total mesorectal excision, with lymph 
node dissection, was performed following an interval of 
6‑8 weeks post‑CRT. All patients underwent regular follow‑up 
examinations following surgery. Tumor markers were 
examined every 3 months, and abdominal and chest computed 
tomography was performed every 6 months. Total colonoscopy 
was performed annually.

All specimens were fixed in 10% formalin at room temper‑
ature for 24 h and embedded in paraffin. The histopathological 
findings were confirmed by several pathologists affiliated to 
the Department of Pathology, University of Tokyo (Tokyo, 

Japan), who were blinded to the samples. Data was collected 
from the patients' medical records, which were prospectively 
generated. The TNM classification was determined according 
to the Union for International Cancer Control, 9th edition (24). 
The post‑CRT histological tumor regression grade was evalu‑
ated according to the Japanese Classification of Colorectal 
Carcinoma, 9th edition (Grade 0, no necrosis or regressive 
change; 1, >33.3% vital residual tumor cells; 2, <33.3% vital 
residual tumor cells; and 3, no vital residual tumor cells) (25). 
In the analysis of CD8 and FoxP3, specimens were evaluated 
before CRT. For MFG‑E8 expression level, specimens were 
evaluated after CRT. Furthermore, in the analysis of MFG‑E8, 
5 cases with no residual cancer cells after preoperative CRT 
(Grade 3) were excluded.

The present study was approved by the Ethics Committee 
of the University of Tokyo on July 29, 2014 [approval 
no. 10476‑(1)] and written informed consent was obtained 
from all the patients.

CD8, FoxP3, and MFG‑E8 immunohistochemical staining. 
The tumor specimens were cut into 4‑µm thick sections and 
immunohistochemically stained, as previously described (9). 
Primary anti‑CD8 (cat. no.  4B11; dilution 1:50; Leica 
Biosystems) and anti‑FoxP3 (cat. no. 236/E7; dilution 1:100; 
Abcam) mouse monoclonal antibodies, and the anti‑MFG‑E8 
antibody [cat. no. 14A‑11B; dilution 1:120; supplied by The 
Institute of Medical Science, University of Tokyo, (Tokyo, 
Japan)] were utilized (26). Normal tonsil tissue was used as the 
positive control for CD8, FoxP3, and normal breast tissue was 
used as the positive control for MFG‑E8, and obtained from 
autopsy specimens, which were donated to the Division of 
Surgical Oncology, University of Tokyo for research purposes, 
and written informed consent was provided.

Evaluation of CD8, FoxP3, and MFG‑E8 immunostaining. The 
number of immunoreactive lymphocytes was counted under 
a light microscope in three randomly selected fields, at x400 
magnification, as previously described (9). Immunoreactive 
TIL densities and the median values of all samples were set as 
thresholds. Each sample was classified as ‘high’ if it was above 
the median and ‘low’ if it was below.

MFG‑E8 expression was assigned scores according to the 
highest staining intensity, as described previously (26). The 
criteria for the scoring were as follows: 0, Negative staining 
or trace; 1, moderate; and 2, strong. Based on the scores, all 
sections were divided into two groups: High expression (a 
score of 2) or low expression (a score of 0 and 1). Analysis 
was performed by 2 observers independently, in a blinded 
manner, and interobserver agreement was confirmed using 
κ‑statistics. Any discrepancies were resolved by discussion. 
The association of their expression level with CRT response, 
clinicopathological features and patient prognosis was 
subsequently analyzed.

Statistical analysis. The association between the density of 
TILs and CRT response was evaluated using a Wilcoxon signed 
rank test, while the association between MFG‑E8 expression 
level and clinicopathological features was evaluated using a 
χ2, Fisher's exact, or unpaired t‑tests, as appropriate. Overall 
survival (OS; defined as the time from surgery to death from 
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any cause) and disease‑free survival (DFS; defined as the time 
from surgery to cancer recurrence, secondary cancer, or death 
from any cause), were analyzed using the Kaplan‑Meier method 
and log‑rank test. Multivariate analysis was performed using 
Cox proportional hazards regression analysis. Interobserver 
agreement was confirmed using κ‑statistics. P<0.05 was 
considered to indicate a statistically significant difference. 
All analyses were performed using JMP v11.0 software (SAS 
Institute Inc.).

Results

Clinicopathological analysis. The clinicopathological 
features of the patients are shown in Table I. The median age 

was 61.4 years (range, 33‑78 years) and 39 patients (63.9%) 
were male. After preoperative CRT, 35 (57.4%) patients had 
T3‑4 tumors. A total of 44 patients (72.1%) showed papillary 
carcinoma or well‑differentiated adenocarcinoma histology, 
while 9  (14.8%) and 7  (11.5%) patients had lymph node 
and distant metastases (3 to the liver, 2 to the lung, 1 to the 
brain, and 1 paraaortic lymph node metastases), respectively. 
Based on the response to CRT classification, 35 (57.4%), 21 
(34.4%), and 5 (8.2%) patients were categorized as Grades 1, 
2 and 3. The median follow‑up period was 5.8 years (range, 
0.8‑10.9 years).

CD8, FoxP3 and MFG‑E8 expression level. CD8 expres‑
sion was detected in the cell membrane, while FoxP3 was 
detected in the nucleus (Fig. 1A and B, respectively). MFG‑E8 
expression level was detected in the cytoplasm of normal 
breast tissue, which was used as the positive control (Fig. 2A). 
MFG‑E8 expression was also detected in the cytoplasm of 
rectal cancer tissue (Fig. 2B‑D). Based on the immunohis‑
tochemistry scoring, 23 (41.1%) patients were categorized as 
MFG‑E8 high.

Association between CD8+ and FoxP3+ TILs, and CRT 
response. The increased number of CD8+ TILs before 
CRT was significantly associated with good CRT response 
(P=0.03; Fig. 3A); however, there was no significant associa‑
tion with FoxP3+ TILs (Fig. 3B). CD8/FoxP3+ TIL ratio was 
also associated with good CRT response (P=0.04; data not 
shown).

Table I. Characteristics of the patients with rectal cancer.

Characteristics	 Value

Sex, n (%)	
  Male	 39 (63.9)
  Female	 22 (36.1)
Mean age ± SD, years	 61.4±9.6
pT stagea, n (%)	
  T0‑2	 26 (42.6)
  T3‑4	 35 (57.4)
Histological type, n (%)	
  Well	 44 (72.1)
  Mod	 16 (26.2)
  Muc	 1 ( 1.6)
Lymphatic invasion, n (%)	
  Present	 5 (8.2)
  Abscent	 56 (91.8)
Vascular invasion	
  Present	 31 (50.8)
  Abscent	 30 (49.1)
Lymph node metastasis, n (%)	
  Present	 9 (14.8)
  Abscnet	 52 (85.2)
Distant metastasis, n (%)	
  Present	 7 (11.5)
  Abscent	 54 (88.5)
TNM stagea, n (%)	
  0‑II	 49 (80.3)
  III‑IV	 12 (19.7)
Tumor regression gradeb, (%)	
  1	 35 (57.4)
  2	 21 (34.4)
  3	 5 (8.2)

aAccording to TMN classification of malignant tumors, 8th edition 
according to Union for the Iinternational Cancer Control. bAccording 
to Japanese Classification of Colorectal Carcinoma, 9th edition. Well, 
well-differentiated adenocarcinoma; Mod, moderately-differentiated 
adenocarcinoma; Muc, mucinous adenocarcinoma.

Figure 1. Immunohistochemical staining of CD8 and FoxP3 in biopsy 
samples from patients with lower rectal cancer. (A) Immunohistochemical 
staining of CD8. CD8 expression level was detected in the cell membrane. 
(B) Immunohistochemical staining of FoxP3. FoxP3 expression level was 
detected in the nucleus. Magnification, x100. FoxP3, forkhead box P3.
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Association between CD8+ and FoxP3+ TILs, and patient 
prognosis. A total of 7 cases with distant metastasis were 
excluded from the prognostic analysis. The increased number 
of CD8+ TILs before CRT was significantly associated with 
favorable OS and DFS times (P<0.01 and P<0.01, respec‑
tively); however, there was no significant association with the 
number of FoxP3+ TILs (Figs. 4 and 5). Univariate analysis 
showed that the density of CD8+ TIL before CRT, vascular 

invasion and pathological T stage was associated with DFS 
time (P<0.01, P=0.04, and P<0.01, respectively). Using a 
multivariate analysis, the density of CD8+ TIL before CRT, in 
addition to pathological T stage, was independently associated 
with DFS time (Table II). With respect to OS time, univariate 
analysis showed that the density of CD8+ TIL before CRT and 
pathological T stage was associated with OS time (P<0.01 and 
P<0.01, respectively). In addition, multivariate analysis showed 

Figure 3. Numbers of CD8+ and FoxP3+ TILs and histological response to CRT. (A) CD8+ TILs and (B) FoxP3+ TILs and histological response to CRT. TIL, 
tumor‑infiltrating lymphocytes; CRT, preoperative chemoradiotherapy.

Figure 2. Immunohistochemical staining of lactadherin. (A) Negative staining with a score of 0. (B) Moderate staining with a score of 1. (C) Strong staining 
with a score of 2. (D) Positive control (normal breast tissue). Magnification, x100.
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that the density of CD8+ TIL before CRT was independently 
associated with OS time (P=0.01), although 7 patients died.

Association between MFG‑E8 expression level and clinico‑
pathological features. High MFG‑E8 expression after CRT 
was significantly associated with high tumor regression grade 
(P<0.01; Table III). However, no significant difference with OS 
or DFS time was found between the patient groups with high 
and low MFG‑E8 expression level (Fig. 6).

Discussion

Preoperative CRT for advanced lower rectal cancer decreased 
post‑operative locoregional recurrence and contributed to 
tumor down‑staging, which lead to an increased sphincter‑
preservation rate (27). Furthermore, previous reports described 
the usefulness of the ‘watch and wait’ strategy or local excision 
after CRT (28,29). Therefore, the identification of predictive 
factors for CRT response is important to determine whether 
preoperative CRT should be performed.

Firstly, using biopsy samples before CRT, the association 
between TIL infiltration density, MFG‑E8 expression level, 
and CRT response was investigated. Teng  et  al  (11) and 
Anitei et al (12) demonstrated that patients with high CD8+ 
TIL density showed favorable CRT responses. FoxP3+ TILs 
suppressed the host immune system, contrary to cytotoxic CD8+ 
TILs. Therefore, we hypothesized that both CD8+ and FoxP3+ 
TIL densities could be valuable indicators. Shinto et al (8) 
reported the effectiveness of intraepithelial CD8/FoxP3 TILs 
ratio in patients with short‑term preoperative CRT regimen 
(20 Gy administered in 5 daily doses of 4 Gy, with the admin‑
istration of tegafur/uracil at 400 mg/day and surgery was 
performed ~30 days after CRT). However, their results may 
not be applicable to long‑term preoperative CRT, with a higher 
radiation dose and a longer period before surgery [50.4 Gy 
(1.8 Gy in 28 fractions) with concomitant chemotherapy and 
surgery was performed 6‑8 weeks after CRT]. Therefore, the 
association between TIL density and CRT response using 
long‑term preoperative CRT samples was determined in the 
present study. CD8+ TIL density, but not FoxP3+ TIL density, 

Figure 4. Numbers of CD8+ and FoxP3+ TILs and OS time. Association between (A) CD8+ TILs and (B) FoxP3+ TILs and OS time. TILs, tumor‑infiltrating 
lymphocytes; OS, overall survival; FoxP3, forkhead box P3.

Figure 5. Numbers of CD8+ and FoxP3+ TILs and DFS time. Association between (A) CD8+ TILs and (B) FoxP3+ TILs with DFS time. TILs, tumor‑infiltrating 
lymphocytes; DFS, disease‑free survival; FoxP3, forkhead box P3.
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was associated with CRT response. The association between 
the CD8/FoxP3 TIL ratio and CRT response was determined; 
however, it was not a more effective indicator than CD8+ TIL 
density alone. Thus, we hypothesized that FoxP3+ TILs may 
not play an important role in long‑term preoperative CRT. 
Furthermore, McCoy et al (30) recently reported that there 
was no association between TIL density before CRT, including 
CD8+ and FoxP3+ TIL densities, and CRT response. A further 
study, with a larger sample size, would, therefore, be required 
to validate the results from the present study. It was difficult 
to determine the grade of MFG‑E8 expression level using 
small biopsy samples obtained before CRT and surgery, which 
showed heterogenous expression patterns. Therefore, further 
study using other methodology, such as PCR will also be 
required.

Secondly, using surgically resected specimens after CRT, 
immunology‑related responses on the tumor microenviron‑
ment were analyzed. With respect to TlLs, a considerable 
number of TILs were detected in normal tissue in post‑CRT 
specimens, and the distribution of TILs varied as a result of 
prominent fibrosis caused by CRT. Therefore, accurate TIL 
density after CRT was difficult to evaluate. Shinto et al (8) 
evaluated TILs in specimens after short‑term CRT; however, 
we hypothesized that the different total radiation dose and 

time between CRT and surgery resulted in different results 
in the present study. High MFG‑E8 expression level in 
post‑CRT specimens was significantly associated with a 
favorable CRT response; however, no significant difference 
in patient prognosis was observed. In previous trials (1‑3), 
preoperative CRT decreased postoperative locoregional 
recurrence, although CRT did not improve the survival time 
in the patients. In the present study, MFG‑E8 expression level 
was associated with high tumor regression grade, although 
no significant difference with OS was found, which was 
consistent with previous reports (1‑3). With respect to DFS, 
we hypothesized that MFG‑E8 expression might be associ‑
ated with high tumor regression grade and DFS, however no 
significance differences were observed, which may be due 
to small sample size. Jinushi et al (31) reported MFG‑E8 
induced resistance to chemotherapy and irradiation in mela‑
noma cells from the secretion of regulatory T cells, inducing 
cytokines, and MFG‑E8 induced resistance to chemotherapy 
in melanoma cells through Akt. Therefore, we hypothesized 
that MFG‑E8 could be associated with resistance to CRT in 
rectal cancer. Surprisingly, high MFG‑E8 expression level in 
post‑CRT specimens was significantly associated with favor‑
able CRT response. This type of association was not found 
in the recent study on esophageal cancer (26). In the present 

Table II. Univariate and multivariate analysis between disease free survival and clinicopathological characteristics.

	 Univariate 	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Charactertistic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

pT stage (T3‑4 vs. T0‑2)	 6.5	 1.8‑41.8	 <0.01	 4.2	 1.02‑28.68	 0.046
Lymphatic invasion (present vs. absent)	 4.3	 0.23‑22.1	 0.25			 
Vascular invasion (present vs. absent)	 3.2	 1.08‑11.84	 0.04	 1.6	 0.50‑6.27	 0.45
Lymph node metastasis (present vs. absent)	 2	 0.45‑6.31	 0.33			 
CD8+ TIL (high vs. low)	 0.2	 0.04‑0.64	 <0.01	 0.3	 0.06‑0.94	 0.038
FoxP3+ TIL (high vs. low)	   0.74	 0.25‑2.17	 0.58			 

TIL, tumor‑infiltrating lymphocytes. HR, hazard ratio.

Figure 6. Expression level of MFG‑E8 and patient prognosis. Association of MFG‑E8 expression with (A) OS and (B) DFS times. MFG‑E8, lactadherin; OS 
overall survival; DFS, disease‑free survival.
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study, it could not be determined whether MFG‑E8 expres‑
sion level after CRT reflected the MFG‑E8 expression in 
samples before CRT or it was induced by CRT. The associa‑
tion between MFG‑E8 expression level and TIL density was 
also not evaluated; however, high MFG‑E8 expression level 
in esophageal squamous cell carcinoma was associated with 
a low CD8+/FoxP3+ TILs ratio (26). We hypothesized that 
this may be due to the local microenvironment of the type of 
cancer. In esophageal cancer, lipopolysaccharide, a compo‑
nent of gram‑negative bacterial cell walls, participates in the 
oncogenic process. Lipopolysaccharide has been reported 
to activate the nuclear factor‑κ B signaling pathway, and to 
promote the release of inflammation‑associated mediators, 
including interleukin (IL) 1β, IL6, IL8 and tumor necrosis 

factor‑α (32,33). However, the gut microbiome in the colon 
is a complex community in the human body, and microbiota 
metabolites have either tumorigenic or anti‑tumorigenic 
effects. Lipopolysaccharide has also been reported to be 
associated with tumorigenesis in colorectal cancer (34), and 
Ladoire et al (35) previously described that numerous bacte‑
rial species produce proinflammatory cytokines, which led to 
carcinogenesis. They also demonstrated that by suppressing 
inflammation, FoxP3+ TILs could be anti‑tumorigenic in 
colorectal cancer. Furthermore, microbes in colorectal cancer 
have been reported to induce epithelial‑to‑mesenchymal 
transition though various signaling pathways, such as TGFβ, 
Wnt and Notch (34). On the other hand, butyric acid and 
urolithins, which are also generated from colonic bacteria 

Table III. Association between MFG‑E8 expression level and clinicopathological characteristics.

	 MFG‑E8+	 MFG‑E8‑
	 (n=23)	 (n=33)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Number	 Percentage	 Number	 Percentage	 P‑value

Sex					   
  Male	 13	 56.5	 25	 75.8	 0.21
  Female	 10	 43.5	 8	 24.2	
Mean age ± SD, years	 59.6±10.4	 63.4±8.7	 0.16
pT stagea	 				  
  T0‑2	 8	 34.8	 13	 39.4	 0.73
  T3‑4	 15	 65.2	 20	 60.6	
Histological type					   
  Well	 18	 78.3	 21	 63.6	 0.24
  Mod	 5	 21.7	 11	 33.3	
  Muc	 0	 0	 1	   3.1	
Lymphatic invasion					   
  Present	 1	 4.3	 4	 12.1	 0.30
  Abscent	 22	 95.7	 29	 87.9	
Vascular invasion					   
  Present	 11	 47.8	 20	 60.6	 0.34
  Abscent	 12	 52.2	 13	 39.4	
Lymph node metastasis					   
  Present	 3	 13.0	 6	 18.2	 0.60
  Abscent	 20	 87.0	 27	 81.8	
Distant metastasis					   
  Present	 3	 13.0	 3	 9.1	 0.37
  Abscent	 20	 87.0	 30	 90.9	
TNM stagea	 				  
  I‑II	 18	 78.3	 26	 78.8	 0.96
  III‑IV	 5	 21.7	 7	 21.2	
Tumor regression gradeb	 				  
  1	 9	 39.1	 26	 78.8	 <0.01
  2	 14	 60.9	 7	 21.2	

aAccording to TMN classification of malignant tumors, 8th edition according to Union for the Iinternational Cancer Control. bAccording 
to Japanese Classification of Colorectal Carcinoma, 9th edition. Well, well‑differentiated adenocarcinoma; Mod, moderately differentiated 
adenocarcinoma; Muc, mucinous adenocarcinoma; MFG‑E8, lactadherin.
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have been reported to be anti‑tumorigenic by inhibiting the 
Wnt signaling pathway  (36,37). The association between 
MFG‑E8 expression level and TILs density could not be 
investigated; however, Jinushi  et  al  (17,38) reported that 
MFG‑E8 enhanced regulatory T cell activity. Thus, it may be 
possible that MFG‑E8 expression level in patients with rectal 
cancer affects regulatory T cell activity and CRT response.

With respect to the prognosis of patients, several 
meta‑analyses investigating patients with colorectal cancer 
and who did not receive preoperative therapy revealed 
that the density of CD8+ and FoxP3+ TILs was associ‑
ated with favorable patient prognosis  (39). Whereas, in 
patients with rectal cancer who received CRT, the impact 
of TILs on patient prognosis has not been fully elucidated. 
Teng et al (11) reported that pre‑CRT CD8+ TIL density was 
associated with favorable patient prognosis, which is similar 
to the result in the present study. Shinto et al (8) reported that 
high post‑CRT CD8+ TIL density, and not pre‑CRT CD8+ 
TIL density, was associated with favorable patient prognosis. 
However, in the study by Shinto et al (8), the patients received 
a short course of CRT, and immunological response on tumor 
microenvironment could be different between their study 
and the present study. McCoy et al (10,30) evaluated FoxP3+ 
TIL density in pre‑ and post‑CRT samples and reported that 
post‑CRT FoxP3+ TIL density, but not pre‑CRT FoxP3+ TIL 
density, was associated with worsening prognosis. However, 
TILs in the post‑CRT samples were not investigated in the 
present study as aforementioned. Therefore, further studies 
investigating TIL density after CRT are warranted. With 
respect to MFG‑E8, Zhao et al (22) recently reported that 
MFG‑E8 expression level in colorectal cancer was associated 
with advanced tumor depth, lymph node metastasis, and poor 
patient survival. However, there was no significant associa‑
tion between MFG‑E8 expression level, clinicopathological 
features, and patient prognosis. To the best of our knowledge, 
this is the first report evaluating MFG‑E8 expression level in 
patients with lower rectal cancer treated with preoperative 
CRT, and MFG‑E8 expression level could be affected by 
CRT. Therefore, the results from the study by Zhao et al (22) 
may not be applicable to rectal cancer cases with CRT, and 
further study is required.

The present study has several limitations. Firstly, TIL 
density was evaluated using pre‑CRT samples, whereas 
MFG‑E8 expression level was evaluated using post‑CRT 
samples. Therefore, the association between MFG‑E8 expres‑
sion level and T cell immunity was not clarified. Secondly, this 
was a retrospective study with a relatively small number of 
patients. Therefore, prospective studies, with a larger number 
of patients are required.

In conclusion, the results from the present study suggest 
that the number of CD8+ TILs before CRT could be a valuable 
predictor for CRT response, and high CD8+ TIL density before 
CRT was associated with favorable prognosis in patients with 
lower rectal cancer who were treated with CRT. High MFG‑E8 
expression level after CRT was found to be associated with a 
favorable CRT response.
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