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Original Article 
CD103 expression in normal epithelium is associated 
with poor prognosis of colorectal cancer  
patients within defined subgroups
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Abstract: The immune system plays an important role in the development and progression of colorectal cancer 
(CRC). CD103 can be detected mainly on T cell populations within mucosal epithelium of the gut. However, clinical 
significance of CD103+ cells in normal epithelium of CRC patients remain poorly understood. A collection of normal 
colonic mucosal specimens from 239 CRC patients was analyzed by immunohistochemistry for the presence of 
CD103+ immune cells. Immunofluorescence was used to determine the cellular source of CD103. Prognostic ca-
pabilities were evaluated by Cox’s proportional hazard model. Our results showed that CD103+ cells were equally 
located in normal epithelium and lamina propria. CD8+ T cells but not natural killer cells accounted for most CD103 
expressing cells in normal colonic mucosa. Among the whole cohort, intraepithelial CD103+ cell density did not 
show any association with overall survival (OS) and disease-free survival (DFS). On stratified univariate analysis, 
intraepithelial CD103+ cell density was associated with poor DFS in colon cancer. Likewise, high density of CD103+ 
cells was found to be a negative factor for both of OS and DFS in the subgroup with KRAS wild type tumors. These ob-
servations were confirmed by multivariate cox regression models. Therefore, intraepithelial CD103+ cell density may 
specifically define a subgroup of patients with unfavorable outcome in colon cancer or KRAS wild type CRC patients. 
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Introduction

Colorectal cancer (CRC) is the one of the most 
common cause of cancer deaths worldwide [1]. 
Despite surgery with curative intent and 
advanced treatment approaches for tumor, the 
prognosis of CRC is still not ideal [2]. A large 
body of evidence has been reported supporting 
the notion that CRC is both clinically and bio-
logically a heterogeneous disease [3]. At each 
tumor stage, the incidence of tumor recurrence 
varies. Furthermore, molecular characteristics, 
prognosis and corresponding drug targets in 
colon tumor are quite different from rectal 
tumor [4, 5]. Thus, identification of patients 
with a high-risk of disease recurrence remains 
a major clinical issue.

Series data over the last several years has pro-
vided evidence strongly supports the hypothe-
sis that the immune system can affect colorec-
tal cancer growth and metastatic dissemination 
[6, 7]. Biomarkers of cellular immune activation 
may act as potential mediators linking immuni-
ty, inflammation, and CRC. Immune infiltrates in 
colorectal cancer are being acknowledged as 
increasingly important predictors for survival 
[8-10]. High level infiltrates of CD3+, CD8+ and 
CD45RO+ cells are becoming increasingly rec-
ognized to be associated with better clinical 
outcomes [11-14]. Despite the roles of intratu-
moral immune cells in predicting prognosis 
have been well documented, a number of CD8+ 
T cells, B cells, dendritic cells (DCs) have also 
been found in normal mucosa, suggesting that 
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cancer [30]. In addition, we recently reported 
that Intratumoral CD103+ TILs could potentially 
serve as a prognostic marker in patients with 
bladder urothelial cell carcinoma [31]. Given 
the striking significance of CD103 in the epi- 
thelial cancers and expression of CD103 in 
colorectal cancer and colonic epithelium, we 
hypothesize that intraepithelial (IE) CD103+ 
cells might confer prognostic significance in 
colorectal cancer.

Using a new anti-CD103 antibody that works 
with formalin-fixed, paraffin-embedded tissues, 
we performed the analysis of the CD103+ cells 
in normal colonic mucosa with colorectal can-
cer. We show herein that CD103 is widely 
expressed by CD8+ lymphocytes in both colonic 
epithelium and lamina propria from patients 
with CRC. Importantly, subgroup prognostic 
analysis revealed that the density of CD103+ 
cells within epithelium is associated with a 
poor outcome in patients with colon cancer or 
CRC patients with KRAS wild type tumors.

Materials and methods

Patient cohort

A total of 239 patients treated for CRC bet- 
ween January 2009 and December 2012 in the 
Colorectal Surgery Department, the Sixth Affi- 
liated Hospital of Sun Yat-sen University was 
included in this study. All patients underwent 
curative resection, defined as removal of all 
macroscopic tumor masses, absence of micro-
scopic residual tumor, histologically confirmed 
negative resection margins, and extension of 
lymphadenectomy beyond involved nodes. No 
patient had distant metastasis and none 
received anticancer therapy preoperatively. 
Written informed consent was obtained from  
all of the patients, and the study was approv- 
edby the Clinical Research Ethics Committee  
of the Sixth Affiliated Hospital of Sun Yat-sen 
University. Tumors were graded according to 
the World Health Organization criteria and 
staged according to the 7th edition tumor-
node-metastasis (TNM) classification of the 
American Joint Committee on Cancer. Tumor- 
location was classified as colon and rectum. 
Resected tumors from 198 CRC patients were 
evaluated for the presence of the most com-
mon mutations of the KRAS (codons 12 and 
13) and/or BRAF (codon 600) genes. 

cell-mediated immunity also depends on the 
localization and functional role of immune cells 
in corresponding non-tumoral mucosa [6, 15]. 
A number of reports have shown that regulatory 
T cells (Tregs) density within tumor was associ-
ated with clinical outcomes for CRC [16, 17]. 
Likewise, FOXP3+ Treg density in histologically 
normal colonic mucosa from the surgical mar-
gin could predict prognosis as well [18, 19]. 
Thus, defining the potential significance of 
immune cells normal mucosa is essential to 
understanding their roles and mechanisms in 
tumor immunopathogenesis.

CD103 is the αE subunit of the dimeric αEβ7 inte-
grin, which is expressed mainly by cells of the T 
lymphocyte lineage within mucosal tissues and 
binds to the epithelial cell surface molecule 
E-cadherin [20, 21], can mediate cell adhesion, 
migration and signaling, and is also important 
for T-cell localization [15, 22]. Accordingly, 
CD103 can be detected in most of intra-epithe-
lial lymphocytes (IELs) of the gut mucosal epi-
thelium and skin, only 0.5-3% of peripheral 
blood lymphocytes (PBL) [23]. It is also clear 
that a proportion of DCs and T regulatory cells 
in intestinal mucosa express CD103, and 
CD103+ DCs can influence the balance between 
effector and T regulatory cells in the intestine 
[24]. Thus it has been suggested that CD103  
is a critical component of intestinal immune 
homeostasis. In tumor tissues with colorectal 
cancer, approximately 90% CD103+ IELs co-
expressed CD8, and CD8+CD103+ IELS were 
more prominent in microsatellite instability 
(MSI) colorectal cancer [25]. CD103+ can also 
mark a particular subtype of Treg with more 
strongly suppressive function compare to the 
CD103- subtype in colorectal cancer [26]. 
Recent evidence suggests that CD103 also 
plays an important role in immunity against 
cancer, and in particular, cancers of epithelial 
origin. CD103: E-cadherin interactions have 
been implicated in the recognition of tumor 
cells by cytotoxic T cells in colon [27]. Together, 
these findings lead us to hypothesize that 
CD103+ cells might demarcate colorectal 
patients with distinct prognosis. However, the 
clinical significance of CD103+ cells in tumor 
and corresponding normal mucosa are largely 
unknown. In the other hand, recent reports 
showed that high density of intratumoral 
CD103+ cells was were correlated with improv- 
ed survival in lung [28], breast [29] and ovarian 
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deparaffinized, and rehydrated through graded 
alcohol to water, and endogenous peroxidase 
activity was blocked by incubating the slides in 
0.3% H2O2. Antigen retrieval was performed by 
microwave treatment in Tris-HCL (pH 9.2). The 
sections were blocked with goat serum. Next, 
the sections were then incubated with a mono-
clonal anti-CD103 primary antibody (1:5000 
dilution, Abcam) overnight at 4°C. Subsequently, 
the sections were incubated with the second-
ary antibodies conjugated with horseradish 
peroxidase (Envision+ Dual Link Kit, DAKO, for 
mouse/rabbit antibodies) for 30 min at 37°C 
and then detected with 3,3’-diaminobenzidin 
for 1 minutes and counterstained with hema- 
toxylin. 

Fordouble-color immunofluorescence, prepara-
tion and antigen retrieval of paraffin-embedd- 
ed tissue sections were performed as describ- 
ed in immunohistochemistry. The sections  
were first incubated with rabbit anti-human 

Follow-up was carried out until August 2016. 
The median follow-up was 51 months (range 
1.4 to 88.8 months). Overall survival (OS) was 
defined as the interval between tumor resec-
tion and death; patients alive at the end of fol-
low-up were censored. Disease-free survival 
was measured from the date of surgery to that 
of recurrent of metastatic disease occurrence. 
There were 34 cancer specific deaths (mean 
time 27.51 months from treatment) and 205 
survivors (mean time to last follow-up date 
57.28 months). 

Immunohistochemistry and immunofluores-
cence

Histologically normal colonic mucosa from the 
surgical margin was retrieved for immunohisto-
chemical analysis of CD103+ cell density. For- 
malin-fixed, paraffin-embedded samples were 
cut into 4 μm sections and used for immunohis-
tochemical staining. The tissue sections were 

Figure 1. CD103+CD8+ lymphocytes were enriched in normal colonic mucosa. Representative examples of high 
power views of 14 paraffin embedded normal colonic tissue sections from colorectal patients show 2-color immuno-
fluorescence staining for CD103 (green areas) and cytotoxic cell marker CD8 (red areas) (A-E). Note co-localization 
of CD103 with markers (yellow areas and white arrows). DAPI counter stain (blue areas). Scale bars indicate 40 μm. 
Mean ± SEM number and proportion of CD103+CD8+ cells among CD103+ and CD8+ cells in colonic epithelium and 
lamina propria calculated per × 400 field (F-I). **P < 0.01, ***P < 0.001.
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were counted manually. Data are shown as the 
mean ± SE number of cells per field. 

Immunofluorescence quantification

Positively stained lymphocytes were counted 
based on localization in the normal epithelium 
and lamina propria. Single or double positive 
lymphocytes of interest in each region of the 
three most representative high-power fields at 
400 × magnification (0.0845 mm2 per field) 
were counted manually by 2 independent blind-
ed observers. Data are shown as the mean ± 
SE number of lymphocytes per field.

Statistical analysis

Statistical analyses were performed with the 
SPSS, version 20. Associations between CD- 
103+ cell density and clinicopathological vari-
ables were evaluated using t test. We used a 
cutoff value at the median frequency of IE 

CD103 (1:5000 dilution, Abcam) and mouse 
anti-human CD8 (1:100 dilution, Thermo Fish- 
er), mouse anti-human CD57 (1:100 dilution, 
ZSGB-BIO) overnight at 4°C. Sections were  
subsequently incubated with goat-anti-mouse 
Alexa Fluor 555 (1:4000 dilution, Life Tech- 
nologies), goat-anti-rabbit Alexa Fluor 488 
(1:4000 dilution, Life Technologies) and DAPI 
(Life Technologies).

Immunohistology evaluation

Analysis was performed by two independent 
observers who were blinded to patient out-
comes and other clinical findings. To evaluate 
the density of CD103+ cells, areas of normal 
epithelium were screened at low power (100 × 
magnification) and the five most representative 
high-power fields were selected at 400 × mag-
nification (0.1255 mm2 per field) for each area 
of every specimen. CD103+ cells in each area 

Figure 2. CD103+CD57+ NK cells were rare in normal epithelium. Representative examples of high power views of 
14 paraffin embedded normal colonic tissue sections from colorectal patients show 2-color immunofluorescence 
staining for CD103 (green areas) and NK cell marker CD57 (red areas) (A-E). Note co-localization of CD103 with 
markers (yellow areas and white arrows). DAPI counter stain (blue areas). Scale bars indicate 40 μm. Mean ± SEM 
number and proportion of CD103+CD57+ cells among CD103+ and CD8+ cells in colonic epithelium and lamina pro-
pria calculated per × 400 field (F-I). *P < 0.05, ***P < 0.001.
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To better understand the clinical relevance of  
IE CD103 within normal mucosa, we next ex- 
amined the association between CD103+ cell 
density and clinicopathological variables. Am- 
ong cases in the cohort, patients with colon 
cancer harbored a higher mean number of IE 
CD103+ cells compared with rectal cancer 
patients (45.11 ± 16.64 vs. 54.88 ± 32.19.  
P = 0.004) (Table 1). However, no significant 
correlation was seen between CD103+ cell den-
sity and age (P = 0.276), gender (P = 0.287), 
histological grade (P = 0.402), histological sub-
type (P = 0.816), tumor status (P = 0.486), 
nodal status (P = 0.174), vessel invasion (P = 
0.557), preineural invasion (P = 0.139), KRAS 
status (P = 0.580) and BRAF status (P = 0.384) 
(Table 1). 

Prognostic value of intraepithelial CD103+ cell 
density 

For the entire study population, the OS and  
DFS rates were 97.06% and 95.55% at 1 year, 
85.13% and 76.18% at 5 years, respectively. To 
confirm that IE CD103+ cell density correlates 
with CRC prognosis, OS and DFS rates were 
compared between CD103+ cell high and CD- 

CD103+ cells to divided patients into high and 
low groups. Cox’s proportional hazard model 
was used for univariate and multivariate analy-
ses of prognostic factors. Survival curves were 
compared with the log-rank test. All statistical 
tests were two-sided, with significance defined 
as a P-value of < 0.05. 

Results

Expression of CD103 in normal colonic mu-
cosa 

To identify the cellular source of CD103 in  
normal colonic mucosa, we performed co-local-
ization studies and calculated the frequency  
of CD103+ cells among total CD8+ T and CD57+ 
NK cells. CD103+ cells were found to be equally 
detectable in epithelium and lamina propria, 
(18.79 ± 1.82 vs. 20.83 ± 2.16 per field, P = 
0.475). We first investigated CD8 co-localiza-
tion with CD103 (Figure 1). In 14 preparations 
CD8+ T cells represented most CD103+ cells in 
lamina propria (Figure 1H), but CD8+ T cells  
represented less CD103+ cells in epithelium 
(85.70% vs. 69.94%. P < 0.001). However, in  
14 preparations CD57+ NK cells represented 

only less than half of all 
CD103+ cells in lamina propria 
(42.28%) (Figure 2). In epithe-
lium, CD57+ NK cells are rare 
(1.02 ± 0.25 per field), and 
only 3.04% CD103+ cells ex- 
pressed CD57 (Figure 2). Th- 
ese findings indicated that 
most CD103 expressing cells 
were CD8+ T cells in colonic 
mucosa. To assess the fre-
quency and distribution of 
CD103+ cells within normal 
mucosa, we used a recently 
developed anti-CD103 anti-
body to stain the normal 
colonic tissues from a cohort 
of 239 CRC specimens. The 
median frequency of IE CD- 
103+ cells was 43 cells per 
field, ranged 5 to 173 (Figure 
3).

Correlation of intraepithelial 
CD103+ cell density with clini-
copathological variables

Figure 3. No prognostic effect of IE CD103+ cells was found in the whole 
cohort. Representative immunohistochemistry images demonstrated high 
(A) and low (B) number of IE CD103+ cells. Brown areas indicated positively 
stained cells. Scale bars represent 40 μm. In the whole cohort, IE CD103+ 
cell density showed a trend toward poorer prognosis for OS (C) and DFS (D), 
even with no statistical significance.
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CD103 expression is a common feature of IE 
CD8+ TILs and associated with patient survival 
in a broad range of epithelial cancers [28-31]. 
However, prognostic value of CD103+ cells in 
nontumoral tissues has long been unclear. 
Mucosa immediately adjacent or even longer to 
colorectal cancer shares biological features 
with the corresponding tumor and is referred  
to as transitional mucosa [32]. CD103 is 
increasingly recognized as a definitive marker 
of lymphocytes, especially CD8+ T cells in vari-

103+ cell low groups using a cutoff value at the 
median frequency of IE CD103+ cells. Next, we 
determine whether CD103+ density in addition 
to other clinicopathological variables was relat-
ed to patient prognosis. On univariate analysis, 
age, tumor status, nodal status, vessel inva-
sion and BRAF status were prognostic factors 
for OS and/or DFS (Table 2). However, CD103+ 
cell density did not show any relevant prognos-
tic effect in the entire study cohort (Figure 3; 
Table 2).

Furthermore, subgroup analyses 
were performed for the clinico-
pathological variables mentioned 
above. Here, stratified analysis 
identified IE CD103+ cell density 
to be associated with DFS (P = 
0.023) but not OS (P = 0.076) for 
colon cancer patients (Figure 4; 
Table 3). In KRAS wild type 
patients, high density of CD103+ 
cells correlated with significantly 
shorter OS (P = 0.029) and DFS (P 
= 0.026) (Figure 4; Table 4). 
Nevertheless, OS and DFS were 
not significantly between CD103+ 
cell high and low groups within 
patients with rectal cancer (P = 
0.881 and P = 0.469) (Figure 4; 
Table 3) or KRAS mutant tumors 
(P = 0.956 and P = 0.619) (Figure 
4; Table 3).

A stratified Cox proportional-haz-
ards model was constructed 
according to the subgroups with 
colon cancer and KRAS wild type 
tumors to determine whether 
CD103+ cell density was an inde-
pendent prognostic factor of sur-
vival. Multivariate analysis con-
firmed the observed negative 
DFS (P = 0.018) effect of CD103+ 
cell density for colon cancer 
(Table 3). Likewise, the present 
data showed that high density of 
CD103+ cells was found to be an 
independent negative factor of 
OS (P = 0.024) and DFS (P = 
0.020) in the subgroup with KRAS 
wild type tumors (Table 4).

Discussion

Table 1. The association of CD103 cells density with clinico-
pathological variables inCRC patients

Variables N = 239
CD103 cells density
Mean ± SD P-value

Age (years) 0.276
    >60 132 (55.2%) 48.39 ± 25.11
    ≤60 107 (44.8%) 52.11 ± 27.31
Gender 0.287
    Female 111 (46.4%) 48.12 ± 28.09
    Male 128 (53.6%) 51.73 ± 24.28
Histological grade 0.402
    Poor 46 (19.2%) 52.97 ± 24.23
    Moderate, High 193 (80.8%) 49.36 ± 26.57
Mucinous 0.816
    Yes 31 (13.0%) 51.08 ± 25.09
    No 208 (87.0%) 49.90 ± 26.33
Location 0.004
    Colon 121 (50.6%) 54.88 ± 32.19
    Rectum 118 (49.4%) 45.11 ± 16.64
Tumor status 0.486
    T3-4 184 (77.0%) 50.70 ± 26.54
    T1-2 55 (23.0%) 47.90 ± 24.78
Nodal status 0.174
    N1-N2 85 (35.6%) 46.96 ± 23.16
    N0 154 (64.4%) 51.76 ± 27.55
Vessel invasion 0.557
    Yes 18 (7.5%) 53.54 ± 30.49
    No 221 (92.5%) 49.77 ± 25.80
Perineural invasion 0.139
    Yes 20 (8.4%) 58.34 ± 33.93
    No 219 (91.6%) 49.30 ± 25.26
KRAS status (n = 197) 0.580
    Mutant 72 (36.5%) 49.78 ± 20.88
    Wild type 125 (63.5%) 51.97 ± 29.57
BRAF status (n = 198) 0.384
    Mutant 8 (4.0%) 43.08 ± 21.35
    Wild type 190 (95.6%) 51.47 ± 26.81
CRC, colorectal cancer.
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thelium include DCs warrants future investi- 
gation.

In our analysis of 239 CRC patients, the den- 
sity of IE CD103+ cells ranged widely, from 5 to 
175 cells per field. The underlying cause of this 
variability in the apparently normal tissue is 
unclear. Previous studies have demonstrated 
that TGF-β dominantly promote expression 
CD103 in many tissues, including intestinal epi-
thelium [35]. This variability seemed to reflect 
differences in the levels of the TGF-β. Of course, 
we couldn’t exclude the effect of tumor cells, 
which may cause the variability. Therefore, in 
the present study, we paid attention to the 
interaction of CD103 expression in normal epi-
thelium and clinicopathological features. IE 
CD103+ cell density was found to be merely cor-
related with primary tumor location. This finding 
is consistent with the recent notion that colon 
cancer is quite different from rectal cancer.

As first described in CRC, the so-called Imm- 
unoscore was considered to be an important 
component of cancer classification [36]. The 
ultimate goal of this effort is to bring Imm- 
unoscore into standard clinical practice as a 
prognostic biomarker. Our results suggest that 
immunohistochemical detection of CD103 ex- 
pression in normal epithelium provide an objec-
tive surrogate to score IE immune cells. Indeed, 
IE CD103+ cell density could predict poor out-
comes in patients with colon cancer or KRAS 

ous tissues, including gut and skin [33]. 
Therefore, we examined the hypothesis that 
normal IE CD103+ cells might involve in deter-
mining the prognosis of colorectal cancer 
patients. To the best of our knowledge this is 
the first demonstration of prognostic signifi-
cance of IE CD103+ cell density. Our data indi-
cates that high IE CD103+ cell density is inde-
pendently associated with worse survival of the 
patients within the subgroup of colon cancer or 
KRAS wild type tumors.

CD103+ defines CD8+ cells that are localized  
in the epithelial compartment of epithelium-
derived tumors in many types of cancer. It has 
been shown that in human colon cancer sam-
ples CD8+ IELs were mainly CD103 and CD49d/
β7 positive, and expression of CD103 was 
restricted to a proportion of CD8+ lymphocytes 
[27]. To investigate the correlation between 
CD103+ cells and CD8+ cells in normal colonic 
mucosa, Two-color immunofluorescence stain-
ing was performed. In normal colonic mucosa, 
we found that CD103+ cells distributed equally 
within epithelial and lamina propria compart-
ments. In epithelium, most of the CD8+ cells co-
expressed CD103, but only 69.94% of CD103+ 
cells were CD8+, rare CD103+ cells were CD57+. 
It indicated that IE CD103+ cells were not 
restricted to CD8+ cells and CD57+ natural killer 
(NK) cells. Previous reports have shown that 
CD103 can be also detected on DC population 
[34], but whether IE CD103+ cells in normal epi-

Table 2. UnivariateAnalysis of Factors Associated with CRC patient outcomes (OS and DFS, n = 239)

Variable
OS DFS

Univariate Univariate
HR 95% CI P-value HR 95% CI P-value

Age, years (>60/≤60) 3.415 1.741-6.696 0.0004 1.421 0.7858-2.569 0.2451
Gender (female/male) 1.491 0.7593-2.927 0.2460 0.7204 0.3984-1.303 0.2778
Histological grade (Poor/Moderate, High) 2.140 0.8937-5.123 0.0877 0.9546 0.4483-2.033 0.9041
Mucinous (Yes/No) 1.155 0.4259-3.132 0.7771 0.8314 0.3501-1.974 0.6756
Location (Colon/Rectum) 0.6970 0.3558-1.365 0.2927 0.5692 0.3151-1.028 0.0617
Tumor status (T3-4/T1-2) 2.253 1.017-4.989 0.0453 1.495 0.7409-3.018 0.2615
Nodal status (N1-2/N0) 1.905 0.9417-3.852 0.0730 2.605 1.402-4.843 0.0025
Vessel invasion (Yes/No) 9.941 2.552-38.72 0.0009 3.144 0.9548-10.35 0.0596
Perineural invasion (Yes/No) 1.707 0.4899-5.946 0.4012 2.549 0.8176-7.947 0.1068
KRAS status (Mutant/Wild type, n = 197) 0.7077 0.3123-1.604 0.4074 1.069 0.5218-2.189 0.8558
BRAF status (Mutant/Wild type, n = 198) 416.6 40.56-4280 < 0.0001 24.32 3.246-182.2 0.0019
CD103+ cells (high/low) 1.580 0.8047-3.103 0.1839 1.341 0.712-2.427 0.3320
HR greater and less than 1 indicate increased and decreased death risk, respectively. HR, hazard ratio. CRC, colorectal cancer. 
OS, overall survival. DFS, disease free survival.
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to the expression of CD103 in tumor tissues. 
These studies mostly suggest that high den- 
sity of intratumoral CD103+ cells was responsi-
ble for improved prognosis. In contrast to the 
favorable prognosis associated with CD103 
expression in tumor epithelium, our data re- 
vealed that high levels of CD103 in normal epi-
thelium tended to be associated with poor 
prognosis. The biology of an association 
between IE CD103+ cells and poor outcome in 
patients with colon cancer or KRAS wild type 
tumors is not well understood. A potential 
explanation is that the negative prognostic 
impact of IE CD103+ cells in these conditions 
may indicate the presence of a mixed immune 
cell infiltrate containing cytotoxic and regulato-
ry T cells and reflect a partially imbalanced 
local cellular immune response, which still con-
tributes to immunosuppressive functions.

A major task of the mucosal immune system is 
to provide protection against intestinal patho-
gens; however, mucosal IELs are extremely het-
erogeneous. As a results, there was evidence 
showing direct correlation of IELs activation 
and disease progression [37]. Our present 
results show the dark side of CD103+ cells in 
colorectal cancer. 

Although the markers of dendritic cells were 
not detected in our study, combined previous 
reports and only 69.94% CD8+CD103+/CD103+ 
cells in mucosal epithelium revealed that 
CD103+ DCs may exist in mucosa. It has been 
shown that the presence of intratumoral 
CD103+ DCs correlated with cancer control 
[38]. Whether CD103+ DCs in adjacent colonic 
mucosa prohibit cancer progression was 
unknown. If there area proportion of CD103+ 
DCs in colonic mucosa, maybe the immune bal-
ance has been broken or there may be CD103+ 
DC subsets with promotion value on caner 
progression.

Another mechanism by which IE CD103 cells 
contributes to poor clinical outcomes in CRC 
may be through the CD103 inducer TGFβ. The 
TGFβ signaling pathway has been considered 
as both a tumor suppressor and a cancer pro-
moter [39]. It’s widely accepted that TGFβ1 up-
regulates expression of CD103 on T cells and 
DCs. In contrast, TGFβ1 down-regulates expres-
sion of CD103’s only known ligand E-cadherin, 
an integral adherens junction component [40]. 
Furthermore, TGFβ could suppress T cell func-

wild type tumors. However, IE CD103+ cell den-
sity could not significantly stratify patients’ out-
comes in the subgroups with rectal cancer or 
KRAS mutant tumors. One explanation for this 
might be that IE CD103+ cells in patients with 
rectal cancer or KRAS mutant tumors are not 
as functionally relevant and/or include a higher 
proportion of irrelevant ‘bystanders’.

With respect to the recent literature, previous 
studies regarding the prognostic role of CD103 
for patients with cancer were mainly according 

Figure 4. Prognostic impact of IE CD103 cell density 
depended on primary tumor location and KRAS sta-
tus. Univariate analysis demonstrated a significant 
negative effect of IE CD103 cell density on OS and/
or DFS for patients with colon cancer (A) or KRAS wild 
type tumors (C). No prognostic effect of IE CD103+ 
cells was found in patients with rectal cancer (B) or 
with KRAS mutant tumors (D).
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tion, promoting tumor immune escape [41]. 
Thus, high CD103+ density in normal epithelium 
may reflect an aggressive subtype. This possi-
bility merits further investigation.

In conclusion, our study demonstrated that 
CD103 cell density in normal colonic epitheli-
um is an independent negative prognostic fac-
tor of OS and/or DFS in colon cancer or colorec-
tal cancer with wild type KRAS status. We 
propose that CD103 expression in the colonic 
epithelium suppresses immunosurveillances. 
Future studies are required to better define the 
impact of CD103 subsets on CRC outcomes.
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Table 3. Univariate and Multivariate Analysis of Factors Associated with colon cancer patient out-
comes (OS and DFS, n = 121)

Variable

OS DFS

Univariate
Multivariate

Univariate
Multivariate

HR 95% CI P-value HR 95% CI P-value

Age, years (>60/≤60) 0.003 13.808 1.763-108.136 0.012 0.442 NA

Gender (female/male) 0.500 NA 0.056 NA

Histological grade (Poor/Moderate, High) 0.042 3.247 1.051-10.029 0.041 0.657 NA

Mucinous (Yes/No) 0.709 NA 0.494 NA

Tumor status (T3-4/T1-2) 0.148 NA 0.117 NA

Nodal status (N1-2/N0) 0.629 NA 0.031 3.345 1.204-9.297 0.021

Vessel invasion (Yes/No) < 0.001 5.824 1.912-17.740 0.002 0.158 NA

Perineural invasion (Yes/No) 0.501 NA 0.579 NA

CD103+ cells (high/low) 0.076 NA 0.023 3.938 1.259-12.319 0.018
HR greater and less than 1 indicate increased and decreased death risk, respectively. HR, hazard ratio. OS, overall survival. DFS, disease free survival.

Table 4. Univariate and Multivariate Analysis of Factors Associated with KRAS Wild type patient out-
comes (OS and DFS, n = 125)

Variable
OS DFS

Univariate
Multivariate

Univariate
Multivariate

HR 95% CI P-value HR 95% CI P-value
Age, years (>60/≤60) 0.017 5.414 1.655-17.706 0.005 0.265 NA

Gender (female/male) 0.967 NA 0.569 NA

Histological grade (Poor/Moderate, High) 0.317 NA 0.187 NA

Mucinous (Yes/No) 0.256 NA 0.412 NA

Location (Colon/Rectum) 0.257 NA 0.179 NA

Tumor status (T3-4/T1-2) 0.125 NA 0.224 NA

Nodal status (N1-2/N0) 0.033 3.348 1.258-8.915 0.016 0.001 4.915 1.877-12.869 0.001

Vessel invasion (Yes/No) < 0.001 6.678 2.383-18.716 < 0.001 0.002 2.743 0.981-7.674 0.054

Perineural invasion (Yes/No) 0.184 NA 0.278 NA

CD103+ cells (high/low) 0.029 3.387 1.172-9.784 0.024 0.026 3.150 1.199-8.274 0.020
HR greater and less than 1 indicate increased and decreased death risk, respectively. HR, hazard ratio. OS, overall survival. DFS, disease free survival.



Prognostic significance of CD103+ cell density in CRC patients

6633	 Int J Clin Exp Pathol 2017;10(6):6624-6634

Fuchs CS and Ogino S. Tumour-infiltrating T-cell 
subsets, molecular changes in colorectal can-
cer, and prognosis: cohort study and literature 
review. J Pathol 2010; 222: 350-366.

[11]	 Mlecnik B, Bindea G, Angell HK, Sasso MS, 
Obenauf AC, Fredriksen T, Lafontaine L, Bilocq 
AM, Kirilovsky A, Tosolini M, Waldner M, Berger 
A, Fridman WH, Rafii A, Valge-Archer V, Pages F, 
Speicher MR and Galon J. Functional network 
pipeline reveals genetic determinants associ-
ated with in situ lymphocyte proliferation and 
survival of cancer patients. Sci Transl Med 
2014; 6: 228ra37.

[12]	 Di Caro G, Bergomas F, Grizzi F, Doni A, Bianchi 
P, Malesci A, Laghi L, Allavena P, Mantovani A 
and Marchesi F. Occurrence of tertiary lym-
phoid tissue is associated with T-cell infiltra-
tion and predicts better prognosis in early-
stage colorectal cancers. Clin Cancer Res 
2014; 20: 2147-2158.

[13]	 Dou R, Nishihara R, Cao Y, Hamada T, Mima K, 
Masuda A, Masugi Y, Shi Y, Gu M, Li W, da Silva 
A, Nosho K, Zhang X, Meyerhardt JA, Giovan-
nucci EL, Chan AT, Fuchs CS, Qian ZR and Ogi-
no S. MicroRNA let-7, T Cells, and patient sur-
vival in colorectal cancer. Cancer Immunol Res 
2016; 4: 927-935.

[14]	 Kawaoka Y. How Ebola virus infects cells. N 
Engl J Med 2005; 352: 2645-2646.

[15]	 Sheridan BS and Lefrancois L. Regional and 
mucosal memory T cells. Nat Immunol 2011; 
12: 485-491.

[16]	 Frey DM, Droeser RA, Viehl CT, Zlobec I, Lugli A, 
Zingg U, Oertli D, Kettelhack C, Terracciano L 
and Tornillo L. High frequency of tumor-infiltrat-
ing FOXP3(+) regulatory T cells predicts im-
proved survival in mismatch repair-proficient 
colorectal cancer patients. Int J Cancer 2010; 
126: 2635-2643.

[17]	 Correale P, Rotundo MS, Del Vecchio MT, Re-
mondo C, Migali C, Ginanneschi C, Tsang KY, 
Licchetta A, Mannucci S, Loiacono L, Tassone 
P, Francini G and Tagliaferri P. Regulatory 
(FoxP3+) T-cell tumor infiltration is a favorable 
prognostic factor in advanced colon cancer pa-
tients undergoing chemo or chemoimmuno-
therapy. J Immunother 2010; 33: 435-441.

[18]	 Salama P, Phillips M, Grieu F, Morris M, Zeps N, 
Joseph D, Platell C and Iacopetta B. Tumor-infil-
trating FOXP3+ T regulatory cells show strong 
prognostic significance in colorectal cancer. J 
Clin Oncol 2009; 27: 186-192.

[19]	 Salama P, Stewart C, Forrest C, Platell C and 
Iacopetta B. FOXP3+ cell density in lymphoid 
follicles from histologically normal mucosa is a 
strong prognostic factor in early stage colon 
cancer. Cancer Immunol Immunother 2012; 
61: 1183-1190.

Address correspondence to: Dr. Ji Cui, Department 
of Gastrointestinal Surgery, The First Affiliated 
Hospital, Sun Yat-sen University, 58 Zhongshan Er 
Road, Guangzhou 510080, Guangdong, China. Tel: 
+86 20 87755766; Fax: +86 20 87755766; E-mail: 
cuijisysu@163.com; Dr. Meijin Huang, Department 
of Colorectal Surgery, The Sixth Affiliated Hospital, 
Sun Yat-sen University, Guangzhou 510655, China; 
Guangdong Provincial Key Laboratory of Colorectal 
and Pelvic Floor Diseases, The Sixth Affiliated 
Hospital (Guangdong Gastrointestinal and Anal Hos- 
pital), Sun Yat-sen University, Guangzhou 510655, 
Guangdong, China. Tel: +86 20 38250745; Fax: +86 
20 38254221; E-mail: meijinhuang3@163.com

References

[1]	 Siegel RL, Miller KD and Jemal A. Cancer Sta-
tistics, 2017. CA Cancer J Clin 2017; 67: 7-30.

[2]	 Brenner H, Kloor M and Pox CP. Colorectal can-
cer. Lancet 2014; 383: 1490-1502.

[3]	 Fearon ER. Molecular genetics of colorectal 
cancer. Annu Rev Pathol 2011; 6: 479-507.

[4]	 Tamas K, Walenkamp AM, de Vries EG, van 
Vugt MA, Beets-Tan RG, van Etten B, de Groot 
DJ and Hospers GA. Rectal and colon cancer: 
not just a different anatomic site. Cancer Treat 
Rev 2015; 41: 671-679.

[5]	 Slattery ML, Herrick JS, Pellatt DF, Mullany LE, 
Stevens JR, Wolff E, Hoffman MD, Wolff RK 
and Samowitz W. Site-specific associations  
between miRNA expression and survival in 
colorectal cancer cases. Oncotarget 2016; 7: 
60193-60205.

[6]	 Dalerba P, Maccalli C, Casati C, Castelli C and 
Parmiani G. Immunology and immunotherapy 
of colorectal cancer. Crit Rev Oncol Hematol 
2003; 46: 33-57.

[7]	 Vannucci L. Cancer immunology and colore- 
ctal cancer recurrence. Front Biosci (Schol Ed) 
2011; 3: 1421-1431.

[8]	 Galon J, Costes A, Sanchez-Cabo F, Kirilovsky 
A, Mlecnik B, Lagorce-Pages C, Tosolini M, Ca-
mus M, Berger A, Wind P, Zinzindohoue F, Bru-
neval P, Cugnenc PH, Trajanoski Z, Fridman 
WH and Pages F. Type, density, and location of 
immune cells within human colorectal tumors 
predict clinical outcome. Science 2006; 313: 
1960-1964.

[9]	 Mlecnik B, Tosolini M, Kirilovsky A, Berger A, 
Bindea G, Meatchi T, Bruneval P, Trajanoski Z, 
Fridman WH, Pages F and Galon J. Histopatho-
logic-based prognostic factors of colorectal 
cancers are associated with the state of the 
local immune reaction. J Clin Oncol 2011; 29: 
610-618.

[10]	 Nosho K, Baba Y, Tanaka N, Shima K, Hayashi 
M, Meyerhardt JA, Giovannucci E, Dranoff G, 

mailto:cuijisysu@163.com
mailto:meijinhuang3@163.com


Prognostic significance of CD103+ cell density in CRC patients

6634	 Int J Clin Exp Pathol 2017;10(6):6624-6634

a favorable prognosis in urothelial cell carci-
noma of the bladder. J Urol 2015; 194: 556-
562.

[32]	 Boland CR and Kim YS. Transitional mucosa of 
the colon and tumor growth factors. Med Hy-
potheses 1987; 22: 237-243.

[33]	 Sathaliyawala T, Kubota M, Yudanin N, Turner 
D, Camp P, Thome JJ, Bickham KL, Lerner H, 
Goldstein M, Sykes M, Kato T and Farber DL. 
Distribution and compartmentalization of hu-
man circulating and tissue-resident memory T 
cell subsets. Immunity 2013; 38: 187-197.

[34]	 Bekiaris V, Persson EK and Agace WW. Intesti-
nal dendritic cells in the regulation of mucosal 
immunity. Immunol Rev 2014; 260: 86-101.

[35]	 El-Asady R, Yuan R, Liu K, Wang D, Gress RE, 
Lucas PJ, Drachenberg CB and Hadley GA.  
TGF-{beta}-dependent CD103 expression by 
CD8(+) T cells promotes selective destruction 
of the host intestinal epithelium during graft-
versus-host disease. J Exp Med 2005; 201: 
1647-1657.

[36]	 Galon J, Pages F, Marincola FM, Angell HK, 
Thurin M, Lugli A, Zlobec I, Berger A, Bifulco C, 
Botti G, Tatangelo F, Britten CM, Kreiter S, 
Chouchane L, Delrio P, Arndt H, Asslaber M, 
Maio M, Masucci GV, Mihm M, Vidal-Vanaclo-
cha F, Allison JP, Gnjatic S, Hakansson L, Huber 
C, Singh-Jasuja H, Ottensmeier C, Zwierzina H, 
Laghi L, Grizzi F, Ohashi PS, Shaw PA, Clarke 
BA, Wouters BG, Kawakami Y, Hazama S, Oku-
no K, Wang E, O’Donnell-Tormey J, Lagorce C, 
Pawelec G, Nishimura MI, Hawkins R, Lapointe 
R, Lundqvist A, Khleif SN, Ogino S, Gibbs P, 
Waring P, Sato N, Torigoe T, Itoh K, Patel PS, 
Shukla SN, Palmqvist R, Nagtegaal ID, Wang Y, 
D’Arrigo C, Kopetz S, Sinicrope FA, Trinchieri G, 
Gajewski TF, Ascierto PA and Fox BA. Cancer 
classification using the immunoscore: a world-
wide task force. J Transl Med 2012; 10: 205.

[37]	 Cheroutre H, Lambolez F and Mucida D. The 
light and dark sides of intestinal intraepithelial 
lymphocytes. Nat Rev Immunol 2011; 11: 445-
456.

[38]	 Hansen M and Andersen MH. The role of den-
dritic cells in cancer. Semin Immunopathol 
2017; 39: 307-316.

[39]	 Akhurst RJ and Derynck R. TGF-beta signaling 
in cancer-a double-edged sword. Trends Cell 
Biol 2001; 11: S44-51.

[40]	 Cepek KL, Shaw SK, Parker CM, Russell GJ, 
Morrow JS, Rimm DL and Brenner MB. Adhe-
sion between epithelial cells and T lympho-
cytes mediated by E-cadherin and the alpha E 
beta 7 integrin. Nature 1994; 372: 190-193.

[41]	 Zhou X, Mao Y, Zhu J, Meng F, Chen Q, Tao L, Li 
R, Fu F, Liu C, Hu Y, Wang W, Zhang H, Hua D, 
Chen W and Zhang X. TGF-beta1 promotes 
colorectal cancer immune escape by elevating 
B7-H3 and B7-H4 via the miR-155/miR-143 
axis. Oncotarget 2016; 7: 67196-67211.

[20]	 Kilshaw PJ and Baker KC. A unique surface an-
tigen on intraepithelial lymphocytes in the 
mouse. Immunol Lett 1988; 18: 149-154.

[21]	 Agace WW, Higgins JM, Sadasivan B, Brenner 
MB and Parker CM. T-lymphocyte-epithelial-
cell interactions: integrin alpha(E)(CD103)
beta(7), LEEP-CAM and chemokines. Curr Opin 
Cell Biol 2000; 12: 563-568.

[22]	 Schon MP, Arya A, Murphy EA, Adams CM, 
Strauch UG, Agace WW, Marsal J, Donohue JP, 
Her H, Beier DR, Olson S, Lefrancois L, Brenner 
MB, Grusby MJ and Parker CM. Mucosal T lym-
phocyte numbers are selectively reduced in 
integrin alpha E (CD103)-deficient mice. J Im-
munol 1999; 162: 6641-6649.

[23]	 Cerf-Bensussan N, Jarry A, Brousse N, Lisows-
ka-Grospierre B, Guy-Grand D and Griscelli C. A 
monoclonal antibody (HML-1) defining a novel 
membrane molecule present on human intes-
tinal lymphocytes. Eur J Immunol 1987; 17: 
1279-1285.

[24]	 Annacker O, Coombes JL, Malmstrom V, Uhlig 
HH, Bourne T, Johansson-Lindbom B, Agace 
WW, Parker CM and Powrie F. Essential role for 
CD103 in the T cell-mediated regulation of ex-
perimental colitis. J Exp Med 2005; 202: 
1051-1061.

[25]	 Quinn E, Hawkins N, Yip YL, Suter C and  
Ward R. CD103+ intraepithelial lymphocytes-a 
unique population in microsatellite unstable 
sporadic colorectal cancer. Eur J Cancer 2003; 
39: 469-475.

[26]	 Anz D, Mueller W, Golic M, Kunz WG, Rapp M, 
Koelzer VH, Ellermeier J, Ellwart JW, Schnurr 
M, Bourquin C and Endres S. CD103 is a hall-
mark of tumor-infiltrating regulatory T cells. Int 
J Cancer 2011; 129: 2417-2426.

[27]	 Ling KL, Dulphy N, Bahl P, Salio M, Maskell K, 
Piris J, Warren BF, George BD, Mortensen NJ 
and Cerundolo V. Modulation of CD103 expres-
sion on human colon carcinoma-specific CTL. J 
Immunol 2007; 178: 2908-2915.

[28]	 Djenidi F, Adam J, Goubar A, Durgeau A, Meu-
rice G, de Montpreville V, Validire P, Besse B 
and Mami-Chouaib F. CD8+CD103+ tumor-infil-
trating lymphocytes are tumor-specific tissue-
resident memory T cells and a prognostic fac-
tor for survival in lung cancer patients. J 
Immunol 2015; 194: 3475-3486.

[29]	 Wang ZQ, Milne K, Derocher H, Webb JR, Nel-
son BH and Watson PH. CD103 and intratu-
moral immune response in breast cancer. Clin 
Cancer Res 2016; 22: 6290-6297.

[30]	 Webb JR, Milne K, Watson P, Deleeuw RJ and 
Nelson BH. Tumor-infiltrating lymphocytes ex-
pressing the tissue resident memory marker 
CD103 are associated with increased survival 
in high-grade serous ovarian cancer. Clin Can-
cer Res 2014; 20: 434-444.

[31]	 Wang B, Wu S, Zeng H, Liu Z, Dong W, He W, 
Chen X, Dong X, Zheng L, Lin T and Huang J. 
CD103+ tumor infiltrating lymphocytes predict 


