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The expression of CD10 in tumor cells has been reported to
correlate with liver metastasis in colorectal cancer (CRC). However,
fibroblasts and immune cells positive for CD10 at the tumor inva-
sion front have not been comprehensively studied. We classified
CD10 expression patterns into three types of cells, tumor cells
(tCD10), stromal myofibroblasts (sCD10), and immune cells (iCD10),
and investigated their correlation with the expression of trans-
forming growth factor-b (TGF-b1) protein and tumor budding
grade. Several cell surface markers were stained to detect the phe-
notype of iCD10+ cells, including CD3, CD20, CD11b, CD14, CD15,
and CD163. Specimens and follow-up data of 206 CRC patients
were examined. In multivariate analysis, iCD10 could be an inde-
pendent prognostic factor for both recurrence-free survival and
overall survival in stage I–III CRC (hazard ratio, 2.522 [1.299–4.896],
P = 0.006; 2.890 [1.357–6.157], P = 0.006, respectively). The expres-
sion of sCD10 and iCD10 was strongly correlated with TGF-b1
expression in tumor cells and tumor budding grade. The phenotype
of iCD10+ cells was CD11b+ and CD15+ granulocytes. The infiltration
of sCD10+ fibroblasts and iCD10+ granulocytes at the tumor inva-
sion front might interact with TGF-b1 protein expression and
enhance tumor budding grade. The expression level of iCD10 at the
tumor invasion front represented an independent prognostic bio-
marker in stage I–III CRC and could be integrated into a new staging
system. (Cancer Sci 2011; 102: 1724–1733)

C olorectal cancer (CRC) is the third most frequently diag-
nosed cancer worldwide.(1) According to the new TNM

staging system, it is now clear that there is an interaction
between the T (tumor depth) and N (lymph node metastasis)
designations that is likely to depend on the expression of specific
molecules within the cancer cells.(2) Thus, by the time the next
edition of the UICC’s TNM Classification of Malignant Tumors
is published, it might be possible to add molecular profiling
information to enhance the accuracy of prognoses or even
responses to therapy.

CD10 was first reported as a source of an epitope of the J5
mAb that was used to identify subtypes of leukemia 28 years
ago.(3) CD10 is a 90–100-kDa cell surface–zinc-dependent me-
talloprotease that has been referred to as neutral endopeptidase
(EC 3.4.24.11), enkephalinase, neprilysin, and common acute
lymphoblastic leukemia antigen.(4) CD10 is normally expressed
on the brush border of the small intestine, the lining cells of the
intrahepatic biliary tract, granulocytes, germinal center B cells,
and some lymphoid progenitor cells that express nuclear termi-
nal deoxynucleotidyl transferase.(5) Previously, CD10 protein
was found to be expressed in colorectal cancer tissue including
tumor cells,(6–10) and tumor-associated fibroblasts.(11) Some
reports revealed that CD10 in tumor cells was associated with
liver metastasis in CRC,(8–12) and the expression of CD10 in
stromal myofibroblasts increased during CRC development.(11)
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However, it is not yet known whether CD10 is expressed in
inflammatory infiltrating cells in CRC. To elucidate the role of
CD10 in the development of CRC, we carried out immunohisto-
chemical staining of CD10 in CRC and classified the expression
patterns of CD10 into three different types including tumor
cells, stromal myofibroblasts, and infiltrating immune cells.

Cross-talk between tumor cells and the host immune reaction
is associated with several cytokines. It has been reported that the
transforming growth factor-b (TGF-b) is an important cytokine
involved in this cross-talk,(13) which regulates cell proliferation,
differentiation, motility, apoptosis, and ECM formation in dif-
ferent cell types in the tumor microenvironment.(14–17) In the
advanced stages of CRC, high expression of TGF-b1 protein by
tumor cells is correlated with tumor progression,(16,17) and may
induce infiltration and polarization of infiltrating immune cells
at the tumor–host interface.(18)

Moreover, TGF-b1 protein was primarily secreted in latent
type. The physiological activation of TGF-b1 from latent type
may involve surface receptors and localized protease activity.
During this process, a hinge region in latent TGF-b binding pro-
tein needs to be exposed and cleaved by proteases. The large
latent complex from the tissue matrix is released by proteases
such as metalloproteases.(19) Therefore, the novel relationship
between the expression of CD10, as a metalloprotease, and
TGF-b1 protein at the tumor invasion front is explored in this
report.

In addition, the expression patterns of CD10 and TGF-b1 pro-
tein were examined at tumor invasion fronts. Tumor budding
has been widely reported as one of the most important prognos-
tic factors and represents the tumor dissemination pheno-
type.(20,21) The correlation between CD10 expression patterns
and the budding grade of tumor cells was also examined to sup-
port the association between unfavorable outcome and CD10
expression patterns.

Materials and Methods

Patients and specimens. We examined tissue samples from
CRC patients who underwent surgical treatment between 1998
and 2005 at the Shiga University of Medical Science Hospital
(Otsu, Shiga, Japan). Of these, 206 cases were suitable for enrol-
ment in this retrospective study, which fulfilled following three
criteria: (i) adenocarcinoma as the histological diagnosis; (ii) at
least 5-year follow-up for censor subjects; and (iii) the maximal
size of tissues could be retrieved. This study consisted of 114
males and 92 females; the patients’ age ranged from 19 to
92 years (mean, 63.3 years). All of the 67 stage III patients
and 39 of 71 stage II patients received adjuvant therapy with
doi: 10.1111/j.1349-7006.2011.01987.x
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5-fluorouracil. The baseline clinicopathological features are
given in Table 1. Cancer tissue specimens were used after
informed consent was obtained from the patients in accordance
with the institutional guidelines. Specimens were fixed in 10%
formalin for 24–48 h and embedded in paraffin blocks. Tissue
sections were sampled along the maximum tumor diameter and
included the deepest site of cancer invasion.

Immunohistochemistry for individual staining. Using serial 3-
lm tissue sections, immunohistochemical stainings were carried
out with mouse mAb CD10 (Clone 56C6, 1:100; Leica Biosys-
tems, Newcastle, UK), TGF-b1 (Clone TB21, 1:500; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), and pan-cytokeratin
(Clone AE1 ⁄ AE3, Ready-to-use; Dako, Glostrup, Denmark).
Antigen retrieval was carried out using Immunosaver (1:200;
Nissin EM, Tokyo, Japan) at 98�C for 45 min. The sections
were incubated with the primary antibodies for 18 h at 4�C after
blocking with hydrogen peroxide, 3% in methanol. The antibod-
ies bound to tissue sections were detected by a polymer method
(Histofine MAX-PO multi; Nichirei, Tokyo, Japan) and visual-
ized using diaminobenzidine (Histofine DAB solution; Nichirei).
Nuclei were lightly counterstained with hematoxylin.

Evaluation of immunohistochemical staining. All slides were
assessed by two investigators (KDT, KM), without any prior
knowledge of patient data, using captured microscopic images
on a monitor. Expression levels of CD10 and TGF-b1 were
evaluated along the tumor invasion front over the whole section
(7–10 view fields per section).

Expression patterns of CD10 were classified into three cell
types: tumor cell expression (tCD10); pericryptal stromal myofi-
Table 1. Correlation between CD10 expression patterns and baseline cha

Factors n = 206
tCD10

P-value
Low High

Age (years)

<60 73 (35.4) 47 (64.4) 26 (35.6) 0.500† 49

‡60 133 (65.6) 87 (56.4) 46 (34.6) 83

Gender

Female 92 (44.7) 65 (70.7) 27 (29.3) 0.085† 61

Male 114 (55.3) 69 (60.5) 45 (39.5) 71

Location

Colon 114 (55.3) 71 (61.4) 43 (38.6) 0.218† 82

Rectum 92 (44.7) 63 (68.5) 29 (31.5) 50

Histological type

Well 50 (24.3) 29 (58.0) 21 (42.0) 0.029‡ 32

Moderate 144 (69.9) 93 (64.6) 51 (35.4) 93

Poor 12 (5.8) 12 (100.0) 0 (0.0) 7

Tumor depth

pT1 14 (6.8) 12 (85.7) 2 (14.3) 0.920‡ 9

pT2 34 (16.5) 22 (64.7) 12 (35.3) 22

pT3 92 (44.7) 52 (56.5) 40 (43.5) 61

pT4 66 (32.0) 48 (72.7) 18 (27.3) 40

LN metastasis

Negative 111 (53.9) 70 (63.1) 41 (36.9) 0.309† 71

Positive 95 (46.1) 64 (67.4) 31 (32.6) 61

Distant metastasis

No 169 (82.0) 110 (65.1) 59 (34.9) 0.560† 106

Yes 37 (18.0) 24 (64.9) 13 (35.1) 26

TNM stage

I 31 (15.0) 20 (64.5) 11 (35.5) 0.708‡ 22

II 71 (34.5) 44 (62.0) 27 (38.0) 43

III 67 (32.5) 46 (68.7) 21 (31.3) 41

IV 37 (18.0) 24 (64.9) 13 (35.1) 26

Total 206 134 (65.0) 72 (35.0) 132

Values expressed as n (%). P-values < 0.05 are highlighted in bold. †Chi-sq
expression in immune cells; LN, lymph node; sCD10, CD10 expression in str
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broblast expression (sCD10); and infiltrated immune cell expres-
sion at the tumor invasion front (iCD10). Expression levels of
tCD10, sCD10, and TGF-b1 in tumor cells were divided into four
grades based on the percentage encountered: (i) grade 0, negative
or weak staining up to 5%; (ii) grade 1+, 5–30% tumor encoun-
tered; (iii) grade 2+, 30–60% tumor encountered; and (iv) grade
3+, over 60% tumor encountered. Expression levels of iCD10
were divided into four grades: (i) grade 0, negative or weak
expression along the tumor invasion front over the whole section;
(ii) grade 1+, strong expression in <0.25 area of the tumor inva-
sion front over the whole section; (iii) grade 2+, strong expres-
sion in 0.25–0.5 area of the tumor invasion front over the whole
section; and (iv) grade 3+, strong expression in more than 0.5
area of the tumor invasion front over the whole section. For sta-
tistical analysis of CD10 expression patterns, grades 0 and 1+
were counted as the low expression level group, and grades 2+
and 3+ were counted as the high expression level group.

The tumor budding grade was assessed by a method similar to
one previous report(21) using pan-cytokeratin mAb. Briefly, the
sections were viewed at scanning magnification and three areas
with maximal budding were located at the invasion fronts. Sub-
sequently, single tumor cells or all separate microclusters of
tumor cells with five or fewer nuclei were counted in three max-
imal budding areas at ·200 magnification using captured micro-
scopic images on a monitor. The final result of budding grade
was scored as the average of three maximal budding areas.

Immunohistochemistry for double-labeled staining. Double-
labeled staining was carried out to show the associations
between CD10 and TGF-b1 protein expressions by two different
racteristic features in 206 patients with colorectal cancer

sCD10
P-value

iCD10
P-value

Low High Low High

(67.1) 24 (32.9) 0.302† 47 (64.4) 26 (35.6) 0.073†

(62.4) 50 (37.6) 102 (76.7) 31 (23.3)

(66.3) 31 (33.7) 0.326† 71 (77.2) 21 (22.8) 0.107†

(62.3) 43 (37.7) 78 (68.4) 36 (31.6)

(71.9) 32 (28.1) 0.007† 86 (75.4) 28 (24.6) 0.170†

(54.3) 42 (45.7) 63 (68.5) 29 (31.5)

(64.0) 18 (36.0) 0.910‡ 32 (64.0) 18 (36.0) 0.099‡

(64.6) 51 (35.4) 107 (74.3) 37 (25.7)

(58.3) 5 (41.7) 10 (83.3) 2 (16.7)

(64.3) 5 (35.7) 0.908‡ 9 (64.3) 5 (35.7) 0.106‡

(64.7) 12 (35.3) 29 (85.3) 5 (14.7)

(66.3) 31 (33.7) 69 (75.0) 23 (25.0)

(60.6) 26 (39.4) 42 (63.6) 24 (36.4)

(64.0) 40 (36.0) 0.544† 74 (66.7) 37 (33.3) 0.061†

(64.2) 34 (35.8) 75 (78.9) 20 (21.1)

(62.7) 63 (37.3) 0.251† 122 (72.2) 47 (27.8) 0.550†

(70.3) 11 (29.7) 27 (73.0) 10 (27.0)

(71.0) 9 (29.0) 0.598‡ 24 (77.4) 7 (22.6) 0.575‡

(60.6) 28 (39.4) 45 (63.4) 26 (36.6)

(61.2) 26 (38.8) 53 (79.1) 14 (20.9)

(70.3) 11 (29.7) 27 (73.0) 10 (27.0)

(64.1) 74 (35.9) 149 (72.3) 57 (27.7)

uared of Fisher’s exact test. ‡Linear-by-linear association. iCD10, CD10
omal myofibroblasts; tCD10, CD10 expression in tumor cells.
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double detection methods, following the manufacturer’s instruc-
tions. Antigen retrieval was carried out using Immunosaver
(1:200; Nissin EM) at 98�C for 45 min before each primary anti-
body incubation. A 1:500 dilution of TGF-b1 mAb was incu-
bated at room temperature for 30 min as the first primary
antibody, detected by the alkaline phosphatase method with a
Histofine Simple Stain AP kit (Nichirei), then visualized by
5-bromo-4-chloro-3-indolyl phosphate (BCIP) ⁄ nitro blue tetra-
zolium (NBT) (blue) (Dako, Glostrup, Denmark). The second
primary antibody, CD10, was incubated at room temperature at
a 1:50 dilution for 45 min and detected by a polymer method,
MAX-PO multi (Nichirei), using 3,3¢-diaminobenzidine-tetra-
chloride (Nichirei) as visualization.

Investigation of the phenotype of iCD10+ cells. To investigate
the phenotype of iCD10+ cells, other cell surface markers were
stained, including CD3 (Clone PS1, ready-to-use; Nichirei) for
T-cells, CD20 (Clone L26, ready-to-use; Nichirei) for B-cells,
CD11b (Clone EP1345Y, 1:200; Abcam, Cambridge, MA,
USA) and CD15 (Clone C3D-1, 1:50; Dako) for granulocytes,
and CD14 (Clone 7, 1:100; Leica Biosystems) and CD163
(Clone 10D6, 1:100; Leica Biosystems) for monocytes and
macrophages, respectively.(22)

Investigation of infiltrating neutrophils by H&E staining.
Neutrophils (polymorphonuclear cells) were detected on H&E
stained sections in all cases using the method described by Klint-
rup et al.(23) Briefly, a four-point scale is used that indicates: 0,
absence of granulocytes; 1, weak staining; 2, moderate staining;
and 3, substantial increase in the number of granulocytes. Scores
0 and 1 are considered to represent low infiltration of neutro-
phils, whereas scores 2 and 3 represent high infiltration.

Statistical analysis. Cross-tabulations were analyzed with the
chi-squared test and Fisher’s exact test. To test the linear associ-
ation between two ordinal scale variables, the exact linear-by-
linear association test was carried out. Means of budding grade
in each group were compared using ANOVA. Kaplan–Meier sur-
vival analysis was used to estimate cancer-specific survival, and
comparisons between groups were carried out using the Mantel
sCD10 iCtCD10
(A) (B) (C)

Table 2. Univariate and multivariate analysis of prognostic factors in sta

Factor
n = 169

Recurrence-free survival pred

Univariate Multivariate

Risk indicator P-value† OR 95% confidence int

Tumor depth pT4 0.019 1.825 0.982–3.392

Lymph node Positive <0.001 4.968 1.887–13.078

Histological type Poor 0.031 2.812 1.001–7.903

tCD10 High 0.246 1.711 0.886–3.305

sCD10 High 0.764 0.640 0.316–1.297

iCD10 High 0.005 2.522 1.299–4.896

TGF-b1 High 0.091 1.456 0.740–2.867

Budding High 0.037 1.523 0.802–2.893

Adjuvant therapy No 0.093 1.933 0.683–5.469

P-values < 0.05 and significant results are highlighted in bold. †Chi-square
in immune cells; sCD10, CD10 expression in stromal myofibroblasts; tCD10,
factor-b1.

1726
log–rank test. To study the multivariate analysis for covariates,
we used a Cox regression model to determine hazard ratios
(HR) for prognostic factors. Statistical analyses were carried out
using SPSS statistical software version 19.0.0 (IBM, New York,
NY, USA). A level of P < 0.05 was considered statistically
significant.

Results

Clinicopathological characteristics and CD10 expression
patterns. Expression patterns of CD10 are shown in Figure 1,
including tCD10, sCD10, and iCD10. High expression was
observed in 72 of 206 (35.0%) tumors for tCD10, 74 of 206
(35.9%) tumors for sCD10, and 57 of 206 (27.7%) tumors for
iCD10. Clinicopathological characteristics and CD10 expression
patterns are summarized in Table 1. Significant correlations
were found between tCD10 with histological type (P = 0.029),
and sCD10 with tumor location (P = 0.007). No significant
association was found between any CD10 expression patterns
and factors in TNM staging.

Outcome prediction of CD10 expression patterns and other
clinicopathological factors. We investigated the clinical out-
come of 169 patients, excluding cases of stage IV, who under-
went curative treatment by surgery and adjuvant therapy. There
were three of 31 (9.7%) patients with stage I, 15 of 71 (21.1%)
patients with stage II, and 30 of 67 (44.8%) patients with stage
III who developed disease recurrence during the follow-up per-
iod. Table 2 shows the outcome impact of CD10 expression pat-
tern together with baseline clinicopathological factors, including
recurrence-free survival (RFS) and overall survival (OS) ana-
lyzed by univariate and multivariate analysis using the Cox
regression model. Univariate analyses of recurrence status
revealed that the histological type, tumor depth, lymph node sta-
tus, tumor budding, and iCD10 expression were predictors of
disease recurrence status. However, in multivariate analysis of
these factors, lymph node status, histological type, and iCD10
were independent prognostic factors of RFS (HR, 4.968
D10

Fig. 1. Expression patterns of CD10 protein in
colorectal cancer. CD10 expression in (A) tumor cells
(·200), (B) stromal myofibroblasts (·100 field), and
(C) infiltrating immune cells (·100 field).

ge I–III cases of colorectal cancer

ictor Overall survival predictor

Univariate Multivariate

erval P-value‡ P-value§ HR 95% confidence interval P-value‡

0.057 0.034 1.728 0.867–3.447 0.120

0.001 0.004 4.361 1.474–12.896 0.008

0.050 0.037 3.120 0.969–10.039 0.056

0.110 0.555 1.690 0.803–3.557 0.167

0.216 0.170 0.813 0.370–1.783 0.605

0.006 <0.001 2.890 1.357–6.157 0.006

0.277 0.028 1.618 0.736–3.557 0.231

0.199 0.008 1.738 0.829–3.645 0.143

0.214 0.288 2.141 0.757–7.697 0.136

d test; ‡Cox regression model; §Log–rank test. iCD10, CD10 expression
CD10 expression in tumor cells; TGF-b1, transforming growth

doi: 10.1111/j.1349-7006.2011.01987.x
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(B)(A)

(C) (D)

(E) (F)

Fig. 2. Kaplan–Meier analysis using the CD10 expression level of infiltrating immune cells (iCD10+) integrated into the TNM staging system.
(A,B) Recurrence-free survival and overall survival using the TNM system. (C,D) Integration of iCD10 criteria into the TNM system. (E,F) Three
groups of patients, after integration of iCD10 into the TNM system, showed increased significance of prognosis compared to the TNM system
only.
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(1.887–13.078), P = 0.001; 2.812 (1.001–7.903), P = 0.050; and
2.522 (1.299–4.896), P = 0.006, respectively). In parallel, uni-
variate analysis of OS showed that histological type, tumor
depth, lymph node status, tumor budding, TGF-b1, and iCD10
expression were predictors of survival. However, in multivariate
analysis, only lymph node status and iCD10 expression were
independent prognostic factors for OS (HR, 4.316 (1.474–
12.896), P = 0.008; and 2.890 (1.357–6.157), P = 0.006,
respectively). In the stage IV group, iCD10 was not significant
for prediction of overall survival.

Integration of iCD10 into TNM system to reclassify stage I–III
CRC. The role of TNM staging to predict patient outcome in
stage I–III CRC is shown in Figure 2(A) for RFS and Fig-
ure 2(B) for OS. When adding iCD10 criteria to the first three
stages of TNM staging, six subsets of patients were determined.
Figure 2(C,D) shows the RFS and OS of these six populations.
We reclassified the stages into three groups labeled A, B, and C
following their cumulative survival results. Group A included
stage I and II with iCD10 low expression. Group B included
stage I and II with iCD10 high expression and stage III with
iCD10 low expression. Group C included stage III with iCD10
high expression. We found that these classifications only
depended on lymph node metastasis status and iCD10 expres-
sion (Fig. 2C). Using this classification, Figure 2(E,F) shows
that RFS and OS were more significant when compared to the
Table 3. Correlation between CD10 expression pattern and transformin

the tumor invasion fronts in 206 patients with colorectal cancer

Factors n = 206
TGF-b1

0 1+ 2+

tCD10

0 104 25 28 34

1+ 30 6 6 8

2+ 26 3 5 11

3+ 46 5 14 14

sCD10

0 60 15 22 11

1+ 72 15 20 22

2+ 43 7 7 17

3+ 31 2 4 17

iCD10

0 88 19 32 22

1+ 61 17 12 17

2+ 28 3 4 12

3+ 29 0 5 16

Grades 0 and 1+, low expression levels; grades 2+ and 3+, high expression
association; ‡ANOVA test. iCD10, CD10 expression in immune cells; sCD10, CD
tumor cells.

(B)(A)

1728
basic TNM staging only, based on the chi-squared statistical
results given in Figure 2(A,B,E,F). This result suggested that it
is useful to add iCD10 criteria to TNM staging in stage I–III
disease.

Correlation between CD10 expression patterns and TGF-b1
protein at tumor invasion front. The correlation between TGF-
b1 protein and expression patterns of CD10 is shown in Table 3.
There was correlation between tCD10 and TGF-b1 (P = 0.027)
and strong correlation between sCD10 and iCD10 with TGF-b1
protein expression in tumor cells at the invasion front
(P = 0.001 and P < 0.001, respectively). The co-expressed
crypts of tCD10 and TGF-b1 protein are shown in Figure 3(A).
The expression of tCD10 is located in the apical membranes of
tumor crypts, and TGF-b1 is mainly expressed in the cytoplasm
of tumor cells. The association between TGF-b1 expression and
CD10 expression in stroma, including sCD10 and iCD10, is
shown in Figure 3(B).

Correlation between CD10 expression patterns and tumor
budding using pan-cytokeratin expression. The association
between CD10 expression in tumor stroma including sCD10 and
iCD10 and tumor budding is shown in Figure 4(A,B). The corre-
lation between the tumor budding level and expression patterns
of CD10, including tCD10 in tumor cells, together with sCD10
and iCD10 in stromal cells, is shown in Table 3. There was a
strong association between sCD10 and iCD10 expression in
g growth factor-b1 (TGF-b1) protein expression and budding status at

P-value†
Budding

P-value‡
3+ Mean (95% CI)

17 0.027 20.66 (17.99–23.33) 0.214

10 22.22 (17.77–26.68)

7 23.95 (17.61–30.29)

13 17.50 (18.75–22.44)

12 0.001 14.49 (12.20–16.79) <0.001

15 20.13 (17.17–23.09)

12 24.40 (19.50–29.29)

8 28.20 (23.07–33.34)

15 <0.001 16.48 (14.34–18.63) <0.001

15 17.76 (15.12–20.40)

9 31.04 (23.74–38.33)

8 28.95 (23.78–34.13)

levels. P-values < 0.05 are highlighted in bold. †Linear-by-linear
10 expression in stromal myofibroblasts; tCD10, CD10 expression in

Fig. 3. Association between the CD10 expression
pattern and transforming growth factor-b1 (TGF-b1)
expression in colorectal tumor cells. (A) Double-
labeled staining of TGF-b1 protein (blue) and CD10
protein (brown) in tumor cells (tCD10) showed that
TGF-b1 protein is expressed in the cytoplasm of
tumor cells and tCD10 is expressed in the apical
membrane of tumor cells (·200). (B) Double-labeled
staining of TGF-b1 protein in tumor cells (blue) and
CD10 protein (brown) in stromal fibroblasts (sCD10)
and immune cells (iCD10) (·100 field).

doi: 10.1111/j.1349-7006.2011.01987.x
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Pan-cytokeratinCD10
(A) (B)

Fig. 4. Correlation between CD10+ stromal cells
(sCD10+) recruitment and tumor budding at the
invasion front in colorectal cancer. (A) High-level
expression of sCD10+ and CD10+ infiltrating
immune cells at the tumor invasion front (·100
field). (B) High tumor budding grade was detected
by pan-cytokeratin staining at the same location as
(A) (·100 field).

Table 4. Correlation between transforming growth factor-b1 (TGF-

b1) protein expression and budding status at the tumor invasion

fronts in 206 patients with colorectal cancer

TGF-b1 expression Tumor budding grade P-value (ANOVA)

0 15.4 (12.2–18.5) 0.002

1+ 17.7 (14.4–21.0)

2+ 23.3 (19.9–26.6)

3+ 24.4 (19.9–29.0)

Grades 0 and 1+, low expression levels; grades 2+ and 3+, high
expression levels.
stroma with tumor budding grade (P < 0.001 and P < 0.001,
respectively). These results suggested that upregulation of
sCD10 and iCD10 expression at the tumor invasion front
enhanced the tumor budding grade.

In addition, we examined the correlation between TGF-b1
expression and tumor budding to show that these factors are
closely related (cross-talk factors). The correlation between
TGF-b1 and tumor budding is given in Table 4, in which high
TGF-b1 expression tumors are correlated with high tumor
budding grade (P = 0.002).

Phenotype of iCD10+ cells. The CD10+ immune cells included
two types of cells, polymorphonuclear cells and mononuclear
cells, of which the former were the major component (Fig. 5A).
HE CD10

CD14 CD163

(A) (B)

(E) (F)

Fig. 5. Phenotype of CD10+ infiltrating immune cells (iCD10+). (A)
mononuclear cells by H&E staining (·400 field). (B) CD10 expression in iC
(D) on iCD10+ cells; CD14 (E) and CD163 (F) were only partially positive on
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The phenotype of iCD10+ cells was overlapped to express
CD11b and CD15 (Fig. 5B–D), CD14 and CD163 might be par-
tially positive for CD10+ cells (Fig. 5E,F), and CD3 and CD20
were negative for CD10+ cells (Fig. 5G,H). These results
suggested that iCD10+ cells mainly belong to granulocytes of
myeloid origin.

Prognostic value of infiltrating neutrophils and granulocytes at
invasion front. The infiltration of neutrophils at the invasion
front, as detected on H&E stained sections, was not significant in
predicting either RFS or OS in stage I–III CRCs (Fig. 6A,B).
The Kaplan–Meier analysis of iCD10 criteria are given in Fig-
ure 6(C,D). It was suggested that determining the prognostic role
of iCD10 is a more valuable criterion than detection of neutroph-
ils by the H&E staining method. Of the 78 cases, which showed
high levels of infiltration by neutrophils, 47 were found to have
high levels of expression of iCD10. Kaplan–Meier analysis was
carried out in the group with high infiltration of neutrophils
(Fig. 6E,F). We found that the expression of iCD10 was signifi-
cant in predicting both RFS and OS in this group of patients
(P = 0.004 and P = 0.002, respectively). It was also suggested
that the infiltrating neutrophils had two phenotypes. High CD10
expression by infiltrating neutrophils correlated with a poor prog-
nosis. In contrast, infiltrating neutrophils with low CD10 expres-
sion were associated with a favorable prognosis in stage I–III
CRCs. A case with good prognosis and a high level of infiltration
by neutrophils with low CD10 expression is shown in Figure 7.
CD11b CD15

CD3 CD20

(C) (D)

(G) (H)

Heterogeneous cell morphology including polymorphonuclear and
D10+ cells (·200 field). Overlapped expression of CD11b (C) and CD15
iCD10+ cells; CD3 (G) and CD20 (H) were negative on iCD10+ cells.
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(B)(A)

(E) (F)

(C) (D)

Fig. 6. Comparing the Kaplan–Meier analysis using the infiltrating neutrophil score with the CD10 infiltrating immune cells (iCD10) criteria in
stage I–III colorectal cancer. (A,B) Kaplan–Meier analysis using infiltrating neutrophil scores on H&E stained sections for recurrence-free survival
(RFS) and overall survival (OS). (C,D) Using iCD10 criteria is more valuable in giving a prognosis compared to traditional H&E staining. (E,F)
Kaplan–Meier analysis using iCD10 criteria for RFS and OS in the high neutrophil infiltration group. The infiltrating neutrophils with a high
CD10 expressing phenotype were associated with poor prognosis.
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(B)(A)

(C) CD10 (D) CD10

(E) CD15 (F) CD15

Fig. 7. One case of colorectal cancer with high
neutrophil infiltration but low expression of CD10
in infiltrating immune cells (iCD10). (A) Infiltration
by a high density of immune cells can be seen at
the invasion front (H&E staining, ·100 field). (B)
Large number of neutrophils can be seen in the
area expanded from (A) (H&E staining, ·400 field).
(C) Expression of iCD10 is very weak compared to
the strong expression of CD10 in tumor cells (CD10
stained section, ·100 field). (D) CD10 staining (·400
field). (E,F) CD15 staining in low and high power
fields show infiltration by many granulocytes.
Discussion

This study provides new insights into CD10 expression patterns
including tCD10, sCD10, and iCD10. We also observed that
iCD10 expression is an independent prognostic factor for RFS
and OS in stage I, II, and III CRC. Along with TNM staging fac-
tors, we also compared the prognostic role of iCD10 expression
with tumor budding grade and TGF-b1 protein expression.
Although these factors have not been accepted for clinical use,
they have received attention and been reported in several studies
as prognostic factors.(14,16,17,20,21) Our results showed the iCD10
criterion to have a superior prognostic value compared to the
other factors. Indeed, iCD10, TGF-b1 protein expression, and
tumor budding were all found to be significant predictors of RFS
and OS as per univariate analysis. However, in multivariate anal-
ysis, iCD10 was more significant than either tumor budding or
TGF-b1 protein expression. Based on current results from Sur-
veillance Epidemiology and End Results of the National Cancer
Institute (USA), the TNM system is far from being a completely
reliable predictor, as 5–10% of patients with stage I, 15–25% of
patients with stage II, and up to 40% of patients with stage III
disease show relapse regardless of treatment.(2) Indeed, our data
showed that 9.7% of stage I patients, 21.1% of stage II patients,
and 44.8% of stage III patients developed disease recurrence
after treatment. It is therefore essential to include molecular fac-
tors to improve the prognosis of TNM staging. In the present
study, the integration of iCD10 criteria into TNM staging
increased the prognostic significance of both RFS and OS.
Khanh et al.
To clarify the iCD10+ cell phenotype, several cell surface
markers of leukocytes including CD3, CD11b, CD14, CD15,
CD20, and CD163 were examined. The present study showed
that iCD10+ cells mainly expressed myeloid lineage markers,
which include CD11b and CD15. Based on the current classifi-
cation of tumor infiltrating leukocytes, CD11b+ and CD15+

cells are major components of neutrophil granulocytes.(22) The
prognostic role of infiltrating neutrophils in CRC and other ad-
enocarcinomas remains a matter of controversy.(24) The study
of Klintrup et al.,(23) using the same criteria as the present
study to detect the infiltration of neutrophils on H&E stained
sections, showed that high levels of neutrophil infiltration was
associated with a favorable outcome of CRC. In contrast, the
study of Nagtegaal et al.,(25) using an elastase antibody to
detect neutrophil infiltration, revealed that there was no correla-
tion between either RFS or OS and the infiltration of neutroph-
ils in rectal cancer. Following the method of Klintrup et al.,(23)

our results showed that there was also no significant prediction
of either RFS or OS by detecting neutrophils on H&E stained
sections. It has been reported that CD10 is not expressed by an
estimated 25% of mature neutrophils in the peripheral blood of
normal donors.(26,27) Furthermore, in the study by Hirashima
et al., two patient groups could be classified based on their
expression of CD10 in neutrophils. Their study reported that
the group with low CD10+ neutrophils was associated with a
favorable prognosis.(27) These findings suggest that there are
two populations of neutrophils that vary according to the
expression of CD10, and the roles of CD10+ and CD10)
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neutrophils are different. In this study, we also found that
CD10 expression in infiltrating myeloid cells, mainly neutroph-
ils at the tumor invasion front, was variable. The infiltration of
CD10 high expressing neutrophils was associated with a poor
prognosis, whereas CD10 low expressing ones seemed to be
associated with a good prognosis.

Defined by their CD11b+ and CD15+ phenotype, iCD10+ cells
seem to be similar to tumor-associated neutrophils (TANs).(28)

This term is reminiscent of tumor-associated macrophages
(TAMs). It is well established that TAMs are also a heteroge-
neous population and are typically defined to be of the classi-
cally activated M1 macrophage phenotype (antitumor response),
or the alternative activated M2 macrophage phenotype (tumor
promotion).(28) A paradigm was presented in which resident
TANs acquire a protumor phenotype (similar to M2), largely
driven by TGF-b to become ‘‘N2’’ neutrophils. After TGF-b
blockage, neutrophils acquire an antitumor phenotype to become
‘‘N1’’ TANs (similar to M1).(28) Interestingly, we discovered a
strong correlation between TGF-b1 expression in tumor cells
and CD10 expression in stromal cells, including sCD10+ and
iCD10+ cells. These findings suggest that iCD10+ cells are prob-
ably similar to the N2 TAN population which has tumor promot-
ing activity. Interleukin-8 (IL-8) is one of the best studied
cytokines acting as a neutrophil chemoattractant with respect to
tumor biology and is overexpressed in a multitude of different
human carcinomas, including CRC.(29,30) Indeed, Bellocq et al.
showed a positive correlation between levels of IL-8 in patients
with bronchioloalveolar carcinoma and numbers of tumor-infil-
trating neutrophils. This suggests that IL-8 is a major force in
recruiting neutrophils to the tumor site.(31) Moreover, it was
reported that TGF-b1 signaling regulates IL-8 expression in
prostate cancer cells.(32) Thus, we can hypothesize that TGF-b1
regulates the recruitment of iCD10+ cells through IL-8 signaling
and might be a chemoattractant that enhances the infiltration of
iCD10+ neutrophils in CRC.
1732
As neutrophils transmigrate across the endothelium on their
way to a tumor, they release proteases that degrade the basement
membrane.(33) It is thought that the holes created in the ECM by
these extravasating neutrophils are exploited by metastasizing
tumor cells.(33) The role of CD10 expression in benign stromal
cells has so far been investigated only in breast carcinoma.(34–36)

It is postulated that due to structural similarities between CD10,
an endo-metalloprotease, and the MMPs, CD10 could create a
microenvironment that facilitates cancer cell invasion and
metastasis in breast cancer.(35,36) In addition, there is a strong
relationship between MMP-9 expression in budding cells and a
more aggressive tumor phenotype.(37) Therefore, tumor budding
at invasion fronts might be correlated with matrix degradation.
To examine this hypothesis, we also investigated tumor budding
in this study. A strong correlation between budding grade and
CD10 expression in stroma was identified. Although the tumor
budding index is accepted for routine use in predicting high risk
cases of CRC, the mechanism associated with tumor budding is
still under investigation.(21) In this study, we found that both
sCD10 and iCD10 increased the tumor budding grade. We sug-
gest that infiltration of CD10+ stromal cells might be linked to
tumor dissemination. This finding supports our results showing
that iCD10 expression is an unfavorable outcome factor in CRC.

Taken together, our results show that the expression level of
iCD10 is an independent prognostic factor for high risk cases in
CRC patients. The recruitment of sCD10+ and iCD10+ cells was
strongly induced by TGF-b1 protein which was secreted by
tumor cells and enhanced tumor budding grade at invasion
fronts in CRC.
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