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Abstract: CD47, a transmembrane protein, is widely overexpressed on the tumor cell surface. How-
ever, the prognostic significance of CD47 expression in colorectal adenocarcinoma (CRA) has not yet
been clarified. Here, we investigated the clinicopathologic significance of CD47 expression in CRA.
CD47 expression was evaluated via immunohistochemical analysis of microarray sections of 328 CRA
tissues. CD47 expression was observed in 53 (16.2%) of the 328 CRA tissues, and positive expression
was associated with lymphatic invasion (p = 0.018), perineural invasion (p = 0.024), tumor budding
(p = 0.009), the pathologic N stage (p = 0.022), and the American Joint Committee on Cancer (AJCC)
stage (p = 0.027). In survival analyses of 329 patients, a positive CD47 expression was associated
with a poor recurrence-free survival (RFS) (p = 0.032). In multivariate analysis, however, it was not
an independent prognostic factor. In patients who underwent surgical resection without adjuvant
treatment, a positive CD47 expression was associated with a shorter RFS (p = 0.001) but not with
cancer-specific survival (CSS). In patients who received postoperative adjuvant treatment, no signifi-
cant differences were found in both RFS and CSS. In conclusion, we investigated CD47 expression in
328 CRA tissues. A positive CD47 expression was observed in a minority (16.2%) of the tissues and
was significantly associated with adverse clinicopathologic features and a poor patient outcome.
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1. Introduction

Colorectal adenocarcinoma (CRA) is the third most common malignancy and the
second leading cause of cancer-related deaths worldwide [1]. Although clinical advances in
early detection and curative surgery have led to five-year survival rates of 90% for localized
CRA, the survival of patients with advanced CRA remains poor [2]. As personalized
medicine evolves, an accurate prediction of prognosis has become essential for determining
the appropriate treatment for cancer patients [3]. Although many candidate biomarkers
have been investigated for the prediction of CRA prognosis and targeted therapy, the
identification of effective biomarkers remains challenging [4]. Therefore, new, reliable, and
practical biomarkers that can be used as prognostic factors and as candidates for targeted
therapy are warranted.

Tumor development involves an interplay between cancer cells, stromal cells, and
the immune system [5]. The balance between cancer cells and the immune system is
disrupted during carcinogenesis, conferring the capacity of evasion from host immune
elimination to cancer cells [5]. The inflammatory process plays an important role in the
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carcinogenesis of CRA [6]. Patients with inflammatory bowel disease, such as ulcerative
colitis and Crohn'’s disease, have an elevated risk of developing CRA, principally resulting
from the pro-neoplastic effects of chronic inflammation [7]. Tumor-associated macrophage
(TAM) involves the activation and elimination of cancer cells through phagocytosis [8].
There are emerging efforts to explore TAM as a target of immunotherapy [9]. A recently
identified cell surface molecule that regulates the interaction between TAM and colon
cancer cells is CD47 [10].

CD47 is a glycoprotein physiologically expressed on the surface of normal cells and
acts as an immune checkpoint [11]. CD47 binds to signal regulator protein alpha (SIPR«),
which is expressed on the surface of macrophages and inhibits phagocytosis [12]. CD47
overexpression has been reported in various types of malignancy and is associated with
a poor prognosis in solid and hematologic malignancies, including non-small cell lung
cancer, breast cancer, stomach cancer, and non-Hodgkin lymphoma [13-16]. As an an-
ticancer treatment, anti-CD47 antibody has shown promising results in non-Hodgkin
lymphoma, malignant pediatric brain tumor, lung cancer, and liver cancer [17-21]. Cancer
immunotherapy targeting CD47 has demonstrated success at the preclinical level and is
now under clinical investigation for various human malignancies [22]. However, CD47
expression in CRA is less well-characterized and its prognostic significance according to
the microsatellite instability (MSI) status and treatment modalities has not been clarified.

We investigated the immunohistochemical expression of CD47 in 328 cases of CRA
and analyzed the correlation between its expression and various clinicopathologic fac-
tors. Additionally, to reveal the prognostic significance of CD47, survival analyses were
conducted according to MSI molecular subgroups and treatment modalities.

2. Materials and Methods
2.1. Patients and Tumor Samples

A total of 390 patients who were newly diagnosed and underwent curative surgery at
Hanyang University Hospital (Seoul, Korea) between 2005 and 2010 were enrolled in this
study. Patients who were diagnosed as recurrent, who had received neoadjuvant treatment,
who were with incomplete clinical data, or who were without available paraffin blocks
were excluded, resulting in a total of 328 patients. In addition, 48 samples of normal col-
orectal tissue were selected from 328 total cases to compare the CD 47 expression between
normal and cancer tissues. Among 48 cases, three cases without qualified paraffin blocks
were excluded, resulting in 45 normal samples. Two surgical pathologists (S. S. Paik and
H. Kim) reviewed the hematoxylin and eosin (H&E)-stained slides and medical records to
identify the clinicopathologic characteristics. A protocol for examining specimens from
patients with primary adenocarcinoma of the colon and rectum (the College of American
Pathologists) and the eighth American Joint Committee on Cancer (AJCC) TNM staging
classification were used to determine the pathologic staging and other pathologic character-
istics [23,24]. The pathologic characteristics included the tumor size, gross type (polypoid,
ulcerofungating, and ulceroinfiltrative), histologic grade (G1: well; G2: moderate; G3:
poor; G4: undifferentiated), lymphatic invasion, vascular invasion, perineural invasion,
tumor deposit, tumor budding, the pathologic T (pT) stage, the pathologic N (pN) stage,
extranodal tumor extension, distant metastasis, the AJCC stage, and MSI status [24,25].
Recurrence-free survival (RFS) was defined as the time interval between the surgical date
and the date of disease progression, relapse, or death from CRA. Cancer-specific sur-
vival (CSS) was defined as the time interval between the date of surgery and the date of
death. This study was approved by the Institutional Review Board of Hanyang University
Hospital (HYUH 2019-11-008-002) and the requirement for informed consent was waived.

2.2. Tissue Microarray Construction

We used a manual tissue microarrayer (Unitma, Seoul, Korea) for tissue microarray
(TMA) construction from archived formalin-fixed, paraffin-embedded tissue blocks. The
representative area of the carcinoma (>0.5 cm) was selected from H&E-stained sections us-
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ing light microscopy. Tissue cylinders (3 mm in diameter) were punched from a previously
marked area on each donor block and transferred to the recipient block.

2.3. Microsatellite Analysis

Microsatellite analysis was performed using a panel of five microsatellite markers
(BAT25, BAT26, D175250, D25123, and D55346) according to the National Cancer Institute
workshop-recommended consensus [26]. MSI-high was defined as a shift of microsatellites
for two or more markers. MSI-low was defined as a shift of microsatellites for one marker.
MSI-low and stable microsatellites were indicative of a non-MSI-high case.

2.4. Immunohistochemical Staining

Immunohistochemical staining of CD47 was performed with 4-um-thick sections from
TMA blocks using the Ventana Benchmark XT automated staining system (Ventana Medical
Systems, Tucson, AZ, USA) according to the manufacturer’s protocol. Anti-CD47 rabbit
monoclonal antibody (Abcam, Cambridge, UK, EPR21794) was used with a dilution factor
of 1:200.

2.5. Interpretation of Immunohistochemical Staining

The membrane staining of tumor cells was evaluated using the H-score method. The
percentage of stained tumor cells was reviewed and scored using a four-tier system (0,
negative; 1+, weak; 2+, moderate; 3+, strong). Figure 1 shows representative microscopic
images according to the intensity. The H-score was calculated as follows:

H-score =1 x (% of 1+ cells) + 2 x (% of 2+ cells) + 3 x (% of 3+ cells).

Figure 1. CD47 expression in colorectal adenocarcinoma tissues. The intensity of membranous
staining was graded as (a) negative, 0; (b) weak, 1+; (c) moderate, 2+; or (d) strong, 3+ (a—d, x200).

The total immunoreactivity score ranged from 0 to 300. The cases were subdivided
into negative expression (H-score < 50) and positive expression groups (H-score > 50)
using the receiver operating characteristic curve. All immunoreactivity assessments were
done in a blinded fashion regarding the clinicopathologic factors and patient survival.
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2.6. Statistical Analysis

Statistical analysis was performed using SPSS software version 21 (IBM Corp., Ar-
monk, NY, USA). The chi-square test was used to assess the association between CD47
expression and clinicopathologic factors, including gross type, histologic grade, lymphatic
invasion, vascular invasion, perineural invasion, tumor deposit, tumor budding, the pT
stage, the pN stage, extranodal tumor extension, distant metastasis, the AJCC stage, and
MSI status. Differences in CD47 immunoreactivity scores between normal and cancer
tissues and differences in tumor size between positive and negative CD47 expression
groups were compared using the Mann—-Whitney U-test. The Kaplan-Meier method with a
log-rank test and the Cox proportional hazards regression model were used for survival
analyses. Statistical significance was set at p < 0.05.

3. Results
3.1. Baseline Characteristics of the Cohort

The clinicopathologic characteristics of the patients are summarized in Table 1. The
median follow-up period was 127 months (range, 1-182), and the mean age at surgery was
63.6 £ 11.19 years. A total of 202 (61.6%) patients were men, with a male-to-female ratio
of 1.6:1. Pathologic evaluation revealed that 17 cases (5.2%) were of histologic grade 1,
159 (48.5%) were of grade 2, 133 (40.5%) were of grade 3, and 19 (5.8%) were of grade 4.
According to the eighth AJCC staging system, 36 (11.0%) were of stage I, 102 (31.1%)
were of stage II, 167 (50.9%) were of stage III, and 23 (7.0%) were of stage IV. Among the
328 cases, 303 (92.4%) were non-MSI-high and 25 (7.6%) were MSI-high. Distant metastasis
was identified in 23 (7.0%) patients at the time of initial diagnosis, and 73 patients (22.3%)
had experienced relapse or metastasis during the follow-up period.

3.2. CD47 Expression in Normal and Cancer Tissues

We evaluated the CD47 expression in 45 samples of normal colorectal tissue and
328 samples of CRA tissue. The mean CD47 expression score was 2.22 (£7.03) in normal
colorectal tissues and 19.20 (£45.04) in CRA tissues. The mean CD47 expression score
was significantly higher in CRA tissues compared to normal colorectal tissues (p = 0.013,
Mann-Whitney test).

3.3. CD47 Expression and Correlation with Clinicopathologic Features

A positive CD47 expression was not observed in normal colonic mucosal tissues (0%)
but was observed in 53 CRA tissues (16.2%). Table 2 shows the association between CD47
expression and the clinicopathologic factors. In all cases, a positive CD47 expression was
significantly correlated with lymphatic invasion (p = 0.018, chi-square test), perineural
invasion (p = 0.024, chi-square test), tumor budding (p = 0.009, chi-square test), the pN
stage (p = 0.022, chi-square test), and the AJCC stage (p = 0.027, chi-square test). The
tumor size, gross type, histologic grade, vascular invasion, tumor deposit, the pT stage,
extranodal tumor extension, distant metastasis, and MSI status were not associated with
CD47 expression.

3.4. Prognostic Significance of CD47 Expression

In a total of 328 patients, patients with positive CD47 expression achieved signifi-
cant shorter RFS lengths compared to those with negative CD47 expression (mean RFS,
84.4 months vs. 95.5 months; p = 0.032, log-rank test) (Figure 2a). There was no significant
difference between the positive and negative CD47 expression groups regarding the CSS
(p = 0.452, log-rank test) (Figure 2b). We additionally subdivided the groups according to
MSI status and treatment modality. In the MSI subgroup, there was no significant difference
in both RFS and CSS in the non-MSI-high group (p = 0.583 and p = 0.057, respectively,
log-rank test) and in the MSI-high group (p = 0.298 and p = 0.411, respectively, log-rank test)
(Figure 2c,d). In patients who received surgical resection only, a positive CD47 expression
was associated with a shorter RFS (mean RFS, 88.0 months vs. 107.9 months; p = 0.001, log-
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rank test) (Figure 2e); however, a significant difference in CSS was not identified (p = 0.219,
Figure 2f). In patients who received postoperative adjuvant treatment, no significant dif-
ference was found in both RFS and CSS (p = 0.995 and p = 0.819, respectively, log-rank
test). Univariate Cox regression analysis revealed that the AJCC stage and treatment
modality correlated with poor RFS, and the AJCC stage correlated with poor CSS (Table 3).
Multivariate Cox regression analysis demonstrated that the treatment modality was an
adverse prognostic factor for RFS, and the AJCC stage was a poor prognostic factor for
CSS (Table 3). CD47 expression was associated with poor RFS based on univariate analysis
(p = 0.035); however, it was not an independent prognostic factor in multivariate analysis
(p = 0.221) (Table 3).

Table 1. Baseline characteristics of colorectal adenocarcinoma patients.

Factors Value (%)
Number of patients 328 (100%)
Mean age at surgery (years) 63.6 (£11.19)
Median survival (months) 127 (1-182)
Sex
Male 202 (61.6%)
Female 126 (38.4%)
Histologic grade
Grade 1 17 (5.2%)
Grade 2 159 (48.5%)
Grade 3 133 (40.5%)
Grade 4 19 (5.8%)
Location
Cecum & ascending 60 (18.3%)
Transverse 20 (6.1%)
Descending & rectosigmoid 248 (75.6%)
pT stage
1 17 (5.2%)
2 33 (10.1%)
3 212 (64.6%)
4 66 (20.1%)
pN stage
0 140 (42.7%)
1 88 (26.8%)
2 100 (30.5%)
M stage
0 305 (93.0%)
1 23 (7.0%)
AJCC stage
I 36 (11.0%)
I 102 (31.1%)
11 167 (50.9%)
v 23 (7.0%)
Microsatellite instability (MSI) status
Non-MSI-high 303 (92.4%)
MSI-high 25 (7.6%)
Treatment
Surgery 173 (52.7%)

Surgery + Adjuvant therapy 155 (47.3%)
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Table 2. Correlation between CD47 expression and clinicopathologic factors in colorectal adenocarcinoma.

CD47 Expression
Clinicopathologic Factors n Negative (%) Positive (%) p Value
(n = 275) (n=53)
Tumor size 0.642 *
Mean 328 5.13 (£2.12) 5.28 (+2.05)
Gross type 0.940
Polypoid 31 26 (83.9%) 5(16.1%)
Ulcerofungating 143 121 (84.6%) 22 (15.4%)
Ulceroinfiltrative 154 128 (83.1%) 26 (16.9%)
Histologic grade 0.301
Grade 1 & Grade2 176 151 (85.8%) 25 (14.2%)
Grade 3 & Grade 4 152 124 (81.6%) 28 (18.4%)
Lymphatic invasion 0.018
Not identified 141 126 (89.4%) 15 (10.6%)
Identified 187 149 (79.7%) 38 (20.3%)
Vascular invasion 0.659
Not identified 267 225 (84.3%) 42 (15.7%)
Identified 61 50 (82.0%) 11 (18.0%)
Perineural invasion 0.024
Not identified 164 145 (88.4%) 19 (11.6%)
Identified 164 130 (79.3%) 34 (20.7%)
Tumor deposit 0.488
Not identified 265 224 (84.5%) 41 (15.5%)
Identified 63 51 (81.0%) 12 (19.0%)
Tumor budding 0.009
Low grade 195 172 (88.2%) 23 (11.8%)
High grade 133 103 (77.4%) 30 (22.6%)
pT stage 0.099
T1,T2 49 45 (91.8%) 4 (8.2%)
T3,T4 279 230 (82.4%) 49 (17.6%)
pN stage 0.022
NO 140 125 (89.3%) 15 (10.7%)
N1 & N2 188 150 (79.8%) 38 (20.2%)
Extranodal tumor extension 0.210
Not identified 106 88 (83.0%) 18 (17.0%)
Identified 82 62 (75.6%) 20 (24.4%)
Distant metastasis 0.180
MO 305 258 (84.6%) 47 (15.4%)
Mila & M1b 23 17 (73.9%) 6 (26.1%)
AJCC stage 0.027
1&I 138 123 (89.1%) 15 (10.9%)
III & IV 190 152 (80.0%) 38 (20.0%)
MSI status 0.268
Non-MSI-high 303 256 (84.5%) 47 (15.5%)
MSI-high 25 19 (76.0%) 6 (24.0%)

* Mann-Whitney test.

Table 3. Univariate Cox regression analysis of prognostic factors for patient survival in colorectal adenocarcinoma.

Univariate Analysis Multivariate Analysis

Variable
HR (95% CI) p Value HR (95% CI) p Value
Recurrence-free survival
CD47 expression (positive vs. negative) 1.792 (1.014-3.084) 0.035 1.406 (0.815-2.428) 0.221
AJCC stage (I & II vs. III & 1V) 3.356 (1.901-5.925) <0.001 1.762 (0.930-3.338) 0.083
MSI status (non-MSI-high vs. MSI-high) 1.155 (0.466-2.863) 0.756 1.158 (0.464-2.893) 0.753
Treatment (surgery only vs. surgery + Adj *) 4.660 (2.675-8.120) <0.001 3.474 (1.863-6.476) <0.001
Cancer-specific survival
CD47 expression (positive vs. negative) 1.176 (0.770-1.794) 0.453 1.092 (0.713-1.672) 0.686
AJCC stage (I & I vs. IIT & IV) 1.796 (1.277-2.526) 0.001 1.848 (1.247-2.737) 0.002
MSI status (non-MSI-high vs. MSI-high) 1.175 (0.618-2.231) 0.623 1.050 (0.550-2.004) 0.882
Treatment (surgery only vs. surgery + Adj *) 1.273 (0.925-1.752) 0.138 1.075 (0.745-1.551) 0.699

HR: hazard ratio; CI: confidence interval; Adj *: adjuvant therapy.
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Figure 2. Kaplan—-Meier survival curves of colorectal adenocarcinoma patients stratified based on
CD47 expression. (a) Recurrence-free survival (RFS) and (b) cancer-specific survival (CSS) in all
patients. (c) RFS and (d) CSS in MSI-high patients. (e) RFS and (f) CSS in patients who received
surgical resection without adjuvant treatment.

4. Discussion

Recently, various immunotherapies have been investigated in human malignancies,
and several breakthrough approaches, which target the innate immune system, have been
discovered [27]. Macrophages are important for an innate immune response and CD47 has
been identified as a key macrophage checkpoint [28]. CD47 is a transmembrane protein
which delivers a don’t-eat-me signal through SIPRe, which is expressed on the surface
of macrophages [12]. The overexpression of CD47 has been reported in various types
of cancers, such as non-small cell lung cancer, breast cancer, stomach cancer, and non-
Hodgkin lymphoma and has been associated with an adverse prognosis [13-16]. After
the role of CDA47 in the process of tumor cell evasion from the immune system had been
disclosed, targeting CD47 has become a novel strategy for treatment, and various anti-CD47
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antibodies have been reported, such as Hu5F9-G4, ZF1, B6H12 antibodies, etc. [15,29,30].
Many CD47-targeted drugs have entered clinical trials, and promising results have been
obtained [31].

CD47 is overexpressed in a majority of gastrointestinal tumors, and CD47 overex-
pression usually predicts an adverse prognosis [32]. Lascorz et al. revealed an associ-
ation between an intronic single-nucleotide polymorphism of CD47 and CRA patient
survival [33]. They reported that an increased CD47 expression was associated with distant
metastasis and a poorer patient outcome. Zhang et al. focused on the role of TAM with
the M2 phenotype [34]. They showed that the number of M2 macrophages in CRA tissues
was elevated, which coincided with an increase in CD47 and SIRP« expression in these
macrophages. They also revealed that the tumor cell migration and metastatic potential
were increased in the CD47-induced TAM-rich microenvironment. Fujiwara-Tani et al.
investigated the immunohistochemical expression of CD47 in CRA tissues and compared
it with CD44 expression [35]. They demonstrated that the overexpression of CD47 was
correlated with distant metastasis and that a high CD47 expression was associated with a
shorter disease-free survival than was a low CD47 expression, in stage III patients. The
authors also suggested that CD47 promotes epithelial-mesenchymal transition and that
CD47 is involved in resistance to PD-1/PD-L1 inhibitors.

In this study, CD47 expression was examined via immunohistochemical analysis of
human CRA tissues and correlated with various clinicopathologic factors. CD47 expression
was observed in a minority (16.2%) of CRA tissues and was significantly correlated with
adverse clinicopathologic features, including lymphatic invasion, perineural invasion,
tumor budding, the pN stage, and the AJCC stage. In survival analyses, a positive CD47
expression was associated with a shorter RFS in all cases. These results are consistent with
findings from previous CD47 studies in CRA. MSI-high CRAs elicit a strong anti-tumoral
immune response in the host and, therefore, use different strategies to evade the immune
system [36]. However, a survival difference was not observed in MSI-based subgroups
in this study. This may be attributed to the fact that a small number of patients did not
fully represent the clinical properties of the MSI molecular state. Further investigations
with a large-scale cohort are needed to clarify the exact significance of CD47 expression in
MSI-high CRA.

In survival analyses, positive CD47 expression was associated with a shorter RFS.
However, it was not an independent prognostic factor in multivariate analysis. This may
come from its association with adverse clinicopathologic features, especially the AJCC
cancer stage. High CD47 expression was identified in the advanced-stage group (20.0%)
more than the early-stage group (10.9%). The current eighth AJCC stage is determined
by invasion depth (pT stage), lymph node metastasis (pN stage), and distant metastasis
(pM stage) [23]. Among these, the pN stage (NO vs. N1 or N2) is an important factor
in distinguishing AJCC stage II from AJCC stage III. According to dichotomous analysis
with clincopathologic factors (Table 2), high CD47 expression has a significant association
with the pN stage as well as lymphatic invasion, which suggests that the permeability
of the tumor may result in more frequent positive CD47 expression in AJCC stage IIL. In
addition, the role of the immune environment in tumor progression has been emphasized,
and many studies have focused on the immune-suppressive effects of the CD47-SIRPx
axis, which is mediated by cancer cells and macrophages [10,37]. Immune evasion is
important for progress to the advanced stage, and some studies have reported that higher
tumor-associated macrophage count correlates with more advanced stages in CRA [37].
This may suggest that the don’t-eat-me signal, CD47, which prevents phagocytic activity,
also increases in the advanced stage. Further studies are needed to evaluate the prognostic
role of CD47 as an independent factor, in which other prognostic factors, such as tumor
stage, are excluded.

No study has, thus far, investigated the prognostic role of CD47 according to treatment
modalities in a large number of patients with CRA. Fujiwara-Tani et al. reported two
nivolumab-refractory cases with a high CD47/CD44 expression and suggested that PD-1
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inhibitor resistance and CD47 expression could be linked [35]. In ovarian cancer, Brightwell
et al. reported that patients with a low CD47 expression showed a better response to
standard therapy and demonstrated an improved overall survival [38]. In hepatocellular
carcinoma, Lo et al. demonstrated that NF-«kB-mediated up-regulation of CD47 promoted
sorafenib resistance, and they proposed a CD47 targeted therapy in combination with
sorafenib as a novel therapeutic regimen for hepatocellular carcinoma [39]. These results
from other studies demonstrate that CD47 expression may be an immunologic shield to
conventional adjuvant treatment and can be considered for targeted therapies. In our study,
we revealed that CD47 expression correlated with shorter RFS in patients who did not
receive adjuvant treatment. These findings suggest that CD47 could be used as a predictor
of the recurrence risk in patients who did not receive additional treatment and that CD47
could be a candidate for targeted therapy in patients who do not receive adjuvant therapy.
We additionally subdivided the patients into subgroups according to the chemotherapy
and radiation treatment regimens. However, additional survival analyses according to the
treatment options showed no significant survival differences in the patient outcome.

Although this study revealed that CD47 expression is associated with adverse clin-
icopathologic parameters and poor patient outcomes in CRA, it has several limitations.
First, we retrospectively collected the cohort data, and selection bias was not completely
eliminated. Second, we did not suggest a standard cut-off score for CD47 expression to pre-
dict the anti-CD47 treatment response and patient outcome. According to a meta-analysis
report of CD47 expression, various cut-off values have been reported [40]. Further studies
using various cut-off values in clinical trials are needed to validate the standard cut-off
score of CD47 expression. Third, only one method using immunohistochemistry was
used to investigate CD47 expression. Other techniques that use PCR or western blot or
flow cytometry to detect CD47 proteins in tumor tissue and functional studies revealing
association of tumor invasiveness with CD47 are required.

In conclusion, we investigated CD47 expression in 328 CRA patients. A positive CD47
expression was observed in 16.2% of the total CRA tissues and was significantly associated
with adverse clinicopathologic features and worse patient outcomes, especially in CRA
patients who did not receive adjuvant treatment.
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