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Abstract

Background: Treatments based on the inhibition of pivotal signals of cancer stem
cells (CSCs) are on a promising track. Recent studies have shown that targeting
CSCs with broader immune-based therapeutic methods, for example, the anti-CD47
treatment, may serve as a more potent strategy for eliminating these intractable cells.
We aimed to explore the prognostic effects of CD47/CD133 and the potential thera-
peutic significance of CD47 in esophageal squamous cell carcinoma (ESCC).
Methods: Immunohistochemistry was employed to identify the characteristics of
CD47 and CD133 in 26 pairs of tumor tissues and adjacent non-tumor tissues and
136 ESCC tissues. Kaplan-Meier analysis and Cox proportional hazards models
were built for estimating the prognostic values of CD47 and CD133 expression and
their combined stemness index. Sphere formation assays were undertaken to explore
the effects of CD47 inhibition on primary human ESCC CSCs.

Results: Results conclude that CD47 and CD133 expression is increased in tumor
tissues as compared to adjacent non-tumor tissues. A positive correlation between
CD47/CD133 expression and differentiation was found in 136 ESCC patients.
Survival analysis indicated that patients with high CD47 or CD133 expression exhib-
ited poor overall survival and progression-free survival (PES). The combination of
high CD47 and CD133 expression was a reliable independent prognostic factor for
both OS (HR = 1.940, 95% CI = 1.399-2.690, P < 0.0001) and progression-free sur-
vival (HR = 1.883, 95% CI = 1.384-2.562, P < 0.0001). Notably, CD47+ CD133+
ESCC cells were observed to possess the characteristics of CSCs, and anti-CD47
treatment veritably eliminated the CSCs pool.

Conclusions: The stemness index determined by the expression of CD47 and CD133
is a promising prognostic predictor, and CD47 is a potential therapeutic target for
CSCs in ESCC patients.
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1 | INTRODUCTION

Esophageal cancer, ranking as the sixth most common cause
of cancer-related deaths, is termed a major global cancer
burden.' In China, esophageal cancer accounted for 477 900
incident cases and 375 000 deaths in 2015,2 about 90% of
which fall under the category of esophageal squamous cell
carcinoma (ESCC).? Despite improvements in diagnostics
and therapeutics, the prognosis of ESCC remains poor, with
a median 5-year survival of <25%.,* thus lending to an ur-
gent need to resolve the molecular mechanism of ESCC in
order to develop biomarkers and targeted therapies.

CD47, also known as integrin-associated protein (IAP), is
a transmembrane protein of the immunoglobulin superfam-
ily. Cancer cells expressing CD47 transmit a “don't eat me”
signal upon interacting with signal regulatory protein o on
the surface of macrophages to deter phagocytosis.5 Previous
studies have shown that CD47 is highly expressed on solid
tumors such as in ovarian, breast, colon, bladder, glioblas-
toma, hepatocellular carcinoma and prostate cancer,’ and
correlated with poorer prognoses in several cancer types in-
cluding ESCC.%® Furthermore, anti-CD47 antibody or CD47
blockade treatments have been demonstrated to enhance mac-
rophage phagocytosis, reduce tumor burden, and increase pa-
tient survival in various tumor xenograft models.”
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Increasing evidence denotes a minority population of
cells within tumors, termed cancer stem cells (CSCs), as
critical determinants in cancer recurrence, metastasis, and
therapy resistance.'” CSCs have been identified by several
cell surface markers, such as CD133,11 CD44,12 and CD90."
However, neutralizing antibodies against these markers have
proven insufficient in eradicating CSCs in preclinical stud-
ies, and identification of new therapeutic targets against
CSCs is necessary. Preferentially, CD47 was proven to be
expressed in CSCs of pancreatic,14 liver,"> and lung can-
cers'® in these years. Knockdown of CD47 suppressed cer-
tain stem-like properties of cancer cells, such as self-renewal
and chemoresistance, !’ suggesting that targeting CD47
could not only active the phagocytosis of macrophages, but
also be refined into a potent supplement in treatment against
CSCs. Up until now, no study dedicated to clarifying the
association between CD47 expression and CSCs character-
istics in ESCC exists.

In this study, we demonstrated that increased CD47 pro-
tein levels in ESCC clinical samples correlated with the ex-
pression of CD133, which is the most robust CSCs marker.
A combination of CD47 and CD133 improved prognostic
stratification of ESCC survival. Furthermore, inhibition
of CD47 by a neutralizing antibody suppressed the self-
renewal function in CD133% ESCC cells, thereby making

FIGURE 1 Characteristics of CD47
and CD133 expression in esophageal

Sy squamous cell carcinoma tissues. (A, B)
Representative immunohistochemistry
(THC) images of CD47 (A) and CD133 (B)
P =0.0023 expression in 26 paired (n = 26) tumor (T)
and adjacent non-tumor tissues (N). The
scale bar indicates 50 pm. (C, D) Statistical
analyses of CD47 and CD133 expression
in match paired tumor and adjacent non-
tumor tissues. The IHC H-scores are shown
as a symbol-line plot from at least two
independent pathologists. Differences were

Tumor assessed with a paired two-tailed 7 test
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the case for CD47 being a promising therapeutic target for
ESCC CSCs.

2 | MATERIALS AND METHODS

2.1 | Patients and surgical specimens

We randomly enrolled 136 patients diagnosed with
ESCC who underwent esophagectomy at the Sun Yat-sen
University Cancer Center between 2002 and 2009, and
additionally collected paired tumor and adjacent tumor
tissues from 26 patients. Clinicopathological parameters
were obtained from medical records. None of the patients
underwent anti-cancer therapies before surgery, and no
histologically confirmed serious complications or other
malignant diseases had been reported. Tumor stages
were determined according to the classification system
of the Union for International Cancer Control (UICC),
7th Edition, while grading and histopathology subtyp-
ing for tumor differentiation was based on World Health
Organization criteria. According to UICC, the >66% ex-
tent of invasion depth was defined as tumor infiltration
exceeding the intrinsic muscularis. Data were censored at
the last follow-up for patients without recurrence or death.
Overall survival (OS) was defined as the date of surgery
to death or the last follow-up. Progression-free survival
(PFS) was the interval between surgery and recurrence,
the last observation for patients without recurrence, or
death if no recurrence was observed.

2.2 | Immunohistochemistry

Immunohistochemistry (IHC) was performed using pro-
tocols described in a previous study.lg’19 Formalin-fixed
10 hours at room temperature,paraffin-embedded tissues
were cut into 4-pm sections and then sequentially dried,
dewaxed, and re-hydrated with xylene and a decreasing
ethanol series. The slides were soaked in 0.3% H,O, for
10 minutes to block endogenous peroxidase activity and
boiled in 10 mmol/L citrate buffer (pH6.0) for 10 min-
utes for antigen retrieval. The sections of ESCC samples
were then incubated with primary antibodies against CD47
(1:500; R&D systems, AF4670, Minneapolis, MN, USA)
or CD133 (1:200; Abnova, PAB12663, Taiwan, China)
overnight at 4°C. These antibodies were diluted by dilu-
tion buffer (Zhongshanjingiao, Beijing, China, ZLI-9028)
and replaced by PBS as a blank control and replaced by
Sheep IgG Control (1:500; R&D, 5-001-A) and Rabbit
IgG Isotype control (1:400; Cell Signaling Technology,
3900, Boston, MA, USA). After that the sections were
rinsed by PBS for 10 minutes each to wash out unspecific
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signal. The EnVision System with diaminobenzidine
(Dako Cytomation, K5007, Copenhagen, Denmark) was
used to carry out secondary antibody staining at 37°C
for 30 minutes and detect signal. Brown color indicated

TABLE 1 Clinical characteristics of patients with ESCC
Clinical Variables No. of patients %
Gender

Male 102 68.9

Female 46 31.1
Age (y)

<60 87 58.8

>60 61 41.2
Clinical stage

| 3 2

11 82 55.4

1 62 41.9

v 1 0.7
T classification

T1 6 4.1

T2 29 19.6

T3 104 70.3

T4 9 6.1
N classification

NO 75 50.7

N1 72 48.6

N2 1 0.7
M classification

MO 147 99.3

M1 1 0.7
Depth of invasion

<66% 43 29.1

>66% 96 64.9
Location

Upper 10 6.8

Middle 96 64.9

Lower 42 28.4
Differentiation

Well 25 16.9

Moderate 74 50.0

Poor 47 31.8
Recurrence

No 60 40.5

Yes 88 59.5
Vital status (at follow-up)

Alive 73 49.3

Death 75 50.7
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TABLE 2 Correlations between CD47/CD133 expression and clinicopathological features of patients with ESCC
CD47 expression CD133 expression
Clinical variables Low (%) High (%) P value Low (%) High (%) P value
Gender
Male 53 (70.7) 40 (70.2) 0.551 44 (60.3) 50 (80.6) 0.008
Female 22 (29.3) 17 (29.8) 29 (39.7) 12 (19.4)
Age (y)
<60 44(58.7) 34 (59.6) 0.526 45 (61.6) 32 (51.6) 0.159
>60 31(41.3) 23 (40.4) 28 (38.4) 30 (48.4)
Clinical stage
/11 45 (60.0) 30 (52.6) 0.252 39 (53.4) 35 (56.5) 0.429
/v 30 (40.0) 27 (47.4) 34 (46.6) 27 (43.5)
T classification
T1-T2 18 (24.0) 13 (22.8) 0.521 15 (20.5) 15 (24.2) 0.381
T3-T4 57 (76.0) 44 (77.2) 58 (79.5) 47 (75.8)
N classification
NO 42 (56.0) 25 (43.9) 0.114 37 (50.7) 31 (50.0) 0.537
N1-2 33 (44.0) 32 (56.1) 36 (49.3) 31 (50.0)
Depth of invasion
<66% 23 (33.3) 16 (29.1) 0.379 23 (32.9 17 (29.8) 0.432
>66% 46 (66.7) 39 (70.9) 47 (67.1) 40 (70.2)
Location
Upper 6 (8.0) 3(5.3) 0.722 4 (5.5) 5(8.1) 0.202
Middle 49 (65.3) 36 (63.2) 52 (71.2) 35 (56.5)
Lower 20 (26.7) 18 (31.6) 17 (23.3) 22 (35.5)
Differentiation
Well/Moderate 61 (81.3) 32 (58.2) 0.004 55 (76.4) 36 (59.0) 0.025
Poor 14 (18.7) 23 (41.8) 17 (23.6) 25 (41.0)
Recurrence
No 40 (53.3) 14 (24.6) 0.001 36 (49.3) 19 (30.6) 0.021
Yes 35 (46.7) 43 (75.4) 37 (50.7) 43 (69.4)
Vital status (at follow-up)
Alive 44 (58.7) 20 (35.1) 0.006 40 (54.8) 24 (38.7) 0.045
Death 31 (41.3) 37 (64.9) 33 (45.2) 38 (61.3)

The Pearson’s chi-squared test and Fisher’s exact test were used for analysis.
P-values in bold indicates significance (P < 0.05).

positive staining. All sections were visualized by micro-
scope (Nikon Eclipse 80i; Tokyo, Japan) and evaluated in
high-power fields (400x). CD47 and CD133 expression
in tumor cells was measured via H-score method. A final
score was obtained by computing the percentage of positive
staining cells (0%-100%) in each staining intensity category
(0-3%): (3 percentage of strong staining) + (2 X percentage
of moderate staining) + (percentage of weak staining), giv-
ing an H-score range of 0-300. Staining with isotype anti-
body was used as negative control. The IHC sections were
examined by two independent pathologists blind to each

patient’s clinical information. If their results were incon-
sistent, we would ask the third pathologist to evaluate. The
strong, moderate, and weak staining of CD47 and CD133
were shown in Figure S2.

2.3 | Sphere formation and antibody
block assay

The CSCs sorting were performed using the method described
by Lonardo et al with minor modifications.”” Fresh ESCC tis-
sues were cut into fine crumbles and digested 30 minutes in 37°C
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FIGURE 2 Association between
CD47 and CD133 expression levels and
tumor histological differentiation. A, Protein
staining by IHC for CD47 and CD133 in 26
adjacent non-tumor tissues and 136 tumors

tissues. Scale bar = 50 pm. The mean CD47 by «ég..;;\
(B) and CD133 (C) staining score was
increased in poor (CD47 n = 44; CD133

n = 52) differentiation tumors compared
with well (CD47 n = 25; CD133 n = 25)
or moderate (CD47 n = 63; CD133 n =59)

differentiation tumors, and significantly

Moderate

higher than that in adjacent non-tumor
tissues regions. Data are expressed as

mean + SD (bars); (D) CD47 expression
levels are positively correlated with CD133.
The IHC H-scores are examined by at least
two independent pathologists. Differences
were assessed with an unpaired two-tailed ¢
test. The IHC H-scores are examined by at
least two independent pathologists

by 50 pg/mL collagenase. Cells were obtained after filtering the
digestion products and adjusted to a concentration of 10° cells/
mL in sorting buffer (1x PBS). Spheres were formed via cul-
turing 3 x 10° primary ESCC cells, obtained from flow cytom-
eter (Gallios, AV28109, California, USA) using CD133-FITC
(Miltenyi Biotec, 130104322, Cologne, Germany) and CD47-
PE (Biolegend, 323108, San Diego, CA) after staining (in 1x
PBS 30 pL) at room temperature for 30 minutes. The media of
serum-free DMEM/F12 had to contain certain key component
supplementing with B27 (1:50; Invitrogen, Carlsbad, California,
USA), 20 ng/mL epidermal growth factor (EGF; 1:5000; R&D
Systems), 20 ng/mL basic fibroblast growth factor (bFGF;
1:5000; R&D Systems) for a total of 7 days, allowing spheres
to reach a size of >70 mm. For subsequent passaging, mature
spheres, filter through 40-um cell strainers, were dissociated
into single cells, and then recultured in media with anti-CD47
(2 pg/mL; R&D systems, AF4670) or anti-IgG control antibody
(2 pg/mL; R&D, 5-001-A) for another 7 days.

24 |

All statistical analyses were performed by GraphPad Prism
6 (GraphPad Software; United States) and IBM SPSS Soft
21 (IBM Corporation; United States). Pearson’s ;(2 test or
Fisher’s exact test was used to examine the relationship

Statistical analysis
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between CD47/CD133 expression and clinicopathological
parameters as appropriate. The correlation between CD47 and
CD133 staining was determined by Pearson correlation anal-
ysis. Survival curves were calculated using the Kaplan-Meier
method and compared via log-rank test. Prognostic variables
with effects on survival in univariate analysis were included
in a multivariate Cox proportional hazard regression model.
A threshold of P < 0.05 denoted statistical significance.

3 | RESULTS

3.1 | CDA47/CD133 is expressed at higher
levels in ESCC compared with adjacent non-
tumor tissues

CD47 displayed clear membrane staining in 26 ESCC speci-
mens through THC staining, but barely any staining in adjacent
esophagus cells with the exception of epidermal basal layer
cells (Figure 1A), which are known for possessing a strong abil-
ity to divide. CD47 expression, quantified by the IHC H-score,
was significantly stronger in tumor tissues compared with the
adjacent non-tumor tissues (P < 0.0001; Figure 1C). Similarly,
esophagus cells all stained negatively or minimally in adjacent
noncancerous regions for CD133 (Figure 1B), whereas stain-
ing was often increased in the tumor (P = 0.011, Figure 1D).
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FIGURE 3 Cumulative survival curves of CD47, CD133, and the stemness index for esophageal squamous cell carcinoma patients. (A, B)

Patients with higher CD47 (n = 57) expression have shorter overall survival (OS) and progression-free survival (PFS) than whom in lower group

(n=75). (C, D) Compared with patients in low CD133 expression (n = 63), higher expression of CD133 (n = 72) is positively correlated with poor
OS and PFS. (E, F) Higher stemness index (n = 34) predicts poor OS and PFS than stemness index “0” group (n = 45). The OS and RFS curves
were generated by the Kaplan-Meier method and analyzed using the log-rank test

3.2 | CDA47 and CD133 expression and their
correlation with clinicopathological
characteristics

We summarized the clinicopathological features of 136 ESCC
patients in Table 1. The median follow-up was 43 months
(range from 1.6 to 130 months). During the follow-up period,
75 patients (50.7%) died and 88 (59.5%) patients suffered
from tumor progression, with the median OS and PFS being
44 and 32 months. Based on their CD47 and CD133 expres-
sion level, the patients were divided into groups following
the cut-off value (125 and 20, respectively) as inferred from
the receiver operating characteristic (ROC) curve.

We further analyzed the relationship between the patients’
CD47 and CD133 status and clinicopathological character-
istics. Table 2 shows that expressions of CD47/CD133 and
histological differentiation, recurrence and vital status were
obviously correlated. Patients with poor differentiation tended

toward a stronger expression of CD47 or CD133 (Figure
2A-C). Furthermore, a positive correlation existed between
CD47 and CD133 expression (r = 0.531, P < 0.0001, Figure
2D)

3.3 | High CD47 and CD133 expression in
tumor cells predicts poor prognosis

The relationship between the expression of CD47/CD133
and patients’ survival was investigated. Kaplan-Meier sur-
vival curves and a log-rank test were conducted, certifying
that patients with high CD47 expression had shorter OS
(P =0.0006, Figure 3A) and PFS (P = 0.001, Figure 3B).
Similarly, high CD133 indicated worse OS (P =0.012,
Figure 3C) and PFS (P =0.011, Figure 3D) than patients
with low expression. These results demonstrate that both
CD47 and CD133 are effective predictors of prognosis in
ESCC patients.
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TABLE 3 Univariate and multivariate analysis of factors associated with survival and recurrence

Variable Subset
Overall survival
Univariate analysis
Gender
Age (y)

Clinical stage

Male vs Female
<60 vs >60
I-11 vs HI-1V

T classification T1-T2 vs T3-T4

N classification NO vs N1-2

Depth of invasion (%) <66 vs >66

Location Upper, Middle vs Lower
Differentiation Well, Moderate vs Poor
CD47 expression High vs Low

CD133 expression High vs Low

Multivariate analysis

N classification NO vs N1-2

Depth of invasion (%) <66 vs >66

CD47 expression High vs Low

CD133 expression High vs Low

Recurrence-free survival
Univariate analysis
Gender
Age (y)

Clinical stage

Male vs Female
<60 vs >60
I-1I vs II-IV

T classification T1-T2 vs T3-T4

N classification NO vs N1-2
Depth of invasion (%) <66 vs >66
Location Upper, Middle vs Lower

Differentiation

Well, Moderate vs Poor

CD47 expression High vs Low

CD133 expression High vs Low
Multivariate analysis

N classification NO vs N1-2

CDA47 expression High vs Low

CD133 expression High vs Low

P-values in bold indicates significance (P < 0.05).

To assess whether CD47 or CD133 could be utilized as an
independent indicator of OS/PFS, we performed a multivari-
ate Cox proportional hazards analysis. As illustrated in Table
3, CD47/CD133 expression was associated with an increased
risk of tumor progression in ESCC patients.

3.4 | Prognostic significance of the stemness
index in ESCC

CD47 and CDI133 serve important roles in maintaining
CSCs. Our findings indicate CD47 or CD133 expression pre-
sents a valuable independent factor in predicting the OS of

Hazard ratio (95%) P value
0.783 (0.473-1.298) 0.343
1.300 (0.826-2.046) 0.257
1.931 (1.225-3.045) 0.005
1.916 (1.052-3.491) 0.034
1.919 (1.207-3.051) 0.006
2.064 (1.173-3.630) 0.012
1.322 (0.876-1.996) 0.184
1.633 (1.024-2.603) 0.039
2.289 (1.412-3.709) 0.001
1.813 (1.131-2.906) 0.013
2.049 (1.227-3.421) 0.006
1.868 (1.037-3.362) 0.037
1.699 (1.013-2.849) 0.044
1.950 (1.153-3.297) 0.013
0.877 (0.557-1.381) 0.572
1.137 (0.748-1.730) 0.547
1.598 (1.049-2.435) 0.029
1.495 (0.890-2.514) 0.129
1.834 (1.201-2.802) 0.005
1.910 (1.149-3.174) 0.013
1.202 (0.831-1.740) 0.329
1.618 (1.047-2.500) 0.030
2.476 (1.573-3.898) <0.0001
1.766 (1.132-2.755) 0.012
2.266 (1.390-3.694) 0.001
1.793 (1.096-2.933) 0.020
1.980 (1.203-3.694) 0.007

ESCC. As such, we took a further step to combine CD47 and
CD133 expression statistics into a stemness index to assess
their effects in ESCC. Three groups were classified: Group
0, with low CD47 and low CD133; 1, low CD47 and high
CD133 or high CD47 and low CD133; and 2, high CD47 and
high CD133. Kaplan-Meier analysis showed that patients in
the O group exhibited the best OS P = 0.0006, Figure 3E and
PFES P < 0.0001, Figure 3F compared with 1 and 2, while
the stemness index for 2 was correlated with poor survival.
Furthermore, a multivariate Cox analysis (Table 4) deter-
mined the stemness index as an independent prognostic fac-
tor for both OS and PFS in ESCC patients.
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TABLE 4 Univariate and multivariate analysis of stemness status associated with survival and recurrence
Variable Subset Hazard ratio (95%) P value
Overall survival
Univariate analysis
Gender Male vs Female 0.783 (0.473-1.298) 0.343
Age (y) <60 vs >60 1.300 (0.826-2.046) 0.257
Clinical stage I-11 vs TI-1IV 1.931 (1.225-3.045) 0.005
T classification T1-T2 vs T3-T4 1.916 (1.052-3.491) 0.034
N classification NO vs N1-2 1.919 (1.207-3.051) 0.006
Depth of invasion (%) <66 vs >66 2.064 (1.173-3.630) 0.012
Location Upper, Middle vs Lower 1.322 (0.876-1.996) 0.184
Differentiation Well, Moderate vs Poor 1.633 (1.024-2.603) 0.039
Stemness status 0,1vs2 1.774 (1.308-2.407) <0.0001
Multivariate analysis
Clinical stage I-11 vs TI-IV 2.080 (1.254-3.453) 0.005
Stemness status 0,1vs2 1.940 (1.399-2.690) <0.0001
Recurrence-free survival
Univariate analysis
Gender Male vs Female 0.877 (0.557-1.381) 0.572
Age (y) <60 vs >60 1.137 (0.748-1.730) 0.547
Clinical stage I-1T vs ITI-1V 1.598 (1.049-2.435) 0.029
T classification T1-T2 vs T3-T4 1.495 (0.890-2.514) 0.129
N classification NO vs N1-2 1.834 (1.201-2.802) 0.005
Depth of invasion (%) <66 vs >66 1.910 (1.149-3.174) 0.013
Location Upper, Middle vs Lower 1.202 (0.831-1.740) 0.329
Differentiation Well, Moderate vs Poor 1.618 (1.047-2.500) 0.030
Stemness status 0,1vs2 1.780 (1.339-2.365) <0.0001
Multivariate analysis
N classification NO vs N1-2 2.242 (1.384-3.631) 0.001
Stemness status 0,1vs2 1.883 (1.384-2.562) <0.0001

P-values in bold indicates significance (P < 0.05).

Univariate analysis, Cox proportional hazards regression model
Multivariate analysis, Cox proportional hazards regression model.
Variables were adopted by univariate analysis.

3.5 | ESCC CSCs’ confinement to
CDA477 cells and the potential therapeutic
significance of anti-CD47

Given our data’s indication that CD47 is correlated with the
differentiation of ESCC cells, we further aimed to explore
whether CD477CD133* cancer cells were more stem-like.
We FACSorted primary ESCC cells from 6 patients for
CD47 or CD133 and surveyed their self-renewal capacity
by sphere formation assay. We estimated the proportion of
CD47% cells in the CD133" subpopulation, and as demon-
strated in Figure S1A. Also, the most of CD133" cells co-
expressed CD47 at an approximate percentage of 89%-93%
(Figure S1B). To further assess the CD47 characteristic in

the ESCC CSCs, we first FACSorted primary ESCC cells for
CD47* and CD133%, then sorted four subpopulations based
on their expressions intensity. We observed that more sig-
nificantly larger spheres were formed by CD47% cells than
those by CD47" cells (Figure 4A). It indicated CD47" cells
are evidently enriched in CSCs and CD47" CD133™ cells dis-
tinctly possess with the strongest sphere formation capacity
(Figure 4B). Furthermore, we confirmed that in contrast with
the isotype-matched IgG antibody treatment control cells,
ESCC:s cells treated with the human CD47 blocking antibody
displayed effectively reduced sphere formation capacity in
CD133" cells (Figure 4C). Taken together, all these turn out
that anti-CD47 treatment had in fact eliminated the CSCs
pool.
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4 | DISCUSSION

In the present study, we investigated the expression and prog-
nostic potential of two important CSCs associated proteins,
CD47 and CD133, and explored the potential therapeutic ef-
fect of anti-CD47 treatment in ESCC. We found that they
were both upregulated in primary ESCC patient samples, al-
beit to differing degrees. CD47 and CD133 correlated with
poor prognosis, and the stemness index, a combination of
CD47 and CD133, was an independent prognostic factor in
ESCC for OS and PFS. Moreover, CD47% cells were more
“stem-like” and anti-CD47 treatment reduced the size and
ratio of sphere formation in CD133* ESCC cells.
Treatments with the inhibition of regulatory signals that
are centrally relevant to CSCs capacity currently proved
promising.10’20 However, in preclinical studies, neutraliz-
ing antibodies against existing stemness markers have been
proven insufficient for eradicating CSCs, likely due to the ex-
ceedingly heterogeneous genetic transcriptional response of
cancer entailing larger populations of cells, which are resis-
tant to single-pathway targeting.15 Moreover, recent research
has revealed that cancer stemness is partly defined by im-
mune environmental cues.>' Thus, targeting CSCs based on

broader immune therapeutics methods may be a more potent
alternative for wiping out these thorny cells.

Growing evidence suggests that CD47 is required for the
evasion of both innate®** and adaptive23’24
and is verified to be preferentially overexpressed in CSCs,
and we have pondered the possibility of CD47 being the sally
port to ultimately eliminating CSCs. But CD47 seems not to
be a perfect surrogate marker of CSCs, because of its high
expression in majority cancer cells, including non-CSCs,
restricts the real enrichment CSCs numbers in CD47% cells.
Therefore, the combination of other CSCs markers would
be required. Unlike CD47, which was strongly expressed in
major neoplastic tissues, CD133 was slightly or moderately
overexpressed in our data. A series of epitopes have been
used as markers for identifying CSCs such as CD133, CD44,
and CD90. More importantly, a recent study by Cheung et
al'' identified CD133, but not CD90 or CD44, as a functional
and targetable CSCs marker for ESCC. Therefore, we fo-
cused on assessing the stemness index prognosis power as de-
termined by the combined expression of CD47 and CD133,
utilized CD133 to make up for the lack of sensitivity of CD47
as a CSCs marker, and evaluated whether anti-CD47 therapy
could ably reduce the percentage of CSCs.

immune attacks
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A number of previous studies exist on the identifica-
tion and prognostic power of CD133 expression and other
CSCs marker combinations. Allied expression of CD133
with CD15, CD44, aldehyde dehydrogenase or adenosine
triphosphate-binding cassette superfamily G member 2 has
been suggested as a helpful tool in identifying putative CSCs
and predicting the prognosis of patients.”*’ However, these
combination strategies have yet to translate to expedient
treatment. As the main objective in CSC research is to devise
new means to effectively and selectively eliminate CSCs,*
our present work is focused on the combination of CD47 and
CD133 as a potential predictor for ESCC patients, to further
distinguish CSCs, and ultimately eliminating these malignant
cells. Our data present first-hand evidence for the correla-
tion between concomitant high CD47-CD133 expression and
poor survival, as well as for CD47* CD133" being an appro-
priate indicator to separate ESCC CSCs.

CD47 and CD133 were both proposed as potential pre-
dictors for CSCs. CD47, which has been identified as a
“don’t eat me” signal to the immune system, is more highly
expressed on CSCs of diverse origin, both in hematological
and solid tumors. In our current study, CSCs from ESCC
displayed a profound defect of sphere formation capacity
by neutralizing CD47. What’s more, one proposed function
of CDA47 is to protect the CSCs from phagocytic clearance
by macrophages. CD47" CD133" CSCs may possess stron-
ger self-protection capability.6’9’29’30 In ovarian, breast and
pancreatic cancers, blockade CD47 signaling making CSCs
more susceptible to be eliminated by macrophages.ls’17 All
observations above suggest that CD47 can be a potential
target for removing CSCs, thus preventing tumor relapse
post-conventional cytoreductive therapies. However, be-
fore CD47-centered therapeutic approaches entering the
clinical arena, the underlying mechanisms that regulate
CD47 expression on CSCs must be addressed in the fu-
ture. A Recent study has shown that, when exposed to hy-
poxic microenvironment, breast cancer cells increased their
CD47 expression and in favor of a CSC-like phenotype,
which mediated by a direct binding of HIF-1a to the CD47
promoter.[33] The Data from Shigemasa S et.al shows that
CDA47 is regulated by miR-133a which probably function as
a tumor suppressor.” Our study provides preliminary proof
that CD47 blockade may improve CSC eradicating strat-
egy, while whether other novel and effective mechanisms
exist merits further investigation.

S | CONCLUSIONS

We have uncovered that CD47 and CD133 are overex-
pressed in ESCC tissues, especially in poor differentiation
tumors. CD133* CD47" ESCC cells are found to pos-
sess the characteristics of CSCs. Inhibiting CD47 was an

effective method of suppressing tumor stemness even at
high levels in CD133™ cells. Although further mechanistic
studies are still required for collation, our data presented—
through combining CD47 and CDI133 expression—the
tumor stemness index as an independent prognostic factor
for both OS and PFS. In the future, treatment and diagnosis
based on the concomitant high CD47-CD133 expression in
ESCC may yet comprise a promising strategy.

ACKNOWLEDGEMENTS

This work was supported by the National Natural Science
Foundation of China under grant numbers 81672863,
81372275; the Project of State Key Laboratory of Oncology
in South China under grant number 030041060004; the
Project of Guangzhou Science and Technology Plan
(2014J4100238 to Min Zheng); and Science and Technology
Plan Program of Guangdong Province (2016A020215080
to Min Zheng).

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

DATA ACCESSIBILITY

These data have not been previously reported and is not under
consideration for publication elsewhere.

ETHICAL APPROVAL

This investigation conformed strictly to the ethical guidelines
of the Declaration of Helsinki, and the ethical approval was
provided by the Research Ethics Committee of Sun Yat-Sen
University Cancer Center (Guangzhou, Guangdong prov-
ince, China). We obtained surgical samples after obtaining
written informed consent from all patients. All samples were
coded, and the information was stored anonymously accord-
ing to legal and ethical claim.

ORCID

Shu-Ting Huang "= https://orcid.org/0000-0003-2977-8847

REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015;65(2):87-108.

2. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China,
2015. CA Cancer J Clin. 2016;66(2):115-132.

3. Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J Med.
2014;371(26):2499-2509.


https://orcid.org/0000-0003-2977-8847
https://orcid.org/0000-0003-2977-8847

WANG ET AL.

. 1325
Cancer Medicine - WI LEYJ—

4.

10.

12.

13.

14.

16.

17.

18.

20.

Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal car-
cinoma. Lancet. 2013;381(9864):400-412.

Okazawa H, Motegi S, Ohyama N, et al. Negative regulation of
phagocytosis in macrophages by the CD47-SHPS-1 system. J
Immunol. 2005;174(4):2004-2011.

Willingham SB, Volkmer JP, Gentles AJ, et al. The CD47-sig-
nal regulatory protein alpha (SIRPa) interaction is a therapeu-
tic target for human solid tumors. Proc Natl Acad Sci U S A.
2012;109(17):6662-6667.

Suzuki S, Yokobori T, Tanaka N, et al. CD47 expression reg-
ulated by the miR-133a tumor suppressor is a novel prognos-
tic marker in esophageal squamous cell carcinoma. Oncol Rep.
2012;28(2):465-472.

Brightwell RM, Grzankowski KS, Lele S, et al. The CD47 “don’t
eat me signal” is highly expressed in human ovarian cancer.
Gynecol Oncol. 2016;143(2):393-397.

Horrigan SK. Reproducibility Project: Cancer B. Replication Study:
the CD47-signal regulatory protein alpha (SIRPa) interaction is a
therapeutic target for human solid tumors. eLife. 2017;6:¢18173.
Clevers H. The cancer stem cell: premises, promises and chal-
lenges. Nat Med. 2011;17(3):313-319.

. Li B, Xu WW, Han L, et al. MicroRNA-377 suppresses initiation

and progression of esophageal cancer by inhibiting CD133 and
VEGF. Oncogene. 2017;36(28):3986-4000.

Zhao JS, Li WIJ, Ge D, et al. Tumor initiating cells in esophageal
squamous cell carcinomas express high levels of CD44. PLoS
ONE. 2011;6(6):e21419.

Tang KH, Dai YD, Tong M, et al. A CD90(+) tumor-initiating cell
population with an aggressive signature and metastatic capacity in
esophageal cancer. Cancer Res. 2013;73(7):2322-2332.

Lee TK, Cheung VC, Lu P, et al. Blockade of CD47-mediated
cathepsin S/protease-activated receptor 2 signaling provides a
therapeutic target for hepatocellular carcinoma. Hepatology.
2014;60(1):179-191.

. Cioffi M, Trabulo S, Hidalgo M, et al. Inhibition of CD47 effec-

tively targets pancreatic cancer stem cells via dual mechanisms.
Clin Cancer Res. 2015;21(10):2325-2337.

Liu L, Zhang L, Yang L, et al. Anti-CD47 antibody as a targeted
therapeutic agent for human lung cancer and cancer stem cells.
Front Immunol. 2017;8:404.

Kaur S, Elkahloun AG, Singh SP, et al. A function-blocking CD47
antibody suppresses stem cell and EGF signaling in triple-negative
breast cancer. Oncotarget. 2016;7(9):10133-10152.

Xu J, Ding T, He Q, et al. An in situ molecular signature to predict
early recurrence in hepatitis B virus-related hepatocellular carci-
noma. J Hepatol. 2012;57(2):313-321.

Zhang L, Wang JH, Liang RX, et al. RASSF8 downregulation pro-
motes lymphangiogenesis and metastasis in esophageal squamous
cell carcinoma. Oncotarget. 2015;6(33):34510-34524.

Lonardo E, Hermann PC, Mueller MT, et al. Nodal/Activin sig-
naling drives self-renewal and tumorigenicity of pancreatic cancer

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

stem cells and provides a target for combined drug therapy. Cell
Stem Cell. 2011;9(5):433-446.

Cui TX, Kryczek I, Zhao L, et al. Myeloid-derived suppressor cells
enhance stemness of cancer cells by inducing microRNA101 and
suppressing the corepressor CtBP2. Immunity. 2013;39(3):611-621.
Weiskopf K, Jahchan NS, Schnorr PJ, et al. CD47-blocking immu-
notherapies stimulate macrophage-mediated destruction of small-
cell lung cancer. J Clin Invest. 2016;126(7):2610-2620.

Tao H, Qian P, Wang F, Yu H, Guo Y. Targeting CD47 enhances
the efficacy of anti-PD-1 and CTLA-4 in esophageal squamous cell
cancer preclinical model. Oncol Res. 2017;25(9):1579-1587.
Sockolosky JT, Dougan M, Ingram JR, et al. Durable antitumor
responses to CD47 blockade require adaptive immune stimulation.
Proc Natl Acad Sci U S A. 2016;113(19):E2646-E2654.

Bertolini G, D’Amico L, Moro M, et al. Microenvironment-mod-
ulated metastatic CD1334/CXCR25+/EpCAM- lung cancer-ini-
tiating cells sustain tumor dissemination and correlate with poor
prognosis. Cancer Res. 2015;75(17):3636-3649.

Hang D, Dong HC, Ning T, Dong B, Hou DL, Xu WG. Prognostic
value of the stem cell markers CD133 and ABCG2 expres-
sion in esophageal squamous cell carcinoma. Dis Esophagus.
2012;25(7):638-644.

Yang XR, Xu Y, Yu B, et al. High expression levels of putative
hepatic stem/progenitor cell biomarkers related to tumour an-
giogenesis and poor prognosis of hepatocellular carcinoma. Gut.
2010;59(7):953-962.

Nolte SM, Venugopal C, McFarlane N, et al. A cancer stem cell
model for studying brain metastases from primary lung cancer. J
Natl Cancer Inst. 2013;105(8):551-562.

Bi Y, Meng Y, Wu H, Cui Q, Luo Y, Xue X. Expression of the
potential cancer stem cell markers CD133 and CD44 in medullary
thyroid carcinoma: A ten-year follow-up and prognostic analysis. J
Surg Oncol. 2016;113(2):144-151.

Weiskopf K. Cancer immunotherapy targeting the CD47/SIRPalpha
axis. Eur J Cancer. 2017;76:100-109.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

How to cite this article: Wang J-H, Huang S-T,
Zhang L, et al. Combined prognostic value of the
cancer stem cell markers CD47 and CD133 in
esophageal squamous cell carcinoma. Cancer Med.
2019;8:1315-1325. https://doi.org/10.1002/cam4.1894



https://doi.org/10.1002/cam4.1894

