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Abstract
The interaction between CD47 and signal-regulatory protein-α (SIRPα) inhibits 
phagocytosis, thus affecting the clinical outcomes of neoplastic diseases. Although 
CD47 upregulation is associated with poor prognosis in several malignancies, the 
effect of SIRPα expression and its coexpression with CD47 remains unclear. This 
study aimed to investigate the clinicopathologic effect of CD47 and SIRPα expression 
in diffuse large B-cell lymphoma (DLBCL). Immunostaining of 120 biopsy samples 
showed that CD47 is primarily expressed in tumor cells, whereas SIRPα is expressed 
in nonneoplastic stromal cells, mostly macrophages. CD47high cases showed higher 
MYC protein expression and lower MYC translocation. The SIRPαhigh cases presented 
significantly shorter overall survival (OS) and progression-free survival (PFS) than 
SIRPαlow cases in the activated B-cell (ABC) subtype of DLBCL (P = .04 and P = .02, 
respectively). Both CD47high and SIRPαhigh presented significantly shorter OS and 
PFS than other cases among all DLBCL patients (P = .01 and P = .004, respectively), 
and the ABC type (P = .04 and P = .008, respectively) but not the germinal center 
B-cell type. Both CD47high and SIRPαhigh yielded a constant independent prognostic 
value for OS and PFS in multivariate analysis (hazard ratio [HR], 2.93; 95% confi-
dence interval [CI], 1.20-7.43; P = .02; and HR, 2.87; 95% CI, 1.42-5.85; P = .003, 
respectively). To the best of our knowledge, this is the first study to report that com-
binatorial CD47 and SIRPα expression is a potential independent prognostic factor 
for DLBCL. Evaluation of CD47 and SIRPα expression could be useful before CD47 
blockade therapy.
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1  | INTRODUC TION

Diffuse large B-cell lymphoma (DLBCL) is the most prevalent his-
tologic subtype of non-Hodgkin lymphomas (NHLs), accounting for 
25%-35% of NHL cases.1 Although a subset of patients could be 
successfully treated with regimens including anti-CD20 Abs, the 
median overall survival (OS) among patients with refractory DLBCL 
is 6 months.2 Gene expression profiling studies have reported dis-
tinct expression profiles in both tumor cells and the tumor microen-
vironment, providing novel insights into the prognostic prediction 
or potential novel therapies for DLBCL.3-5 Immunotherapy, including 
immune checkpoint inhibitors or chimeric antigen receptor T cells, is 
a potentially novel approach for treating DLBCL.6

CD47, originally reported as an integrin-associated protein, con-
stitutes the “don’t eat me signal” in numerous cell types.7-9 Signal-
regulatory protein-α (SIRPα), a CD47 ligand, is expressed on myeloid 
cells, including monocytes, macrophages, and granulocytes.7-9 The 
CD47-SIRPα interaction initiates a dephosphorylation cascade that 
inhibits phagocytosis.7-9 CD47 is overexpressed in different cancers, 
preventing tumor cell phagocytosis and promoting tumor progres-
sion.10-14 Numerous methods and agents targeting the CD47-SIRPα 
interaction are under investigation.9

CD47 mRNA upregulation is associated with poor prognosis in 
NHL, including DLBCL.15 An anti-CD47 Ab is reportedly safe and 
induces durable complete responses in patients with relapsed or re-
fractory DLBCL.16 Detailed analysis of the clinicopathologic charac-
teristics of CD47 expression in DLBCL is required to determine the 
effectiveness of anti-CD47 therapies. Furthermore, SIRPα expres-
sion in the tumor microenvironment in DLBCL has not been widely 
examined.

In this study, we retrospectively investigated CD47 and SIRPα 
expression in DLBCL and evaluated the association between their 
expression and the clinicopathologic features of DLBCL.

2  | MATERIAL S AND METHODS

2.1 | Patients and samples

We investigated 120 cases of DLBCL, 6 cases of double-hit lymphoma 
(DHL), and 2 cases of triple-hit lymphoma (THL) from 2005 to 2018 
newly diagnosed at the Department of Pathology, Kurume University 
and treated by experienced hematologists at institutions including 
Kurume University, Kyushu University, and Niigata University. All cases 
were reviewed by hematopathologists (KO and HM) and diagnosed in 
accordance with the WHO classification.17 Double-hit lymphoma in-
cludes high-grade B-cell lymphoma with MYC and BCL2 rearrangement. 
Triple-hit lymphoma is composed of B-cell lymphoma with transloca-
tion of MYC, BCL2, and BCL6. Cases of recurrent lymphoma or indolent 
lymphoma were not included. Thirty-three cases of extranodal DLBCL 
were included. A tissue microarray containing 120 samples from these 
patients in a formalin-fixed paraffin block was prepared, with each 
sample occupying a 2-mm diameter space. Clinical data were obtained 
through reviewing medical charts. The use of materials and clinical in-
formation was approved by the Research Ethics Committee of Kurume 
University in accordance with the tenets of the Declaration of Helsinki.

2.2 | Classification of DLBCL patients based on 
CD47 and SIRPα expression

Primary Abs used for immunohistochemical (IHC) staining were anti-
CD47 Ab (SP279, 1:400 dilution, ab226837; Abcam) and anti-SIRPα/
SHPS1 Ab (D6I3M, 1:200 dilution, 13 379; Cell Signaling Technology). 
Immunohistochemical staining was carried out using 2.5-µm thick, 
formalin-fixed, paraffin-embedded tissue sections from the tissue 
microarray of patient samples, except for cases of DHL and THL, for 
which IHC staining was undertaken using whole sections.

F I G U R E  1   Representative immunohistochemical analysis of CD47 and signal-regulatory protein-α (SIRPα) expression in diffuse large 
B-cell lymphoma (DLBCL). A, B, CD47low DLBCL. Neoplastic cells were negative for CD47. C, D, CD47high DLBCL. The plasma membranes 
and/or cytoplasm of neoplastic cells were positive for CD47 (brown staining). E, F, SIRPαlow DLBCL. The plasma membranes of neoplastic 
cells were negative for SIRPα. G, H, SIRPαhigh DLBCL. SIRPα-positive nonmalignant stromal cells were observed. Most of those cells were 
morphologically consistent with monocyte-derived cells, including macrophages. Some neoplastic cells were positive for SIRPα and excluded 
from enumeration. Original magnification, ×400 for all panels
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CD47 and SIRPα were primarily localized on the membrane and/or 
cytoplasm of tumor cells and stromal cells, respectively. The positive 
rate of CD47 expression in tumor cells and number of nonmalignant 
stromal cells expressing SIRPα were evaluated in a representative 
high-power field, including the hotspot of CD47 or SIRPα expression 
(Figure 1). Patients with DLBCL were categorized in accordance with 
the patterns of CD47 and SIRPα expression. The cut-off values for 
CD47 and SIPRα were defined as the median for each protein.

2.3 | Immunohistochemical staining of 
other proteins

Paraffin-embedded sections of each sample were subjected 
to IHC staining, using anti-CD10 (56C6; Leica Microsystems), 

anti-CD20 (L-26; DakoCytomation), anti-B-cell lymphoma 2 (BCL2) (124; 
DakoCytomation), anti-BCL6 (P1F6; Leica Microsystems), anti-MUM1 
(MUM1p; DakoCytomation), and anti-c-MYC (Y69; Abcam) Abs. Each 
case was considered as positive if more than approximately 30% neo-
plastic cells were positive, except for BCL2 and MYC, for which each 
case was considered positive if more than approximately 50% and 40% 
neoplastic cells were positive, respectively.17 Tumors coexpressing the 
MYC and BCL2 proteins were considered as double expressor lym-
phomas (DELs).17 Immunohistochemical staining was also undertaken 
with the anti-CD68 Ab (KP-1; DakoCytomation) as the panmacrophage 
marker and the anti-CD163 Ab (10D6; Leica Microsystems) for the M2 
macrophage. The number of CD68- and CD163-positive cells was evalu-
ated in a representative high-power field corresponding to that of SIRPα.

2.4 | Classification of DLBCL subtypes

The cell-of-origin of the tumors was established using the Hans algo-
rithm18: germinal center B-cell (GCB) type or non-GCB type, and the 
Lymph2Cx assay (NanoString Technologies)19: GCB, activated B-cell 
(ABC), or unclassified.

2.5 | In situ hybridization for Epstein-Barr virus-
encoded RNA

Epstein-Barr virus (EBV) was detected by in situ hybridization 
with a fluorescein-conjugated EBV peptide nucleic acid probe kit 
(DakoCytomation) following the manufacturer’s instructions. This 
probe was complementary to the 2 nuclear EBV-encoded RNAs.

F I G U R E  2   Histograms for immunohistochemistry in diffuse 
large B-cell lymphoma. A, Distributions of the rate of CD47-positive 
tumor cells. B, Distributions of the number of signal-regulatory 
protein-α (SIRPα)-positive stromal cells. Cut-off points are shown as 
the median. HPF, high power field

F I G U R E  3   Correlation between the rate of CD47-positive tumor 
cells and the number of signal-regulatory protein-α (SIRPα)-positive 
stromal cells in diffuse large B-cell lymphoma. The coefficient of 
determination was 0.03 (P = .06)
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2.6 | Fluorescence in situ hybridization

Fluorescence in situ hybridization was undertaken using 4-μm tissue 
sections with the MYC FISH DNA Probe, Split Signal (Dako) as de-
scribed previously.20 The slides were evaluated using a fluorescent 

microscope (BX51; Olympus). One hundred nuclei were scored, and 
cases were considered positive if more than 15% of the tumor cells 
showed a break-apart signal.

2.7 | Statistical analysis

Clinicopathologic characteristics were compared using the χ2 
test or Fisher’s 2-sided exact test. Pearson product-moment 
correlation coefficient was used to determine the correlation 
between CD47 and SIRPα expression. The prognostic analyses 
included only patients who received rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone (R-CHOP) or 
R-CHOP-like chemotherapy regimens. The end-points of OS 
or progression-free survival (PFS) were defined as the time to 
all-cause mortality or relapse owing to DLBCL, respectively. 
Kaplan-Meier analysis was carried out to estimate the OS and 
PFS distributions, and the log-rank test was applied to identify 
significant differences. Univariate and multivariate Cox propor-
tional regression models were used to evaluate the proposed 
prognostic factors. The variables included in the multivariate 
analysis were the DLBCL subtype, international prognostic 
index (IPI), MYC rearrangement, DEL, and CD47/SIRPα expres-
sion.19,21-23 Results at P less than  .05 were considered signifi-
cant. JMP version 13.0 software (SAS Institute) was used for 
statistical analysis.

F I G U R E  4   Correlation among the number of signal-regulatory 
protein-α (SIRPα)-positive stromal, CD68-positive, and CD163-
positive cells in diffuse large B-cell lymphoma. A, Correlation 
between the number of SIRPα-positive stromal cells and the 
number of CD68-positive cells. The coefficient of determination 
was 0.46 (P < .0001). B, Correlation between the number of SIRPα-
positive stromal cells and the number of CD163-positive cells. The 
coefficient of determination was 0.35 (P < .0001). HPF, high power 
field

F I G U R E  5   Distributions of the rate of CD47-positive tumor 
cells and the number of signal-regulatory protein-α (SIRPα)-positive 
stromal cells in cases of double-hit lymphoma (squares) and triple-
hit lymphoma (triangles). HPF, high power field
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3  | RESULTS

3.1 | Immunohistochemical analysis of CD47 and 
SIRPα in DLBCL

CD47 was expressed in tumor cells. Signal-regulatory protein-α 
was expressed primarily in nonneoplastic stromal cells, most 
of which contained ovoid nuclei and a rich cytoplasm morpho-
logically consistent with monocyte-derived cells, including mac-
rophages. The median CD47-positive rate was 70%, and the 
median number of SIRPα-positive stromal cells was 108 (Figure 2). 
Complete evaluation of SIRPα expression in stromal cells was 

interrupted among patients with an extremely high positive rate 
of 80% or greater in tumor cells; thus, 5 cases were excluded 
from the analyses including evaluation of the SIRPα expression 
status. The correlation between CD47 and SIRPα expression was 
not significant (Figure 3; r2 = .03, P = .06). Seventy-one cases 
(71/120, 59%) had the positive rate of CD47 expression greater 
than or equal to the median, which were categorized as CD47high. 
In 57 cases (57/115, 50%), the number of SIRPα-positive stromal 
cells was greater than the median, and thus were categorized as 
SIRPαhigh.

The mean ratio of SIRPα-positive stromal cells to CD68- and 
CD163-positive cells was 0.81 and 3.19, respectively. The number 

Characteristic

CD47high (n = 71) CD47low (n = 49)

P valueNo. % No. %

Sex (male/female) 34/37 48/52 36/13 73/27 0.005

Age (y)

Median 72 68

Range 29-87 23-85

>60 57/69 83 31/44 70 0.13

ECOG PS > 1 18/66 27 9/41 22 0.53

Extranodal sites > 1 4/69 6 8/43 19 0.06*

Ann Arbor stage > 2 37/65 57 22/41 54 0.74

IPI risk group 0.62

Low (0-2) 31/66 47 23/42 55

High (3-5) 35/66 53 19/42 45

Hans criteria 0.01

GCB 27/68 40 29/46 63

Non-GCB 41/68 60 17/46 37

Lymph2Cx <0.0001

GCB 19/71 27 32/49 65

ABC 36/71 51 10/49 20

Unclassified 16/71 23 7/49 14

MYC translocation, 
positive

3/71 4 8/48 17 0.03*

MYC protein, positive 38/71 54 17/49 35 0.04

DEL 22/71 31 5/49 10 0.005

EBER-ISH, positive 2/71 3 2/49 4 1.00*

Treatment 0.004*

R-CHOP/R-CHOP-like 70/71 99 42/49 86

Other chemotherapies 0/71 0 6/49 12

RT alone 1/71 1 1/49 2

Treatment response 0.91

CR/CRu 53/70 76 36/47 77

Not CR 17/70 24 11/47 23

Abbreviations: ABC, activated B-cell; CR, complete response; CRu, uncertain complete response; 
DEL, double expressor lymphoma; EBER-ISH, in situ hybridization for Epstein-Barr virus-encoded 
RNA; GCB, germinal center B-cell; IPI, international prognostic index; PS, performance status; 
R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; RT, radiotherapy.
*Fisher’s exact test. 

TA B L E  1   Clinicopathologic comparison 
among CD47 expression patterns in 
diffuse large B-cell lymphoma 
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of SIRPα-positive stromal cells was significantly correlated with 
the number of CD68- and CD163-positive cells (Figure 4; r2 = .46, 
P < .0001 and r2 = .35, P < .0001, respectively).

3.2 | Immunohistochemical analysis of CD47 and 
SIRPα in DHL and THL

In DHL cases, the CD47-positive rate was 80% or more in 5 cases, 
and the number of SIRPα-positive stromal cells was greater than 108 
in 1 case. In THL cases, the CD47-positive rate was 80% or more in 
2 cases and the number of SIRPα-positive stromal cells was less than 
108 in 2 cases. The distribution of the CD47-positive rate and the 
number of SIRPα-positive stromal cells in cases of DHL and THL are 
shown in Figure 5.

3.3 | Clinicopathologic comparison between 
CD47high and CD47low

Table 1 summarizes the statistical comparisons between CD47 ex-
pression patterns for different clinical parameters of patients with 
DLBCL. The number of male patients exceeded that of female patients 
in CD47low cases (P = .005). Based on Hans criteria and Lymph2Cx, 
the number of GC-type DLBCL was lower in CD47high cases than in 
CD47low cases (P = .01 and P < .0001, respectively). In CD47low cases, 
a significantly larger number of cases with MYC translocation was de-
tected (P = .03), whereas the number of MYC protein-positive cases 
was significantly higher among CD47high cases (P = .04). The number 
of DELs was significantly higher in CD47high cases than in CD47low 
cases (P = .005). Significant differences were observed between the 
2 groups following initial therapy (P = .004). Six cases were treated 

F I G U R E  6   Overall survival (OS) and 
progression-free survival (PFS) of diffuse 
large B-cell lymphoma (DLBCL) patients 
among the CD47 expression groups. A, 
OS of all patients. B, PFS of all patients. 
C, OS of activated B-cell (ABC) subtype. 
D, PFS of ABC subtype. E, OS of germinal 
center B-cell (GCB) subtype. F, PFS of 
GCB subtype. There were no significant 
differences in OS or PFS according to 
CD47 expression
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with chemotherapy other than the R-CHOP or R-CHOP-like regimen, 
including in CD47low cases: 2 patients were treated with rituximab, 
cyclophosphamide, vincristine, and prednisone; 1 patient was given 
rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and 
doxorubicin; 1 patient was given cyclophosphamide, doxorubicin, and 
vincristine; 1 patient was given rituximab and etoposide; and 1 patient 
was given rituximab and etoposide. Other characteristics, including IPI 
and the rate of complete response to initial therapy, did not signifi-
cantly differ between groups.

3.4 | Overall survival and PFS curves in accordance 
with CD47 expression

The OS and PFS curves in patients with DLBCL treated with R-CHOP 
or R-CHOP-like regimens are shown in Figure 6A,B. The results of sub-
group analyses for Lymph2Cx are also shown, with ABC in Figure 6C,D, 
and GCB in Figure 6E,F. No significant differences in OS and PFS were 
observed in accordance with the positive rate of CD47.

3.5 | Clinicopathologic comparison between 
SIRPαhigh and SIRPαlow

Table 2 summarizes the statistical comparisons between SIRPα 
expression patterns for different clinical parameters of patients 
with DLBCL. Pathological characteristics including Hans criteria, 
Lymph2Cx, and the positivity of MYC translocation or MYC protein, 
did not significantly differ between groups. No significant differ-
ences were observed between the 2 groups upon initial therapy. 
Other characteristics, including IPI and the rate of complete re-
sponse to initial therapy, did not significantly differ between groups.

3.6 | Overall survival and PFS curves in accordance 
with SIRPα expression

The OS and PFS curves in patients with DLBCL treated with R-CHOP 
or R-CHOP-like regimens are shown in Figure 7A,B. Subgroup analy-
ses for Lymph2Cx are also shown, with ABC in Figure 7C,D, and GCB 
in Figure 7E,F. In the ABC subtype, the OS and PFS of the SIRPαhigh 
cases were significantly inferior to those of SIRPαlow cases (P = .04 
and P = .02, respectively). No significant differences in OS and PFS 
were observed in accordance with SIRPα expression in all cases, nor 
the GCB subtype with R-CHOP or R-CHOP-like treatment.

3.7 | Overall survival and PFS curves between 
CD47 and SIRPα expression and others

For patients with DLBCL treated with R-CHOP or R-CHOP-like regi-
mens, the OS and PFS curves are shown in Figure 8A,B. Thirty-six 
cases (36/108, 34%) were categorized as CD47high/SIRPαhigh, whereas 

71 cases (71/108, 66%) were categorized as others, including CD47high/
SIRPαlow, CD47low/SIRPαhigh, and CD47low/SIRPαlow. The OS and PFS 
of the CD47high/SIRPαhigh group were significantly inferior to those of 

TA B L E  2   Clinicopathologic comparison among signal-regulatory 
protein-α (SIRPα) expression patterns in diffuse large B-cell 
lymphoma 

Characteristic

SIRPαhigh 
(n = 57)

SIRPαlow 
(n = 58)

P 
valueNo. % No. %

Sex (male/female) 33/24 58/42 33/25 57/43 0.91

Age (y)

Median 72 70.5

Range 29-87 23-85

>60 39/52 75 45/56 80 0.50

ECOG PS > 1 15/50 30 11/53 21 0.28

Extranodal sites > 1 5/51 10 6/56 11 1.00

Ann Arbor 
stage > 2

28/46 61 28/55 51 0.32

IPI risk group 0.38

Low (0-2) 23/50 46 29/53 55

High (3-5) 27/50 54 24/53 45

Hans criteria 0.91

GCB 25/53 47 27/56 48

Non-GCB 28/53 53 29/56 52

Lymph2Cx 0.26

GCB 19/57 33 28/58 48

ABC 25/57 44 20/58 34

Unclassified 13/57 23 10/58 17

MYC translocation, 
positive

5/57 9 6/57 11 1.00*

MYC protein, 
positive

26/57 46 29/58 50 0.64

DEL 13/57 23 14/58 24 0.87

EBER-ISH, positive 2/57 4 2/58 3 1.00*

Treatment 0.26*

R-CHOP/R-
CHOP-like

51/57 89 56/58 97

Other 
chemotherapies

4/57 7 2/58 3

RT alone 2/57 4 0/58 0

Treatment 
response

0.66

CR/CRu 41/56 73 43/56 77

Not CR 15/56 27 13/56 23

Abbreviations: ABC, activated B-cell; CR, complete response; CRu, 
uncertain complete response; DEL, double expressor lymphoma; 
EBER-ISH, in situ hybridization for Epstein-Barr virus-encoded RNA; 
GCB, germinal center B-cell; IPI, international prognostic index; 
PS, performance status; R-CHOP, rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone; RT, radiotherapy.
*Fisher’s exact test. 
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the other groups (P = .01 and P = .004, respectively). In the ABC sub-
type, significantly inferior OS and PFS were observed in the CD47high/
SIRPαhigh group compared to that in the other groups (Figure 8C,D; 
P = .04 and P = .008, respectively). No significant differences in OS or 
PFS were observed in the GCB subtype (Figure 8

E,F).

3.8 | Univariate and multivariate analyses of OS and 
PFS in patients with DLBCL in accordance with 
CD47 and SIRPα expression

Univariate analysis identified the following variables as prog-
nostic factors for OS: high IPI (hazard ratio [HR], 3.64; 95% con-
fidence interval [CI], 1.51-10.13; P = .004), DEL (HR, 2.34; 95% 

CI, 1.05-5.09; P = .04), and CD47high/SIRPαhigh (HR, 2.68; 95% CI, 
1.20-6.12; P = .02) (Table 3). The following variables were iden-
tified as prognostic factors for PFS: high IPI (HR, 2.26; 95% CI, 
1.17-4.53; P = .02); and CD47high/SIRPαhigh (HR, 2.46; 95% CI, 
1.29-4.68; P = .007) (Table 4).

Multivariate analysis based on CD47 and SIRPα expression re-
vealed that CD47high/SIRPαhigh is a significant independent prognos-
tic factor for OS (HR, 2.93; 95% CI, 1.20-7.43; P = .02) (Table 3) and 
PFS (HR, 2.87; 95% CI, 1.42-5.85; P = .003) (Table 4).

4  | DISCUSSION

The present study shows that patients with DLBCL with a high ex-
pression of SIRPα on stromal cells and those with coexpression of 

F I G U R E  7   Overall survival (OS) and 
progression-free survival (PFS) of diffuse 
large B-cell lymphoma (DLBCL) patients 
among the signal-regulatory protein-α 
(SIRPα) expression groups. A, OS of all 
patients. B, PFS of all patients. C, OS 
of activated B-cell (ABC) subtype. D, 
PFS of ABC subtype. E, OS of germinal 
center B-cell (GCB) subtype. F, PFS of 
GCB subtype. Significantly worse OS and 
PFS of SIRPαhigh were observed in ABC 
subtype (P = .04 and P = .02, respectively). 
There were no significant differences in 
OS or PFS according to SIRPα expression 
in all patients and in GCB subtype
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CD47 on DLBCL tumor cells and SIRPα on stromal cells have a poor 
prognosis, which was observed only in the ABC subtype of DLBCL 
and not in the GCB subtype. Coexpression of CD47 and SIRPα was 
also an independent poor prognostic factor for OS and PFS in pa-
tients with DLBCL.

Numerous previous studies reported that CD47 upregulation on 
tumor cells is associated with poor prognosis in various neoplasms, 
including DLBCL; however, few studies have investigated SIRPα ex-
pression in the tumor microenvironment.10-15 In the current study, 
upregulation of CD47 on tumor cells alone did not predict poor 
prognosis, but upregulation of SIRPα on stromal cells, mostly mac-
rophages, and combinatorial upregulation of CD47 and SIRPα were 
well correlated with poor outcomes. Macrophages and other phago-
cytes can inhibit tumor growth through phagocytosis and play an 
important role in Ab-dependent phagocytosis during treatment with 

anti-CD20 Abs, a key component of DLBCL treatment.24,25 The in-
teraction of CD47 on tumor cells with SIRPα on phagocytes inhibits 
this immune function, thus enabling tumor cells to evade phagocyto-
sis and leading to tumor growth and progression.7-9

In the present study, a significantly worse prognosis was ob-
served in patients with DLBCL with a high SIRPα expression on 
stromal cells, most of which were morphologically consistent 
with monocyte-derived cells, including macrophages. Correlation 
among SIRPα, CD68, and CD163 expression was also observed, 
suggesting that SIRPα-positive cells accounted for some parts 
of CD68- and CD168-positive macrophages. Tumor-infiltrating 
macrophages, also known as tumor-associated macrophages 
(TAMs), tend to acquire the M2 immunosuppressive phenotype, 
rather than the M1 phenotype, which has strong tumoricidal ac-
tivity.26 Several studies reported that an increased number of 

F I G U R E  8   Overall survival (OS) and 
progression-free survival (PFS) of diffuse 
large B-cell lymphoma (DLBCL) patients 
among the CD47/signal-regulatory 
protein-α (SIRPα) expression groups. A, 
OS of all patients. B, PFS of all patients. 
C, OS of activated B-cell (ABC) subtype. 
D, PFS of ABC subtype. E, OS of germinal 
center B-cell (GCB) subtype. F, PFS of 
GCB subtype. Significantly worse OS and 
PFS of CD47high/SIRPαhigh were observed 
in all patients (P = .01 and P = .004, 
respectively) and in ABC subtype (P = .04 
and P = .008, respectively). There were 
no significant differences in OS or PFS 
according to CD47/SIRPα expression in 
GCB subtype. “Others” include CD47high/
SIRPαlow, CD47low/SIRPαhigh, and CD47low/
SIRPαlow
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CD163-positive M2 type TAMs is associated with poor progno-
sis in DLBCL.27-29 An in vitro study using bone marrow-derived 
macrophages reported M2 polarization with SIRPα overexpression 
and M1 polarization with interference of CD47 or SIRPα signaling, 
suggesting that the interaction between SIRPα and CD47 polar-
izes macrophages to the M2 phenotype.30 A study of endometrial 
cancer reported that CD47 blockade results in increased phago-
cytosis among M2 macrophages without affecting the function of 
M1 macrophages, indicating the importance of the CD47-SIRPα 
interaction in M2 type TAMs.31 Our results regarding the asso-
ciation between high expression of SIRPα and poor therapeutic 
outcomes in DLBCL can be explained on the basis of the M2 type 
TAM-rich microenvironment provided by the interaction between 
CD47 and SIRPα.

The OS and PFS of patients with DLBCL with a high expres-
sion of both CD47 and SIRPα were significantly inferior to those of 
the other groups in the present study. These inferior results were 
also observed in the ABC subtype but not in the GCB subtype. Our 

results were partly consistent with those of a study showing that 
the negative effect of high CD47 expression on OS after R-CHOP 
treatment was only evident in the non-GCB subtype of DLBCL.32 
The ABC or non-GCB subtypes of DLBCL show significantly poorer 
outcomes than the GCB subtype.17,19 Different subtypes show dif-
ferent gene profiles in the tumor and its microenvironment.3,4 A 
significant correlation between the non-GCB subtype and high-M2 
type TAM density was also reported.28 The interaction between 
CD47 and SIRPα could influence the prognostic difference be-
tween DLBCL subtypes.

CD47 is expressed on numerous cell types in all tissues, mod-
ulating various cellular functions through interactions with other 
proteins, including SIRPα.7 The transcription factor MYC directly 
interacts with the promoters of CD47.33 In a study of DLBCL cell 
lines, high levels of surface CD47 were observed in DHL, which 
was reduced by transcriptional repression of MYC.34 MYC translo-
cation reportedly occurs in approximately 10% of lymphomas with 
DLBCL-like morphology, and their presence is associated with poor 

Variable

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI)
P 
value

Lymph2Cx ABC (vs GCB, 
unclassified)

1.69 (0.78-3.72) 0.18 0.92 (0.27-3.05) 0.89

IPI high (3-5) (vs low 
[0-2])

3.64 (1.51-10.13) 0.004 3.68 (1.39-10.87) 0.008

MYC translocation 
positive (vs negative)

3.13 (0.91-8.25) 0.07 1.13 (0.17-4.69) 0.88

DEL (vs non-DEL) 2.34 (1.05-5.09) 0.04 2.27 (0.76-7.22) 0.14

CD47high/SIRPαhigh (vs 
others†)

2.68 (1.20-6.12) 0.02 2.93 (1.20-7.43) 0.02

Abbreviations: ABC, activated B-cell; CI, confidence interval; DEL, double expressor lymphoma; 
GCB, germinal center B-cell; HR, hazard ratio; IPI, international prognostic index.
†Including CD47high/signal-regulatory protein-α (SIRPα)low, CD47low/SIRPαhigh, and CD47low/
SIRPαlow. 

TA B L E  3   Prognostic factors affecting 
the overall survival of patients with 
diffuse large B-cell lymphoma 

Variable

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI)
P 
value

Lymph2Cx ABC (vs GCB, 
unclassified)

1.61 (0.87-3.00) 0.13 1.09 (0.44-2.64) 0.85

IPI high (3-5) (vs low [0-2]) 2.26 (1.17-4.53) 0.02 2.19 (1.04-4.69) 0.04

MYC translocation 
positive (vs negative)

2.60 (0.89-6.10) 0.08 1.27 (0.28-4.12) 0.72

DEL (vs non-DEL) 1.84 (0.93-3.47) 0.08 1.55 (0.64-3.80) 0.33

CD47high/SIRPαhigh (vs 
others†)

2.46 (1.29-4.68) 0.007 2.87 (1.42-5.85) 0.003

Abbreviations: ABC, activated B-cell; CI, confidence interval; DEL, double expressor lymphoma; 
GCB, germinal center B-cell; IPI, international prognostic index.
a†Including CD47high/signal-regulatory protein-α (SIRPα)low, CD47low/SIRPαhigh, and CD47low/
SIRPαlow. 

TA B L E  4   Prognostic factors affecting 
the progression-free survival of patients 
with diffuse large B-cell lymphoma
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outcomes, whereas some of these tumors are classified as high-
grade B-cell lymphoma when accompanied by BCL2 and/or BCL6 
translocations.17,22,35,36 CD47 upregulation could partly account for 
the aggressiveness of DLBCL with high expression of MYC. In the 
present study, high expression of CD47 in tumor cells was correlated 
with positivity for the MYC protein, not MYC translocation, which 
might differ among the subtypes of DLBCL.

Novel treatment methods targeting the CD47-SIRPα interaction 
have been intensively investigated.9 An anti-CD47 Ab, Hu5F9-G4, 
in combination with rituximab displayed promising activity against 
relapsed or refractory DLBCL or follicular lymphoma.16 The mech-
anisms underlying the antitumor activity of the Ab have been ex-
plained based on synergistic macrophage-mediated, Ab-dependent 
cellular phagocytosis with rituximab.16,32,37 Considering the import-
ant role of macrophages expressing SIRPα in this novel treatment, 
evaluation of SIRPα expression along with CD47 could help predict 
treatment responsiveness and provide insights into the therapeutic 
indications.

There were some limitations to the present study. First, al-
though the results of the present study are significant, the number 
of cases was relatively small. Further studies of a large cohort are 
warranted to validate our results. Second, cut-off points for CD47 
and SIRPα expression have not been determined. Although we con-
sidered the median as the cut-off for positive expression, previous 
studies adopted other criteria to evaluate positivity in IHC analy-
sis.13,14 Further studies are required to determine the appropriate 
threshold expression levels on IHC. Third, evaluating the expression 
of proteins with the immunoenzyme method of IHC, the cases with 
an extremely high SIRPα expression on tumor cells were excluded 
from the present study. Although the essential result of the pres-
ent study could not change by this exclusion, considering the small 
proportion of those cases, further studies using other methods are 
warranted. Finally, we did not count the number of stromal cells 
without expression of SIRPα. Thus, we could not determine whether 
the small number of cells expressing SIRPα indicated a small overall 
number of stromal cells or a small proportion of SIRPα-positive cells. 
Although correlation among the expression of SIRPα, CD68, and 
CD163 was revealed, further studies evaluating the types of TAMs 
or other stromal cells expressing SIRPα will improve the understand-
ing of the association between its expression and the tumor micro-
environment in DLBCL.

In conclusion, we showed that higher expression levels of CD47 
on tumor cells and SIRPα on stromal cells indicate a poor progno-
sis in DLBCL, highlighting the importance of the association be-
tween tumor cells and stromal cells in DLBCL. Evaluation of CD47 
and SIRPα expression could be useful before treatment with CD47 
blockade therapy. Additional detailed studies are required to deter-
mine the clinical and biological significance of the CD47-SIRPα inter-
action in DLBCL.
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