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leukemia, but not B-cell acute lymphoblastic leukemia 

Shunyou Gong1,2, Ebenezer S Osei1, David Kaplan1, Youhai H Chen2, Howard Meyerson1

1Department of Pathology, University Hospitals Case Medical Center, Case Western Reserve University, Cleveland 
44106, Ohio, USA; 2Department of Pathology and Laboratory Medicine, University of Pennsylvania, Philadelphia 
19104, PA, USA

Received November 27, 2014; Accepted January 28, 2015; Epub February 1, 2015; Published February 15, 2015

Abstract: CD317 was first identified as a multiple myeloma-associated antigen. Here we report the expression of 
CD317 in normal B cells and B-cell malignancies. In normal bone marrow, CD317 demonstrates a biphasic expres-
sion pattern, with higher expression on stage 1 and stage 3 hematogones, but not on stage 2 hematogones. CD317 
is over-expressed in B-cell chronic lymphocytic leukemia, and appears associated with negative CD38 expression. 
Moreover, CD317 is barely detectable in B-cell acute lymphoblastic leukemia. Our results suggest that CD317 ex-
pression might be of prognostic significance for B-CLL, and CD317 could be used as a new marker for minimal 
residual disease detection in B-ALL.
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Introduction

CD317, or Tetherin/BST2/HA1.24, is a lipid 
raft-associated protein with a N-terminal tr- 
ansmembrane domain and a C-terminal glu- 
cosyl-phosphatidylinositol (GPI) anchor. The 
unique extracellular “loop” structure localizes 
CD317 on the outer surface of cell membrane. 
CD317 also has a short cytoplasmic tail on its 
N-terminus. Both the extracellular loop and 
cytoplamic tail may be important for its regula-
tion and functions. [1]. Accordingly, CD317 
appears to be a molecule with multiple activi-
ties. CD317 has been proved to regulate the 
release of several viruses from infected cells 
[2-5]. Another proposed function of CD317 is to 
bind Ig-like transcript-7 (ILT7), negatively regu-
lating the Fcε RIγ signaling pathway, and inhibit-
ing TLR-7/9 induced cytokine responses [6]. 
Importantly, CD317 has been reported to acti-
vate NFκB pathway [7, 8].

CD317 was originally identified as a multiple 
myeloma antigen and is highly expressed on 
terminally differentiated human B cells [9-12]. 
CD317 has been proved to be an effective 
target for multiple myeloma immunotherapy 
[13-18]. CD317 can induce antibody dependent 

cell-mediated cytotoxicity (ADCC) and cytotoxic 
T cell responses. Anti-CD317 antibody has be- 
en shown to effectively inhibit multiple myeloma 
growth in vivo and in vitro. Additionally, CD317 
was reported to be expressed on bone marrow 
stromal cells, and at least one study indicated 
that it is capable of supporting Pre-B cell growth 
[10]. CD317 over-expression was also detected 
on solid tumors derived from various organs, 
including breast, lung, and kidney [19-21]. Al- 
though widely recognized as a multiple myelo-
ma antigen, the exact role of CD317 in the 
pathogenesis of multiple myeloma is still un- 
known. Similarly, the expression profiles of 
CD317 on hematopoietic cells, and its potential 
diagnostic value on human lymphoid malignan-
cies, have not been adequately characterized.

Some authors reported that CD317 expression 
was restricted on terminally differentiated B 
cells [9], whereas others suggested relatively 
broad expression, although the pattern is not 
well-defined [22]. We are especially interested 
in the expression of CD317 in B-lymphocytes of 
various maturing stages, and whether CD317 
has potential diagnostic, prognostic, or thera-
peutic values on common lymphoid malignan-
cies, like B-cell chronic lymphocytic leukemia 
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(B-CLL) and B-cell acute lymphoblastic leuke-
mia (B-ALL). Of note, B-CLL is the most com-
mon adult leukemia in the western world, and 
therapies are largely based on several prognos-
tic factors, including CD38, ZAP70, IgH muta-
tion status, and cytogenetic abnormalities; 
B-ALL is a leukemia predominantly affecting 
children and minimal residual disease (MRD) 
detection remains a challenging issue for the 
management of B-ALL.

In this paper, we studied the expression of 
CD317 on normal bone marrow hematogones 
and mature B cells, and investigated its poten-
tial values on the management of common lym-
phoid malignancies. Our results demonstrated 
that human stage 1 and stage 3 hematogones 
express higher level of CD317, but stage 2 
hematogones do not; CD317 is over-expressed 
by majority of CLL cases and associated with 
negative CD38, thus may be of prognostic sig-
nificance; CD317 is barely detectable in B-ALL 
and could be useful for MRD detection. 

Materials and methods

Patients

29 B-CLL patients and 8 B-ALL patients seen at 
the University Hospitals Case Medical Center, 
Cleveland, Ohio, from November 2010 to Se- 
ptember 2012, were studied. The clinical and 
laboratory information were retrieved from the 
electronic medical record. For B-CLL cases, we 
included the age, sex, cytogenetics, absolute 
lymphocyte count, as well as CD38 and ZAP-70 
expression in our analysis (Figure 3; Tables 1, 

2). While in Table 3, we reported the age, sex, 
cytogenetics, and immunophenotype for B-ALL 
cases. Bone marrow or peripheral blood speci-
mens were selected based on morphologic and 
phenotypic analysis and procured after all clini-
cal evaluation has been completed. Discarded 
“normal” bone marrow (negative lymphoma 
staging or metastatic carcinoma screening) 
was procured. All studies with human material 
involved were carried out following an approved 
Internal Review Board protocol (04-95-91). 

Reagents 

Anti-CD317 (BST2/PDCA-1), clone 26F8, is a 
well-characterized mouse anti-human mono-
clonal antibody [6, 23-25]. PE-conjugated anti-
CD317 (26F8) and mouse IgG1κ isotype control 
were purchased from eBioscience (San Diego, 
CA). Fluorescent-labeled human CD10, CD19, 
CD20, CD34, CD45, and CD5 antibodies were 
purchased from BD Pharmingen.

Flow cytometric analysis

200 ul of bone marrow or peripheral blood 
sample was stained with anti-CD317 in combi-
nation with other antibodies for 20 min at room 
temperature. After RBC lysis and washing with 
wash buffer (PBS with 2% BSA), the cells were 
analyzed on a FACSCanto flow cytometer. At 
least 1 × 106 events were collected. The data 
analysis was performed using FCS Express 
software. For both mouse and human speci-
mens, the specific CD317 staining was deter-
mined based on comparison to the isotype 
control.

Statistical analysis

The differences in mean fluorescence intensi-
ties (MFI) of CD317 in B-CLL cells and B-ALL 
cells, compared to those of normal B cells, 
were analyzed by Student’s t test. The correla-
tion of ALC and CD317 expression was ana-
lyzed by linear regression. The association of 
CD317 and CD38 or ZAP-70 was analyzed by 
Fisher’s exact test. 

Results

CD317 shows biphasic expression during B 
cell maturation

CD317 was reported to be expressed on bone 
marrow stromal cells and terminally diffe-
rentiated B cells [9, 10], but the expression 
status on developing B lymphocytes is unclear. 

Table 1. Correlation of CD317 and CD38 
expression in CLL

CD317+ CD317- Total
CD38+ 5 (56%) 4 (44%) 9
CD38- 10 (100%) 0 (0%) 10
Total 15 4 19
Fisher’s exact test: P = 0.0325. 

Table 2. Correlation of CD317 and ZAP-70 
expression in CLL

CD317+ CD317- Total
ZAP70+ 5 (71%) 2 (29%) 7
ZAP70- 10 (67%) 5 (33%) 15
Total 15 7 22
Fisher’s exact test: P = 1.0000. 
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Table 3. Sex, age, cytogenetics and immunophenotype of 8 all cases
Case Sex Age Cytogenetics Phenotype
1 M 5 Amplification of AML1 (RUNX1) CD10+, CD19+, CD20-, CD34+ (partial)
2 F 4 Amplification of AML1 (RUNX1) CD10+, CD19+, CD20-, CD34+
3 M 48 t(4;11)(q21;q23),add(9)(q34) CD10-, CD19+, CD20-, CD34+ (partial)
4 M 5 t(12;21)(p13;q22) CD10+, CD19+, CD20-, CD34+ (partial)
5 M 1.8 Normal CD10+, D19+, CD20-, CD34-
6 M 12 Hypodiploid CD10+, CD19+, CD20+ (partial), CD34+ (partial)
7 F 54 t(9;22)(q34;q11.2) CD10+, CD19+, CD20 dim to negative, CD34+
8 F 3 t(1;17)(q42;q12) CD10+, CD19+, CD20+ (partial), CD34+

Figure 1. Expression of CD317 on human normal bone marrow hematogones. Bone marrow specimens from 3 
healthy individuals were stained with anti-CD317-PE or isotype-PE, and anti- CD34-FITC, anti-CD19-PerCP, an-
ti-CD10-APC. The cells were analysed by flow cytometry. CD317 expression was analyzed by gating on: stage 1 
hematogones (CD34+CD10+CD19+), stage 2 hematogones (CD34-CD10+CD19+), and stage 3 hematogones 
(CD34-CD10-CD19+). The dotted line and solid line in the histograms represent isotype control and CD317 staining, 
respectively. Results from one representative patient were shown. 
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To investigate the expression of CD317 on 
human precursor and mature B cells, we pro-
cured healthy human bone marrow, and flow 
cytometry was used to determine the mean 
fluorescence intensity (MFI) of CD317 on vari-
ous subsets of developing B cells. Three 
“healthy” bone marrows, from negative staging 
marrow for neuroblastoma, rhabdomyesarco-
ma, and lymphoma patients, were studied. All 
three patients demonstrated similar staining 
patterns of CD317 expression. The flow cytom-
etry dot plots from one patient were shown in 
Figure 1. Stage 2 hematogones (CD34- 
CD10+CD19+) express very low level of CD317 
(MFI: 2.4), while stage 1 hematogones (CD34+ 
CD10+CD19+) and stage 3 hematogones 
(CD34-CD10-CD19+) have higher levels of 
CD317 (MFI: 15 and 14, respectively). The find-
ings are consistent with our earlier observa-
tions that murine CD317 was highly expressed 

by pro-B cells, then down-regulated to very low 
level, and markedly up-regulated again in termi-
nally differentiated B cells (unpublished data). 

Over-expression of CD317 in B-cell chronic lym-
phocytic leukemia 

Because CD317 is significantly up-regulated on 
multiple myeloma compared to normal plasma 
cells [11], and several solid tumors also over-
express CD317 [19-21], we asked whether 
tumor cells in B-CLL also over-express CD317. 
Compared to the normal peripheral blood inter-
nal control B cells, B-CLL cells demonstrate 
increased expression of CD317 (MFI: 54.3±13.7 
vs. MFI of normal B cells: 29.8±9.4, n = 29). To 
decide whether CD317 over-expression is a 
common feature of B-CLL cells, 29 B-CLL 
patients were evaluated. Twenty-one of them 
(72%) had detectable over-expression of CD317 

Figure 2. CD317 is over-expressed on B-CLL cells. A. Peripheral blood specimens from 29 B-CLL patients were 
stained with anti-CD317-PE or isotype-PE, and anti-CD19-PerCP, anti-CD5-APC. The cells were analysed by flow cy-
tometry. CD317 expression was analyzed by gating on: B-CLL cells (CD19+CD5+) and internal control normal B cells 
(CD19+CD5-). The black line and red/blue lines in the histograms represent isotype control and CD317 staining, 
respectively. Results from one representative patient were shown. B. Peripheral blood of a healthy individual was 
stained and analyzed as in A. C. The mean fluorescence intensities (MFIs) of CD317 on B-CLL cells and normal B 
cells from 29 B-CLL patients were plotted and shown. Student’s t-test was used to determine the statistical signifi-
cance of CD317 over-expression on B-CLL cells, in comparison with normal B cells.
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(MFI increased 50% or higher, compared to that 
of normal B cells). The over-expression of 
CD317 in B-CLL was statistically significant. 
The MFI increase in B-CLL was 2.1±1.2 fold (P 
< 0.001, Student’s t-test), compared to normal 
B cells (Figure 2).

Next, we analyzed whether CD317 over-expres-
sion is associated with absolute lymphocyte 
count (ALC), CD38 and ZAP-70 expression. 
CD38 or ZAP-70 positivity was defined as MFI ≥ 
25 or ≥ 20, respectively. As shown in Figure 3, 
CD317 over-expression is not related to ALC by 
linear regression analysis (r = 0.0795, P = 
0.72). Impressively, CD317 over-expression is 
significantly associated with negative CD38 
expression (Table 1, P < 0.05 by Fisher’s exact 
test). Among 19 patients who had both CD38 
and CD317 tested, all 4 patients without CD317 
over-expression were positive for CD38, but 
only 33% (5/15) of patients with CD317 over-
expression were positive for CD38. On the 
other hand, all 10 CD38 negative patients were 
positive for CD317, but only 56% (5 of 9) of 
CD38 positive patients were positive for CD317. 
As shown in Table 2, CD317 over-expression is 
not related to ZAP-70 expression status (P = 
1.0000 by Fisher’s exact test).

8 ALL patients we tested, irrelevant of age, sex, 
cytogenetics and immunophenotype of ALL 
cells, showed reduction of CD317 expression 
levels (Table 3).

Discussion

CD317 is reportedly expressed constitutively at 
high level on terminally differentiated B cells [9] 
and Type I IFN-producing cells (plasmacytoid 
dendritic cells) [26]. Multiple cell lines dramati-
cally up-regulate CD317 following viral infection 
[3, 27]. However, CD317 is only moderately 
expressed on other immune cells, including T 
cells, B cells, NK cells and NK T cells [22]. The 
expression status of CD317 on bone marrow 
developing B cells is unclear. In this paper, we 
found, unexpectedly, that CD317 had higher 
expression on stage 1 hematogones, but barely 
detectable expression on stage 2 hemato-
gones, and the expression level went up again 
on stage 3 hematogones. The expression pro-
file is similar to our earlier observation on 
murine bone marrow B cells. The higher level 
expression of CD317 on stage 1 hematogones 
suggests that it may be involved in lymphopoi-
esis. However, only very limited data supports 
such a role [10]. CD317 knockout mice appear 

Figure 3. Linear regression analysis of absolute lymphocyte count and CD317 
expression on B-CLL cells. Absolute lymphocyte counts (ANC) of 29 CLL pa-
tients (103/ul) were plotted against CD317 expression levels (folds). The cor-
relation of ANC and CD317 over-expression was analyzed by linear regression.

Reduced CD317 expression 
in B-cell acute lymphoblastic 
leukemia

As CD317 is expressed on 
human precursor B cells at 
variable levels, we asked 
whether it has an altered 
pattern in B-cell acute lym-
phoblastic leukemia. Eight 
B-ALL patients were evaluat-
ed in this study. Surprisingly, 
compared to normal B-pre- 
cursors, the leukemia blasts 
of B-ALL had reduced expres-
sion of CD317 (MFI: 2.7±2.1 
vs. MFI of normal B precur-
sors: 22.0±12.8, n = 8). 
Compared to normal B cell 
precursors, the average MFI 
change of CD317 expression 
in leukemic blasts was 
-11.4±6.2 fold (P < 0.01, 
Student’s t-test, Figure 4). 
The down-regulation of CD- 
317 appears universal, as all 



CD317 as a new marker in B-CLL and B-ALL

1618	 Int J Clin Exp Pathol 2015;8(2):1613-1621

to have largely normal development of immune 
system [28].

B cell chronic lymphocytic leukemia (B-CLL) is 
the most common adult leukemia in the west-
ern world. Although indolent in most cases, 
B-CLL is incurable. Many patients progress to 
higher grade lymphomas which are often fatal 
[29]. The prognosis of B-CLL is based on cyto-
genetic features and expression of several 
markers like CD38 [30-33] and ZAP-70 [34, 
35]. The patients with indolent disease and 
relatively good prognosis are usually put on 
watchful waiting. CLL is only treated when pre-
senting with advanced diseases [36]. Currently, 

the standard treatments of CLL include chemo-
therapeutic drugs like cyclophosphamide, and 
monoclonal antibodies against common B-cell 
markers, like Rituximab (anti-CD20) and Ca- 
mpath (anti-CD52) [37]. In this study, we found 
that most of CLL patients over-express CD317 
on their leukemic cells. Importantly, CD317 
over-expression is significantly associated with 
CD38 negativity. On the contrary, ZAP-70 
appears not related to CD317 over-expression. 
Because negative CD38 is generally consid-
ered a better prognostic factor, it would be 
interesting to study whether CD317 over-
expressed CLL patients have slower disease 
progression and better prognosis. To our best 

Figure 4. Reduced expression of CD317 in B-
ALL. A. Bone marrow specimens from 8 B-ALL 
patients and 8 healthy individuals were stained 
with anti-CD317-PE or isotype-PE, and anti-CD10-
FITC, anti-CD45-PerCP, anti-CD19-APC. The cells 
were analysed by flow cytometry. CD317 expres-
sion was analyzed by gating on: leukemic blasts 
(CD45loCD10+CD19+), normal B cells (CD-
45hiCD19+ CD10+ or -). The black line and red/
green lines in the histograms represent isotype 
control and CD317 staining, respectively. Results 
from one representative patient were shown. 
B. Bone marrow from a healthy individual was 
stained and analyzed as in A. C. The mean fluo-
rescence intensities (MFIs) of CD317 on B-ALL 
cells from 8 B-ALL patients and normal B cell 
counterparts (with the same immunophenotype 
as B-ALL cells) from 8 healthy individuals were 
plotted and shown. Student’s t-test was used to 
determine the statistical significance of reduced 
CD317 expression on B-ALL cells, in comparison 
with normal B cell counterparts.
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knowledge, neither the expression of CD317 in 
B-CLL, nor the biological significance of CD317 
over-expression, has been reported.

B-cell acute lymphoblastic leukemia (B-ALL) is 
a neoplasm of B cell precursors (lymphoblasts). 
In the United States, around 3,000 new B-ALL 
cases are diagnosed each year. 75% of B-ALL 
cases occur in children under six years of age 
[29]. With modern chemotherapy, pediatric 
patients can easily achieve higher than 85% 
cure rate. For adults, the overall survival rate 
after chemotherapy is about 40% [38]. B-ALL 
tumor cells generally express marker molecules 
similar to their normal progenitor lymphocyte 
counterparts. Minimal residual disease (MRD) 
is of great prognostic significance in B-ALL and 
currently only a limited number of antigenic 
aberrations have been described to aid in MRD 
detection [29]. In this paper, we demonstrated 
that CD317 expression is reduced in the leuke-
mic blasts from all 8 B-ALL patients we tested. 
In another study, the authors studied a series 
of potential molecules that may be significant 
for B-ALL disease monitoring. They also found 
that CD317 appears significantly reduced in 
leukemic blasts, compared to their normal 
counterparts [39]. Therefore, there is great 
potential that CD317 could be used for minimal 
residual disease (MRD) testing in B-ALL.

Additionally, the over-expression of CD317 in 
B-CLL, but not B-ALL, suggests that CD317 may 
play different roles in the pathogenesis of these 
two forms of leukemia. Further investigation of 
the biology of CD317 and the mechanisms how 
CD317 is involved in lymphoid malignancy may 
add knowledge to our understanding of the 
immune system and provide new insights into 
the biology of B-cell CLL and ALL.
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