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PEG10 Activation by Co-Stimulation of CXCR5 and CCR7 
Essentially Contributes to Resistance to Apoptosis in CD19+CD34+ 
B Cells from Patients with B Cell Lineage Acute and Chronic 
Lymphocytic Leukemia 
 
 
Chunsong Hu1, Jei Xiong2, 3, Linjei Zhang1, Baojun Huang1, Qiuping Zhang3, Qun Li1, Mingzhen 
Yang4, Yaou Wu1, Qun Wu3, Qian Shen1, Qingping Gao5, Kejian Zhang5, Zhimin Sun6, Junyan 
Liu3, Youxin Jin2 and Jinquan Tan1, 3, 7 

 
We investigated CD19+CD34+ and CD19+CD34- B cells from cord blood (CB) and typical patients with B cell 
lineage acute and chronic lymphocytic leukemia (B-ALL and B-CLL) in terms of expression and functions of 
CXCR5/CXCL13 and CCR7/CCL19. CXCR5 and CCR7 were selectively frequent expressed on B-ALL, B-CLL 
and CB CD19+CD34+ B cells, but not on CD19+CD34- B cells. Instead of induction of impressive chemotactic 
responsiveness, CXCL13 and CCL19 together induced significant resistance to TNF-α-mediated apoptosis in 
B-ALL and B-CLL but not CB CD19+CD34+ B cells. B-ALL and B-CLL CD19+CD34+ B cells expressed elevated 
level of Paternally Expressed Gene 10 (PEG10), and CXCL13 and CCL19 together significantly up-regulated 
PEG10 expression in the cells. We found that CXCL13 and CCL19 together by means of activation of CXCR5 
and CCR7 up-regulated PEG10 expression and function, subsequent stabilized caspase-3 and caspase-8 in 
B-ALL and B-CLL CD19+CD34+ B cells, and rescued the cells from TNF-α-mediated apoptosis. We suggested 
that normal lymphocytes, especially naïve B and T cells, utilized CXCR5/CXCL13 and CCR7/CCL19 for 
migration, homing, maturation, and cell homeostasis as well as secondary lymphoid tissues organogenesis. 
Meanwhile certain malignant cells took advantages of CXCR5/CXCL13 and CCR7/CCL19 for infiltration, 
resistance to apoptosis, and inappropriate proliferation. Cellular & Molecular Immunology. 2004;1(4): 280-294. 
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Introduction 
 
CCL19 (Epstein-Barr virus-induced gene-1 ligand chemo 
kine, ELC) and CCL21 (secondary lymphoid tissue 
chemokine, SLC/6Ckine) are ligands for the chemokine 
receptor CCR7 (Burkitt lymphoma receptor-2, BLR2), 

whereas CXCL13 (B cell attracting chemokine 1, BCA-1) 
is probably the only ligand for CXCR5 (Burkitt's 
lymphoma receptor 1, BLR1) (1). Chemokines and their 
receptors are known as principal regulators of lymphocyte 
and dendritic cell (DC) migration in immune system 
homeostasis, infection, and inflammation (2). Homeostatic 
chemokines, such as CXCL13, CCL21, and CCL19, as 
well as their corresponding receptors, CXCR5 and CCR7, 
have been shown to closely cooperate in the development 
of lymphoid organs and the maintenance of lymphoid 
tissue microarchitecture (1). Expression of CXCR5 can be 
detected on mature re-circulating B cells, small subsets of 
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normal CD4+ and CD8+ T cells, and skin-derived migratory 
DCs (3-6). CXCL13 is expressed by follicular DCs (FDCs) 
and also other stromal cells located in the B-cell areas of 
secondary lymphoid organs (7, 8). CXCR5 is essentially 
responsible for guiding B cells into the B-cell zones of 
secondary lymphoid organs (9). However, the expression 
of CXCR5 on a subset of T cells strongly suggests a role 
for this receptor in T-cell migration as well (9, 10). CCR7 
is highly expressed on naïve T cells and at lower levels on 
peripheral B cells. T cells and B cells show a transient 
increase in receptor expression following activation (11), 
whereas T-cell differentiation towards effector cells is 
accompanied by a downregulation of CCR7 on the cell 
surface (12). CCR7 expression is induced and increasingly 
upregulated upon maturation of DCs (13). The ligands for 
CCR7, CCL19 and CCL21, are constitutively expressed by 
stromal cells within the T-cell zones of secondary lymphoid 
organs. CCL19 is expressed by DCs in the T-cell zones, 
whereas CCL21 can be secreted by endothelial cells of 
high endothelial venues (HEVs) and lymphatic vessels (14). 
CCR7 not only mediates T-cell and DC homing to the 
T-cell zones of secondary lymphoid organs but also 
mediates B-cell entry into the spleen and peripheral lymph 
nodes (1). CXCR5 cooperating with CCR7 controls 
lymphocyte and DC homing to secondary lymphoid organs 
including lymph nodes and Peyer's patches, and functions 
lymphoid organ organogenesis and organization (11, 15). 
CXCL13/BCA-1, which is responsible for compartmental 

homing of CXCR5-bearing B lymphocytes and directing 
T-helper cells into the lymphoid follicle (7-10, 16, 17), is 
also found to highly express on malignant lymphocytes and 
vascular endothelium in primary central nervous system 
lymphoma (18). High-level expression of CXCR5-CXCL13/ 
BCA-1 pair is observed in all mucosal lymphoid 
aggregates and in the mantle zone of all secondary 
lymphoid follicles in Hp-induced gastric mucosa-associated 
lymphoid tissue (19). CCR7 is found to be over-expressed, 
involving in lymphoid organ infiltration of adult T-cell 
leukemia cells (20). CCR7 and α4 integrin are important 
for migration of CLL cells into lymph nodes (21). However, 
the functional importance of CXCR5-CXCL13/BCA-1 and 
CCR7-CCL19/ELC receptor-ligand pairs in the patho- 
physiological events of malignant T cell trafficking, 
homing, and survival is not fully understood. 

A novel paternally expressed imprinted gene, 
Paternally Expressed Gene 10 (PEG10), is identified as a 
paternally expressed gene from a newly defined imprinted 
region at human chromosome 7q21 (22). PEG10 is located 
near the SGCE (Sarcoglycan e) gene, whose mouse 
homologue is also recently shown to be imprinted (22). 
PEG10 shows parent-of-origin-specific expression in 
monochromosomal hybrids (23). It has been found an 
elevated level of expression in the majority of the human 
hepatocellular carcinoma cells (HCC) (24, 25), and G2/M 
phase of regenerating mouse liver (25). Exogenous 
expression of PEG10 confers oncogenic activity and 
transfection of hepatoma cells with PEG10 antisense 
suppressing its expression results in cancer cell growth 
inhibition (24). PEG10 protein associates with SIAH1, a 
mediator of apoptosis. Overexpression of PEG10 decreases 
the cell death mediated by SIAH1 (24).  

Materials and Methods 
 
Patients and cell purification 
All patients with B-ALL fulfilled The French-American- 
British (FAB) Cooperative Group criteria (26). Age range 
of patients was 22 to 65 years with 14 males and 9 females. 
All patients with B-CLL were diagnosed according to the 
guidelines of the National Cancer Institute Working Group 
on B-CLL and classified according to the FAB 
classification proposed in 1989 (27, 28). Age range of 
patients was 18 to 62 years including 12 males and 6 
females. All patients were informed consent according to 
institutional guidelines. CD19+ or CD19+ CD34+ cells were 
purified PBMCs as described elsewhere (29, 30). The 
PBMCs were from peripheral blood of normal subjects, 
cord blood (CB) of uncomplicated births (IgM 
undetectable) or patients with B-ALL or B-CLL. After 
enrichment of PBMCs by LymphPrep™ gradient, CD19+ 
or CD19+CD34+ double-positive cells were sorted using a 
FACSstarPlus and FITC- or PE-conjugated antibodies (BD 
Pharmingen) against CD19 and CD34. The viability of all 
cultured cells > 95% tested by trypan blue exclusion. The 
purity of the cells ranged from 90% to 99%, as determined 

by flow cytometry. The malignancy of purified B-ALL or 
B-CLL CD19+CD34+ cells was checked by expression of 
CD25, CD45RO and HLA-DR (29). The cell line was 
malignant mammary cell line ER-alpha+ MCF7-Fas cells 
obtained from the American Type Culture Collection 
(Manassas, VA, USA). The a-CXCR5 and a-CCR7 mAbs 
and chemokines (CXCL13/BCA-1, CCL19/ELC, CCL25/ 
TECK and CXCL12/SDF-1) were purchased from R&D 
Systems, Abingdon, UK. 
 
Flow cytometry 
For detection of CXCR5 and CCR7, the cells were triple 
stained PE-labeled CD19, FITC-labeled CD34 (DAKO, 
Denmark) and PerCP-labeled chemokine receptor antibody 
(R&D Systems, Abingdon, UK), or matched isotype 
antibody (DAKO) at 5 µg/ml in PBS containing 2% BSA and 
0.1% sodium azide for 20 min, followed washing twice in 
staining buffer (30). The analyses were performed with a 
flow cytometer (COULTER® XL, Coulter Corporation, 
Miami, FL, USA). For detection of apoptosis, cells were 
stained in staining medium (RPMI 1640, 2% FBS and 0.1% 
sodium azide) with 1 µg/ml propidium iodide (PI) for 30 min 
at 4°C, then stained with FITC-conjugated annexin V with 
binding buffer (BD Pharmingen) as previously described (31, 
32). COULTER® XL was used for analyses. For detection of 
intracellular active caspases, cytofix/cytoperm buffer (BD 
Pharmingen) was used according to the manufacturer's 
instructions to permeabilize cells, and cells were 
subsequently stained with anti-active-capsase-3 or anti- 
active-caspase-8 monoclonal antibody (BD Pharmingen). 
After washing, active caspase-3 or caspase-8 fluorescence 
intensity was measured by flow cytometry. Data were 
analyzed by means of the WinList program (The Scripps 
Research Institute, La Jolla, CA, USA). 
 
Real time quantitative RT-PCR assay 
All real time quantitative RT-PCR reactions were performed 
as described elsewhere (30, 33). Briefly, total RNA from 
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purified cells (1 × 105, purity > 99%) was prepared by 
using Quick Prep® total RNA extraction kit (Pharmacia 
Biotech, USA) according to the manufacturer’s instructions. 
RNA was reverse transcribed by using oligo (dT) 12-18 
and Superscript II reverse transcriptase (Life Technologies, 
Grand Island, USA). The real time quantitative PCR was 
performed in special optical tubes in a 96 well microtiter 
plate (Applied Biosystems, Foster City, CA, USA) with an 
ABI PRISM® 7700 Sequence Detector Systems (Applied 
Biosystems). By using SYBR® Green PCR Core Reagents 
Kit, fluorescence signals were generated during each PCR 
cycle via the 5´ to 3´ endonuclease activity of AmpliTaq 
Gold to provide real time quantitative PCR information. 
The sequences of the specific primers listed below. CXCR5 
sense: 5’-GGT CTT CAT CTT GCC CTT TG-3’; antisense: 
5’-ATG CGT TTC TGC TTG GTT CT-3’. CCR7 sense: 
5’-GCT CCA GGC ACG CAA CTT T-3’; antisense: 
5’-ACC ACG ACC ACA GCG ATG A-3’. PEG10 sense: 
5’-ATG ATG ACA TCG AGC TCC G-3’; antisense: 
5’-GCT GGG TAG TTG TGC ATC A-3’. 

All unknown cDNAs were diluted to contain equal 
amounts of β-actin cDNA. The standards, “no template” 
controls and unknown samples were added in a total 
volume of 50 µl per reaction. PCR retain conditions were 2 
min at 50°C, 10 min at 95°C, 40 cycles with 15 s at 95°C, 
60 s at 60°C for amplifications. Potential PCR product 
contamination was digested by uracil-N-glycosylase (UNG) 
since dTTP is substituted by dUTP. UNG and AmpliTaq 
Gold (Applied Biosystems) were applied according to the 
manufacturer’s instructions. 
 
Northern and Western blot assays 
For mRNA detection (Northern blot), as previously described 
(29, 34), each 5 µg of total RNA were electrophoresed 
under denaturing conditions, followed by blotting onto 
Nytran membranes, and cross-linked by UV irradiation 
(34). CXCR5 and CCR7 cDNA probes, labeled by 
α-(32P)dCTP, were obtained by PCR amplification of the 
sequence mentioned above from total RNA from PBMC 
from normal adults (for CXCR5) or thymocytes from the 
specimen of thymusectomy (for CCR7), or human heap- 
toma cell line HepG2 (for PEG10). The membranes were 
hybridized overnight with 1 × 106 cpm/ml of 32P-labeled 
probe, followed by intensively washing with 0.2 × SSC and 
0.1% SDS before being autoradiographed. For protein 
detection (Western blot) the cells were lysed in lysis buffer. 
Cell lysis was performed for 30 min at 4°C with lysis 
buffer (25 mM HEPES (pH 7.6), 1% Triton X-100, 137 
mM NaCl, 3 mM β-glycerophosphate, 3 mM ethylene- 
diaminetetraacetic acid, 0.1 mM sodium orthovanadate, 1 
mM phenylmethylsulfonyl fluoride). Expression of IAP 
family proteins (or other proteins indicated) was semi- 
quantified after Western blot analysis (35). Lysates were 
centrifuged at 10,000 rpm for 5 min at 4°C. Protein 
concentration was measured by Bio-Rad protein assay. 
Protein (around 40 µg) was loaded onto 16% SDS-PAGE, 
transferred onto PVDF membranes after electrophoresis, and 
incubated with the appropriate Abs at 0.5 µg/ml. Analyses 
were conducted using enhanced chemiluminescence detection 
(Amersham Pharmacia Biotech, Little Chalfont, UK). All 
Abs (Bcl-2, Bcl-X, c-FLIPL, c-IAP1, c-IAP2, XIAP, and 

survivin) were from Santa Cruz Biotech. Inc. Santa Cruz, 
CA, USA, except a-livin was from Imgenex Corp. Sorrento 
Valley, San Diego, USA, and a-β-actin was from Sigma 
Chemical Co., and CXCR5 and CCR7 mAbs were from 
R&D Systems. 
 
Immunofluroescence digital confocal microscopy 
As described elsewhere (29, 36), the purified cells were 
spun down on a slide, fixed with a mixture of methanol and 
acetone, immersed in 1% BSA blocking buffer for 10 min 
to avoid non-specific binding, added antibody either 
FITC-labeled CXCR5, CCR7 mAb or isotype IgG2a at 10 
µg/ml, and incubated overnight at 4°C. The preparations 
were observed using a fluorescence microscope (model 
BX60, Olympus, Japan). Confocal microscopy analysis 
was performed using a confocal laser scanning system and 
an inverted microscope (model LSMSIO, Zeiss, Germany). 
Images of serial cellular section were acquired with the 
Bio-Rad Comos graphical user-interface as described (29, 
36). 
 
Chemotaxis assay  
The chemotaxis assay was performed in a 48-well 
micro-chamber (Neuro Probe, Bethesda, MD) technique 
(29, 31). Briefly, chemokines in RPMI 1640 with 0.5% 
BSA was placed in the lower wells (25 µl). 25 ml cell 
suspension (2 × 106 cells/ml) was added to the upper well 
of the chamber, which was separated from the lower well 
by a 5 µm pore-size, polycarbonate, polyvinylpyrolidone- 
free membrane (Nucleopore, Pleasanton, CA, USA). The 
chamber was incubated for 60 min at 37° C and 5% CO2. 
The membrane was then carefully removed, fixed in 70% 
methanol and stained for 5 min in 1% Coomassie brilliant 
blue. The migrating cells were counted using a light 
microscopy. Approximately 6% of the cells will migrate 
spontaneously (known as MCNC). The results were 
expressed as C.I. with standard deviation (SD).  
 
PNA antisense assay 
As previously described with a modification (37), cells 
were permeabilized with a buffered solution containing a 
relatively low concentration of detergent (0.05% Tween 20), 
then cultured in RPMI 1640 with 10% FCS in the presence 
of antisense PNA (Applied Biosystems) at different 
concentrations (0.02 µM or 2 µM) with or without stimuli 
for 6 days. PNAPEG10 antisense sequences used was as 
follow: 5´-NH2-TCTGCACCTGGCTCTG-COOH-3´. DNA livin 
antisense sequence (DNAPEG10) used was identical to 
PNAPEG10 (concentration 2 µM). PNA mismatch sequence: 
5´-NH2-ACTTCTCAGTCTGCTT-COOH-3´ (randomly synthe- 
sized, concentration 2 µM). Cells were extensively washed 
prior to the procedures prior to further assays. The viability 
of the cells was > 95% checked by a trypan blue exclusion 
test. 
 
Plasmids and cell transfection  
Plasmids encoding PEG10, CXCR5, and CCR7 used in 
this study have been previously described (25, 38, 39). The 
cells were transiently transfected with vectors encoding 
target genes as described elsewhere (25, 38, 39). Briefly, 
the cells were cultured with DMEM containing 10% FCS, 
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penicillin, and streptomycin. Cells were grown to 
approximately 70% confluence in 60-mm dishes for 24 
hours before transfection. The DNA constructs of 
expression vectors (0.4 µg unless indicated) or vector only 
was mixed with 12 µl of LipofectAMINE (Gibco BRL) in 
2 ml of opti-DMEM serum-free medium and added to cells, 
and incubated for 6 hours. The cells were further cultured 
in 2.5 ml of DMEM containing 10% FCS in 5% CO2.  
 
Results 
 
CXCR5 and CCR7 were selectively frequent expressed on 
B-ALL and B-CLL CD19+CD34+ B cells  
We examined the expression of CXCR5 and CCR7 on 
purified CD19+CD34+, and CD19+CD34- B cells from 

B-ALL or B-CLL patients. In total 41 cases of typical B-ALL 
and B-CLL patients, flow cytometric analysis (Figure 1 and 
Table 1) revealed that the percentages of CD19+CD34+ B 
cells from patients with B-ALL were higher than that from 
patients with B-CLL. Interestingly, CXCR5 and CCR7 were 
selectively frequent expressed on B-ALL and on B-CLL 
CD19+CD34+ B cells (84%, 79%, 55% and 52%, 
respectively) (Figure 1A and 1B), whereas, B-ALL and 
B-CLL CD19+CD34- B cells expressed significantly lower 
frequent CXCR5 and CCR7 (15% and 17%, 14% and 12%, 
respectively). We also examined the expression of CXCR5 
and CCR7 on CD19+CD34+ and CD19+CD34- B cells from 
CB of uncomplicated births as well as CD19+ B cells from 
normal peripheral blood. As what shown in Table 1, CXCR5 
and CCR7 were at rather low level on CD19+ B cells from 
normal peripheral blood, whereas they were expressed a 
similar levels on the on CD19+CD34+ and CD19+CD34- B 
cells from CB. We also screened other CXC and CC 
chemokine receptors. As what shown in Table 1, the data for 
CXCR3, CXCR6, CCR4 and CCR9 were either in 
agreements with previous reports or no differences among 
four types of cell sources.  

To be sure the obtained results, we first conducted the 
real time quantitative RT-PCR assay to detect the different 
expressions of CXCR5 and CCR7 at mRNA levels. 
CXCR5 and CCR7 mRNA were detected at very low levels 
in freshly isolated normal peripheral CD19+ B cells. CXCR5 
and CCR7 mRNA in CD19+CD34+ B cells from normal 
blood CB, B-ALL and B-CLL were significantly upregulated 
(Figure 2A), whereas, they in CD19+CD34- B cells had no 
significant difference from that in normal peripheral B cells 

 
Figure 1. CXCR5 and CCR7 distribution on CD19+CD34+ and 
CD19+CD34- B cells. Triple-color flow cytometric analysis of the 
distribution of CXCR5 and CCR7 on CD19+CD34+ and 
CD19+CD34- B cells from B-ALL (A) and B-CLL (B) patients. The 
CD19+ B cells were freshly isolated and stained in triple colors of 
CD19 (PE), CD34 (FITC) and CXCR5 or CCR7 (PerCP) as 
described in Materials and Methods. The indicated numbers in the 
graphs were percentages of CD19+CD34+ and CD19+CD34- B cells. 
The indicated percentages in the graphs were numbers of CXCR5+

or CCR7+ B cells. The data were from a single experiment, which 
was representative of 23 (B-ALL) and 18 (B-CLL) similar 
experiments performed. Isotype Ab controls were expressed as 
dished curves. 
 
 
 
 

Table 1. Some chemokine receptor expression on CD19+CD34+, 
CD19+CD34- B cellsa. 
 
Cell typeb CXCR3 CXCR5 CXCR6 CCR4 CCR7 CCR9
Periphery       

CD19+CD34+ N.D.c N.D. N.D. N.D. N.D. N.D.
CD19+CD34- 4 ± 1d 7 ± 2 13 ± 8 10 ± 1 6 ± 4 -e 

CB       
CD19+CD34+ 22 ± 10 51 ± 14 28 ± 17 10 ± 2 60 ± 1524 ± 12

CD19+CD34- 10 ± 10 20 ± 11 15 ± 5 - 22 ± 12 - 
B-ALL       

CD19+CD34+ 75 ± 21 85 ± 12 85 ± 12 79 ± 15 79 ± 15 - 
CD19+CD34- 34 ± 18 31 ± 16 14 ± 7 21 ± 12 28 ± 13 - 

B-CLL       
CD19+CD34+ 61 ± 17 51 ± 15 27 ± 13 25 ± 14 45 ± 18 2 ± 1
CD19+CD34- 7 ± 6 11 ± 5 5 ± 2 11 ± 8 12 ± 10 4 ± 2

 
a. The CD19+CD34+, CD19+CD34- B cells were freshly isolated and stained 
in triple colors of CD19 (PE), CD34 (FITC) and indicated chemokine 
receptor antibodies (PerCP) as described in Materials and Methods.  
b. the CD19+ B cells were isolated from peripheral blood from normal 
subjects, cord blood (CB) of uncomplicated births, B-ALL or B-CLL 
patients.  
c. N.D., no determination since few CD19+CD34+ B cells in normal 
preipheral blood.  
d. the listed numbers in the table were percentages of chemokine receptor 
positive B cells. The data were mean values ± SD at least of eight similar 
experiments conducted. For detection of CXCR5 or CCR7, showing data 
were mean values ± SD of 20 B-ALL and 15 B-CLL patients.  
e. under detectable level. 
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(data not shown). The same patterns of CXCR5 and CCR7 
mRNA expression in distinct cells were seen in Northern 
blot (Figure 2B and 2C, upper panels). An elevated CXCR5 
and CCR7 protein expression in B-ALL and B-CLL 
CD19+CD34+ B cells were also observed in Western blot 
(Figure 2B and 2C, lower panels). The CXCR5 and CCR7 
expression pattern in CD19+CD34- B cells from distinct 
subjects (see Figure 1 and Table 1) were also confirmed by 
Northern and Western blots (data not shown). CXCR5 was 
rarely expressed on normal peripheral CD19+ B cells detected 

by immunofluroescence digital confocal microscopy (Figure 
2Da). In contrast, CXCR5 was frequently expressed on 
CD19+CD34+ B cells from normal CB (Figure 2Db), B-ALL 
patient (Figure 2Dc), and B-ALL patient (Figure 2Dd). All 
CD19+CD34+ B cells in a representative field were showing 
CXCR5 positive (Figure 2Dc and 2Dd), whereas 2 of 3 CB 
CD19+CD34+ T cells in a representative field were showing 
CXCR5 positive (Figure 2Db). We also observed same 
pattern of CCR7 expression on CD19+CD34+ B cells from 
distinct cell sources (data not shown). Thus, CXCR5 and 

 
 
Figure 2. CXCR5 and CCR7 expression on CD19+CD34+ B cells. CXCR5 and CCR7 expression on CD19+CD34+ B cells were examined by 
real time quantitative RT-PCR (A), Northern blot (B, C; upper panels), Western blot (B, C; lower panels), and confocal microscopy (D). The 
CD19+CD34+ T cells were freshly isolated from normal PBMC (only CD19+), cord blood (CB) of uncomplicated births, B-ALL or B-CLL 
patients as described in Materials and Methods. In A, the procedure for quantitative RT-PCR amplification was described in Materials and 
Methods. A linear relationship between CT and log starting quantity of standard DNA template or target cDNA (CXCR5 or CCR7) was detected 
(data not shown). The showing bars were mean values ± SD of eight similar experiments conducted. In B and C (upper panels), the detections 
of mRNA of CXCR5 and CCR7 were by Northern blot for freshly isolated CD19+CD34+ B cells from normal PBMC (only CD19+), cord 
blood (CB) of uncomplicated births, B-ALL or B-CLL patients. Total RNA from different cells were isolated, electrophoresed and blotted as 
described in Materials and Methods. The hybridization signals for CXCR5 or CCR7 mRNA from different cells were shown in upper pictures. 
The 28S rRNAs in lower pictures confirmed that comparable amounts of total RNA were used. In B and C (lower panels), The CXCR5 or 
CCR7 protein was examined using Western blot analyses. The cells, from different subjects as described above, were lysed and total protein 
content electrophoresed and blotted as described in Materials and Methods. Actins in lower pictures indicated the quantity of total cellular 
protein from the tested samples loaded in each lane. Arrows indicated markers used to verify equivalent molecular weights of appropriate 
proteins in each lane. In D (upper parts), for confocal microscopy the CD19+CD34+ B cells were purified from different subjects as indicated 
(only CD19+ from normal PBMC), and stained as described in Materials and Methods. The cells were photographed under epi-fluorescent 
conditions. Original magnification: × 1,200. Bar, 11 µm. The arrows are indicating typical CXCR5+ positive cells. The lower parts in imagines 
were isotype Ab controls. The imagines were taken in a single experiment, which was a representative of experiments on each 6 of normal 
PBMC, CB blood, B-ALL and B-CLL patients.  
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CCR7 were selectively frequent expressed on B-ALL and 
B-CLL CD19+CD34+ B cells. 
 
CXCL13/BCA-1 and CCL19/ELC induced weak chemotaxis 
in B-ALL and B-CLL CD19+CD34+ B cells 
Most chemokines had been demonstrated to induce 
chemotaxis of inflammatory cells by upregulating chemokine 
receptor expression (2). We also observed that CCL25/ 
TECK induced selectively T-ALL CD4+ T cell chemotaxis, 
where CCR9 was highly expressed (29). To investigate the 
biological effects of CXCR5 and CCR7 on B-ALL and 
B-CLL CD19+CD34+ B cells, we studied the functional 
activities of CXCR5 and CCR7 on these cells. The CXCR5 
ligand, CXCL13/BCA-1, induced a very weak chemotaxis in 
freshly isolated B-ALL CD19+CD34+ B cells, whereas 
CCL3/MIP-1α, a ligand for CCR5 which was reported to be 
highly expressed on B-ALL CD19+ B cell, had a significant 
chemotactic effect on B-ALL CD19+CD34+ B cell (Figure 
3A, right panel). Interestingly, CXCL13/BCA-1 induced a 
very strong chemotaxis in freshly isolated CB CD19+CD34+ 
B cells, as well as CCL3/MIP-1α had a significant 
chemotactic effect on the cells (Figure 3A, left panel). 
Moreover, the CCR7 ligand CCL19/ELC, induced only a 
very weak chemotaxis in freshly isolated B-ALL 
CD19+CD34+ B cells (Figure 3B, right panel). Interestingly, 
CCL19/ELC induced a very strong chemotaxis in freshly 
isolated CB CD19+CD34+ B cells (Figure 3B, left panel). 

 
Figure 3. The chemotaxis of CD19+CD34+ B cells. The chemotaxis 
of freshly isolated in CD19+CD34+ T cells from cord blood (CB) of 
uncomplicated births and B-ALL patients towards CXCL13/
BCA-1 (A) (solid bars), CCL19/ELC (B) (solid bars), CCL3/
MIP-1α (gray bars) (100 ng/ml) or PBS control (open bars). All 
results were determined as described in Materials and Methods and 
expressed as Chemotactic Index (C.I.) or percentage of adhesive 
cells with Standard Deviation (± SD), and based on triplicate 
determination of chemotaxis and adhesion on each concentration of 
chemokine indicated as ng/ml. The results were sums of eight 
experiments conducted. Statistical significant differences as 
compared to controls are indicated * p < 0.001. Values p > 0.05 are 
considered non-significant. 
 
 
 

 
Figure 4. Analysis of apoptotic and total dead (necrotic and 
apoptotic) cells in CD19+CD34+ B cells. Flow cytometric analysis 
of apoptotic (A) and total dead cells (B), the CD19+CD34+ B cells 
were freshly isolated from normal PBMC (only CD19+), cord blood 
(CB) of uncomplicated births, B-ALL or B-CLL patients as 
described in Materials and Methods, which were pre-treated at 
absence or presence of chemokine as indicated (all at 100 ng/ml)
for 24 h at 37° C, following stimulation with TNF-α (100 ng/ml) for 
24 h at 37° C. The cells were analyzed by flow cytometry for PI (y
axis) and FITC-conjugated annexin V (x axis) as described in 
Materials and Methods. The gating in the forward scatter and side 
scatter histograms were adhered to the lymphocyte region. The 
percentages of PI- annexin V+ cells and PI+ annexin V+ cells were 
indicated in the figure. The data (A) were from a single experiment, 
which was representative of six experiments performed. The data for 
total dead cells (PI- annexin V+ + PI+ annexin V+) (B) were mean 
values ± SD of six experiments performed. Statistically significant 
differences as compared with un-treated cells were indicated (∗ p < 
0.001). 
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CXCL13/BCA-1 and CCL19/ELC together also failed to 
induce strong chemotaxis in freshly isolated B-ALL and 
B-CLL CD19+CD34+ B cells (data not shown). Thus, 
CXCR5-CXCL13/BCA-1 pair and CCR7-CCL19/ELC pairs 
had no “common” strong chemotactic functions in B-ALL 
and B-CLL CD19+CD34+ B cells.  
 
CXCL13/BCA-1 and CCL19/ELC together selectively 
rescued B-ALL and B-CLL CD19+CD34+ B cells from 
TNF-α-mediated apoptosis  
By knowing that some of chemokine receptors such as 
activation of CCR9 led to phosphorylation of GSK-3β and 
FKHR and provided a cell survival signal (31), and that 
selective frequently CXCR5 and CCR7 expressed on B-ALL 
and B-CLL CD19+CD34+ B cells, which had no significant 
“common” chemotactic functions in the cells, we examined 
the protective effects of CXCL13/BCA-1, CCL19/ELC, 
CCL3/MIP-1α, and CXCL12/SDF-1 (31) on different types 
of cells on TNF-α-mediated apoptosis. Flow cytometric 
analysis (Figure 4) revealed that the number of apoptotic and 
necrotic cells were significantly decreased in culture of 
B-ALL and B-CLL CD19+CD34+ B cells in the presence of 
CXCL13/BCA-1 and CCL19/ELC together (Figure 4 Ao and 
Ap), in comparison with that in the absence of 
CXCL13/BCA-1 and CCL19/ELC (Figure 4 Ac and Ad). 
Interestingly, CXCL13/BCA-1 or CCL19/ELC alone had no 
such function in B-ALL and B-CLL CD19+CD34+ B cells 
(Figure 4 Ag, Ah, Ak and Al). CXCL13/BCA-1 or/and 
CCL19/ELC induced no resistance to TNF-α-mediated 
apoptosis in normal peripheral CD19+ B cells and CB 
CD19+CD34+ B cells (Figure 4 Ae, Af, Ai, Aj, Am, and An), 
in comparison with that in the absence of CXCL13/BCA-1 
and CCL19/ELC together (Figure 4 Aa and Ab). Neither 
CCL3/MIP-1α nor CXCL12/SDF-1 had such function to 
rescue different type of B cells (normal peripheral CD19+ B 
cells, and CB, B-ALL B-CLL CD19+CD34+ B cells) from 
TNF-α-mediated apoptotic response (data not shown). Abs 
against CXCR5 and CCR7 could completely block the 
protective effect of CXCL13/BCA-1 and CCL19/ELC 
together, indicating that rescuing effect was indeed induced 
by means of interaction of CXCL13/CCL19 and 
CXCR5/CCR7 (data shown in Figure 5). As shown in Fig. 
4B, the total fractions of dead cells (including apoptotic and 
necrotic) in different types of the cells tested were the same 
patterns as the results in Figure 4A. These results could 
show again that CXCL13/BCA-1 and CCL19/ELC together 
selectively rescued B-ALL and B-CLL CD19+CD34+ B cells 
from TNF-α-mediated apoptosis, but not either normal 
peripheral CD19+ B cells or CB CD19+CD34+ B cells, 
confirming the count-effects of CXCR5 and CCR7 together 
on death signaling of TNF-α in B-ALL and B-CLL 
CD19+CD34+ B cells. 

Many signaling events of binding of certain 
chemokines to chemokine receptors were included such as 
PI-3 kinase, MAPK, or PKC, that appearing to be involved 
in chemokine-mediated chemotaxis in certain cell types 
(40-43). We intended to use some specific signaling 
pathway inhibitors to elucidate through which involvement 
of activated downstream substrates in the protective effects 
from apoptosis. To determine whether these kinases were 
responsible for resistance to apoptosis induced by 

co-stimulation of CXCL13/BCA-1 and CCL19/ELC, 
B-ALL and B-CLL CD19+CD34+ B cells were pre-treated 
with varying concentrations of pertussis toxin, an inhibitor 
of PKC; wortmannin, a potent PI-3 kinase inhibitor; 
PD98059, a MAPK inhibitor; or vehicle, DMSO before cell 
co-stimulation with CXCL13/BCA-1 and CCL19/ELC. As 

 
 
Figure 5. Analysis of apoptotic and total dead (necrotic and 
apoptotic) cells for inhibition of TNF-α-mediated apoptosis of 
CD19+CD34+ B cells. Flow cytometric analysis of apoptotic (A) and 
total dead cells (B), B-ALL CD19+CD34+ B cells were freshly 
isolated from B-ALL patients as described in Materials and 
Methods, then serum starved overnight and treated with a-CXCR5 
plus a-CCR7 (each 5 µg/ml, Abs), isotype Abs (each 5 µg/ml, 
Isotypes), pertussis toxin (PT) (1 µg/ml), wortmannin (WT, 50 
nM), PD98059 (50 µM), or vehicle DMSO for 1 hour, followed 
culture in the presence of CXCL13/BCA-1 and CCL19/ELC (♦, 
each 100 ng/ml) for 6 hours before apoptotic assay. As a control, 
Z-VAD-FMK (20 µM), a caspase inhibitor, was used for blocking 
apoptosis. The cells were analyzed by flow cytometry for PI (y axis) 
and FITC-conjugated annexin V (x axis) as described in Materials 
and Methods. The percentages of PI- annexin V+ cells and PI+

annexin V+ cells were indicated in the figure. The data were from a 
single experiment, which was representative of six experiments 
performed. The data for total dead cells (PI- annexin V+ + PI+

annexin V+) (B) were mean values ± SD of six experiments 
performed. Statistically significant differences as compared with 
un-treated cells were indicated (∗ p < 0.001). 
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seen in Figure 5A, only pertussis toxin significantly 
inhibited apoptotic protection effect of co-stimulation with 
CXCL13/BCA-1 and CCL19/ELC in B-ALL CD19+CD34+ 
B cells. Neither PD98059 nor wortmannin did inhibit 
apoptotic protection effect in B-ALL CD19+CD34+ B cells, 
suggesting that CXCL13/BCA-1 and CCL19/ELC together 
went through PKC signaling pathways to carry out apoptotic 
protection in B-ALL CD19+CD34+ B cells. As expected, 
Z-VAD-FMK rescued B-ALL CD19+CD34+ B cells from 
TNF-α-mediated apoptosis. We observed similar results in 
B-CLL CD19+CD34+ B cells (data not shown). As 
expected, mAbs against CXCR5 and CCR7 together 
significantly inhibited apoptotic protection effect of 
co-stimulation with CXCL13/BCA-1 and CCL19/ELC in 
B-ALL CD19+CD34+ B cells, whereas isotypes had no such 
effect (Figure 5Aa and Ab), documenting that apoptotic 
protection effect of CXCL13/BCA-1 and CCL19/ELC in 
the cells was indeed by means of CXCR5 and CCR7. As 
shown in Figure 5B, the data of total fractions of dead cells 
(including apoptotic and necrotic) were the same pattern as 
the results in Figure 5A. These results could show again that 
CXCL13/BCA-1 and CCL19/ELC together interacted with 
CXCR5 and CCR7 to rescue B-ALL and B-CLL 
CD19+CD34+ B cells from TNF-α-mediated apoptosis by 
means of PKC signaling pathways. 
 
PEG10 expression in B-ALL and B-CLL CD19+CD34+ B 
cells was selectively increased by CXCL13/BCA-1 and 
CCL19/ELC together 
In order to examine the mechanisms of cell-type selectivity of 
CXCL13/BCA-1 and CCL19/ELC together to rescue cells 
from TNF-α-mediated apoptosis, we first examined the 
expression levels of some important substrates of apoptosis 
pathways in the distinct types of cells at presence of different 
stimuli during induction of apoptosis. Western blot showed 
that the protein levels of one group of antiapoptotic members 
Bcl-2, Bcl-X, and c-FLIPL in freshly isolated different 
types of CD19+CD34+ B cells were identical (Figure 6A) 
(B-CLL B cell data not shown). Interestingly, after 
stimulation with CXCL13/BCA-1 or/and CCL19/ELC and 
apoptotic induction with TNF-α, their expression levels were 
still not significantly changed in different types of 
CD19+CD34+ B cells (Figure 6A) (CB and B-CLL B cell 
data not shown). The expression levels of another group of 
antiapoptotic member proteins in IAP family (XIAP, 
c-IAP1, c-IAP2, survivin, and livin) in freshly isolated 
different types of CD19+CD34+ B cells were identical 
(Figure 6B) (B-CLL B cell data not shown). Interestingly, 
after stimulation with CXCL13/BCA-1 or/and CCL19/ELC 
and apoptotic induction with TNF-α, their expression levels 
were still not significantly changed in different types of 
CD19+CD34+ B cells (Figure 6B) (CB and B-CLL B cell data 
not shown).  

It was recently reported that stably expression of a 
novel paternally expressed imprinted gene PEG10 
significantly inhibited hepatocellular carcinoma cell 
apoptotic death (24). To further search the mechanism of 
CXCL13/BCA-1 and CCL19/ELC together to protect 
malignant (B-ALL and B-CLL) CD19+CD34+ B cells from 
TNF-α-mediated apoptosis, we therefore examined the 
possible roles of PEG10 in CXCL13/CCL19-induced- 

resistance to TNF-α-mediated apoptosis in B-ALL and 
B-CLL) CD19+CD34+ B cells. We first examined the 
expression levels of PEG10 in distinct CD19+CD34+ B cells 
during the stimulation with CXCL13/CCL19 and TNF-α. 
Data obtained from real time quantitative RT-PCR and 
Northern blot analyses (Figure 7) showed that freshly isolated 
normal peripheral CD19+ T cells and CB CD19+CD34+ B 
cells expressed almost no PEG10 (Figure 7A) or very low 
level of PEG10 (Figure 7B). After 24 h culture with 
CXCL13/BCA-1 or/and CCL19/ELC, levels of PEG10 
expression in the cells had not been significantly altered. 

 
 
Figure 6. Occurrence of Bcl-2, Bcl-X, c-FLIPL, and IAP family 
member protein expression in CD19+CD34+ B cells. The Bcl-2, 
Bcl-X and c-FLIPL (A), IAP family member proteins (B) were 
examined using Western blot analyses. The cells were purified 
CD19+CD34+ T cells from cord blood (CB) of uncomplicated 
births and B-ALL patients, which were pre-treated at absence or 
presence of followed culture in the presence of CXCL13/BCA-1
or/and CCL19/ ELC (all at 100 ng/ml) described in Materials and 
Methods, following stimulation at absence or presence of TNF-α
(100 ng/ml) for 24 h at 37° C. They were lysed and total protein 
content electrophoresed and blotted as described in Materials and 
Methods. Actins indicated the quantity of total cellular protein 
from the tested samples loaded in each lane. Arrows indicated 
markers used to verify equivalent molecular weights of appropriate 
proteins in each lane. The data were from a single experiment, 
which was representative of six experiments performed. 
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Co-stimulation with TNF-α did not change the pattern of 
PEG10 expression levels (data not shown). Interestingly, 
freshly isolated B-ALL and B-CLL CD19+CD34+ B cells 
expressed elevated level of PEG10 (Figure 7C and 7D), 

compared with that in normal peripheral CD19+ T cells and 
CB CD19+CD34+ B cells. After 24 h cultures, levels of 
PEG10 expression in the cells had been significantly 
up-regulated. The up-regulation was only seen in culture with 

 
Figure 7. PEG10 mRNA expression in CD19+CD34+ B cells. The real time quantitative detection of RT-PCR (upper panels) and Northern blot
(lower panels) for PEG10 mRNA in the CD19+CD34+ B cells. The cells were isolated from normal PBMC (only CD19+) (A), cord blood (CB) 
of uncomplicated births (B), B-ALL (C, E) or B-CLL (D) patients as described in Materials and Methods, which were pre-treated at absence 
or presence of chemokine as indicated (all at 100 ng/ml) for 24 h at 37°C, following stimulation with TNF-α (100 ng/ml) for 24 h at 37°C. 
The procedure for quantitative RT-PCR amplification was described in Materials and Methods. A linear relationship between CT and log 
starting quantity of standard DNA template or target cDNA (PEG10) was detected (data not shown). The correlation coefficients are 
approximately 0.97 - 0.99. The showing bars were mean values ± SD of six similar experiments conducted. Total RNA from different cells as 
indicated were isolated, electrophoresed and blotted as described in Materials and Methods. The hybridization signals for PEG10 mRNA in 
different cells were shown in upper parts of the panels. The 28S rRNAs in lower parts of the panels confirmed the comparable amounts of 
loaded total RNA. The data were from a single experiment, which was representative of six experiments performed. In E, the real time
quantitative detection of RT-PCR for PEG10 mRNA in the CD19+CD34+ B cells from B-ALL patients as described in Materials and Methods, 
which were pre-treated at absence or presence of CXCL13/BCA-1 and CCL19/ ELC (each 100 ng/ml) for the time intervals as indicated at 
37°C. 
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CXCL13/BCA-1 and CCL19/ELC together, but not with 
CXCL13/BCA-1 or CCL19/ELC alone (Figure 7C and 7D). 
Co-stimulation with TNF-α did not change the pattern of 
PEG10 expression levels (data not shown). The time-course 
study (Figure 7E) showed that the significant up-regulation 
of PEG10 mRNA by CXCL13/BCA-1 and CCL19/ELC 
together was already seen within 8h and reached the peak at 
24 h. The data were suggesting that PEG10 expression and 
activation might involved in the mechanism of resistance to 
TNF-α-mediated apoptosis in B-ALL and B-CLL 
CD19+CD34+ B cells induced by CXCL13/BCA-1 and 
CCL19/ELC together. 
 
PEG10 expression in B-ALL and B-CLL CD19+CD34+ B 
cells was essentially important for resistance to apoptosis 
increased by CXCL13/BCA-1 and CCL19/ELC together 
In order to further analyze the role of PEG10 expression in 
cell programmed death and mechanism of protective effect of 
CXCL13/BCA-1 and CCL19/ELC together in TNF-α- 
mediated apoptosis in B-ALL and B-CLL CD19+CD34+ B 
cells, we applied peptide nucleic acid antisense of PEG10 
(PNAPEG10) to block the PEG10 expression (37) before 
assay of CXCL13/CCL19-induced resistance to TNF-α- 
mediated apoptosis. The results from Northern assays 
showed that culture with PNAPEG10 at high concentration 
(2 µM) completely abolished expression of PEG10 in 
B-ALL and B-CLL CD19+CD34+ B cells at mRNA levels, 
whereas, neither low concentration PNAPEG10 (0.02 µM) 
nor DNAPEG10 nor randomly synthesized PNA mismatch 
had no such effects (data not shown). The data listed in 
Table 2 demonstrated that PNAPEG10 at high concentration 
significantly blocked the effects of CXCL13/BCA-1 and 
CCL19/ELC together on induction of resistance to TNF-α- 
mediated apoptosis in B-ALL CD19+CD34+ B cells, none of 
low concentration PNAPEG10, DNAPEG10 and randomly 
synthesized PNA mismatch had such function. All 
treatments did not alter the patterns of functions of 

CXCL13/BCA-1 or CCL19/ELC alone in resistance to 
TNF-α-mediated apoptosis in B-ALL CD19+CD34+ B cells 
(Table 2). The similar results were obtained in B-CLL 
CD19+CD34+ B cells (data not shown). 

The caspase-3 and caspase-8 expression was essential 
for programmed cell death (44). Expression levels of 
activated caspase-3 (Figure 8A) and caspase-8 (Figure 8B) 

 
Figure 8. Activation of caspases in CD19+CD34+ B cells. Flow 
cytometric analysis of active caspase-3 and caspase-8 in 
CD19+CD34+ B cells. The purified CD19+CD34+ B cells from 
B-ALL patients were cultured for 6 days in the presence (A and 
B) or absence (C) of PNAPEG10 antisense at low concentration 
(0.02 µM) and high concentration (2 µM) as described in 
Materials and Methods. They were then pre-treated at presence of 
CXCL13/BCA-1 or/and CCL19/ELC (all at 100 ng/ml) described 
in Materials and Methods, following stimulation at presence of
TNF-α (100 ng/ml) for 24 h at 37°C. They were then 
permeabilized and fixed as indicated in Materials and methods 
and subsequently stained for intracellular activated (cleaved) 
caspase-3 or caspase-8. Activated caspase-3- or caspase-8-
specific fluorescence intensity was measured by flow cytometry. 
The indicating percentages of cells with activated caspase-3 or 
caspase-8 were quantitated from relative-frequency histograms. 
Isotype Ab controls were expressed as dished curves.  
 
 
 

Table 2. Analysis of total dead (necrotic and apoptotic) cells in 
B-CLL CD19+CD34+ B cells in different treatments. 
 
Treatmenta CXCL13 CCL19 CXCL13/CCL19b

Non-treated 64 ± 15c 55 ± 19 15 ± 6 
PNA mismatch (2 µM) 65 ± 17 61 ± 19 14 ± 5 
DNAPEG10 (2 µM) 61 ± 15 60 ± 18 16 ± 4 
PNAPEG10 (0.02 µM) 58 ± 21 67 ± 11  20 ± 10 
PNAPEG10 (2 µM) 62 ± 9 66 ± 12   68 ± 14∗d 

a. The purified CD19+CD34+ B cells from B-ALL patients were cultured 
for 6 days in the presence or absence of PNAPEG10 antisense at low 
concentration (0.02 µM) and high concentration (2 µM) as described in 
Materials and Methods.  
b. They were then pre-treated at presence of CXCL13/BCA-1 or/and 
CCL19/ELC (all at 100 ng/ml) described in Materials and Methods, 
following stimulation at presence of TNF-α (100 ng/ml) for 24 h at 37° C. 
c. The cells were analyzed by flow cytometry for PI (y axis) and 
FITC-conjugated annexin V (x axis) as described in Materials and Methods. 
The data for total dead cells (PI- annexin V+ + PI+ annexin V+) were mean 
values ± SD of six experiments performed.  
d. ∗ indicates p < 0.005 (vs non-treated).  
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were measured by intracellular staining of in B-ALL 
CD19+CD34+ B cells in cultures with the distinct treatments. 
PNAPEG10 at high concentration also significantly 
blocked the effects of CXCL13/BCA-1 and CCL19/ELC 
together on stabilization of caspase-3 and caspase-8 in 
B-ALL CD19+CD34+ B cells, meanwhile, none of low 
concentration PNAPEG10, DNAPEG10 and randomly 
synthesized PNA mismatch had such function (data not 
shown). All treatments did not alter the patterns of 
functions of CXCL13/BCA-1 or CCL19/ELC alone in on 
stabilization of caspase-3 and caspase-8 in B-ALL 
CD19+CD34+ B cells (Figure 8A and B). As a control, we 
also measured caspase-3 and caspase-8 expression in 
un-treated B-ALL CD19+CD34+ B cells during TNF-α- 
mediated apoptosis. The data in Figure 8C showed that 
PNAPEG10 treatment itself did not change the patterns of 
caspase-3 and caspase-8 expression during TNF-α- 
mediated apoptosis, compared with the data in Figure 8A and 
B. We observed similar results of PNAPEG10 to block 
stabilization of caspase-3 and caspase-8 expression by 
CXCL13/BCA-1 and CCL19/ELC together during 
TNF-α-mediated apoptosis in B-CLL CD19+CD34+ B cells 
(data not shown). Thus, the observation was suggesting that 
CXCL13/BCA-1 and CCL19/ELC together by means of 
activation of frequent expressed CXCR5 and CCR7 
up-regulated PEG10 expression and function, subsequent 
stabilized caspase-3 and caspase-8 in B-ALL and B-CLL 
CD19+CD34+ B cells, and rescued the cells from TNF-α- 
mediated apoptosis. In this event, both CXCR5 and CCR7 
signaling together, and PEG10 signaling were necessary. 

Since we detected that elevated expression and 
activation of PEG10 expression during CXCR5-CXCL13/ 
BCA-1- and CCR7-CCL19/ELC-induced resistance to 
TNF-α-mediated apoptosis in B-ALL and B-CLL CD19+ 

CD34+ B cells, we were promoted to further investigate the 
interactions between mentioned chemokines and their 
receptors and PEG10 during the events in cells. MCF7 cells 
were co-transfected with vectors encoding CXCR5 and 
CCR7 (400 ng each) in the absence or presence of 
increasing concentrations of PEG10 (100, 400 or 800 ng) 
as indicated in Figure 9. The data showing in Figure 9A 
demonstrated that successful transfection of PEG10, CXCR5 
and CCR7 took place, documented by Western blot. Flow 
cytometric analysis (Figure 9B) revealed that only the cells 
transfected high doses of PEG10 (400 or 800 ng) could be 
rescued by CXCL13/BCA-1 and CCL19/ELC together 
from TNF-α-induced apoptosis (Figure 9Bd, e), otherwise, 
the cells transfected either low dose of PEG10 (100 ng), 
vector only, or untransfected could not be rescued (Figure 
9Ba, b, and c). The transfection itself did not cause 
apoptosis (Figure 9Bf). Expression levels of activated 
caspase-3 were measured by intracellular staining in 
transfected cells. Only in the cells transfected high doses of 
PEG10 (400 or 800 ng) caspase-3 could be stabilized by 
CXCL13/BCA-1 and CCL19/ELC together during TNF-α- 
induced apoptosis (Figure 9Cd, e), otherwise, in the cells 
transfected either low dose of PEG10 (100 ng), vector only, 
or untransfected cells caspase-3 could not be stabilized 
(Figure 9Ca, b, and c). The transfection itself did not cause 
destabilization (Figure 9Cf). We also obtained the similar 
results of caspase-8 in the transfected cells (data not 

 
Figure 9. CXCL13/BCA-1 and CCL19/ELC require PEG10 for 
protection against apoptosis. MCF7 cells were co-transfected 
with vectors encoding CXCR5 and CCR7 (400 ng each) in the 
absence or presence of increasing concentrations of PEG10 (100, 
400 or 800 ng). The amount of transfected cDNA was kept 
constant in each sample by adding control pcDNA3 vector. In A, 
the transfected cells were lysed without stimulation of CXCL13/
BCA-1 and CCL19/ELC described in Materials and Methods. 
Western blotting were showing equal expression levels of 
CXCR5 and CCR7 as well as increasing expression levels of 
PEG10. In B and C, transfected cells were pre-treated at absence 
or presence of CXCL13/BCA-1 and CCL19/ELC (all 100 ng/ml) 
described in Materials and Methods, some of cells were followed 
stimulation with TNF-α (100 ng/ml) for 24 h at 37°C before other 
assay as indicated (♦, no stimulation with TNF-α). (B), analysis of 
total dead (necrotic and apoptotic) cells. The cells were analyzed by 
flow cytometry as described in the legend for Figure 4. The data 
were from a single experiment, which was representative of six 
experiments performed. (C), Flow cytometric analysis of active 
caspase-3 in transfected cells as indicated. Cells were pre-treated 
as mentioned above. They were then permeabilized and fixed as 
indicated in Materials and methods and subsequently stained for 
intracellular activated (cleaved) caspase-3. Activated caspase-3
-specific fluorescence intensity was measured by flow cytometry. 
The indicating percentages of cells with activated caspase-3 were 
quantitated from relative-frequency histograms. Isotype Ab 
controls were expressed as dished curves. The data were from a 
single experiment, which was representative of six experiments 
performed. 
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shown). The results mentioned above were strongly 
suggesting the necessity of PEG10 in CXCL13/BCA-1 and 
CCL19/ELC together rescuing cells from TNF-α-mediated 
apoptosis.  

Thus, CXCR5 and CCR7 were selectively frequent 
expressed on B-ALL and B-CLL CD19+CD34+ B cells. 
CXCL13/BCA-1 and CCL19/ELC together rescued B-ALL 
and B-CLL CD19+CD34+ B cells from TNF-α-mediated 
apoptosis, but not CB CD19+CD34+ B cells. PEG10 
expression in B-ALL and B-CLL CD19+CD34+ B cells was 
selectively increased by CXCL13/BCA-1 and CCL19/ELC 
together. CXCR5/CXCL13 and CCR7/CCL19 pairs by 
means of activation of PEG10 increased resistance to 
apoptosis in B-ALL and B-CLL CD19+CD34+ B cells.  
 
Discussion  
 
The function of homeostatic chemokine receptors and their 
ligands extends far beyond the induction of transmigration. 
CXCR5 and CCR7 are recognized as crucial factors in 
lymphoid system homeostasis and adaptive immunity (1). 
Both receptors cooperate and contribute to the formation of 
organizing centers in lymph node and Peyer's patch 
development. The close cooperation of CXCR5 and CCR7 
on cells simultaneously expressing these receptors appears 
to be a recurrent motif that has been described particularly 
well for B cell entry, migration and positioning in the 
spleen (15). B cell arrest in Peyer's patches occurs mainly 
in follicular HEVs. B cell recruitment into Peyer's patches 
is mediated by CXCR5 along with CCR7 and CXCR4 (1). 
Adoptively transferred B cells from CXCR5-/- mice are 
hampered in homing to Peyer's patches of wildtype mice, 
and they specifically fail to accumulate in vessels within B 
cell follicles (10), CXCR5 and CCR7 appear to control B 
cell positioning during their migration through secondary 
lymphoid organs. It has long been assumed that B cells 
first enter T-cell-rich zones of secondary lymphoid organs 
before they proceed into B-cell follicles (10). However, in 
Peyer's patches B cells may directly enter follicles via 
follicular HEVs (10). In contrast, B cells enter the spleen 
via the marginal zone before they continue to migrate 
along the outer PALS into the B cell follicles (11). 
Antigen-engaged B cells are allowed to re-localize to the 
borders of B cell follicles by differentially regulating their 
responsiveness towards ligands for CXCR5 and CCR7 (11). 
Interestingly, not only B cells but also antigen-specific T 
cells move to the edges of B cell follicles following 
immunization (45). The interaction of B cells and CD4+ T 
cells at the edges of B cell follicles eventually leads to B 
cell proliferation and germinal center formation.  

Recent studies have shown that neoplastic cells of 

hematopoietic and nonhematopoietic origin express various 
chemokine receptors, and overexpression of some of these 
has been related to tumor progression and metastasis 
(46-48). As for B-cell derived lymphoproliferative disorders, 
CXCR5 have been detected in neoplastic B cells from 
B-ALL (49) and B-CLL (50). CCR7 has been detected in 
B-CLL (21) and in tumor cells from classical Hodgkin’s 
disease with lymphocyte predominance (51). In terms of 
functional in vitro activity, only a few studies have 
addressed chemokine-driven locomotion of neoplastic B 

cells. CXCL12 has been shown to enhance chemotaxis of 
B-ALL and B-CLL (49, 50). The CCR7 ligands, CCL19 
and CCL21, enhanced the chemotaxis of B-CLL and 

Hodgkin’s disease cells to CCL19 and CCL21 (21). In the 
present study, we have investigated four different types of 
cells, e.g., CD19+CD34+ and CD19+CD34- B cells from 
normal CB, B-ALL and B-CLL patients in terms of 
expression and functions of CXCR5 and CCR7. We have 
found that CXCR5 and CCR7 are selectively frequent and 
functionally expressed on B-ALL and B-CLL CD19+CD34+ 
B cells, meanwhile, B-ALL and B-CLL CD19+CD34- B cells 
are expressing them at low level. One novel function of 
CXCL13/BCA-1 and CCL19/ELC together (but not alone) 
is that they induce resistance to TNF-α-mediated apoptosis 
in B-ALL and B-CLL CD19+CD34+ B cells, instead of 
induction of impressive chemotactic responsiveness.  

A majority of the G protein coupled receptor supergene 
family has been shown to be capable of activating MAPK, 
which is an indication of providing proliferative or 
antiapoptotic signaling. It has been reported that several 
chemokines are able to activate MAPK to function as 
proliferative or antiapoptotic signals (52). Such as, 
CXCL12/SDF-1 is an important cytokine acting together 
with thrombopoietin to enhance the development of 
megakaryocytic progenitor cells and activates circulating 
CD34+ cells and platelets (53, 54). CXCL1 and CXCL4 are 
able to support the survival of endothelial cells and 
monocytes, respectively (55, 56). Chemokine receptor 
signaling may be able to provide antiapoptotic activity to 
hematopoietic cells in a natural context (57). CCR9/CCL25 
interaction provides a cell survival signal to the receptor 
expressing cells (31). However, there are some 
controversial even contradictory reports. Such as, CXCR4 
induces programmed cell death of human peripheral CD4+ 
T cells, malignant T cells, and CD4/CXCR4 transfectants 
(58). The interaction between HIV R5 Env and CCR5 
activates the Fas pathway and caspase-8 as well as 
triggering FasL production, ultimately causing CD4+ T cell 
death (59). We have also reported that CCR3 expression 
induced by IL-2 and IL-4 functions as a death receptor for 
B cells (32). The results in this study, together with other 
observations, suggest that normal B and T cells utilize 
CXCR5/CXCL13 and CCR7/CCL19 for migration, homing, 
development, maturation, selection, and cell homeostasis 
as well as secondary lymphoid tissues organogenesis. 
Meanwhile, some malignant cells, particularly B-ALL and 
B-CLL CD19+CD34+ B cells, take advantages of CXCR5/ 
CXCL13 and CCR7/CCL19 for infiltration, resistance to 
apoptosis, and inappropriate proliferation. To our knowledge, 
this study is the first report on differential functions of 
CXCR5/CXCL13 and CCR7/CCL19 in distinct types of 
cells in terms of induction of apoptotic resistance, and is the 
direct evidence of the pathophysiological activity of B-ALL 
and B-CLL CD19+CD34+ B cells induced by CXCL13/ 
BCA-1 and CCL19/ELC together. 

PEG10 is identified on human chromosome 7q21 (22, 
60). Mouse homologue PEG10 has recently been located in 
a large imprinted gene cluster on mouse proximal 
chromosome 6 and has been confirmed to be imprinted 
(61). Since the protein products from the predicted open 
reading frames (ORF1 and ORF2) of PEG10 show 
homology to the gag and pol proteins of vertebrate 
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retrotransposon Ty3/Gypsy, PEG10 is speculated to be a 
retrotransposon-derived gene. PEG10 is not completely 
repressed in adult human tissues. Distinct expression of 
PEG10 is found in the brain, kidney, lung, testis and 
placenta but not in the liver and a number of other tissues 
(22). In contrast to this, expression of PEG10 is only 
detected in the placenta among the 14 adult mouse tissues 
examined (61). The PEG10 protein appears to be a 
cytosolic protein primarily, but a tight association with the 
nuclear membrane of the cells in interphase was also 
observed (25). The exact biochemical and biological 
properties of PEG10 are not yet clear. However, some 
experimental data suggest a role for preferential expression 
of the imprinted genes in regulating growth control of liver 
cells (25). Exogenous expression of PEG10 promotes 
growth of certain HCC cell lines that does not manifest 

endogenous expression of this gene. The interaction of 
PEG10 protein with SIAH proteins plays important roles in 
resistance to apoptosis (24). Even PEG10 is suggested to 
serve as a novel molecular target for treatment of HCCs 
(24). In the present study, we have found that freshly 
isolated B-ALL and B-CLL CD19+CD34+ B cells expresses 
elevated level of PEG10, compared with that in normal 
peripheral CD19+ T cells and CB CD19+CD34+ B cells. After 
24h culture with CXCL13/BCA-1 and CCL19/ELC together, 
levels of PEG10 expression in the cells had been significantly 
up-regulated (Figure 7). By using PNA antisense assay, we 
have fond that sufficient PNAPEG10 administration 
significantly blocks the effects of CXCL13/BCA-1 and 
CCL19/ELC together on induction of resistance to TNF-α 
-mediated apoptosis in B-ALL and B-CLL CD19+CD34+ B 
cells (Table 2). We suggest that CXCL13/BCA-1 and 
CCL19/ELC together by means of activation of frequent 
expressed CXCR5 and CCR7 up-regulates PEG10 
expression and function, subsequent stabilizes caspase-3 and 
caspase-8 in B-ALL and B-CLL CD19+CD34+ B cells, and 
rescues the cells from TNF-α-mediated apoptosis (Figure8 
and 9). This is the first time that this imprinted gene has 
been found to express in both human B-ALL and B-CLL 
CD19+CD34+ B cells. We also have first time observed that 
the over-expression of CXCR5 and CCR7 on B-ALL and 
B-CLL CD19+CD34+ B cells by means of activation of 
PEG10 mediates resistance to apoptosis in these malignant 
cells. Understanding the molecular basis of abnormal 
imprinting of PEG10 in both human B-ALL and B-CLL 
will shed new light on the process and mechanism that 
leads to malignant lymphoproliferative disorders. 
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