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Summary

Mantle cell lymphoma (MCL) is an incurable mature B cell proliferation, combining the 

unfavourable clinical features of aggressive and indolent lymphomas. The blastic variant of MCL 

has an even worse prognosis and new treatment options are clearly needed. We analysed the 

effects of BL22, an immunotoxin composed of the Fv portion of an anti- CD22 antibody fused to a 

38-kDa Pseudomonas exotoxin-A fragment on four MCL cell lines as well as on primary cells of 

four MCL patients. Apoptosis induction by BL22 was much more pronounced in MCL cell lines 

with low Bcl-2 expression (NCEB-1, JeKo-1 and JVM-2) compared to Granta-519 cells with high 

Bcl-2 expression. While the expression of the antiapoptotic protein Mcl-1 declined (NCEB-1, 

Granta-519), Bcl-2 levels remained unchanged in Granta-519 cells. However transfection of BCL2 
cDNA into NCEB-1, JeKo-1 and JVM-2 cells significantly reduced BL22-mediated toxicity. 

Accordingly we examined the effects of Bcl-2 inactivation in Granta-519 cells using siRNA. 

Indeed, apoptosis induction was strongly enhanced in Granta-519 cells with silenced Bcl-2. Our 

results were confirmed in freshly isolated MCL-cells from patients with leukaemic MCL. We 

conclude that Bcl-2 expression is important for mediating resistance against the immunotoxin 

BL22 in MCL cells.
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Mantle cell lymphoma (MCL) is recognized as a distinct entity of non-Hodgkin lymphoma 

(NHL) in the revised European–American classification of lymphoid neoplasms (REAL) 

and World Health Organization classifications (Harris et al, 1994) (Harris et al, 1999). The 

hallmark of MCL is the translocation t(11;14)(q23,q32), which results in overexpression of 

CCND1 (Bosch et al, 1994). The clinical course of MCL patients is aggressive and is 

characterized by a poor response to conventional chemotherapy with a mean overall survival 

of approximately 3–4 years (Campo et al, 1999) (Leonard et al, 2001).

More recently, new therapeutic approaches, including stem cell transplantation and 

monoclonal antibody-based therapies, have shown increased response rates but only minor 

effects on overall survival (Freedman et al, 1998) (Howard et al, 2002). Therefore, new 

therapies are clearly needed for patients with MCL.

Immunotoxins are composed of an antibody or antibody fragment and a toxin portion. Most 

immunotoxins administered in the clinic are derived from Pseudomonas exotoxin-A, 

diphtheria toxin or ricin. These agents mediate their cytotoxicity by inhibiting protein 

synthesis due to inactivation of elongation factor-2 (EF-2) or binding to ribosomes, 

respectively (Pastan & Kreitman, 2002) (Siegall et al, 1989).

BL22 is a recombinant protein composed of the variable portion of monoclonal antibody 

RFB4, which binds to the CD22 glycoprotein on the surface of B cells, and of PE38, a 

truncated Pseudomonas exotoxin derivative (Mansfield et al, 1997). Lacking the cell-binding 

domain of Pseudomonas exotoxin, PE38 is only incorporated into target cells expressing a 

Fv domain (Mansfield et al, 1997). To exert its cytotoxicity, internalization and processing of 

the toxin within its translocation domain is required (Ogata et al, 1992) followed by binding 

of the 35-kDa carboxyterminus of the toxin intracellularly to the KDEL receptor that carries 

it to the endoplasmic reticulum (Kreitman & Pastan, 1995). Finally, the toxin is translocated 

to the cytosol, where its adenosine diphosphate (ADP)–ribosylating enzyme domain 

inactivates elongation factor 2 (EF-2), thereby inhibiting protein synthesis (Siegall et al, 
1989) (Mozola et al, 1984). Cell death mediated by PE38 is often facilitated by apoptosis, 

although immunotoxins can kill cells without inducing caspase-dependent programmed cell 

death, and other mechanisms may play a role in certain cell types (Keppler-Hafkemeyer et 
al, 1998) (Keppler-Hafkemeyer et al, 2000).

CD22 is an inhibitory coreceptor of the B cell receptor expressed on normal and malignant 

lymphocytes. (Walker & Smith, 2008). It is also expressed on MCL cells at higher numbers 

than needed for the cytotoxic effect of immunotoxins (D’Arena et al, 2000) (Kreitman & 

Pastan, 1998). In-vitro and in-vivo activity of BL22 has been observed against a variety of 

haematological malignancies, including MCL (Mansfield et al, 1997), (Decker et al, 2004), 

(Kreitman et al, 1999). Importantly, the recombinant immunotoxin BL22 has demonstrated 

clinical activity, inducing long lasting remissions in hairy cell leukaemia and NHL 

(Kreitman et al, 2001) (Kreitman et al, 2005).

We have previously reported that BL22 promotes caspase-mediated programmed cell death 

in chronic-lymphocytic leukaemia (CLL) (Decker et al, 2004).
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The present work investigated the effect of BL22 in MCL cell lines (NCEB-1, Granta-519, 

JeKo-1 and JVM-2). Whereas NCEB-1, Granta-519 and JVM-2 carry the t(11;14)(q23,q32), 

JeKo-1 cells lack t(11;14)(q23,q32). However, BCL1/IGHJ@ gene rearrangement in JeKo-1 

cells was confirmed at the molecular level, and overexpression of PRAD1/cyclin D1 protein 

was revealed in JeKo-1 cells (Jeon et al, 1998). All of the cell lines except JVM-2 are 

characterized by complex karyotypes and additional genetic alterations of cell cycle 

regulatory genes, including deletion of CDKN2B and CDKN2A (Granta-519) (Jadayel et al, 
1997), and mutation of TP53 (NCEB-1) (Saltman et al, 1988). Of note, NCEB-1 cells carry 

several stable mouse chromosomes. Therefore this cell line had to be considered a human-

mouse hybrid cell line (Camps et al, 2006).

While apoptosis was induced in all four cell lines, the cell lines with low Bcl-2 expression 

were more sensitive to apoptosis induction by BL22 compared to Granta-519 cells, which 

display high positivity for Bcl-2. Apoptosis was accompanied by membrane flipping, loss of 

the mitochondrial membrane potential Δψm, increased DNA fragmentation as well as 

caspase 9 and 3 cleavage (NCEB-1 and Granta-519 cells). After transfection of human 

BCL2 cDNA to the BL22-sensitive Bcl-2 negative cell lines (NCEB-1, JeKo-1, JVM-2), 

apoptosis was strongly inhibited in response to BL22 treatment. Accordingly, we observed 

increased sensitivity to BL22 treatment in Granta-519 cells upon inactivation of Bcl-2 using 

BCL2 siRNA. Importantly, Bcl-2 expression was also associated with resistance to BL22 in 

purified primary MCL cells.

Material and methods

Cell samples and cell lines

After informed consent, peripheral blood was obtained from four patients with a diagnosis 

of leukaemic MCL, according to clinical and immunophenotypic criteria and cyclin D1 

expression. Patients were either untreated or had not received cytoreductive chemotherapy 

for a period of at least 3 months prior to investigation. At the time of analysis, all patients 

were free from infectious complications. The cell lines Granta-519 and NCEB-1 were kindly 

provided by Dr Mark Raffeld, Laboratory of Pathology, National Cancer Institute, National 

Institutes of Health, Bethesda, USA. The cell lines JeKo-1 and JVM-2 were kindly provided 

by Dr Dolors Colomer, Hematopathology Unit, Hospital Clínic, Villarroel, Barcelona, Spain.

Separation procedures

Peripheral blood mononuclear cells (PBMC) were isolated from heparinized blood samples 

by centrifugation over a Ficoll-Hypaque layer (Biochrom KG, Berlin, Germany) of 1·077 

g/ml density. For separation of MCL cells, PBMC were incubated with anti-CD2 and anti-

CD14 magnetic beads (Dynabeads M450, Dynal, Oslo, Norway) according to the 

manufacturer’s instructions. After separation, B-cells from MCL patients were >98% pure as 

assessed by direct immunofluorescence.

Culture conditions

Granta-519, NCEB-1, JeKo-1 and JVM-2 cells were maintained in Roswell Park Memorial 

Institute (RPMI) – 1640 medium (Gibco, Berlin, Germany) supplemented with 20% fetal 
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calf serum (seromed®; Biochrom KG), penicillin/streptomycin 50 U/ml, Na-pyruvate 1 

mmol/l, L-glutamine 2 mmol/l, l-asparagine 20 μg/ml, 2-mercaptoethanol 0·05 mmol/l, HE-

PES 10 mmol/l, and minimal essential medium (MEM) non-essential amino acids 0·7× 

(Biochrom KG) at 37°C and 5% CO2 in a fully humidified atmosphere.

Flow cytometric analysis

Flow cytometric analysis was performed on purified B cells of MCL patients or on MCL cell 

lines (NCEB-1, Granta-519, JeKo-1, JVM2 cells) cultured at 1 × 106cells/ml either in 

medium alone or together with BL22 at a concentration of 100 ng/ml for 24–48 h.

The samples were washed with phosphate-buffered saline (PBS) and resuspended in 500 μl 

binding buffer (annexin V–fluorescein isothiocyanate (FITC) kit, Immunotech, Marseille, 

France), containing 1 μl of annexin V–FITC stock and 5 μl of 20 μg/ml propidium iodide 

(PI) for determination of phosphatidylserine exposure on the outer plasma membrane. After 

incubation for 10 min at room temperature in the dark, the specimens were quantified by 

flow cytometry, using a Coulter Epics XL cytofluorometer, acquiring 5000 events. Viable 

cells were both annexin V and PI negative.

For measurement of the mitochondrial membrane potential, the cells were incubated with 

3,3′-dihexyloxacarbocyanine iodide for 30 min at 37°C, washed in PBS, resuspended in 500 

μl binding buffer (annexin V–FITC kit, Immunotech) containing 5 μl of 20 μg/ml PI and 

were analysed via flow cytometry, acquiring 5000 events.

To identify fragmented DNA, a TdT-mediated dUTP nick-end labelling (TUNEL) assay was 

performed and assessed by flow cytometry (Boehringer Mannheim, Indianapolis, USA). 

106cells per sample were washed in PBS and fixed in 2% paraformaldehyde for 30 min at 

room temperature. After fixation, the cells were washed twice in PBS containing 0·01% 

bovine serum albumin (BSA) and resuspended in TUNEL reaction mixture containing 

fluorescein dUTP. Fluorescein incorporated in DNA strand breaks was detected by flow 

cytometry.

Transfection procedures

The MCL cell line NCEB-1, JeKo-1 and JVM-2, all of which expressed low levels of Bcl-2 

protein in immunoblot and flow cytometry analysis, were transfected with the mammalian 

expression vector pEF-BOS/BCL2 (Mizushima & Nagata, 1990), containing human BCL2 
cDNA (pEF-BOS contains puromycin resistance marker). Therefore 1 × 106 cells in a total 

volume of 400 μl volume were electroporated together with pEF-BOS/BCL2 at 400 V for 4 

ms (Impulse generator, Dr. Fischer, Heidelberg, Germany). For control analysis the cell lines 

were transfected with control pEF-BOS lacking BCL2 cDNA. After transfection the cells 

were cultured in 2 ml RPMI medium containing 20% of FCS. After 2 d of culture, 

puromycin was added at rising concentrations (0·2–2 μg/ml). The cells were then selected 

over a period of approximately 2 weeks. After selection they were tested for CD22 and 

Bcl-2 expression and used for further experiments.
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siRNA experiments

Granta-519 cells were transfected with human BCL2 siRNA or control siRNA. 2 × 106 cells 

in a total volume of 400 μl volume were electroporated together with 3 μg high performance 

validated BCL2 siRNA (Qiagen GmbH-Germany, Hilden, Germany) at 280 V, 950 μF (Gene 

Pulser II; Bio-Rad Laboratories, Richmond, CA, USA). For control analysis, the cells were 

transfected with non-binding siRNA (Qiagen). Transfection efficacy was tested by flow 

cytometry using non-binding AlexaFlour 488 siRNA (Qiagen). Immunoblots were 

performed to evaluate the effects on protein level. For further experiments, we assumed a 

transfection efficacy higher than 90%.

Preparation of immunotoxins

Development and production of the disulfide-linked, recombinant immunotoxin BL22 

(RFB4(dsFv)-PE38), which reacts with the CD22 antigen, has been described (Mansfield et 
al, 1997). BL22 was a generous gift of Ira Pastan, NCI-Bethesda MD, USA.

Immunoblotting

Cells grown in the presence or in the absence of immunotoxin were harvested from cultures 

and were washed twice with PBS. They were then lysed in ice-cold 10 mmol/l Tris–HCl 

buffer (pH 7·4) containing 5 mmol/l EDTA (ethylenediaminetetra-acetic acid), 130 mmol/l 

NaCl, 1% Triton X-100, 1 mmol/l phenylmethylsulfonyl fluoride (PMSF), 1 mmol/l sodium 

vanadate, and 10 mg/ml each phenanthrolene, aprotinin, leupeptin, and pepstatin. Cell 

lysates were spun at 16 090 g (Hettich Mikro 22R, Hettich GmbH, Tuttlingen, Germany) for 

20 min, and supernatants were collected. After determination of the protein content with a 

commercially available assay (Bio-Rad Laboratories), 50 μg protein was separated by 10% 

sodium dodecyl sulphate–polyacrylamide gel electrophoresis (SDS–PAGE) and was 

transferred onto polyvinylidene difluoride (PVDF) membranes (Immobilon-P; Millipore 

Schwalbach, Germany). Membranes were hybridized with antibodies to Bax (purchased 

from BD PharMingen, San Diego, CA, USA), to Mcl-1 (from Santa Cruz Biotechnology, 

Santa Cruz, CA), to Bcl-2 (from BD Biosciences Transduction Laboratory, San Diego, CA, 

USA), or to βactin (from Sigma-Aldrich, Hannover, Germany). Antibodies to procaspase-9 

were from Cell Signalling (Frankfurt, Germany). Blots were developed using Super Signal 

chemo luminescent substrates (Pierce, KMF GmbH, St Augustin, Germany).

Statistical analysis

All analyses were performed at least three times. Statistical significances were determined 

using a two-tailed paired t -test. A P-value <0·05 was considered to be statistically 

significant.

Results

CD22 is equally expressed on NCEB-1 and Granta-519 cells

A representative flow cytometric result of a CD22 expression analysis on NCEB-1 and 

Granta-519 cells is shown in Fig 1A. Both cell lines showed equally basic CD22 expression 

levels, which was not altered after coincubation with BL22 (data not shown).
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BL22 induces apoptosis in MCL cell lines

To assess apoptosis induction by BL22 in Granta-519 and NCEB-1 cells, phosphatidylserine 

exposure to the outer plasma membrane was analysed by the Annexin V assay, changes of 

mitochondrial membrane potential ΔΨ with DiOC(C6) staining, as well as induction of 

DNA strand breaks using the TUNEL assay upon incubation with BL22.

Figure 1B shows the percentage of viable Annexin V negative NCEB-1 cells 48h after 

incubation with BL22 compared to Granta-519 cells. NCEB-1 cells were much more 

susceptible to apoptosis-induction by BL22 compared to Granta-519 cells. Maximal cell 

death was observed in both cell lines at 100 ng/ml BL22. Although apoptosis was detected 

24 h after incubation, the effect was more pronounced after 48 and 72 h of culture. Results 

(mean ± SEM of three independent experiments) are shown in Fig 1C. Cell death was 

accompanied by loss of intact mitochondrial membrane potential ΔΨ (Fig 2A). This effect 

was again more pronounced in NCEB-1 cells where a loss of mitochondrial membrane 

potential ΔΨ was detected in 79·3% of NCEB-1 cells compared to 25·1% in Granta-519 

cells (Fig 2A). In addition, the amount of DNA strand breaks, the common endpoint of 

caspase-dependent apoptosis, was clearly higher in NCEB-1 cells than in Granta-519 cells. 

One representative experiment is shown in Fig 2B, with 65·3% UTP FITC positive NCEB-1 

cells compared to 38·7% UTP FITC positive Granta-519 cells.

To further investigate the effects of BL22 treatment on apoptosis in MCL cells, the 

expression of Bcl-2 family proteins and caspase cleavage was analysed in NCEB-1 and 

Granta-519 cells cultured with or without BL22.

Only a very low expression of Bcl-2 was observed in BL22-sensitive NCEB-1 cells but 

strong Bcl-2 expression was detected in Granta-519 cells (Fig 3A). Bcl-2 expression 

remained unchanged in BL22-resistant Granta-519 cells in the presence of BL22 (Fig 3B).

Both the expression of Mcl-1, as an antiapoptotic Bcl-2 member protein, as well as the 

expression of XIAP, a known inhibitor of caspase 3 activation, was clearly reduced in both 

cell lines after 24 and 48 h, respectively, of co incubation with BL22 (Fig 3C). In contrast, 

we detected a slight increase in the expression of the proapoptotic Bcl-2 familiy member 

Bax upon incubation with BL22 in both cell lines (Fig 3C).

Strong caspase 3 activation was detected in NCEB-1 cells upon BL22 incubation (58·6%) 

with less activation in Granta-519 cells (36·2%), representatively shown in Fig 3D. Caspase 

9 immunoblots demonstrated procaspase 9 cleavage in NCEB-1 cells (Fig 3E). Anti β-actin 

blotting was used as loading control (Fig 3A–E).

Transfection of human BCL2 cDNA to NCEB-1 increases resistance to BL22

A prominent difference between sensitive NCEB-1 cells and resistant Granta-519 cells was 

the expression of Bcl-2.

Therefore, we further analysed the importance of Bcl-2 expression for BL22 resistance by 

transfecting BCL2 cDNA into NCEB-1 cells and into another Bcl-2 low expressing MCL-

derived cell line, JeKo-1.
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After transfection, NCEB-1/tBCL2 cells had the same CD22 expression as NCEB-1 cells 

and JeKo-1/tBCL2 cells had the same CD22 expression as JeKo-1 cells (data not shown). 

The same was true for NCEB-1/tcontrol and JeKo-1/tcontrol cells (data not shown). The 

overall CD22 expression was higher in NCEB-1 cells compared to JeKo-1 cells (Fig S1B). 

A representative immunoblot result of Bcl-2 protein expression of NCEB-1 cells, NCEB-1/t 

control cells, NCEB-1/tBCL2 cells and JeKo-1 cells, JeKo-1/t control cells and JeKo-1/

tBCL2 cells is shown in Fig 4A. Granta-519 cells were used as positive control. A flow 

cytometric result of the expression of Bcl-2 in NCEB-1/tBCL2 cells and JeKo-1/tBCL2 cells 

is shown in Fig 4B. Comparable Bcl-2 expression levels were detected in both transfected 

cell lines (59·6% vs. 63·3%).

BL22 still induced cell death in BCL2 cDNA transfected NCEB-1 and JeKo-1cells although 

significantly less compared to non-transfected NCEB-1 (P = 0·0217) or JeKo-1 (P = 0·0175) 

cells. The results of three annexin V experiments for NCEB-1 and JeKo-1 cells are shown in 

Fig 4C. The decrease in apoptosis induction in BCL2 cDNA transfected NCEB-1 and 

JeKo-1 cells was confirmed by TUNEL analysis and DiOC6(3) staining (data not shown). In 

contrast, apoptosis induction in control transfected NCEB-1 and JeKo-1 cells was equal to 

that of untransfected NCEB-1 or JeKo-1 cells (data not shown).

To further confirm our findings we transfected another Bcl-2 low expressing MCL-derived 

cell line (JVM-2) with human BCL2 cDNA. Transfection efficacy was controlled by FACS 

analysis (Fig S1B). Again we detected a significant drop in apoptosis induction upon BL22 

incubation within the BCL2 cDNA transfected JVM-2 cells compared to the control 

transfected cells (P 0·0408) (Fig S1A). JVM-2 cells had a higher CD22 expression than 

NCEB-1 cells (Fig S1C).

Bcl-2 inactivation causes increased apoptosis induction by BL22

We transfected Granta cells with BCL2 siRNA as described in Material and Methods. The 

transfection efficacy was higher than 90%. This approach resulted in a strong down-

regulation of Bcl-2 expression in Granta-519 cells when compared to Granta-519 cells 

transfected with a non-binding control siRNA (Fig 5A). Although spontaneous cell death 

was not increased in Granta-519 cells with down-regulated Bcl-2, co incubation with BL22 

resulted in a strong induction of apoptosis in these cells as confirmed by Annexin assays and 

analysis of the mitochondrial membrane potential (Fig 5B). In contrast, BL22 induced only 

low levels of apoptosis in Granta-519 cells transfected with the control si-RNA (Fig 5B, C). 

CD22 expression was comparable in BCL2 siRNA transfected and control siRNA 

transfected cells (data not shown).

BL22 induction of apoptosis in primary MCL cells is dependent on Bcl-2 status

To investigate our findings in primary cells of patients with the diagnosis of MCL, annexin 

assays were performed in four samples from patients with leukaemic MCL. The cells were 

purified as described in Material and Methods, and cultured for 24 h with or without BL22 

at 100 ng/ml. In all experiments, MNC were more than 75% CD5+ CD19+ prior to further 

depletion of remaining T lymphocytes and monocytes. The cells were purified to more than 

90% CD20+ and CD5+ cells after depletion (data not shown). Annexin/PI staining was 
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performed to calculate viable (annexin/PI-negative) cells. The clinical data and source of 

cells are provided in Table I. All four patients were highly pretreated. The patients had not 

received cytoreductive therapy for at least 3 months prior to investigation.

The Bcl-2 protein status of these patients was analysed by immunoblot (patients M1-M3) 

and FACS analysis (patient M4). Bcl-2 expression was detectable in three samples (M1, M2, 

M4) compared to one sample (M3) with low Bcl-2 expression (Fig 6A). The changes in 

viability upon BL22 treatment were comparably low in the Bcl-2 positive samples M1, M2 

and M4 compared to a high induction of apoptosis in the Bcl-2 negative patient M3 (Fig 

6B).

Discussion

MCL remains a disease which is incurable for most patients with current treatment 

modalities. Though immunochemotherapy regimens incorporating the monoclonal antibody 

rituximab have improved response rates, the remission duration remains short and median 

survival is in the range of 3–4 years (Forstpointner, et al 2006) (Dreyling et al, 2008) (Popat 

et al, 2004). Incorporation of rituximab has undoubtedly improved lymphoma therapy, but 

‘naked’ antibodies (including rituximab) by themselves are often only weakly cytotoxic. 

Attaching potent toxins to these antibodies can improve results by combining antibody 

selectivity with toxin cell-killing potency (Pastan et al, 2006). Indeed, the immunotoxin 

BL22 has been reported to be very effective in hairy cell leukaemia (Kreitman et al, 2001). 

Responses have also been observed in B-CLL patients (Kreitman et al, 2005), but very 

limited data are available in NHL patients.

MCL express CD22 at intermediate levels well above the amount needed for a sufficient 

cytotoxic effect of an immunotoxin (D’Arena et al, 2000) (Kreitman & Pastan, 1998). 

Therefore we analysed the effect of the immunotoxin BL22 on MCL cells. Culture of 

Granta-519 or NCEB-1 cells together with immunotoxin BL22 for 24–48 h resulted in 

apoptosis induction in both cell lines but NCEB-1 cells were significantly more susceptible 

to BL22 than Granta-519 cells. Importantly, both cell lines expressed CD22 at comparable 

levels (Fig 1). Therefore different expression of the target molecule did not account for the 

observed difference.

We have reported previously that Immunotoxins induce caspase-dependent cell death in B-

CLL cells. Cell death was associated with reduced expression of the antiapoptotic proteins 

Mcl-1 and XIAP (Decker et al, 2004). XIAP and Mcl-1 expression have both been 

associated with chemotherapy and rituximab resistance in NHL. (Hussain et al, 2007) (Byrd 

et al, 2002). However, the present study demonstrated that expression of Mcl-1 and XIAP 

was strongly reduced in both cell lines upon BL22 co incubation, making both proteins 

unlikely to account for the differences in apoptosis induction.

Bcl-2 alters the activity of a variety of cell signalling proteins involved in proliferation, cell 

survival and apoptosis (Borner, 2003). Overexpression of prosurvival Bcl-2 together with 

other antiapoptotic members of the Bcl-2 family is commonly associated with tumour 

progression and chemotherapy resistance (Danial & Korsmeyer, 2004) (Hanahan & 
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Weinberg, 2000). Bcl-2 overexpression is the consequence of t(14;18) in follicular 

lymphoma and is frequently overexpressed in lymphoproliferative diseases including MCL, 

where the frequency of Bcl-2 overexpression has been described to be higher than 50% 

(Menendez et al, 2004). Bcl-2 silencing in two MCL cell lines has recently been reported to 

interfere with cyclin D1, p27 and p53 expression (Tucker et al, 2008). However, the 

importance of Bcl-2 for MCL progression or chemotherapy resistance remains largely 

unknown (Jares et al, 2007). Previously Bcl-2 has been reported to be involved in mediating 

chemotherapy resistance in NHL (Mounier et al, 2003) (Wilson, 2006).

Importantly, only very low Bcl-2 expression was observed in BL22-sensitive NCEB-1, 

JeKo-1 and JVM-2 cells but strong Bcl-2 expression was detected in resistant Granta-519 

cells. Bcl-2 expression in Granta-519 cells remained unchanged in the presence of BL22 

(Fig 3B). Therefore, the absence of Bcl-2 in NCEB-1, JeKo-1 and JVM-2 cells seems to 

render cells more susceptible to immunotoxin BL22 treatment. This hypothesis is supported 

by the finding that inactivation of Bcl-2 results in a strong increase in the susceptibility of 

Bcl-2 positive MCL cell lines (Tucker et al, 2008) including Granta-519 cells (Fig 5). We are 

aware that the cell line NCEB-1 contains mouse chromosomes (Camps et al, 2006). Though 

expressing these chromosomes at low levels this cell line represents a human-mouse 

hybridoma. Nevertheless transfection of human BCL2 cDNA into NCEB-1 cells and 

additionally into JeKo-1 (homo sapiens, (Jeon et al, 1998)) and JVM-2 cells (homo sapiens, 

(Melo et al, 1986)) strongly reduced apoptosis induction in response to BL22 in all three cell 

lines (Figs 4, S1).

Our findings were confirmed in purified MCL cells from patients with leukaemic MCL. 

Cells from three patients with high Bcl-2 expression showed low apoptosis induction upon 

BL22 treatment while cells from one patient without detectable Bcl-2 expression showed a 

strong response (Fig 6).

Cell death may result from an imbalance of pro- and antiapoptotic proteins. It is known that 

the balance of pro- and antiapoptotic proteins within the Bcl-2 family is of particular 

importance for cell survival or apoptosis induction (Adams & Cory, 2007; Brooks & Dong, 

2007). In this context the presence or absence of cell survival protein Bcl-2 with 

concomitant reduction of Mcl-1 expression and upregulation of proapototic Bcl-2 family 

members like Bax may contribute to the discovered differences of apoptosis induction (van 

Delft et al, 2006), (Fig 3C).

In summary, treatment with the immunotoxin BL22 induces apoptosis in MCL cell lines and 

primary MCL cells from patients with leukaemic disease. However, BL22 seems to be less 

efficacious in Bcl-2 expressing MCL-cells. Therefore, a promising treatment strategy in 

MCL cells might be a combination of BL22 and drugs that target Bcl-2. Indeed, drugs like 

the Bcl-2 antisense oblimersen or the new class of BH3-mimics are currently in clinical 

evaluation and have demonstrated the potential to be combined with chemotherapy or 

rituximab. (Pro et al, 2008) Therefore, BL22 treatment in Bcl-2 negative and combination 

regimen in Bcl-2 positive MCL may be interesting therapeutic approaches in this incurable 

disease.
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Fig 1. 
(A) CD22 expression of NCEB-1 and GRANTA-519 cells was tested using phycoerythrin 

(PE) labelled anti CD-22 FACS antibody. (A) shows one representative result of a flow 

cytometric analysis. (B) NCEB-1 and GRANTA-519 cells were cultured in the presence of 

BL22 at the indicated concentration for 48 h. Phosphatidylserine exposure was measured 

using the annexin V assay. The mean percentage of viable cells [annexin- and propidium 

iodide (PI)- negative] ± SEM of three different experiments is shown. Paired t-tests were 

performed to test for differences between GRANTA-519 and NCEB-1 cells. *indicates a 

statistically significant difference between GRANTA-519 and NCEB-1 cells (P < 0·05) (*1: 

P 0·020; *2: P 0·0018). (C) Apoptosis induction is displayed as the mean percentage of 

viable cells (annexin- and PI- negative) ± SEM of three different experiments performed on 

NCEB-1 and GRANTA-519 cells in medium or together with BL22 at a concentration of 

100 ng/ml for 24, 48 and 72 h.
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Fig 2. 
(A) DiOC(C6) staining of NCEB-1 and GRANTA-519 cells upon incubation with BL22 for 

48 h in a concentration of 100 ng/ml. The figure shows the differences in the loss of intact 

mitochondrial membrane potential Δψm for NCEB-1 and GRANTA-519 cells. (B) DNA 

strand breaks for NCEB-1- and GRANTA-519 cells are shown as a representative TUNEL 

assay analysis of NCEB-1 and GRANTA-519 cells upon incubation with BL22 for 48 h at a 

concentration of 100 ng/ml.
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Fig 3. 
(A) Representative Bcl-2 immunoblot of GRANTA-519 cells and NCEB-1 cells. (B) 

Coincubation with BL22 for 24–48 h did not change Bcl-2 levels in Granta-519 cells 

compared to medium control, shown as a representative result. (C) Mcl-1, bax and XIAP 

immunoblots of NCEB-1- and GRANTA-519 cells were performed in medium (control) and 

together with BL22 in a concentration of 100 ng/ml for 24–48 h. (D) Representative results 

of flow cytometric analysis of caspase 3 activation in NCEB-1 and GRANTA-519 cells after 

incubation with BL22 at a concentration of 100 ng/ml for 48 h and (E) immunoblot results 

of procaspase 9 after BL22 incubation for the indicated time points. Anti β-actin blotting 

was used as loading control.
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Fig 4. 
(A) Representative Bcl-2 immunoblot of GRANTA-519 cells (positive control), NCEB-1 

cells, control or BCL2 cDNA transfected NCEB-1 cells as well as JeKo-1 cells, control and 

BCL2 cDNA transfected JeKo-1 cells. Anti β-actin blotting was used as loading control. (B) 

Flow cytometric Bcl-2 detection in BCL-2 transfected NCEB-1 cells (59·6%) and BCL-2 

transfected JeKo-1 cells (63·3%). (C) NCEB-1, NCEB-1/tBCL2 cells as well as JeKo-1 and 

JeKo-1/tBCL2 cells were cultured in the presence of BL22 at the indicated concentrations 

for 48 h. Phosphatidylserine exposure was measured using the annexin V assay. The mean 

percentage of viable cells (annexin – and PI- negative) ± SEM of three different experiments 

is shown. Paired t-tests were performed to test for differences between NCEB-1 and 

NCEB-1/tBCL2 cells (*) and JeKo-1 and JeKo-1/tBCL2 cells (#). */# indicates when the 
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difference between the cells was statistically significant (P < 0·05) (*: P 0·0217), (#: P 
0·0175).
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Fig 5. 
(A) Representative Bcl-2 immunoblot of GRANTA-519 cells 48 h after transfection with 

BCL2 siRNA or non binding control siRNA. Anti ß actin blotting was used as control. (B) 

48 h after transfection of non binding control siRNA (GRANTA-519/ctr. siRNA) and BCL2 
siRNA (GRANTA-519/BCL-2 siRNA) GRANTA-519 cells were cultured in the presence of 

BL22 at the indicated concentration for 48 h. Phosphatidylserine exposure was measured 

using the annexin V assay. The mean percentage of viable cells (annexin – and PI- negative) 

± SEM of three different experiments is shown. Paired t-tests were performed to test for 

differences between GRANTA-519/t control and GRANTA-519/t BCL2 siRNA cells (*). 

*indicates when the difference between the cells was statistically significant (P < 0·05) (*: P 
0·012). (C) GRANTA-519 cells transfected with non binding control siRNA and BCL2 
siRNA were analysed by DIOC(C6) staining upon incubation with BL22 in a concentration 

of 100 ng/ml for 48 h. The amount of intact mitochondrial membrane potential is shown as 

the mean percentage of viable cells (annexin – and PI- negative) ± SEM of three different 

experiments (#: P 0·003).

Bogner et al. Page 18

Br J Haematol. Author manuscript; available in PMC 2020 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 6. 
(A) Representative Bcl-2 immunoblot of cells of three patients with a diagnosis of Mantle 

Cell Lymphoma. Anti β-actin blotting was used as control. (B) Representative results of 

Annexin V assays of cell samples of four MCL patients M1-M4 upon coincubation with 

BL22 at a concentration of 100 ng/ml for 24 h. Δ annexin = differences in viable cells upon 

BL22 incubation. (C) Bcl-2 status of patient M4 was detected by FACS analysis.

Bogner et al. Page 19

Br J Haematol. Author manuscript; available in PMC 2020 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bogner et al. Page 20

Ta
b

le
 I.

Pa
tie

nt
 c

ha
ra

ct
er

is
tic

s.

N
o.

A
ge

 (
ye

ar
s)

Im
m

un
op

he
no

ty
pe

So
ur

ce
P

ri
or

 t
he

ra
py

M
1

65
C

D
5+

, C
D

23
−
, c

yc
lin

 D
1+

Pe
ri

ph
er

al
 b

lo
od

3×
 R

-C
H

O
P,

 3
×

 R
-D

H
A

P,
 1

×
 H

A
M

M
2

73
C

D
5+

, C
D

23
−
, c

yc
lin

 D
1+

Pe
ri

ph
er

al
 b

lo
od

3×
 C

hl
or

am
bu

ci
l, 

6×
 C

O
P,

 1
×

 R
-F

C
M

, 1
×

 I
E

V
, 1

×
 D

-B
E

A
M

, 2
×

 R
- 

D
H

A
P,

 n
on

 m
ye

lo
ab

la
tiv

e 
R

ad
io

im
m

un
ot

he
ra

py
, 

B
en

da
m

us
tin

e,
 B

or
te

zo
m

ib

M
3

71
C

D
5+

, C
D

23
−
, c

yc
lin

 D
1+

L
eu

ka
ph

er
es

is
7×

 C
hl

or
am

bu
ci

l, 
5×

 F
lu

da
ra

bi
ne

, 2
×

 C
yc

lo
ph

os
ph

am
id

e/
Pr

ed
ni

so
ne

, F
lu

da
ra

bi
ne

/M
ito

xa
nt

ro
ne

, 3
×

 R
-C

H
O

P

M
4

66
C

D
5+

, C
D

23
−
, c

yc
lin

 D
1+

Pe
ri

ph
er

al
 b

lo
od

6×
 R

-C
H

O
P,

 3
×

 R
-D

H
A

P,
 R

 B
E

A
M

, a
ut

ol
. s

te
m

 c
el

l t
ra

ns
pl

an
ta

tio
n

R
, r

itu
xi

m
ab

; C
H

O
P,

 c
yc

lo
ph

os
ph

am
id

e,
 h

yd
ro

xd
au

no
ru

bi
ci

ne
, v

in
cr

is
tin

e 
(O

nc
ov

in
®

),
 p

re
dn

is
o(

lo
)n

e;
 D

H
A

P,
 d

ex
am

et
ha

so
ne

, c
yt

ar
ab

in
e,

 c
is

-p
la

tin
; H

A
M

, h
ig

h 
do

se
 c

yt
ar

ab
in

e,
 m

ito
xa

nt
ro

ne
; C

O
P,

 
cy

cl
op

ho
sp

ha
m

id
e,

 v
in

cr
is

tin
e 

(O
nc

ov
in

®
),

 p
re

dn
is

o(
lo

)n
e;

 F
C

M
, f

lu
da

ra
bi

ne
, c

yc
lo

ph
os

ph
am

id
e,

 m
ito

xa
nt

ro
ne

; I
E

V
, i

fo
sf

am
id

e,
 e

pi
ru

bi
ci

n,
 e

to
po

si
de

; B
E

A
M

, B
C

N
U

 (
ca

rm
us

tin
e)

, e
to

po
si

de
, c

yt
ar

ab
in

e,
 

m
el

ph
al

an
.

Br J Haematol. Author manuscript; available in PMC 2020 August 19.


	Summary
	Material and methods
	Cell samples and cell lines
	Separation procedures
	Culture conditions
	Flow cytometric analysis
	Transfection procedures
	siRNA experiments
	Preparation of immunotoxins
	Immunoblotting
	Statistical analysis

	Results
	CD22 is equally expressed on NCEB-1 and Granta-519 cells
	BL22 induces apoptosis in MCL cell lines
	Transfection of human BCL2 cDNA to NCEB-1 increases resistance to BL22
	Bcl-2 inactivation causes increased apoptosis induction by BL22
	BL22 induction of apoptosis in primary MCL cells is dependent on Bcl-2 status

	Discussion
	References
	Fig 1.
	Fig 2.
	Fig 3.
	Fig 4.
	Fig 5.
	Fig 6.
	Table I.

