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The Polycomb Group Protein EZH2 is Up-regulated in 
Proliferating, Cultured Human Mantle Cell Lymphoma 

Polycomb group (PcG) proteins are involved in the stable transmittance of the repressive state of 
their gene targets throughout the cell cycle. Mis-expression of PcG proteins can lead to proliferative 
defects and tumorigenesis. There are two separate multimeric PcG protein complexes: an 
EED/EZH2 containing complex and a BMI1/RING1 containing complex. In the normal human 
follicle mantle, both PcG complexes have mutually exclusive expression patterns. BMI1/RING1 is 
expressed, but EZH2/EED is not. Here we studied the expression of both complexes in 6 cases of 
Mantle Cell Lymphoma (MCL), which is derived from the follicle mantle. MCL cells can be 
cultured in vitro, and stimulated to proliferation. We found that resting MCL cells express 
BMI1/RING1, but not EZH2/EED, like normal mantle cells. Proliferating MCL cells, however, 
showed strongly enhanced expression of EZH2. Also BMI1 and RING1 remained expressed in 
proliferating MCL. This is the first demonstration that EZH2 expression can be up-regulated in 
fresh lymphoma cells. To test whether the enhanced EZH2 expression was causal for the increased 
proliferation in MCL, we over-expressed EZH2 in two different cell lines. In the B cell derived 
Ramos cell line EZH2 over-expression caused an increase in the proliferation rate. This suggests a 
possible causal effect between EZH2 up-regulation and increased proliferation in haematopoietic 
cells. 

The Polycomb Group (PcG) genes of 
Drosophila are negative regulators of gene 
expression (6, 31). They are involved in the 
stable maintaining of the repressive state of 
their target genes throughout the cell cycle 
(16, 21). This stable inheritance of gene 
expression is essential for maintaining the 
identity of the cell. PcG proteins bind to the 
Drosophila polytene chromosomes in 
overlapping patterns (5, 9, 24), which 
suggests that PcG proteins might work in 
multimeric protein complexes. This idea 
was confirmed by the observation that 
Polyhomeotic (Ph) and Polycomb (Pc) 
coimmunoprecipitate (9). 

Several human homologues of the 
Drosophila PcG genes have been identified. 
Human PcG proteins also coimmuno
precipitate (11, 25, 27-29), indicating that 
human PcG proteins form multimeric 
complexes as well. This is further supported 
by the observation that the different PcG 
proteins co-localize in distinct domains 

within the nucleus. 
Two separate PcG complexes have 

been described in humans (29). On the one 
hand a PcG complex containing Human 
Polycomb 2 (HPC2), PJNG1 (25,27), BMI1 
(11) and Human Polyhomeotic 2 (HPH2), 
and on the other hand a PcG complex 
containing Enhancer of Zeste Homolog 2 
(EZH2) and Embryonic Ectoderm 
Development (EED) (29). These two PcG 
complexes vary in their nuclear 
distributions. In U-2 OS cells the BMI1 
containing complex is localized in 
pronounced nuclear domains (11,25), while 
the EZH2 containing complex has a diffuse 
distribution throughout the nucleus (29). 
This observation and the fact that the two 
complexes do not coimmuno-precipitate 
with each other suggest that they form 
separate PcG complexes. The finding that 
there are two different PcG complexes has 
been confirmed in Drosophila (17, 20, 33). 

Besides the fact that EZH2/EED and 
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BMI 1/RING 1 neither coimmunoprecipitate 
nor colocalize, the two PcG complexes also 
have a mutually exclusive expression pattern 
in tonsils (22). Resting B cells in the follicle 
mantle of tonsils and lymph nodes express 
BMI1 and RING1 but do not show EZH2 or 
EED expression (22). In contrast to mantle 
cells, the rapidly dividing germinal center B 
cells express EZH2 and EED and lack 
expression of BMI 1 and RING1 (22). The 
mutually exclusive expression pattern of 
BMI 1/TUNG 1 and EZH2/EED again 
demonstrates the existence of two distinct 
PcG complexes. 

Several PcG proteins have been 
implicated in carcinogenesis and 
lymphomagenesis. Over-expression of an 
HPC2 mutant causes anchorage-independent 
growth and cellular transformation (26). 
Over-expression of RING1 also induces 
anchorage-independent growth, as well as 
metastatic activity in athymic mice (27). 
Bmil over-expression in transgenic mice 
leads to increased incidence of lymphomas 
(2, 15). In murine and human studies BMI1 
and other PcG proteins play an important 
role in lymphomagenesis, and deregulation 
may cause malignant degeneration (1, 18, 
34). No direct tumorigenic properties for 
EZH2 have been shown. However, its 
location at 7q35, a critical region for 
myeloid disorders, suggests that EZH2 
might be involved in the pathogenesis of 
7q35-36 aberrations in myeloid leukemia 
(4). Furthermore the characteristic 
expression pattern for EZH2 as seen in 
tonsils is disturbed in Hodgkin's disease, 
where EZH2 is co-expressed with BMI1 in 
Hodgkin and Reed-Sternberg cells (23). This 
is another indication that EZH2 is involved 
in tumorigenesis. 

Mantle Cell Lymphoma (MCL) is 
considered to be derived from B cells of the 
follicle mantle. We observed that MCL cells 
can be cultured in the 'CD40 system' (3), 

and that IL-10 is a co-stimulatory factor in 
most cases (35). MCL is an excellent model 
in which the relation between proliferation 
and PcG gene expression in a tumor can be 
studied as compared to the healthy tissue 
from which it is derived. Moreover, by 
selecting fresh lymphoma material, we 
avoided the confounding additional 
abnormalities present in immortalized cell 
lines. Here we examined the relation 
between proliferation and the expression of 
PcG proteins in multiple cases of MCL. 

MATERIALS AND METHODS 

MCL cells. MCL cells from 6 patients were obtained 
from blood or pleural fluid. After Ficoll-Isopaque 
(1077 g/ml) density gradient centrifugation MCL 
cells were cryopreserved in 10% dimethylsulfoxiode 
until further study. The diagnosis was established by 
cytomorphological assessment of the blood; 
histological examination of lymph nodes and bone 
marrow; immunophenotyping; molecular and 
cytogenetic analysis, following the criteria of the 
REAL classification (12). After thawing, residual T 
cells were removed with help of magnetic immuno-
beads. Cell suspensions were incubated with 
saturating amounts of anti-CD2 and anti-CD3 (anti-
leu5b and anti-leu4, Becton Dickinson, Mountain 
View, CA, USA) monoclonal antibodies (mAbs) 
followed by incubation with sheep-anti-mouse-coated 
magnetic beads according to the description of the 
manufacturer (Dynabeads, Dynal, Oslo, Norway). 
After immunomagnetic separation the suspensions 
always contained less than 0.5% CD2* T cells as was 
confirmed by flow cytometry. 

Cell sorting. For measurement of EZH2 expression 
by Western blot, MCL cells were mechanically 
disrupted from the culture plates on day 7 of culture 
in the CD40 ligand system. Residual 3T6 fibroblasts 
were eliminated by cell sorting, using a FACS 
Vantage SE (Becton Dickinson systems, S. Jose, CA 
USA). Sort windows were used on forward and side 
scatter to eliminate debris and the large murine 
fibroblasts and on the CD 19-phycoerythrin (PE) 
fluorescence to make sure only B cells were sorted. 
Sorted populations contained more than 99.5% MCL 
cells. 
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Culture system. 50,000 irradiated (70 Gray) 3T6 
cells transfected with the human CD40L (a kind gift 
of Dr M. Bakkus, Brussels, Belgium) were added in 
flat bottom 24-well culture plates (Costar, Becton 
Dickinson). One million T cell depleted malignant B 
cells were added in a final volume of 1 ml. Complete 
culture medium consisted of IMDM (Gibco 
laboratories, Grand Island, NY, USA), 5.6% heat 
inactivated fetal calf serum, 0.56% human serum 
albumin (CLB, Amsterdam, The Netherlands), 45 
Hg/ml human transferrin (Behring, Mannheim, 
Germany), 0.01 mmol/1 ß-mercaptoethanol (Sigma 
Chemical Co., St Louis, MO, USA), 5.5 ug/ml bovine 
insulin (Sigma), penicillin/streptomycin (20 U/ml and 
20 ug/ml respectively, Gibco) and 1% glutamine 
(Gibco). Human recombinant (HuR) IL-10 (CLB) 
was added at a final concentration of 20 ng/ml. Cells 
were cultured in a fully humidified 5% C02 

atmosphere at 37°C for 7 days. 

Immunofluorescence labeling. Coverslips were 
coated with 3-aminopropyl-tri-ethoxisilan (APTS) by 
applying 50 ul 2% APTS in ethanol and letting dry to 
the air. Subsequently the coverslips were rinsed three 
times with water and again dried to the air. MCL cells 
were rinsed with PBS and cytospun on APTS coated 
coverslips for 10 min at 700 rpm (Cytospin, Shandon, 
Pittsburgh, PA, USA) and dried to the air for 10 min. 
Attached MCL cells were rinsed with 400 JJ.1 
phosphate-buffered saline (PBS) and incubated with 
2% (wt/vol) paraformaldehyde in PBS for 15 min at 
room temperature. After fixation, cells were rinsed 
three times with PBS and permeabilized with 0.5% 
(wt/vol) Triton X-100 (Sigma) for 5 min at room 
temperature. Cells were subsequently rinsed twice 
with PBS, incubated in PBS containing 100 mM 
glycine for 10 min, and incubated twice in PBG (PBS 
containing 0.5% bovine serum albumin and 0.05% 
gelatin from cold-water fish skin [Sigma]) for 10 min. 
Fixed cells were incubated for 2 h at room 
temperature with polyclonal rabbit antibodies against 
EZH2 (29), EED (29), RING1 (25) or BMI1 (11) 
diluted in PBG. Subsequently, cells were washed 4 
times for 5 min in PBG and incubated with 
biotinylated donkey anti-rabbit IgG (Jackson 
ImmunoResearch Laboratories, West Grove, PA, 
USA) diluted in PBG for 1 h at room temperature. 
After labeling, cells were subsequently washed 4 
times for 5 min in PBG and incubated with 
streptavidine-FITC (Jackson ImmunoResearch 
Laboratories) diluted in PBG for 30 min. Cells were 
washed four times for 5 min in PBG and twice in PBS 
for5 min. Images of labeled cells were produced ona 
Zeiss confocal laser scanning microscope (Zeiss, 

Oberkochen, Germany) with 100x/l .35 oil immersion 
lens. Single optical sections are shown. Line scans 
were produced using the Zeiss LSM Imaging pack. 

EZH2 over expression in Ramos cells. The Ramos 
B cell lymphoma cell line was transfected with 
pCDNA3 and pCDNA3-EZH2. Cells were cultured 
for two weeks in the presence of 200 ug/ml G-418 to 
select for transformants. Next, the cells were 
suspended at a density of 105 cells/ml. Cells were 
counted at day 0, day 3, and day 6. The experiment 
was performed in triplicate. The growth rates were 
calculated from the cell densities. Relative growth 
rates are the growth rates of cells transfected with 
pCDNA3-EZH2 vector divided by the growth rate of 
the cells tranfected with the empty pCDNA3 vector. 

Western blot and quantification of band intensity. 
3T6 depleted MCL cells were washed with PBS and 
resuspended in ELB buffer (250 mM NaCl, 0.1% 
Nonident P-40, 50 mM HEPES [pH 7.0], 5 mM 
EDTA) containing 0.5 mM DTT, 1 mM PMSF, 2 
(ig/ml leupeptin, 2.5 ug/ml aprotinin and 10 |lg/ml 
benzamidine at 106 cells in 70 ul. Cells were lysed by 
sonication with one burst of 10 sec. The protein 
concentration of the samples was determined using 
the bicinchoninic assay (Sigma). 5 ug of the protein 
samples was separated on SDS-PAGE and transferred 
to nitrocellulose. Western blots were probed with 
polyclonal rabbit antibodies against EZH2 (29), 
RING1 (25), BMI1 (11), EED (29) and CtBP (30). 
The secondary antibody was alkaline phosphatase 
conjugated goat anti-rabbit antibody (Jackson 
ImmunoResearch Laboratories). Nitroblue 
tetrazolium-5-bromo-4-chloro-3-indolyl-phosphate 
(Roche, Basel, Switzerland) was used as a substrate 
for detection. 

The bands from the Western blot were 
quantified by measuring the average intensity within a 
rectangle around the band subtracted by the average 
intensity within a same sized rectangle just below the 
band. 

RESULTS 

EZH2 expression. Using immuno
fluorescence labeling, we analyzed the 
expression level of EZH2 in MCL cells from 
two cases, that have different proliferative 
characteristics (35). 
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MCL cells from both cases 
expressed before and after culture EZH2 
levels that were slightly above the 
background (Figs IA, B, E, F). After 
addition of IL-10, the expression level of 
EZH2 in the non-proliferating MCL cells 
from case 1 remained the same (Fig 1C). In 
contrast, an increased EZH2 expression was 
seen in the proliferating MCL cells from 
case 2 (Fig IG). The EZH2 protein was 
detected only in the nucleus, having a 
diffuse distribution as is seen in U-2 OS 
cells (29). The nuclear EZH2 distribution 
did not change when the EZH2 expression 
level of case 2 was increased. 

To quantitatively compare the 
expression of EZH2 in proliferating and 
non-proliferating MCL cells, we plotted the 
fluorescence intensity along a given line 
through a cell, a so-called line scan (Figs 
ID, H). The line scans showed that the IL-10 

stimulated proliferating MCL cells from 
case 2 had an approximately three fold 
higher expression maximum above the 
background than the MCL cells from case 1. 
The expression of EZH2 in MCL cells was 
also analyzed using Western blotting (Fig 
2A). The Western blot confirmed that the 
expression of EZH2 is up-regulated five fold 
only in the IL-10 stimulated MCL cells from 
case 2 (Table 1). These two different ways 
of analysis both point to a positive 
correlation between EZH2 expression and 
the rate of proliferation. 

BMI1, RING1 and EED expression. Using 
immunofluorescence, we also analyzed the 
expression of the PcG proteins BMI1, 
RTNG1 and EED. BMI1 and RING1 were 
expressed in MCL cells from both case 1 
and case 2 (Figs 3A, D, 4A, D). BMI1 and 
RJNG1 displayed a diffuse nuclear 

EZH2 Before culture After culture + IL-10 

Case 1 

Case 2 

D 

H I 
II 

Je L kt 
Fig 1. The expression of EZH2 in proliferating and non-proliferating MCL cells. MCL cells from case 1 labeled with 
rabbit anti-EZH2 before culture (A), after culture (B) and after stimulation with IL-10 (C). MCL cells from case 2 
labeled with rabbit anti-EZH2 before culture (E), after culture 0^) and after stimulation with IL-10 (G). Single 
confocal optical sections are shown. In the upper right hand comer the 3H-thymidine uptake in cpm is depicted to 
indicate the rate of proliferation. The line through a cell indicates the line along which the fluorescence intensity is 
plotted in the graphs. Line scans through MCL cells of case 1 (D), and of case 2 (H). Line scans on MCL cells before 
culture are shown in green, after culture in blue and after culture in the presence of IL-10 in red. 
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Case 1 Case 2 

ƒ « * / 

M 111 

73 

B 73 

«7.3 

slïîïr 
Fig 2. Expression of EZH2, RING1 and BMI1 in 
MCL cells. Cell lysates of MCL cells from case 1 and 
case 2 before culture, after culture and after IL-10 
stimulation were Western blotted and incubated with 
rabbit anti-EZH2 (A), rabbit anti-RINGl (B) and 
rabbit anti-BMIl (C). Molecular weight markers are 
indicated in kDa on the left. The 90 kDa band shows 
the EZH2 expression. 

distribution. This distribution pattern 
remained unchanged under all growth 
conditions (Figs 3,4), which was confirmed 
by line scans. The expression levels of BMI1 
and RINGl were also analyzed on Western 
blot. Both cases expressed the same level of 
BMI1 and RINGl before and after culture, 
with or without IL-10 stimulation (Figs 2B, 
C, Table 1). Using immuno-fluorescence 
and Western blotting we could not detect 
any expression of the EED protein in both 
cases neither before or after culture (data not 
shown). 

Relation between EZH2 expression and 
MCL proliferation. The data presented thus 
far suggested a correlation between EZH2 
expression and proliferation in MCL. To 
further investigate the relation between 
EZH2 expression and the rate of 
proliferation, the EZH2 expression levels of 
four other cases of MCL were analyzed. 
Besides another proliferating case of MCL 
(case 5), also MCL cells with an 
intermediate (cases 3 and 4), and an 
extremely high rate of proliferation (case 6) 
in culture were tested. As no change in the 
expression of BMI 1, RINGl and EED was 
seen previously, we delimited our study of 
these cases to EZH2 expression. 

The MCL cells from case 3 displayed 
weak levels of EZH2 expression before 
culture, after culture (Fig 5A, B). After IL
IO stimulation however, EZH2 was up-
regulated (Fig 5C). Before culture, MCL 
cells from case 4 weakly expressed EZH2 
(Fig 5D). After culture on CD40L cells, a 
slight increase in EZH2 expression was seen 
(Fig 5E), which was further increased after 
IL-10 stimulation (Fig 5F). The MCL cells 
from case 5 displayed weak EZH2 
expression before culture (Fig 5G). After 
culture EZH2 expression was high, either 
with or without IL-10 stimulation (Fig 5H, 
I). The MCL cells from case 6 showed 
similar results: low levels of EZH2 before 
culture, very high levels after culture, 
however no up-regulation of EZH2 was 
evident after IL-10 addition, although 3H-

Table 1. Quantitative analysis of Western blot. 

Case 1 Case 2 
Protein Before culture After culture + IL-10 Before culture After culture + IL-10 
EZH2 
RINGl 
BMI1 

1 
1 
1 

1.1 
1.2 
1.2 

1.2 
1.3 
1.0 

1 
1 
1 

1.5 
1.0 
1.2 

5.0 
0.8 
0.7 

Intensities of bands from Western blots (Fig 2). The intensities of the bands before culture were arbitrarily set at 1. 
The intensities of the bands after culture and after IL-10 stimulation are given relative to the intensity of the band 
before culture. 
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thymidine incorporation increased further 
upon IL-10 stimulation (Figs 5J-L). 

Over-expression of EZH2 in human cell 
lines. Our data indicated a positive 
correlation between proliferation and EZH2 
expression. It is unclear whether EZH2 was 
up-regulated as a consequence of increased 
proliferation or whether the up-regulation of 
EZH2 caused an increase in the rate of 
proliferation in MCL cells. To study the 
effect of EZH2 expression on the 
proliferation rate of cells, we over-expressed 
EZH2 in two different cell lines, the 
haematopoietic Ramos cell line and the U-2 
OS osteosarcoma cell line. 

For EZH2 over-expression in Ramos 
cells we used the pCDNA3-EZH2 vector 
which gives stable expression of EZH2 from 
the CMV promoter in mammalian cells. As 
a control we separately transfected the 
empty pCDNA3 vector. Ramos cells 

transfected with pCDNA3-EZH2 displayed 
an approximately 2.5 fold higher growth rate 
than Ramos cells transfected with the empty 
vector (Fig 6). This indicates that the 
correlation between up-regulation of EZH2 
and the rate of proliferation might be causal. 

In contrast with Ramos cells, over-
expression of EZH2 in U-2 OS cells did not 
cause an increase in the rate of proliferation 
(Data not shown). These data indicate that 
the effect of EZH2 over-expression the rate 
of proliferation might be dependent on the 
cell type. 

DISCUSSION 

PcG proteins can form two distinct 
multimeric complexes, an EED/EZH2 
containing and a BMI 1/RING 1 containing 
complex. The correct expression of these 
complexes is crucial for the correct 

BMI1 Before culture After culture + IL-10 

Case 1 

Case 2 

Fig 3. The expression of BMI l in proliferating and non-proliferating MCL cells. MCL cells from case 1 labeled with 
rabbit anti-BMIl before culture (A), after culture (B) and after stimulation with IL-10 (C). MCL cells from case 2 
labeled with rabbit anti-BMIl before culture (E), after culture (F) and after stimulation with IL-10 (G). Single 
confocal optical sections are shown. In the upper right hand corner the 3H-thymidine uptake in cpm is depicted to 
indicate the rate of proliferation. The line through a cell indicates the line along which the fluorescence intensity is 
plotted in the graphs. Line scans through MCL cells of case 1 (D), and of case 2 (H). Line scans on MCL cells 
before culture are shown in green, after culture in blue and after culture in the presence of IL-10 in red. 
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development of haematopoietic cells. Over-
expression of one of the components of 
these complexes such as BMI1 or RING1 
leads to carcinogenesis (2, 27) and 
proliferative defects (14, 32). EED is 
antagonistic to BMI1 and is a negative 
regulator of proliferation in pre-B cells (19). 
In this study we examined the relation 
between PcG expression and proliferation in 
MCL cells, a non-Hodgkin's lymphoma 
derived from the follicle mantle. 

MCL cells can be cultured in vitro by 
mimicking the CD40-CD40L interaction 
that stimulates the B cells from the follicle 
mantle. These MCL cells can be further 
stimulated to proliferation by IL-10, a co-
stimulatory factor for most cases of MCL 
(35). Before MCL cells are cultured, they 
show normal expression of BMI1 and 

RJNG1 but weak expression of EZH2 or 
EED. The expression of these PcG proteins 
in MCL cells before culture was identical to 
their expression in healthy mantle cells. 
However, when MCL cells were stimulated 
to proliferation, EZH2 was up-regulated, 
while BMI1, RING1 and EED expression 
remained unaltered. 

The expression level of EZH2 was 
correlated to the rate of proliferation in 5 out 
of 6 cases. Only in one instance (case 6, 
after IL-10 stimulation) there was no up-
regulation of EZH2 in proliferating MCL 
cells. These MCL cells were the fastest 
growing cells we tested. It is possible that 
these fast growing cells initially expressed 
EZH2, but might have reached stationary 
phase at the time of immunofluorescence 
labeling, and correspondingly did not 

RING1 Before culture After culture + IL-10 

Case 1 

Case 2 

D 

H 

Fig 4. The expression of RING 1 in proliferating and non-proliferating MCL cells. MCL cells 
from case 1 labeled with rabbit anti-RTNGl before culture (A), after culture (B) and after 
stimulation with IL-10 (C). MCL cells from case 2 labeled with rabbit anti-PJNGl before culture 
(E), after culture (F) and after stimulation with IL-10 (G). Single confocal optical sections are 
shown. In the upper right hand corner the 3H-thymidine uptake in cpm is depicted to indicate the 
rate of proliferation. The line through a cell indicates the line along which the fluorescence 
intensity is plotted in the graphs. Line scans through MCL cells of case 1 (D), and of case 2 (H). 
Line scans on MCL cells before culture are shown in green, after culture in blue and after culture 
in the presence of IL-10 in red. 
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EZH2 Before culture Afterculture + IL-10 

Case 3 

15,000 cpm 

Case 4 

Case 5 

Case 6 

Fig 5. The expression of EZH2 is increased in proliferating MCL cells. MCL cells were labeled with rabbit anti-
EZH2 antibodies. MCL cells from four separate cases before culture (A, D, G, J), after culture (B, E, H, K) and after 
stimulation with IL-10 (C, F, I, L). Single confocal optical sections are shown. In the upper right hand corner the 3H-
thymidine uptake in cpm is depicted to indicate the rate of proliferation. 
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express EZH2 any longer. The correlation 
between EZH2 expression and proliferation 
has very recently also been described for 
healthy B and T cells in peripheral blood 
(10). EZH2 might have its effect on 
proliferation through its interaction with 
proto-oncogene Vav (13). Vav is essential 
for cell cycle progression of activated T cells 
(8). Vav is predominately located in the 
cytoplasm, but is translocated to the nucleus 
upon stimulation to proliferation by 
prolactin (7). Simultaneously, EZH2 is up-
regulated and can interact with Vav when it 
is present in the nucleus. It is unclear, 
however, whether EZH2 cooperates with 
Vav to increase proliferation or whether 
EZH2 attenuates the effect of Vav on the 
rate of proliferation. 

Our data suggest a correlation 
between the rate of proliferation in MCL 
cells and the level of EZH2 expression. To 
examine whether EZH2 expression caused 
an increase in the rate of proliferation, we 
over-expressed EZH2 in the Ramos cell line, 
which is derived from B cells. If over-
expression of EZH2 induces an increased 
growth rate in Ramos cells, the up-
regulation of EZH2 in MCL cells might 
have had the same effect. Over-expression 
of EZH2 in Ramos cells indeed caused an 
increased growth rate. This indicates that the 
increased rate of proliferation of stimulated 
MCL might be caused by up-regulation of 
EZH2. 

Recently, it has been shown that a 
decrease in proliferation corresponds with a 
decrease in EZH2 expression in HL-60 cells 
treated with all trans retinoic acid (10). 
Inversely, when EZH2 expression in HL-60 
cells was inhibited by antisense 
oligonucleotides, proliferation decreased 
(10). These experiments also suggest a 
causal relation between EZH2 and 
proliferation. 

Over-expression of EZH2 in U-2 OS 

pCDNA3 pCDNA3-EZH2 

Fig 6. Over-expression of EZH2 in Ramos cells. 
Growth rate for Ramos cells transfected with 
pCDNA3-EZH2 is shown relative to Ramos cells 
transfected with the empty pCDNA3 vector. In 
Ramos cells over-expression of EZH2 causes an 
approximately 2.5 fold increase in the proliferation 
rate. Values are the mean ± S.E. of three independent 
experiments. 

cells on the other hand, did not cause an 
increase in the rate of proliferation. It has to 
be taken into account, however, that U-2 OS 
cells, which are derived from bone, present a 
completely different system from 
haematopoietic cell lineages like MCL, 
Ramos and HL-60. This indicates that the 
effect of EZH2 on the rate of proliferation 
might be dependent on the cell type. 
Another possible reason why U-2 OS cells 
do not show an increase in the rate of 
proliferation as EZH2 is over-expressed 
might have to do with its initial growth rate. 
U-2 OS cells already have a high growth 
rate, incorporating 5-10 fold more cpm than 
in MCL cells after 3H-thymidine incubation 
(Data not shown). It is possible, therefore, 
that EZH2 might have a positive effect on 
low proliferation rates, but that it cannot 
increase proliferation rates when they are 
already high. 

One might expect proliferating MCL 
cells to follow the same pattern of PcG 
expression as the proliferating centroblasts 
derived from the follicle mantle, but this is 
apparently not the case. In the rapidly 
dividing centroblasts BMI1 and RJNG1 
expression is abolished, while BMI1 and 
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RING1 expression in proliferating MCL 
persisted. Inversely, EED is up-regulated in 
the proliferating centroblasts, whereas EED 
remained unexpressed in proliferating MCL 
cells. EZH2, however, was up-regulated 
when MCL cells were stimulated to 
proliferation just as in the proliferating 
centroblasts of the germinal center. This 
difference in PcG expression might be 
related to the malignancy of MCL cells. The 
EED protein, which normally is co-
expressed with EZH2, plays an important 
role in the negative control on proliferation 
(19). Thus in stead of EZH2 up-regulation 
being the cause of aberrant proliferation in 
MCL, it could also be that it is the 
imbalance between EZH2 and EED 
expression within the PcG complex that 
causes this effect. This imbalance, together 
with the failure to down-regulate BMI1 and 
RING1 - known for their oncogenic 
potential (2,27)- might therefore contribute 
to the carcinogenic properties of MCL cells. 
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