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Brief report

BCL2 protein expression parallels its mRNA level in normal

and malignant B cells

Yulei Shen, Javeed Igbal, James Z. Huang, Guimei Zhou, and Wing C. Chan

The regulation of B-cell lymphoma 2
(BCL2) protein expression in germinal
center (GC) B cells has been controver-
sial. Previous reports have indicated post-
transcriptional regulation plays a domi-
nant role. However, a number of recent
studies contradicted these reports. Using
real-time polymerase chain reaction (PCR)
and Standardized Reverse Transcriptase—
PCR (StaRT-PCR), we measured the level
of mRNA expression in GC, mantle zone

(MNZ), and marginal zone (MGZ) cells
from laser capture microdissection. Both
quantitative RT-PCR measurements of
microdissected GC cells from tonsils
showed that GC cells had low expression
of BCL2 transcripts commensurate with
the low protein expression level. These
results are in agreement with microarray
studies on fluorescence-activated cell
sorter (FACS)-sorted cells and microdis-
sected GC cells. We also examined BCL2

mRNA and protein expression on a series
of 30 cases of diffuse large B-cell lym-
phoma (DLBCL) and found, in general, a
good correlation. The results suggested
that BCL2 protein expression is regulated
at the transcriptional level in normal B
cells and in the neoplastic cells in most
B-cell lymphoproliferative disorders.
(Blood. 2004;104:2936-2939)
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Introduction

BCL2 was identified in follicular lymphoma (FL) cells, the
neoplastic counterpart of normal germinal center (GC) B cells, with
the t(14;18)(q32;q21) chromosomal translocation.!? Translocation
of BCL2 at 18qg21 to the proximity of the immunoglobulin heavy
chain (IgH) enhancer at 14q32 up-regulates BCL2 gene expression
and confers resistance to apoptosis. B-cell lymphoma 2 (BCL2)
protein is expressed in 89% of FLs with t(14;18), in contrast to 25%
of those without t(14;18).> Normal GC B cells have a very low
level of BCL2 protein expression (Figure 1A). However, there
were reports of high expression of BCL2 mRNA in GC B cells,*°
leading to the conclusion that BCL2 protein expression is regulated
at the posttranscriptional level. However, a number of recent
studies contradicted the previous reports of high BCL2 mRNA
expression in GC B cells, including several microarray gene
expression profiling studies (Figure 1B).”-!!

Microarrays do not provide a very precise measurement of
mRNA level and the experiments were performed on fluorescence-
activated cell sorter (FACS)—-isolated cells. To obtain more precise
measurements and to directly measure BCL2 mRNA expression in
GC B cells, we used real-time polymerase chain reaction (PCR)
and Standardized Reverse Transcriptase—-PCR (StaRT-PCR) stud-
ies to determine the level of BCL2 transcripts in laser capture
microdissected normal lymphoid tissues. We also compared the
BCL2 protein expression in 30 cases of diffuse large B-cell
lymphoma (DLBCL) with microarray-determined BCL2 mRNA
expression levels. Our results clearly showed that GC B cells have
low expression of BCL2 transcripts paralleling the low protein
expression level. There is also a good correlation between mRNA
and protein expression in DLBCL.

Study design

Laser capture microdissection (LCM)

To detect mRNA expression of BCL2 in normal GC, mantle zone (MNZ),
and marginal zone (MGZ) cells, we dissected these 3 compartments from
snap-frozen reactive tonsils or spleens using LCM (Arcturus PixCell II
System, Mountain View, CA). DNA-free RNA was extracted using
Absolutely RNA MicroRNA Isolation Kit (Stratagene, La Jolla, CA) and
was reverse transcribed into cDNA for analysis. Informed consent was
obtained, and the Institutional Review Board of the University of Nebraska
approved this study.

Quantitative RT-PCR assay

The expression of BCL2, relative to the housekeeping gene {3-actin
(ACTB), was measured by real-time PCR as described previously.!?
StaRT-PCR is a competitive quantitative RT-PCR assay performed by Gene
Express Inc (Toledo, OH).

Immunohistochemistry for BCL2

Formalin-fixed, paraffin-embedded 5-pm tissue sections were stained with
BCL2 (clone 24) antibody (Dako, Carpinteria, CA) as described previ-
ously.!* BCL2 immunostaining was scored semiquantitatively combining
the intensity of staining with the proportion of cells positive for the stain
(intensity of staining graded as 1+, 2+, and 3+; and the % of cells positive
graded as 1+ [10%-25%], 2+ [25%-75%], 3+ [> 75%]; BCL2 protein
index = intensity score X numeric positive score).

Analysis of cDNA microarray data

We correlated BCL2 protein expression and BCL2 mRNA level measured
by ¢cDNA microarray in a series of previously reported DLBCL cases.’ Of
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Figure 1. BCL2 expression in GC B cells. (A) BCL2 in paraffin-embedded reactive tonsil. The tissue section was stained with the avidin-biotin-peroxidase complex (ABC)
method. GC B cells are negative for BCL2, whereas MNZ B cells show strong positive staining. Scattered BCL2-positive T cells are seen in the GC. The image was acquired
using an Arcturus PixCell Il microscope (Mountain View, CA); the image is 200 original magnification (20X objective) and was captured using the PixCell Il Image Archiving
workstation. (B) BCL2 mRNA expression on Lymphochip and oligonucleotide array. Previously published data revealed low expression of mMRNA in GC B cells. (i) Lymphochip
analysis.? (i) Affymetrix Chip analysis.'® CB indicates centroblast; CC, centrocyte; N, naive B cell; and M, memory B cell. Also note the high expression of BCL2 message in
CLL and FL. Only clone 232714 measures truncated transcripts resulting from translocation of the BCL2 gene at the major breakpoint region. (C) BCL2 expression in
microdissected germinal center (GC), mantle zone (MNZ), and marginal zone (MGZ) cells measured by real-time PCR (i) and StaRT-PCR (ii). Standard deviation from 3

independent experiments is shown.

the 3 different BCL2 clones (232714, 342181, 1336385) on the Lympho-
chip microarray, only clone 232714 with a more 5’ sequence could measure
message with a truncated 3" end due to translocation at the major breakpoint
region.'* However, clone 232714 is located far from the 3’ end of the
transcript and may fail to accurately measure the normal BCL2 transcripts.
We used the mean values measured by the BCL2 clones that are located
close to the 3" end (342181, 1336385) of the transcript to represent the gene
expression level in cases where this mean value was greater than the
measurement by clone 232714.

Results and discussion

BCL2 is an antiapoptosis factor important in normal B-cell development
and differentiation.'> Previous reports showed that both naive and
memory B cells have detectable BCL2 protein expression, whereas both
centroblasts and centrocytes in normal GCs express very low levels of
BCL2.” There were a number of studies reporting that GC B cells
contained abundant BCL2 mRNA and hence suggested that BCL2
protein expression may be regulated at a posttranscriptional level.+¢ We
and others have observed low mRNA expression in gene expression
profiling studies of purified GC B cells,”? which contradict previous
reports. In 2 previous studies using in situ hybridization, the oligonucle-
otide probe used was complementary to 105 to 134 of the translated
region of BCL2 containing 100% G and C sequence. A basic local
alignment search tool (BLAST) search of this sequence showed 18- to
19-bp stretches that are identical to known human transcripts (eg, HRY,
HSVRG1) and might lead to nonspecific binding.

We used the more accurate quantitative PCR assays on microdis-
sected whole GC, MNZ, and MGZ cells to provide independent
confirmation of the microarray data. Real-time PCR showed that

naive and memory B cells expressed 4- to 10-fold more BCL2
mRNA than GC B cells, even though more T cells that expressed
BCL2 mRNA were present in the GC than in the MNZ and MGZ
compartments (Figure 1Ci). StaRT-PCR, a competitive quantitative
PCR assay using BCL2 primers (F1 and R1) about 900 bp upstream
of our real-time PCR primer pairs (F2 and R2; Table 1), confirmed
the real-time PCR results (Figure 1Cii). BCL2 mRNA level in GC
B cells (1.6 X 102 BCL2 molecules/10° ACTB molecules) was
markedly lower than in MNZ cells (1.8 X 103 BCL2 molecules/10°
ACTB molecules) and MGZ cells (7.8 X 103 BCL2 molecules/10°
ACTB molecules; Figure 1C). These results on tissue compart-
ments were in agreement with previous reports where FACS-sorted
GC B cells had much lower expression of BCL2 than in activated
and resting blood B cells and naive and memory B cells® (Figure
1B). Microarray experiments showed an increased expression of

Table 1. BCL2 primers and probe sequences used
in quantitative RT-PCR

Primers* Sequence (5'-3") Length of the product

F1 TTTTAGGAGACCGAAGTCCG 392 bp (BCL2, exon 3)
StaRT-PCR

R1 AGCCAACGTGCCATGTGCTA

F2 TTGCTTTACGTGGCCTGTTTC 94 bp (BCL2, exon 3)
Real-time PCR

R2 GAAGACCCTGAAGGACAGCCAT

BCL2 probe  FAM-CCCACCCAGAGCCCTCCTGCC-

TAMRA

F indicates forward; and R, reverse.
*F1 and R1 were applied in StaRT-PCR and F2 and R2 were used in real-time PCR.
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Figure 2. The correlation between BCL2 protein and mRNA expression level. (A) Correlation of BCL2 protein index with BCL2 mRNA measured by cDNA microarray in 30
cases of DLBCL. Protein index was generated based on the scores of staining intensity and the percentage of positive cells with immunohistochemistry. RNA was measured
with the Lymphochip microarray.® Each row represents measurements by a separate cDNA clone on the microarray. Gene expression is represented by the ratio between each
experimental mMRNA sample to the reference mRNA standard and is depicted according to the color scale shown at the bottom. Gray indicates missing or excluded data. (B)
Scatter plot between BCL2 mRNA expression on cDNA microarray and BCL2 protein index measured by immunohistochemistry. BCL2 mRNA expression was calculated as
detailed in “Study design” to more accurately reflect the true expression levels (*). The least squares fit line indicates good correlation (r = 0.81) of BCL2 protein level with BCL2

mRNA level.

BCL2 mRNA in follicular lymphoma (FL) and chronic lympho-
cytic leukemia (CLL), neoplastic conditions that are known to be
very frequently BCL2 protein positive. In DLBCL, BCL2 mRNA
expression was more variable. However, there is good correlation
between BCL2 protein expression level measured by immunohisto-
chemistry and mRNA level measured from microarray analysis.
(Figure 2B; r = 0.81).

Experiments using FACS-sorted and microdissected cell popu-
lations indicated that BCL2 protein expression paralleled BCL2
mRNA expression and BCL2 transcript is not present at a high level
in GC B cells as previously reported. Hence, BCL2 protein
expression in GCs is likely regulated at the transcriptional level.
There is also a good correlation between BCL2 mRNA and protein
expression in B-cell neoplasias, suggesting that BCL2 protein
expression is similarly regulated in most B-cell malignancies
(Figures 1B and 2A-B). However, our study does not exclude the
presence of modified BCL2 transcripts that may fine-tune the level
of protein expression in certain situations.'

Recent studies have provided some insight on the transcrip-
tional control of the BCL2. Two promoters, P1 (5") and P2 (3'), can
regulate BCL2 transcription,'” and P1 is the active one in normal B
cells. Depending on the cell type and differentiation stage, various
transcription factors and regulatory elements have been demon-
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such as Aiolos and /or c-Myb in T cells,'®!? cyclic adenosine
monophosphate (cAMP)-responsive element-binding proteins in
B cells,? and the Brn-3a pou family proteins in neuronal cells.?!
Transcription factors of the nuclear factor kB (NF-kB) family, such
as p50 homodimers, may contribute to the enhancement of BCL2
transcription.?? Negative regulatory elements that may interact with
p53,% the Ets family proteins in pre-B cells,* and Rel/NF-kB in
pro-B cells have also been described.? In addition, Wilms tumor 1
(WT1) protein has been shown to repress BCL2 activity in HeLa
cells and B cells.”® Further experiments on the transcriptional
regulation of BCL2 in the GC will lead to a better understanding of
the mechanism controlling BCL2 protein expression in B
lymphocytes.

Acknowledgments

The authors wish to thank Robert S Wicker for his assistance in the
real-time PCR assay and James C Lynch, Li Xiao and Lynette
Smith for statistical analysis.

. Cleary ML, Smith SD, Sklar J. Cloning and struc-
tural analysis of cDNAs for bcl-2 and a hybrid bel-
2/immunoglobulin transcript resulting from the
t(14;18) translocation. Cell. 1986;47:19-28.

. Tsujimoto Y, Finger LR, Yunis J, Nowell PC,
Croce CM. Cloning of the chromosome break-
point of neoplastic B cells with the t(14;18) chro-
mosome translocation. Science. 1984;226:1097-
1099.

. Skinnider BF, Horsman DE, Dupuis B, Gascoyne
RD. Bcl-6 and Bcl-2 protein expression in diffuse
large B-cell lymphoma and follicular lymphoma:
correlation with 3927 and 18921 chromosomal
abnormalities. Hum Pathol. 1999;30:803-808.

. Akagi T, Kondo E, Yoshino T. Expression of Bcl-2
protein and Bcl-2 mRNA in normal and neoplastic
lymphoid tissues. Leuk Lymphoma. 1994;13:81-
87.

. Chleg-Deschamps CM, LeBrun DP, Huie P, et al.
Topographical dissociation of BCL-2 messenger

RNA and protein expression in human lymphoid
tissues. Blood. 1993;81:293-298.

. Kondo E, Nakamura S, Onoue H, et al. Detection

of bel-2 protein and bcl-2 messenger RNA in nor-
mal and neoplastic lymphoid tissues by immuno-
histochemistry and in situ hybridization. Blood.
1992;80:2044-2051.

. Martinez-Valdez H, Guret C, de Bouteiller O, Fu-

gier |, Banchereau J, Liu YJ. Human germinal
center B cells express the apoptosis-inducing
genes Fas, c-myc, P53, and Bax but not the sur-
vival gene bcl-2. J Exp Med. 1996;183:971-977.

. Lebecque S, de Bouteiller O, Arpin C, Banche-

reau J, Liu YJ. Germinal center founder cells dis-
play propensity for apoptosis before onset of so-
matic mutation. J Exp Med. 1997;185:563-571.

. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct

types of diffuse large B-cell lymphoma identified
by gene expression profiling. Nature. 2000;403:
503-511.

10.

14.

Klein U, Tu Y, Stolovitzky GA, et al. Transcrip-
tional analysis of the B cell germinal center reac-
tion. Proc Natl Acad Sci U S A. 2003;100:2639-
2644.

Husson H, Carideo EG, Neuberg D, et al. Gene
expression profiling of follicular lymphoma and
normal germinal center B cells using cDNA ar-
rays. Blood. 2002;99:282-289.

. Klein U, Tu Y, Stolovitzky GA, et al. Gene expres-

sion profiling of B cell chronic lymphocytic leuke-
mia reveals a homogeneous phenotype related to
memory B cells. J Exp Med. 2001;194:1625-
1638.

. Pan Z, Shen, Du C, et al. Two newly character-

ized germinal center B-cell-associated genes,
GCET1 and GCET2, have differential expression
in normal and neoplastic B cells. Am J Pathol.
2003;163:135-144.

Huang JZ, Sanger WG, Greiner TC, et al. The
t(14;18) defines a unique subset of diffuse large



BLOOD, 1 NOVEMBER 2004 - VOLUME 104, NUMBER 9

15.

16.

17.

18.

B-cell ymphoma with a germinal center B-cell
gene expression profile. Blood. 2002;99:2285-
2290.

Rajewsky K. Clonal selection and learning in the
antibody system. Nature. 1996;381:751-758.

Uhlmann EJ, Subramanian T, Vater CA, Lutz R,
Chinnadurai G. A potent cell death activity associ-
ated with transient high level expression of
BCL-2. J Biol Chem. 1998;273:17926-17932.

Seto M, Jaeger U, Hockett RD, et al. Alternative
promoters and exons, somatic mutation and de-
regulation of the Bcl-2-lg fusion gene in lym-
phoma. EMBO J. 1988;7:123-131.

Salomoni P, Perrotti D, Martinez R, Franceschi C,
Calabretta B. Resistance to apoptosis in CTLL-2
cells constitutively expressing c-Myb is associ-
ated with induction of BCL-2 expression and
Myb-dependent regulation of bcl-2 promoter ac-

20.

21.

22.

BCL2 mRNAAND PROTEIN EXPRESSION IN B CELLS

tivity. Proc Natl Acad Sci U S A. 1997;94:3296-
3301.

. Romero F, Martinez AC, Camonis J, Rebollo A.

Aiolos transcription factor controls cell death in T
cells by regulating Bcl-2 expression and its cellu-
lar localization. EMBO J. 1999;18:3419-3430.

Wilson BE, Mochon E, Boxer LM. Induction of
bcl-2 expression by phosphorylated CREB pro-
teins during B-cell activation and rescue from
apoptosis. Mol Cell Biol. 1996;16:5546-5556.

Smith MD, Ensor EA, Coffin RS, Boxer LM,
Latchman DS. Bcl-2 transcription from the proxi-
mal P2 promoter is activated in neuronal cells by
the Brn-3a POU family transcription factor. J Biol
Chem. 1998;273:16715-16722.

Kurland JF, Kodym R, Story MD, Spurgers KB,
McDonnell TJ, Meyn RE. NF-kappaB1 (p50) ho-

23.

24,

25.

26.

2939

modimers contribute to transcription of the bcl-2
oncogene. J Biol Chem. 2001;276:45380-45386.

Miyashita T, Harigai M, Hanada M, Reed JC.
Identification of a p53-dependent negative re-
sponse element in the bcl-2 gene. Cancer Res.
1994;54:3131-3135.

Chen HM, Boxer LM. Pi 1 binding sites are nega-
tive regulators of bcl-2 expression in pre-B cells.
Mol Cell Biol. 1995;15:3840-3847.

Sohur US, Dixit MN, Chen CL, Byrom MW, Kerr
LA. Rel/NF-kappaB represses bcl-2 transcription
in pro-B lymphocytes. Gene Expr. 1999;8:219-
229.

Heckman C, Mochon E, Arcinas M, Boxer LM.
The WT1 protein is a negative regulator of the
normal bcl-2 allele in t(14;18) lymphomas. J Biol
Chem. 1997;272:19609-19614.



