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Expression of Blimp-1 transcription factor mRNA
isoforms in the mononuclear cells from bone
marrow of leukemia and lymphoma patients
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Objective To determine the expression of Blimp-1 mRNA isoforms in the mononuclear
cells from bone marrow of patients with leukemia and lymphoma.

Method Twenty three bone marrow samples were obtained from leukemia or lymphoma
patients at Maharaj Nakorn Chiang Mai University Hospital. Bone marrow mononuclear
cells were isolated by Ficoll-Hypaque gradient centrifugation. The expression of full length
and exon 7 deleted (A7 isoform) mRNA was performed by RT-PCR. The Molecular Analysis
program was used to analyze intensity of the PCR products. The band intensity ratio of
Blimp-1 isoforms was compared with the GAPDH control of the same sample.

Results Blimp-1 mRNA isoforms were found to have abnormal expressions in some
patients. Most patients who expressed both isoforms presented more A7 isoforms than full
length ones, whereas of four patients; two with ALL, one with AML and one with lymphoma,
were found to have the opposite ratio. Only A7 isoform was expressed in 2 patients with
NHL, who were both new cases of untreated patients. Interestingly, one abnormal isoform
with an unusual PCR product size of 1,150 bp was found in a patient with ALL. This patient
also showed an abnormal expression of XBP-1, a downstream signaling of Blimp-1 that
responds to ER stress and is involved in immunoglobulin secretion.

Conclusion This study demonstrated the expression profile of full-length and A7 Blimp-1
isoforms in primary leukemic and lymphoma cells. One isoform, which has not been
described, was identified in one patient diagnosed with ALL. As A7 isoforms lack a DNA
binding domain, an abnormally high level of A7 isoform expression may play a role in the
malignant transformation of these cells. Chiang Mai Medical Journal 2016;55(Suppl 1):
67-74.
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Introduction

Blimp-1 is a transcriptional repressor that
has been recognized as a master regulator
of terminal B cell differentiation. Expression
of Blimp-1 is sufficient for driving B cells to
differentiate into plasma cells. Blimp-1 regu-
lates gene expression programs including
cell cycles, immunoglobulin secretion, and
genes required for GC or activated B cells!"2,
It also has been found to regulate terminal
differentiation of other cell lineages such as
myeloid cells, epithelial cells and subsets of
effector T cells®4. Later, Blimp-1 was found
to play a role in homeostasis and regulating
self-tolerancel®.

Blimp-1 is a zinc finger-containing protein
encoded by prdm1. In mouse, the five zinc
finger domains critical for DNA binding are
encoded in exon 6 and 7. This intron-exon
structure for the zinc finger domains is con-
served in human prdm1. Several Blimp-1
mMRNA isoforms have been found in mouse
plasmacytoma cells®. The 3 isoforms of
Blimp-1 mRNA were generated by differential
usage of polyadenylation sites, and a minor
isoform resulted from differential splicing of
exon 7 (A7 isoform). Exon 7 encodes part
of zinc finger 1, all of zinc finger 2 and part
of zinc finger 3. The A7 is expressed at less
than 10% of the total Blimp-1 mRNA. Both
the human and mouse Blimp-1 gene show a
very similar exon-intron organization, except
for the 5’UT in human, which is encoded in
only one exon, while that in mouse is encoded
in 2 exons. Thus, mouse exon 7 is compa-
rable to exon 6 in human. In this study, the
A7 isoform was used, as applied originally to
mouse, instead of exon 6 for human.

Regulation of cell function by isoforms has
been reported in other transcription factors
such as XBP-1, Ikaros family 8. During the
early and terminal phase of B cell differen-
tiation, several transcription factors such as
PAX-5, c-myc, Bcl-6, IRF-4 as well as XBP-1
are coordinated and cross regulated with
each other. Blimp-1 has been proposed as a
master of regulation in the differentiation to
plasma cells, and XBP-1 is a downstream
transcription factor that is regulated by

Blimp-10'2, XBP-1 has 2 isoforms; spliced
isoform which is active, whereas the un-
spliced one is not. Plasma cell differentiation
is dependent on UPR (unfold protein response)
induced IRE1a splicing of XBP-18. XBP1
splicing mediates a major adaptive pathway
and identifies cells undergoing an active
stress response. Spliced XBP-1 expression
delineates heterogeneity amongst plasma
cell-derived neoplasms (multiple myeloma)
and plasmablastic diffuse large B-cell lym-
phomas®,

Blimp-1 isoform has demonstrated rele-
vance as a PRDI-BF1p isoform in patients
with multiple myelomal!'?. This isoform of
human Blimp-1 is generated by transcription
initiation at an alternative promoter located
at 5 of exon 4 in human PRDM12. The
PRDI-BF1 deleted protein (called PRDI-BF1p3)
lacks 101 amino acids that comprise most of
the regulatory domain. Since this molecule
contains the DNA-binding domain, but bears
a disrupted regulatory domain, PRDIBF1f3
might behave as an inhibitor of functional
PRDIBF1. Interestingly, the transcription level
for this isoform was markedly low in normal
human plasma cells, but far higher in malig-
nant ones, thus suggesting interference with
the normal cell differentiation program.

Compared to PRDI-BF1B isoforms, A7
Blimp-1 and full length isoforms have been
found to express in many cell types including
non B cell lineage and normal cells. Thus,
the A7 Blimp-1 does not result from an aber-
rant process, but is a normal isoform that has
been expressed physiologically. Interestingly,
steady state mRNA encoding A7 Blimp-1
showed an expression lower than that encod-
ing full length protein. Thus, merely a larger
amount of full length rather than A7 Blimp-1
isoform might not be sufficient to drive the
function of Blimp-1, but a certain high level of
full length is needed. It would be interesting
to suggest that the A7 Blimp-1 isoform inter-
feres with the function of full length Blimp-1.
Since the A7 Blimp-1 isoform is unable to
bind DNA, it would likely interfere with full
length Blimp-1 and render it also unable to
bind DNA.
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This study compared the levels of full
length and A7 isoforms in primary leukemic
and lymphoma cells from bone marrow of
leukemia and lymphoma patients. It specu-
lated that the A7 isoform level of expression
may be abnormal in hematological malignan-
cies in some patients, and that might lead to
uncontrolled cell division and normal function
of immune cells.

Method

1. Patient samples and cell preparation

Twenty three bone marrow samples were
obtained from leukemia or lymphoma patients,
who were treated at Maharaj Nakorn Chiang Mai
Hospital. They were collected from existing/dis-
posed specimens for therapeutic propose, involving
no more than minimal risk and this study was
approved by the ethical committee of the Faculty
of Medicine, Chiang Mai University, Thailand. Mono
nuclear cells were isolated by Ficoll-Hypaque
gradient.
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2. cDNA preparation and RT-PCR

RNAs from bone marrow mononuclear cells
were isolated using the RNeasy column (QIAGEN,
GmbH Germany). The reverse transcription was
performed using the RevertAID™ First Strand
cDNA synthesis kit (Fermentas). The cDNA were
amplified for Blimp-1 and GAPDH using the PCR
Master Mix kit (Fermentas). The PCR conditions
for each cycle were as follows: 94 °C for 30 sec,
50 °C for 30 sec, and 72 °C for 30 sec x 30 cycles.
The final extension phase was performed at 72 °C
for 10 min. The nested-primer PCR for Blimp-1
was performed under the same parameters for an
additional 30 cycles.

3. Primer design
The sequences of the primers were designed
and used to amplify Blimp-1 isoforms, the GAPDH
housekeeping gene (control) and XBP-1 as shown
in the Diagram 1 and Table 1 below:

4. Analysis of gene expressions
The Blimp-1 PCR products were run on
1.5% agarose gel containing ethidium bromide in
a TBE buffer. The Molecular Analysis version 1.4

Exon 7
%Tir;:)?ilc 7//; Exon 8 H /L
BtlziSqNF;!-\l 7//; _ Exon 8 H /;477 bp
A?sggf: dﬁ/; _ Exon 8 H #348 bp

Diagram 1. Blimp-1 isoform primer mapping. Sense and anti-sense primers were designed to bind be-
tween exon 6 and exon 8 on the Blimp-1 cDNA, which provided a PCR product of 477 bp for a full length

isoform and a smaller 348 bp for a A7 isoform

Table 1. Primer sequences of the Blimp-1 isoforms, GAPDH and XBP-1 used for PCR.

Gene Sense Antisense PCR product (bp)
Full length A7
Blimp-1 5-GAC GAA GCC ATG AAT CTC A-3’ 5-TGA GGC TAC AGA GAT GGAT -3’ 477 348
Nested 5-CGAAGC CAT GAATCT CAT TAAAAA-3  5-GCTACAGAGAT G GATGTAGTTC-3 475 344
Blimp-1
GAPDH  5-GGT CAT CCC TGA GCT GAA CG-3’ 5-TCG TTG TCA TAC CAG GAAAT-3' 295
XBP-1 5-TAC ACT GCC TGG AGG ATA GC-3’ 5-GTT CCC GTT GCT TAC AGAAG-3’ 339
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program was used to analyze intensity of the PCR
products. The intensity ratio of full length and A7
Blimp-1 isoforms was compared between the
patients.

Results

1. Expression of exon 7 deleted Blimp-1
isoform in normal human peripheral blood
mononuclear cells

As A7 isoforms have been found in the
mouse plasmacytoma cell line (P3X), an initial
step was to determine whether they express
in human in a similar pattern. Blimp-1 also
expressed in several cell types besides
plasma cells, therefore, an expression pro-
file of A7 isoform was monitored in normal
peripheral blood mononuclear cells as a
control. The peripheral blood mononuclear
cells showed an expression of both full length
and A7 isoforms, as shown in Figure 1. PCR
products were sequenced and they con-
firmed the expression in human, which was
similar to that in mouse. The XBP-1, which is
a downstream transcription factor regulated
by Blimp-1, also was determined in order to
investigate further if any aberrant expression
of Blim-1 isoforms was found in any patients.
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Figure 1. Expression of Blimp-1 isoform mRNA
in normal peripheral blood mononuclear cells.
Lane 1: Blimp-1 full length (475 bp) and A7 iso-
forms (344 bp), lane 2: XBP-1(399 bp), and lane
3: GAPDH control (295 bp)

2. Expression of the Blimp-1 A7 isoform
in mononuclear cells from patient bone
marrow

Both full length and delta7 Blimp-1
isoforms were found in most patients as shown
in Figure 2. Most of the patients presented
more A7 isoforms than full length ones, but
2 patients with ALL, one with relapsed AML
(patient’s code 12P and 13P) and one with
lymphoma (patient's code 10V) expressed
the opposite. Only A7 isoform was expressed
in 2 patients with NHL (patient’s code 2V and
5V), who were both new cases of untreated
patients. The intensity of PCR products is
represented by the ratio between full length
and A7 isoforms. The intensity ratio of full
length to A7 isoforms in all patient samples
was between 0.08-2.30.

Interestingly, one abnormal isoform
with an unusual PCR product size of 1,150 bp,
and multiple fading products were found in a
patient (25P) with ALL as shown in Figure 3.
Blimp-1 is a master regulator of terminal B cell
differentiation that regulates several down-
stream transcription factors, which might
be affected by an abnormal expression of
Blimp-1 isoforms. Thus, XBP-1, which is a
downstream transcription factor, was moni-
tored in this patient. The XBP-1 PCR product
was barely visible, while the GAPDH control
was normal. Other patients showed normal
expression of XBP-1 (unpublished data). To
investigate other transcription factors further
and discover the origin of abnormality that
leads to malignancy is of interest.

Discussion

In this study, Blimp-1 full length and A7
isoform expressions were studied in human
bone marrow cells. The normal peripheral
blood mononuclear cells showed an expres-
sion of both isoforms. PCR products were
sequenced and they confirmed the expres-
sion in human, which was similar to that in
mouse. The expression profile of both iso-
forms was then investigated in bone marrow
mononuclear cells of patients with leukemia
and lymphoma. As Blimp-1 expression was
very low and limited by the amount of bone
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Figure 2. Expression of Blimp-1 isoform mRNA in mononuclear cells from patient bone marrow samples.
Each lane of gel is represented in patient codes, a) marker, lane 1 (1V) CHL*, lane 2 (2V) NHL*, lane 3
(5V) NHL*, lane 4 (6V) NHL*, lane 5 (10V) myeloma*, lane 6 (1P) ALL, lane 7 (2P) ALL, lane 8 (3P) AML
relapse®, lane 9 (4P) AML*, lane 10 (5P) ALL, lane 11 (6P) ALL* and lane 12 (9P) AML, b) marker, lane 1
(10P) ALL, lane 2 (11P) ALL, lane 3 (12P) ALL, lane 4 (13P) AML relapse, lane 5 (14P) ALL, lane 6 (15P)
ALL, lane 7 (17P) ALL, lane 8 (18P) ALL, lane 9 (19P) ALL, lane 10 (24P) ALL, lane 11 ALL (25P), lane
12 positive control and lane 13 negative control.
Abbreviations: ALL: acute lymphoblastic leukemia, NHL: Non Hodgkin lymphoma, CHL: classical Hodgkin
lymphoma. ND —not done, * New case
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lane 3 - PCR product GAPDH control (295 bp).

Figure 3. Expression of Blimp-1 isoform mRNA in
mononuclear cells from a patient bone marrow sample.
Lane M-100-bp ladder; lane 1-PCR product of Blimp-1
(1,150 bp); lane 2-PCR product of XBP-1 (399 bp); and
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marrow sample, a nested PCR was used in
order to increase sensitivity, and semi quan-
titative PCR was determined as a general
expression profile. Accordingly, only remarkable
abnormal expression was discussed in this
study. Hybridization of PCR products for
each sample must be determined quantita-
tively in order to give a precise value.

Due to ethical difficulty, the Blimp-1 isoform
expression pattern was compared among this
group of patients. Some patients were diag-
nosed normal bone marrow, which might be
assumed as normal expressions or controls.
Most of them presented more A7 isoforms
than full length ones, whereas, 2 patients with
ALL, one with AML and one with lymphoma
expressed the opposite. Interestingly, two
patients with NHL expressed only A7 isoform.
Furthermore, one abnormal isoform with an
unusual PCR product size of 1,150 bp, and
multiple fading products, were found in a
patient with ALL. This patient also showed
an abnormal expression of XBP-1, which
is a transcription factor that is regulated by
Blimp-1. This will be investigated further in
order to determine whether these abnormal
isoforms result in malignant transformation.

Bone marrow cells consist of different
kinds of precursor cells and have plasma
cells of less than 0.5 %. When the ratio of full
length isoform was higher than the A7 isoform
in these patients, it was only above 1-2
times, which was far lower than previously
reported®. This might be due to bone marrow
cells expressing A7 isoforms at a high level
more than the full length ones. Therefore,
plasma cells, which are a cell population
that should express a high level of full length
isoforms, were diluted with other cells.

Blimp-1 was found originally in plasma
cells, but not in other stages or non B cells.
By using a more sensitive method, Blimp-1
has been found to express in many cell types
including premature and mature B cell lines
(unpublished data). The finding of Blimp-1 at
the stage preceding plasma cells is of interest,
especially when investigating the ratio of full
length and A7 isoforms that expressed at each

stage of development. This study postulates
if the A7 isoform was non functional, more
of them would be expected when unwanted.
It also is possible that the level of increasing
full length isoform determines the function of
Blimp-1. It has been reported that the steady
state mRNA encoding A7 showed an expres-
sion of about 10 fold less than the encoding
full length protein®. Therefore, merely a
higher amount of full length than A7 isoform
might not be sufficient to drive the function
of Blimp-1, but a certain high level of full
length is needed. As Zinc fingers 1 and 2 are
important in the association of Blimp-1 with the
co-repressor involved in catalyzing histone
modification, such as G9a and HDAC1/2,
the short Blimp-1Aexon7 protein has been
demonstrated as incapable of binding with
G9a or HDAC1/21"31,

An aberrant splicing product of the zinc
finger protein, IKaros, fails to bind DNA and
blocks normal lkaros function by dimeriza-
tion”l. This functional interference raises a
question as to whether this would apply to
this Blimp-1 isoform. Preliminary results from
this study will help to elucidate further on how
Blimp-1 isoforms interact with each other and
their target genes and how the expression of
these isoforms might be altered in neoplastic
transformation.

This study compared the levels of full
length and A7 isoforms in primary leukemic
and lymphoma cells. Blimp-1 mRNA isoforms
were found to have abnormal expressions
in both quality and quantity in some of the
leukemia and Ilymphoma patients. The
difference in the expression ratio of full length
to A7 Blimp-1 isoforms was compared among
the patient group, and might be involved in
malignancy in some cases. The upstream
and downstream regulation of Blimp-1 isoform
expression will be investigated further. Preli-
minary results from this study will help to
elucidate further on how Blimp-1 isoforms
interact with each other and their target genes
and how the expression of these isoforms
might be altered in neoplastic transformation.
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