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Chapter 6
Lack of BIC and microRNA miR-155 

expression in primary cases of Burkitt 
lymphoma

Genes Chromosomes Cancer 2006, 45: 147-153

Joost Kluiver, Eugenia Haralambieva, Debora de Jong, Tjasso Blokzijl, Susan 
Jacobs, Bart-Jan Kroesen, Sibrand Poppema and Anke van den Berg



Abstract

We previously demonstrated high expression of primary-microRNA BIC (pri-miR-155) 
in Hodgkin lymphoma (HL) and lack of expression in most non-Hodgkin lympho-

ma subtypes including some Burkitt lymphoma (BL) cases. Recently, high expression of 
BIC was reported in BL in comparison to pediatric leukemia and normal peripheral-blood 
samples. In this study, we extended our series of BL cases and cell lines to examine expres-
sion of BIC using RNA in situ hybridization (ISH) and quantitative RT-PCR (qRT-PCR) 
and of miR-155 using Northern blotting. Both BIC RNA ISH and qRT-PCR revealed no 
or low levels of BIC in 25 BL tissue samples [including 7 Epstein-Barr virus (EBV)-positive 
cases] compared to HL and normal controls. In agreement with these findings, no miR-155 
was observed in BL tissues. EBV-negative and EBV latency type I BL cell lines also showed 
very low BIC and miR-155 expression levels as compared to HL cell lines. Higher levels of 
BIC and miR-155 were detected in in vitro transformed lymphoblastoid EBV latency type 
III BL cell lines. An association of latency type III infection and induction of BIC was sup-
ported by consistent expression of BIC in 11 and miR-155 in 2 post transplantation lympho-
proliferative disorder (PTLD) cases. In summary, we demonstrated that expression of BIC 
and miR-155 is not a common finding in BL. Expression of BIC and miR-155 in 3 latency 
type III EBV-positive BL cell lines and in all primary PTLD cases suggests a possible role 
for EBV latency type III specific proteins in the induction of BIC expression.

Lack of BIC and microRNA miR-155 expression in primary cases of Burkitt lymphoma

74

C
h

a
p

te
r

 6



Introduction

Burkitt lymphoma (BL) is recognized as a highly aggressive mature B cell lymphoma 
consisting of endemic, sporadic, and immunodeficiency-associated variants. The hall-

mark of this disease is overexpression of MYC, most commonly resulting from t(8;14), 
although other variant translocations involving 8q24/MYC have been described284. The 
pathogenetic role of MYC in lymphomagenesis was demonstrated extensively by in vitro 
transformation studies and by experiments in transgenic animal models285-289. These ex-
perimental models suggest that rearrangements of MYC contribute but are not sufficient 
to cause lymphoma development, consistent with the requirement for multiple genetic le-
sions in tumorigenesis.

A candidate gene for cooperation with MYC, called BIC (B cell integration cluster), was 
reported in a virally induced lymphoma model in chicken290. The BIC locus was originally 
identified as a common integration site291, and screening of this locus resulted in the iden-
tification of a novel gene, called BIC266. BIC is a primary microRNA (pri-miRNA) that 
can be processed via the intermediate precursor miR-155 (pre-miR155) to the functional 
22-nt miR-155124,135,267.

Recently, Metzler et al. reported high expression of BIC and pre-miR-155 in BL in com-
parison to pediatric acute lymphoblastic leukemia and normal peripheral-blood samples292. 
In contrast, we have previously shown that in comparison to the strong signal observed in 
Hodgkin Reed-Sternberg (HRS) cells of Hodgkin lymphoma (HL), 8 of 9 BL cases did not 
express BIC. Only one case showed weak expression in a minority of tumor cells102. The 
discrepancy between our results and those reported by292 prompted us to analyze a larger 
series of MYC translocation-positive BL cases and cell lines for the expression of BIC us-
ing RNA in situ hybridization (ISH) and quantitative RT-PCR (qRT-PCR), and of miR-
155 using Northern blotting.

Materials and methods

Tissues and Cell Lines
Paraffin-embedded tissue samples of 22 human MYC translocation-positive pediatric/
young adult (ages 4-27) BL cases (including 4 atypical cases) were selected from the pa-
thology files of the University Medical Center Groningen and the University Medical Cen-
ter Amsterdam, The Netherlands. All selected cases had an 8q24/MYC translocation as 
studied previously293 by banding analysis and/or interphase FISH294. For 3 of these cases, 
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frozen material was available (for qRT-PCR), and frozen tissue was also available for 3 ad-
ditional BL cases (for qRT-PCR and Northern blotting). Several HL tissue samples (not 
enriched for HRS cells) and 11 cases of Epstein-Barr virus (EBV)-positive B cell posttrans-
plantation lymphoproliferative disorder (PTLD) were selected from the pathology files 
(University Medical Center Groningen). The diagnosis of PTLD in these cases was based 
on histology, B cell immunophenotype, positive EBER ISH, and clonal immunoglobulin 
gene rearrangement analysis. Patients with PTLD varied in age from 3 to 58 (median age 
49) and included 8 lung (1 lung and heart), 2 kidney (1 kidney and pancreas), and 1 liver 
transplants. Reactive lymph node (RL) and tonsillar tissues were added as controls. Pe-
ripheral-blood mononuclear cells (PBMC) were obtained from the blood of a healthy do-
nor by centrifugation on a Ficoll-Paque gradient. All protocols for obtaining and studying 
human tissues and cells were approved by the institution’s review board for human subject 
research. Several BL cell lines (Ramos, ST486, CA-46, BL65, Namalwa, Raji, and Jijoye) 
and HL cell lines (L591, L428, HDLM-2, KM-H2, L1236, and DEV) were used for qRT-
PCR and Northern blot analysis. Cell lines were cultured in RPMI-1640 medium (Cam-
brex Biosciences, Walkersville, MD) supplemented with ultraglutamine 1 (Cambrex Bio-
sciences, Walkersville, MD), 100 U/ml penicillin/streptomycin, and 10% FCS (Cambrex 
Biosciences, Walkersville, MD) at 37°C in an atmosphere containing 5% CO2. The final 
FCS concentration was 20% for DEV and 5% for L428.

RNA In Situ Hybridization
RNA ISH was performed on routine formalin-fixed and paraffin-embedded tissue sections 
using a probe and a procedure described previously102. The BIC probe is specific for the full-
length BIC transcript and does not overlap with the less abundant shorter transcript267, the 
pre-miR-155 and miR-155 sequences. All cases were routinely stained with a probe for β-ac-
tin as a control for the RNA quality and fixation of the tissue samples. Cases were scored 
BIC positive when more than 1% of the tumor cells stained positive.

Quantitative RT-PCR
Total RNA from frozen tissue sections was isolated using Trizol (Invitrogen, Carlsbad, CA) 
according to the manufacturer’s protocol. Total RNA from the cell lines was isolated us-
ing a Absolutely RNA Miniprep Kit (Stratagene, La Jolla, CA). The integrity of the RNA 
was routinely checked using a 1% agarose gel. All RNA samples were DNase treated and 
checked for possible DNA contamination with primer sets that specifically amplify ge-
nomic DNA. Quantitative RT-PCR (qRT-PCR) was performed in triplicate as described 
previously102. The primers used for amplification are in exons 2 and 3 upstream of the pre-
miR-155 sequence of the BIC transcript and allow specific detection of both the full-length 
BIC and the shorter BIC transcript using the alternative poly-A site. Hypoxanthine phos-
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phoribosyltransferase 1 (HPRT) was used for normalization102. The relative amount of BIC 
was calculated by subtracting the average Ct value for HPRT from the average Ct value 
of BIC (ΔCt). Next, ΔΔCt values were calculated by subtracting the ΔCt of the common 
calibrator (HL cell line L428) from the ΔCt of the sample. Finally, expression was defined 
as 2-ΔΔCt. The range of expression levels was determined by calculating the standard devia-
tion (SD) of ΔCt, using the formula SD (ΔCt) = [(SD-CtBIC)2 + (SD-CtHPRT)2], followed by 
2-[(ΔΔCt ± SD(ΔCt)]. Expression levels in BL tissues and cell lines were compared to those in 
tonsil, reactive lymph node (RL), PBMC, and HL tissue samples and cell lines.

RNA Isolation and Northern Blotting
For Northern blotting, 20 µg of good quality total RNA was analyzed on a 7.5M ure-
um 12% PAA denaturing gel and transferred to an Hybond N+ nylon membrane (Am-
ersham, Freiburg, Germany). Membranes were crosslinked using UV light for 30 sec at 
1200 mjoule/cm2. Hybridization was performed with the miR-155 antisense starfire probe, 
5’-CCCCTATCACGATTAGCATTAA-3’ (IDT, Coralville, IA), to detect the 22 nt miR-155 
fragments according to the instructions of the manufacturer. After washing, membranes 
were exposed for 20-40 hrs to Kodak XAR-5 films (Sigma Chemical, St. Louis, MO). As a 
positive control, all membranes were hybridized with a U6 snRNA probe, 5’-GCAGGGGC-
CATGCTAATCTTCTCTGTATCG-3’233. Exposure times for the U6 control probe varied 
between 15 and 30 min. Because of material limitations, we could only analyze a limited 
number of lymphoma cases.

Immunohistochemistry
To determine the EBV latency-type expression pattern in the EBV-positive BL cell lines 
(Jijoye, Raji, Namalwa, and BL65), cytospins were prepared and fixated with 4% parafor-
maldehyde. Primary antibody incubation for LMP1 (1:500 clone cs.1-4; Dako, Copenha-
gen, Denmark) or EBNA2 (1:20 clone PE2; Dako, Copenhagen, Denmark) were followed 
by a 0.08% H2O2 step to block endogenous peroxidases and incubation with peroxidase-
labeled rabbit antimouse antibody and peroxidase-labeled goat antirabbit antibody steps 
(both from Dako, Copenhagen, Denmark). Positive staining was visualized using 3-amino-
9-ethylcarbazole (AEC). Slides were counterstained with hematoxylin. The EBV-positive 
HL cell line L591 was used as a positive control131, and EBV-negative BL cell lines were 
used as negative controls.
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Results

qRT-PCR revealed low BIC expression in 5 of the 8 BL cell lines (ranging from 3 × 10-5 
to 3 × 10-1) in comparison to the levels observed in 6 HL cell lines (ranging from 1 to 94; 
Table 1). Remarkably, 3 of the 4 EBV-positive BL cell lines demonstrated higher BIC ex-

pression. In the Raji and Namalwa cell lines, we observed intermediate BIC expression (2 
and 5, respectively), whereas high expression was observed in Jijoye (120). To determine 
the type of EBV latency infection in the EBV-positive BL cell lines, staining was performed 
for the LMP1 and EBNA2 proteins expressed in type III but not in type I latency infec-
tion. This revealed expression of both proteins in Jijoye and Raji, expression of EBNA2 in 
Namalwa, and no expression of LMP1 and EBNA2 in BL65 (Fig. 1). 

Consistent with the qRT-PCR results for BIC, we observed no miR-155 expression in Ra-
mos, CA-46, DG-75, and BL65. In Jijoye, high miR-155 expression was observed, which 
was in the same range as that observed in the HL cell line DEV. Lower miR-155 expres-
sion was observed in Raji, whereas a very weak miR-155 signal was present in Namalwa 
(Fig. 2A). 

RNA ISH in 21 of 22 MYC-translocation-positive BL samples revealed no nuclear or cy-
toplasmic BIC staining (Fig. 3, Table 2). In one case (case 4), BIC expression was observed 

Table 1. Overview of the qRT-PCR results for BIC on Burkitt lymphoma cell lines.
Cell lines EBV BIC Range

Burkitt Ramos - 3.1x10-05 (2.9x10-05 – 3.3x10-05)
lymphoma ST486 - 4.0x10-04 (3.9x10-04 – 4.1x10-04)

CA-46 - 3.5x10-02 (2.4x10-02 – 5.2x10-02)
DG-75 - 2.9x10-01 (2.6x10-01 – 4.4x10-01)
BL65 + (type I) 1.6x10-04 (1.5x10-04 – 1.7x10-04)
Namalwa + (type III*) 4.9 (4.5 – 5.4)
Raji + (type III) 1.8 (1.6 – 2.1)
Jijoye + (type III) 120 (102 – 142)

Hodgkin L1236 - 94 (78 – 112)
lymphoma KM-H2 - 16 (15 – 18)

HDLM-2 - 1.1 (1.0 – 1.3)
L591 + (type III) 92 (79 – 107)
DEV - 57 (52 – 62)
L428 - 1.0

EBV, Epstein-Barr virus. * Namalwa was EBNA 2 positive but LMP1 could not be detected. 
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miR-155

U6 snRNA

Figure 1. LMP1 and EBNA2 staining on BL cell lines. EBV-negative BL cell line CA-46 (A, D), EBV latency type 
III-positive BL cell line Jijoye (B, E), and EBV latency type I-positive BL cell line BL65 (C, F) were stained for 
EBV proteins LMP1 (A-C) and EBNA2 (D-F). Only EBV latency type III cell lines expressed LMP1 and EBNA2. 
Original magnifications: × 400 (A-F). (Color version on page 116)

Figure 2. Northern blot results for miR-155 and U6 snRNA in BL tissues and cell lines. (A) EBV negative or EBV 
latency type I BL cell lines (DG-75, CA-46, BL65, and Ramos) did not express miR-155, whereas miR-155 was 
expressed in the EBV latency type III BL cell lines Jijoye and Raji. A much weaker signal was present for the Na-
malwa cell line. The HL cell line DEV was a positive control for miR-155 expression. (B) All BL cases were nega-
tive for miR-155, whereas HL, reactive lymph node, tonsil, and PTLD tissues were positive. The U6 snRNA probe 
was used as a positive control for RNA quality and blotting procedure.
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Figure 3. BIC RNA ISH in BL, PTLD, and control tissues. Representative BL cases with no positive staining in 
the tumor cells (A = case 3, B = case 4, C = case 13, and D = case 20), PTLD cases with positive staining in tumor 
cells (E and F), cHL case with positive Hodgkin and Reed-Sternberg cells (G), and a characteristic staining in a 
tonsil (H). Original magnifications: × 400 (A-G) and × 200 (H).
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in the nuclei of a minority of cells. The strong nuclear signal, characteristic of HRS cells102, 
was not detected in any of the samples (Fig. 3). To confirm the RNA ISH data, we analyzed 
6 BL cases (including 3 that were also analyzed by RNA ISH) by the more sensitive qRT-
PCR technique. All BL tissue samples showed BIC RNA transcript levels that were much 
lower than those observed in normal control and HL tissue samples (Table 3). Northern blot 
analyses of BL tissue samples revealed no signal (or only a very weak signal) for miR-155, 
whereas a strong signal was obtained for the normal control and HL tissues (Fig. 2B). 

To further establish a possible relation of BIC expression with EBV latency type III infec-
tion, as suggested by the BIC expression observed in the 3 EBV latency type III BL cell 
lines, we also analyzed 11 (EBV-positive) PTLD cases by RNA ISH. This revealed a strong 
signal in the nuclei of the vast majority of tumor cells in all cases (Fig. 3). Consistent with 
the BIC RNA ISH, qRT-PCR showed high BIC levels (Table 3), and Northern blot re-
vealed strong miR-155 signals (Fig. 2B) in 2 PTLD cases.

Table 2. Overview of BIC RNA-ISH in 22 MYC Translocation-positive Burkitt lymphoma Cases.  
Case Age EBV BIC expression
BL-1 9 + -
BL-2 13 - -
BL-3 5 - -
BL-4 10 - -*
BL-5 13 - -
BL-6 7 - -
BL-7 6 - -
BL-8 6 + -
BL-9 5 - -
BL-10 7 - -
BL-11 7 + -
BL-12 9 - -
BL-13 9 - -
BL-14 6 + -
BL-15 9 - -
BL-16 6 - -
BL-17 6 - -
BL-18 8 - -
BL-19 6 + -
BL-20 4 + -
BL-21 9 + -
BL-22 27 - -

BL-4, -17, -21 and -22, morphologic variant atypical BL; BL-1 to 7 correspond to case numbers 2–8 in 
Haralambieva et al.293 and BL-8 to -22 correspond to the test cases in the same report; -, negative; +, positive 
and *, some BIC positive cells observed. 

81

C
h

a
p

te
r

 6

Lack of BIC and microRNA miR-155 expression in primary cases of Burkitt lymphoma



Discussion

BIC RNA ISH revealed that 21 of 22 BL cases were negative for BIC. Normal lymphoid 
tissue demonstrated positive staining in a minority of cells, and HL tissue demonstrated 
strong staining in all HRS cells. Because RNA ISH is not very sensitive, we can not ex-
clude the possibility that low expression of BIC transcripts occurred in the majority of tu-
mor cells of the BL tissues. To exclude this possibility, we applied qRT-PCR and demon-
strated much lower expression of BIC transcripts in BL cases compared to that in normal 
control and HL cases. Taking into account the low percentage of positive cells in normal 
control and HL tissue samples, it is obvious that the BL tissue samples had only very low 
levels of BIC transcripts. The high level of BIC transcripts previously reported in 11 cases 
of pediatric BL was based on relative expression compared to acute lymphoblastic leuke-
mia (ALL) and normal PBMC292. We clearly demonstrated that in comparison to HL and 
normal lymphoid tissues, BL cases showed very low BIC expression.

Because BIC is not the functional end product of the BIC gene135, we also analyzed the 
level of miR-155 in the BL cases for which sufficient frozen material was available. This 

Table 3. Overview of the qRT-PCR results for BIC.
Tissue BIC Range
Burkitt BL-3 0.8 (0.6 – 1.0)

lymphoma BL-6 0.9 (0.7 – 1.2)
BL-7 1.6 (1.2 – 2.2)

BL-23 0.8 (0.5 – 1.3)
BL-24 1.8 (1.7 – 2.0)
BL-25 6.1x10-03 (5.6x10-03 – 6.7x10-03)

Hodgkin HL-1 254 (222 – 290)
lymphoma HL-2 35 (27 – 46)

HL-3 111 (103 – 120)
PTLD PTLD-1 64 (56 – 74)

PTLD-2 189 (166 – 215)
Normal PBMC 9 (6 – 13)

T-1 53 (50 – 57)
T-2 26 (25 – 27)
T-3 24 (20 – 29)
T-4 32 (27 – 40)

RL-1 40 (37 – 44)
RL-2 22 (17 – 27)
RL-3 23 (22 – 24)
RL-4 42 (36 – 50)

PTLD, posttransplantation lymphoproliferative disorder; PBMC, peripheral blood mononuclear cells; T, tonsil; 
RL, reactive lymph node tissues. 
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revealed a consistent lack of the miR-155 hybridization signal in all BL tissue samples and 
excluded the possibility that the low levels of BIC were caused by depletion of BIC tran-
scripts by a very efficient processing of these full-length transcripts to the functionally ma-
ture miR-155. The lack of BIC and miR-155 in 5 of 8 BL cell lines was consistent with the 
findings in the primary BL cases.

Remarkably, 3 of the 4 EBV-positive BL cell lines (Jijoye, Raji, and Namalwa) demonstrat-
ed BIC levels similar to those in the HL cell lines. Jijoye and Raji expressed miR-155 in the 
same range as that observed for HL and had a type III latency EBV infection, confirmed 
by a positive staining for LMP1 and EBNA2. Namalwa displayed incomplete type III la-
tency infection because cells were positive for EBNA2 but negative for LMP1. In this cell 
line, only a very weak miR-155 signal could be detected, in contrast to Raji, which dem-
onstrated similar BIC expression levels and much higher miR-155 levels. The EBV-positive 
BL65 cell line295 did not express LMP1 or EBNA2, consistent with a latency type I infec-
tion, and was negative for BIC and miR-155. Latency type I infection is commonly ob-
served in EBV-positive primary BL cases296. Our BL series included 7 EBV-positive cases 
that consistently lacked BIC expression. The relatively high BIC and miR-155 expression 
in EBV-positive BL cell lines might be associated with type III latency infection, which is 
usually not observed in primary BL cases. It is known that serial passage of BL cell lines 
derived from EBV-positive BL tumors is often accompanied by a broadening of virus latent 
gene expression toward that shown by in vitro transformed lymphoblastoid cell lines296,297. 
To test whether latency type III EBV infection was possibly associated with a high level of 
BIC, we analyzed 11 cases of EBV-positive B cell-derived PTLD, which are known to show 
a latency III program298,299. Indeed, high levels of BIC and miR-155 were detected in all 
EBV-positive B cell-derived PTLD cases, supporting this hypothesis.

Several EBV proteins are expressed in latency type III infections and not in type I, and it is 
tempting to speculate that one or more of these proteins are responsible for the induction of 
BIC expression. An interesting candidate is LMP1, which is known to activate NF-κB300,301. 
A putative NF-κB binding site is indeed present in the promoter region of the BIC gene102, 
and constitutive activated NF-κB is one of the hallmarks of HRS cells277.

Tam and colleagues proposed an oncogenic collaboration between MYC and BIC in the 
development of virally induced lymphomas in chicken290. They showed that coexpression 
of MYC and BIC enhanced growth in chicken embryo fibroblasts. In addition, they dem-
onstrated poorer overall survival and an increased incidence of short-latency lymphomas 
upon cotransfection of BIC and MYC in chicken embryos. The consistent lack of BIC 
and miR-155 expression in BL argues against oncogenic cooperation between BIC/miR-
155 and MYC protein in BL. However, we cannot exclude that this cooperation may ex-
ist during early onset of BL pathogenesis. It would be interesting to see whether there is 
an oncogenic cooperation between BIC and MYC in other human lymphomas that coex-
press BIC and MYC.
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In summary, we have shown that BL cases and the majority of BL cell lines lack BIC and 
miR-155 expression, arguing against a role for BIC/miR-155 in the oncogenesis of BL. On 
the other hand, the lack of miR-155 could result in increased protein expression of miR-
155 target genes, which may have an oncogenic potential in the pathogenesis of BL. Based 
on the higher BIC expression levels in latency type III EBV-positive BL cell lines and all 
PTLD cases, it can be speculated that the expression of one or more latency type III-spe-
cific proteins is responsible for induction of BIC.
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