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BaCkGrounD
The distinction between Burkitt lymphoma (BL) and diffuse large B-cell lymphoma 

(DLBCL) is crucial because these two types of lymphoma require different treatments. 

We examined whether gene expression profiling could reliably distinguish BL from DL-

BCL.

PaTiEnTs anD METHoDs
Tumor-biopsy specimens from 303 patients with aggressive lymphomas were pro-

filed for gene expression and were also classified according to morphology, immuno-

histochemistry, and detection of the t(8;14) MYC translocation. 

rEsuLTs
A classifier based on gene expression correctly identified all 25 pathologically veri-

fied cases of classic BL. BL was readily distinguished from DLBCL by the high level of ex-

pression of c-myc target genes, the expression of a subgroup of germinal-center B-cell 

genes, and the low level of expression of major histocompatibility complex class I genes 

and nuclear factor-κB target genes. Eight specimens with a pathological diagnosis of 

DLBCL had the typical gene expression profile of BL, suggesting they represent cases 

of BL that are difficult to diagnose by current methods. Among 28 of the patients with 

a molecular diagnosis of BL, the overall survival was superior among those who had 

received intensive chemotherapy regimens instead of lower-dose regimens.

ConCLusions
Gene expression profiling is an accurate, quantitative method for distinguishing BL 

from DLBCL.
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inTroDuCTion

Burkitt lymphoma (BL) is an aggressive B-cell lymphoma characterized by a high degree 

of proliferation of the malignant cells and deregulation of the MYC gene.1 Distinguishing 

between BL and diffuse large B-cell lymphoma (DLBCL) is critical because the management 

of these two diseases differs. Whereas relatively low-dose chemotherapy regimens such as 

cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) are typically used to 

treat DLBCL, they are inadequate for BL,2,3 for which intensive chemotherapy regimens are 

required.4-8 Furthermore, prophylactic intrathecal chemotherapy or systemic chemotherapy 

that crosses the blood–brain barrier is unnecessary in most cases of DLBCL; while such 

chemotherapy is essential for treating BL, because of the high risk of involvement of the 

central nervous system.2,9 

The diagnosis of BL relies on morphologic findings, immunophenotyping results, and 

cytogenetic features.1 However, BL and DLBCL can have overlapping morphologic and im-

munophenotypic features, and the characteristic t(8;14) translocation of BL10-12 also occurs 

in 5 to 10 percent of cases of DLBCL.13 Because DLBCL is more than 20 times as common as 

BL,14 a lymphoma with a t(8;14) translocation can present a diagnostic problem. 

The term “Burkitt-like lymphoma” has been used for cases that have some features 

in common with BL. However, the most recent guidelines of the World Health Organiza-

tion (WHO)1 eliminate Burkitt-like lymphoma as a separate diagnostic category. Burkitt-like 

lymphoma is now considered synonymous with the term “atypical BL,” which is reserved 

for cases that have the genetic abnormality and immunophenotype of BL but have atypical 

morphologic features. It is not clear whether atypical BL is a biologically distinct entity or a 

morphologic variant of BL. 

In the present study, we investigated whether gene expression profiling could reliably 

distinguish BL from DLBCL. We hypothesized that analysis of the molecular features of BL 

would permit a more accurate and reproducible diagnosis than would the use of standard 

pathological methods.

PaTiEnTs anD METHoDs

study population
The patients were studied according to a protocol approved by the institutional review 

board of the National Cancer Institute. Tumor-biopsy specimens were obtained from 71 

patients who had not previously received treatment for lymphoma, who were negative 

for the human immunodeficiency virus, and who had received the diagnosis of sporadic 

BL (54 patients) or Burkitt-like lymphoma (17 patients) between 1986 and 2004 at seven 
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institutions in Europe and North America. The institutions are members of an international 

consortium, the Lymphoma/Leukemia Molecular Profiling Project. 

We also studied 232 tumor-biopsy specimens from patients with the diagnosis of DL-

BCL, 223 of which have been used in previous investigations.15,16 Nine cases of DLBCL were 

high-grade and had a Ki-67 score (a measure of lymphoma-cell proliferation) of nearly 100 

percent. The cases of DLBCL were further subdivided on the basis of gene expression into 

one of the three main subgroups — activated B-cell–like, germinal-center B-cell–like, and 

primary mediastinal — or were declared to be unclassified, as previously described.15-17 

All cases were reviewed anew by an expert panel of eight hematopathologists according 

to the current criteria of the WHO1 for morphologic features, immunophenotype, and cy-

togenetic findings (including the presence or absence of a MYC translocation). Specifically, 

tumor-biopsy specimens classified as BL had a MYC translocation, a morphologic profile 

consistent with BL, a Ki-67 score of more than 90 percent, and immunohistochemical evi-

dence of CD10 or bcl6, or both, in the tumor cells. Cases of DLBCL were classified on the 

basis of morphologic criteria and a B-cell immunophenotype. A detailed description of the 

pathology review is provided in the Supplementary information. 

The regimens used to treat BL were classified as either CHOP-like regimens (CHOP18 or 

cyclophosphamide, mitoxantrone, vincristine and prednisone, CNOP19) or intensive regi-

mens (Berlin–Frankfurt–Münster6; cyclophosphamide, doxorubicin, high-dose methotrexate 

or ifosfamide, etoposide, and high-dose cytarabine4; or intensive chemotherapy regimens 

combined with autologous stem-cell transplantation). Fluorescence in situ hybridization 

(FISH) to detect MYC or BCL2 translocations (Vysis) was performed on some specimens. 

Gene expression profiling 
We performed gene expression profiling of all biopsy specimens using a custom oligo-

nucleotide micro-array with 2524 unique genes that are expressed differentially among the 

various forms of non-Hodgkin’s lymphoma; a subgroup of specimens was also profiled on 

Affymetrix U133 Plus 2.0 arrays. The primary gene expression profiling data are available 

from the Gene Expression Omnibus of the National Center for Biotechnology Information 

(http://www.ncbi.nlm.nih.gov/geo) through GEO accession number GSE4732 or at http://

llmpp.nih.gov/BL.

identification of c-myc target genes by rna interference 
The OCI-Ly10 DLBCL cell line was transfected with small interfering RNA targeting the 

MYC gene (Smart Pool, Dharmacon). Gene expression in transfected cells was compared 

with that in control sham-transfected cells with the use of Lymphochip DNA microarrays.20 

Genes were defined as c-myc target genes if they were down-regulated at least 40 percent 

at two or more times after transfection with small interfering RNA and if the expression 
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levels of messenger RNA (mRNA) were correlated (r>0.4 across all lymphoma biopsy speci-

mens) with those of c-myc mRNA.

statistical analysis
Three pairwise Bayesian compound covariate classifiers were constructed — one be-

tween BL and each of the three DLBCL subgroups: activated B-cell–like, germinal-center 

B-cell–like, and primary mediastinal — as previously described.16,17,21 Each pairwise com-

parison was carried out in two stages, with different sets of genes for each stage, to create 

the compound covariate classifier. In the first stage, MYC and MYC target genes were used; 

in the second stage, the 100 genes with the most significant t-statistic differentiating BL 

from each subgroup of DLBCL were used, excluding the genes used in the first stage. For a 

tumor-biopsy specimen to be classified as BL, it had to be classified as BL in both stages in 

each of the three pairwise comparisons. Statistical procedures are described in detail in the 

Supplementary information.

rEsuLTs

study population
Of the 45 tumor-biopsy specimens verified to be classic or atypical BL by the pathology 

review, 48 percent were from children (age range, 2.9 to 18 years) and 52 percent were 

from adults (age range, 18 to 73 years). The median follow-up was 1.6 years for all pa-

tients and 4.9 years for patients who were still alive at the end of the study. FISH for MYC 

translocation was successfully performed in 67 of the 71 specimens originally diagnosed 

as BL or Burkitt-like lymphoma, including all specimens in which BL was not ruled out by 

immunohistochemical or morphologic findings. Of these 71 specimens, 52 were found to 

be positive for the translocation. BCL2 translocations were found in 7 of the 44 specimens 

of BL and Burkitt-like lymphoma that were tested for them. Among the 232 patients with 

DLBCL, the median age at diagnosis was 61.5 years (range, 9 to 92). The median follow-up 

was 2.5 years (6.8 years for survivors). We successfully performed FISH for the MYC trans-

location in 87 specimens of DLBCL; 6 were positive for the translocation. 

Molecular diagnosis of Burkitt lymphoma
We examined the patterns of gene expression in the biopsy specimens from patients 

who had received a diagnosis of BL (54 patients), Burkitt-like lymphoma (17 patients), or 

high-grade DLBCL (9 patients). These cases were reviewed anew by our panel of expert 

hematopathologists according to current criteria of the WHO,1 which include morphologic, 

immunophenotype, and cytogenetic findings (the presence or absence of a MYC transloca-

tion). During this process, the 71 cases of BL or Burkitt-like lymphomas were reclassified as 
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classic BL (25 cases), atypical BL (20 cases), DLBCL (20 cases), or other high-grade lympho-

mas that could not be classified according to the criteria (called “not otherwise specified”; 

6 cases) (Table 1). Hereafter, the pathological diagnosis was considered the standard against 

which the performance of the molecular diagnosis based on the pattern of gene expression 

was compared. In addition, we studied 223 previously characterized cases of DLBCL. The 

non–high-grade cases were subclassified according to the pattern of gene expression into 

three subgroups — activated B-cell–like, germinal-center B-cell–like, and primary mediasti-

nal — or were declared “unclassified”.15-17 

To develop a diagnostic test based on the gene expression profile of BL, we initially fo-

cused only on the 45 cases that were originally diagnosed as BL and confirmed as such by 

the pathological review. By selecting genes that were differentially expressed in these 45 

cases and among the three subgroups of DLBCL (Figure 1A), we created a classifier, based 

on gene expression, that distinguished BL from DLBCL. Given the central role of c-myc de-

regulation in BL, we identified a set of c-myc target genes by using RNA interference (Figure 

1B) and treated this set separately in our classification algorithm. The classifier also included 

many other genes that reflected biologic differences between BL and DLBCL. 

Leave-one-out cross-validation was used to estimate the performance of the classifier.22-24 

All 25 cases identified on pathology review as classic BL were classified correctly on the 

basis of gene expression (Figure 1C). The cases of atypical BL and classic BL identified on 

Table 1. Classification of cases.

Original Diagnosis Total number 

of cases

Pathological 

diagnosis*

Total number

of cases

Molecular diagnosis Total number

of cases

BL or BLL 71 Classic BL 25 BL 25

Atypical BL 20 BL 19

DLBCL 1

DLBCL 20 BL 7

DLBCL 13

HG lymphoma, NOS 6 DLBCL 5

BL 1

DLBCL 223 DLBCL 223 Activated B-cell–like DLBCL 78

Germinal-center B-cell–like DLBCL 82

Primary mediastinal DLBCL 33

Unclassified DLBCL 30

High-grade DLBCL 9 DLBCL 9 Activated B-cell–like DLBCL 6

Germinal-center B-cell–like DLBCL 2

BL 1

Abbreviations: BL, Burkitt lymphoma; BLL, Burkitt-like lymphoma; DLBCL, diffuse large B-cell lymphoma; 
HG, High-grade; NOS, not otherwise specified.
* the pathological diagnosis is according to the current criteria of the World Health Organization for 
morphologic, immunophenotype, and cytogenetic findings. 1
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pathology review could not be distinguished on the basis of gene expression (Figure 1A); 

the algorithm also classified 19 of the 20 cases of atypical BL as BL. The cases for which the 

molecular and pathological diagnoses were in agreement are referred to hereafter as “BL–

concordant cases.” The diagnoses based on the classifier were in perfect agreement with 

the pathological diagnoses of DLBCL, irrespective of their subclassifications of activated 

B-cell–like, germinal-center B-cell–like, and primary mediastinal DLBCL. All but 1 of the 30 

unclassified DLBCLs were molecularly classified as DLBCL (Figure 1C). 

We further tested the BL classifier by dividing the cases depicted in Figure 1C into equally 

sized training and test sets. The algorithm was generated with the use of data from the 

training set and was applied to the test set. The results of this analysis agreed with those 

of the leave-one-out cross-validation analysis in 99 percent of the cases in the test set, con-

firming that the algorithm effectively distinguishes BL from DLBCL. 

We next used the DNA micro-arrays to classify the cases that were originally diagnosed 

as BL or Burkitt-like lymphoma but were reclassified during pathology review as either DL-

BCL (20 cases) or high-grade lymphoma, not otherwise specified (6 cases) (Figure 1D). The 

gene expression profile was not in accord with the pathological diagnosis in 8 of these 26 

cases (31 percent). We also analyzed the nine cases that had originally been diagnosed as 

high-grade DLBCL and were verified on pathology review as such; one of these was mo-

lecularly classified as BL. 

Thus, nine cases with a pathological diagnosis of either DLBCL or high-grade lymphoma 

not otherwise specified had a gene expression profile consistent with BL (Figure 1D); these 

cases are referred to hereafter as “BL–discrepant cases.” 

The BL–discrepant cases could be readily distinguished from all subgroups of DLBCL on 

the basis of gene expression. The probability that these cases were BL according to gene 

expression profiles was 98 to 100 percent (Figure 2A). The validity of the molecular diag-

nosis of BL in these nine cases was supported by the presence of a t(8;14) MYC transloca-

tion in all of them. Four of these cases expressed relatively high levels of bcl2 mRNA and 

protein, and three had a t(14;18) translocation in addition to the t(8;14). The remaining five 

BL–discrepant cases were bcl2-negative and were indistinguishable from BL on the basis of 

gene expression. 

We next examined whether the molecular classifier could be used to distinguish BL from 

DLBCL bearing a MYC translocation. It was consistent with previous reports that 7 percent 

of the cases originally diagnosed as DLBCL (6 of the 87 cases tested) had a MYC transloca-

tion. The gene expression profiles of these cases were distinct from those of BL (Figure 2B); 

all had profiles of DLBCL (four germinal-center B-cell–like and two activated B-cell–like). 

Five of these six cases had a gene expression profile that resulted in a probability of 0 per-

cent for a diagnosis of BL; one had a probability of 66 percent, which may represent a rare 

genetic overlap between BL and DLBCL.
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classified according to the pattern of gene ex-
pression into three subgroups — activated B-cell–
like, germinal-center B-cell–like, and primary me-
diastinal — or were declared “unclassified.”15-17 

To develop a diagnostic test based on the 
gene-expression profile of Burkitt’s lymphoma, 
we initially focused only on the 45 cases that were 
originally diagnosed as Burkitt’s lymphoma and 
confirmed as such by the pathological review. By 

selecting genes that were differentially expressed 
in these 45 cases and among the three subgroups 
of diffuse large-B-cell lymphoma (Fig. 1A), we cre-
ated a classifier, based on gene expression, that 
distinguished Burkitt’s lymphoma from diffuse 
large-B-cell lymphoma. Given the central role of 
c-myc deregulation in Burkitt’s lymphoma, we iden-
tified a set of c-myc target genes by using RNA 
interference (Fig. 1B) and treated this set sepa-
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figure 1. a molecular classifier of Burkitt lymphoma. 
Panel a shows the difference in gene expression between BL and DLBCL derived from DNA micro-array 
analysis. The relative levels of gene expression are depicted according to the color scale shown. The 
genes analyzed in stage 1 of constructing the classifier include MYC and its target genes. The 196 genes 
analyzed in stage 2 of constructing the classifier include additional genes that distinguish BL from the 
three subgroups of DLBCL. Only specimens for which the diagnoses based on the pathology review and 
molecular analysis of gene expression agreed are shown. Panel B shows the list of c-myc target genes 
identified with the use of RNA interference. The OCI-Ly10 DLBCL cell line was transfected with small 
interfering RNA targeting the MYC gene. We compared the gene expression of the transfected cells 
with that of control cells by DNA-microarray analysis at various hours after transfection in two separate 
experiments. The levels of gene expression relative to that of control cells are depicted according to 
the color scale shown; down-regulation is depicted in shades of green; up-regulation is shown in 
shades of red (see the Patients and methods section). Panel C depicts the diagnostic performance of 
the molecular classifier based on gene expression — as compared with the original diagnosis and the 
pathological diagnosis — according to leave-one-out cross-validation analysis. Panel D depicts the 
molecular classification of the 26 specimens originally diagnosed as BL or Burkitt-like lymphoma that 
were diagnosed on pathology review as either DLBCL or high-grade lymphoma not otherwise specified 
(NOS) and the nine specimens that were originally diagnosed as high-grade DLBCL and were verified 
as such on pathology review. The molecular diagnosis sometimes disagreed with the pathological 
diagnosis (red bars in Panel D).
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figure 2. Performance of a molecular classifier of Burkitt lymphoma for cases with conflicting 
diagnoses.
Panel a shows the gene expression of the nine BL–discrepant cases (for which the pathological diagnosis 
and the molecular diagnosis did not agree). The expression of classifier genes for BL in these specimens 
is compared with the average expression of these genes in BL and DLBCL (DLBCL). The relative gene 
expression is depicted according to the color scale shown. For each specimen, the immunophenotype, 
the Ki-67 score, expression of bcl2 mRNA (values are shown on a base-2 log scale), and FISH for 
translocation in MYC or BCL2 are given at the bottom; a plus sign denotes presence, a minus sign 
absence, and NA not available. The bcl2 staining data are the result of immunohistochemical assays for 
bcl2 protein. One case had equivocal bcl2 protein staining, denoted by the plus–minus sign; this case 
was considered to be bcl2-negative in the analysis. Also shown is the probability that each specimen is 
BL, on the basis of gene expression. Panel B illustrates the expression of the classifier genes for BL in 
the six specimens of DLBCL known to have a translocation involving the MYC gene, as compared with 
the average level of expression in BL and DLBCL. Also shown is the probability that each specimen is 
BL, on the basis of gene expression.
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Biologic differences between Burkitt lymphoma and DLBCL
To elucidate the biologic mechanisms that distinguish BL from DLBCL, we used hierar-

chical clustering25 to organize the BL classifier genes (Figure 3). This method revealed four 

prominent clusters of coordinately expressed genes, which we term gene expression “sig-

natures”, because they reflect specific biologic processes.26 

The c-myc protein and its target genes constituted one signature, which was more highly 

expressed in BL than in DLBCL (Figure 4A). The second signature included genes that were 

expressed in normal germinal-center B-cells. The subgroup of these genes that was ex-

pressed more highly in BL than in germinal-center B-cell–like DLBCL is termed the “BL-high” 

signature (Figure 3B). The third signature included major histocompatibility complex (MHC) 

class I genes, and the fourth included nuclear factor-κB (NFκB) target genes.27 The third and 

fourth signatures were expressed at lower levels in BL than in DLBCL (Figure 4C and 4D). 

We averaged the expression levels of the genes in each signature and plotted these sig-

nature averages according to the molecular diagnosis of the cases (Figure 4E). The BL cases, 

including BL–discrepant cases, were readily distinguished from DLBCL specimens (p<0.001). 

The bcl2-positive BL–discrepant cases had a lower level of expression of the BL-high germi-

nal-center B-cell signature than did the BL–concordant cases (Figure 4E); the same was true 

of two BL–concordant cases with a t(14;18) translocation (data not shown). DLBCLs with 

a MYC translocation were clearly distinguishable from BL with respect to the expression of 

each signature. 

survival
We analyzed data from the 28 children and adults with a molecular diagnosis of BL for 

whom complete clinical information was available. Overall survival was markedly longer 

among those who received intensive chemotherapy regimens than among those who re-

ceived CHOP-like regimens (p=0.005) (Figure 5). Of seven patients with discrepant BL who 

could be evaluated, five had received CHOP-like regimens and none survived beyond two 

years. Both of the remaining two patients had received intensive regimens, and one lived 

more than five years after diagnosis; the other died nine months after diagnosis.

DisCussion

A diagnostic test based on gene expression profiling identified all 25 cases of classic 

BL that had been verified by an expert panel of hematopathologists. Our study revealed 

substantial difficulty in rendering a reproducible diagnosis of BL with the use of current 

pathological methods. Among the cases that were submitted for our analysis as either BL 

or Burkitt-like lymphoma, more than one third were assigned a different diagnosis by the 

expert panel. Moreover, nine aggressive lymphomas that were diagnosed as DLBCL or high-



Chapter 4

68

molecular diagnosis of burkitt’s lymphoma

n engl j med 354;23 www.nejm.org june 8, 2006 2439

Burkitt’s
Lymphoma–
Discrepant

Diffuse Large-B-Cell Lymphoma

c-myc
Target Genes

R
el

at
iv

e 
Ex

pr
es

si
on

 (l
og

2)

Burkitt’s’l
Lymphoma–
Concordant

BCL2+ ABC GCB PMBL With
t(8;14)

2.5
1.9
1.3
0.6
0.0

BL-High
Germinal-Center 

B-Cell Genes

4
3
2
1
0

NF-kB
Target Genes

4
3
2
1
0

MHC Class I
Genes

4
3
2
1
0

BCL2–

0.5

2.0

1.0

Relative Level 
of Expression

--BMP7

--MME

--BCL7A

--CD38

--GCET2

--LMO2

--SERPINA9

--CD80
--FGD6
--CD86
--LRCH3
--LOXL2
--GSN

--MYC
--TERT
--DLEU1
--GRSF1
--BUB1B
--TRIP13
--NOL5A
--LRPPRC
--HDGF
--UCK2
--GNL3
--HMGB1
--SRPK1
--SFPQ
--MATR3
--HDAC2
--MAPKAPK5
--CSTF3
--NOLC1
--NP
--GLO1

--CD40
--CXCL9
--CD83
--CXCL10
--IRF4
--DUSP2
--TRAF1
--BCL2A1
--LTA
--CCL22
--PIM1
--NFKB1
--NFKB2
--C6orf32
--CD44
--EBI3
--NFKBIA
--ID2
--TNFAIP3
--TNF
--GADD45B
--BIRC3
--SMARCA2

--HLA-A
--HLA-B
--HLA-C
--HLA-E
--HLA-F
--HLA-G

Burki
tt’

s

lym
phom

a

Acti
va

ted

B-ce
ll–

lik
e

Ger
m

inal-

ce
nter

B-ce
ll–

lik
e

Prim
ar

y 

m
ed

ias
tin

al

Burki
tt’

s

lym
phom

a

Acti
va

ted

B-ce
ll–

lik
e

Ger
m

inal-

ce
nter

B-ce
ll–

lik
e

Prim
ar

y 

m
ed

ias
tin

al

c-myc
and

Target
Genes

NF-kB
Target
Genes

MHC
Class I
Genes

Germinal-
Center
B-cell
Genes

BL-High

BL-Low

BL   GCB

--CADPS

--ACY3
--VPREB3
--SSBP2

--DOK3

--PEX5

--TRAP1

--MET
--TOX

--RRAS2
--TEX9
--AIM2
--CYLN2
--MAML3

--ELL3
--COTL1
--BCL6
--DCK
--SYNE2
--TERF2
--MBD4
--PAG
--PRSPAP2
--TRIM14
--POLD4
--NLK
--VNN2
--IMP3
--POLH
--KLF12
--ANUBL1
--MARK3
--MIXL1
--PIK3CG
--VNN3
--P2RY12

A B

E

D

C

Average Expression Average Expression

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on August 22, 2008 . For personal use only. No other uses without permission. 

figure 4. relative expression of gene expression signatures.
The average relative expression of genes that distinguish BL from each subgroup of DLBCL (activated 
B-cell–like, germinal-center B-cell–like, and primary mediastinal) are categorized into gene expression 
signatures: MYC and its target genes (Panel a); genes that are expressed in normal germinal-center B 
cells (Panel B) and are expressed more highly (BL-high), less highly (BL-low), or equivalently (BL-GCB) 
in BL than in germinal-center B-cell–like DLBCL; MHC class I genes (Panel C); and genes targeted by 
the NFκB signaling pathway27 (Panel D). Relative gene expression is depicted according to the color 
scale shown. We defined germinal-center B-cell signature genes as those that were overexpressed in 
normal germinal-center B cells, as compared with blood B-cells, but that were not merely associated 
with cellular proliferation (see the Supplementary Information for details). The “BL-high” genes were 
expressed at levels twice as high in BL as in germinal-center B-cell–like DLBCL (p<0.001). The “BL-low” 
genes were expressed at levels twice as high in germinal-center B-cell–like DLBCL as in BL (p<0.001). 
The expression levels of the “BL=GCB” genes did not differ significantly between the two lymphomas. 
In Panel E, each diamond represents the average expression of one of the four gene expression 
signatures for one biopsy specimen, shown according to the molecular diagnosis. Each bar represents 
the average for the diagnosis, as log2 values over the indicated range. BL–discrepant specimens had 
signature averages that were readily distinguished from those of specimens belonging to the three 
DLBCL subgroups (p<0.001).



69

Molecular diagnosis of Burkitt lymphoma

C
h

ap
te

r 
4

grade lymphoma by the panel were classified as BL on the basis of gene expression profiles. 

These cases had all the gene expression features of BL, suggesting that they are actually 

cases of BL that cannot be reliably diagnosed by current methods. These cases constituted 

17 percent of the 53 specimens that had a molecular profile of BL. 

In line with previous studies,3,4,8,28 we found that patients with a molecular diagnosis of 

BL had a poor outcome with standard chemotherapy regimens yet had a good response 

to intensive regimens. Intensive regimens are more frequently associated with treatment-

related complications than standard regimens and are therefore not appropriate as initial 

therapy for DLBCL. Therefore, the ability of the classifier to distinguish BL from DLBCL could 

improve clinical decision making. 

The translocation of the MYC gene and its consequent deregulation is a key oncogenic 

event in the development of BL. Accordingly, the signature of the c-myc target genes dis-

tinguished BL from DLBCL. However, MYC translocations also occur in 5 to 10 percent of 

DLBCLs. Given the much higher incidence of DLBCL than BL, most aggressive lymphomas 

with a MYC translocation are clearly DLBCL. It is therefore notable that our classifier based 

on gene expression did not diagnose any of the six cases of DLBCL bearing a MYC translo-

cation as BL. 

BL and DLBCL were found to differ with respect to the signature of the c-myc target 

genes as well as the other three gene expression signatures. Though BL and germinal-

center B-cell–like DLBCL both originate from germinal-center B-cells,29,30 the expression of 

a subgroup of germinal-center B-cell genes distinguished Burkitt from DLBCLs. NFκB target 

genes were expressed at lower levels in BL than in any of the DLBCL subgroups; it is unclear 

whether this is due to differences in the malignant cells or in the tumor-infiltrating immune 

cells. Burkitt-lymphoma tumors expressed MHC class I genes at very low levels as compared 

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e
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among those who received intensive chemother-
apy regimens than among those who received 
CHOP-like regimens (P = 0.005) (Fig. 4). Of seven 
patients with discrepant Burkitt’s lymphoma who 
could be evaluated, five had received CHOP-like 
regimens and none survived beyond two years. 
Both of the remaining two patients had received 
intensive regimens, and one lived more than five 
years after diagnosis; the other died nine months 
after diagnosis.

Discussion

A diagnostic test based on gene-expression pro-
filing identified all 25 cases of classic Burkitt’s 
lymphoma that had been verified by an expert pan-
el of hematopathologists. Our study revealed sub-
stantial difficulty in rendering a reproducible diag-
nosis of Burkitt’s lymphoma with the use of current 
pathological methods. Among the cases that were 
submitted for our analysis as either Burkitt’s lym-
phoma or Burkitt-like lymphoma, more than one 
third were assigned a different diagnosis by the 
expert panel. Moreover, nine aggressive lympho-
mas that were diagnosed as diffuse large-B-cell 
lymphoma or high-grade lymphoma by the panel 
were classified as Burkitt’s lymphoma on the ba-
sis of gene-expression profiles. These cases had 
all the gene-expression features of Burkitt’s lym-
phoma, suggesting that they are actually cases of 
Burkitt’s lymphoma that cannot be reliably diag-
nosed by current methods. These cases constituted 
17 percent of the 53 specimens that had a mo-
lecular profile of Burkitt’s lymphoma.

In line with previous studies,3,4,8,28 we found 
that patients with a molecular diagnosis of Burkitt’s 
lymphoma had a poor outcome with standard 
chemotherapy regimens yet had a good response 
to intensive regimens. Intensive regimens are more 
frequently associated with treatment-related com-
plications than standard regimens and are there-
fore not appropriate as initial therapy for diffuse 
large-B-cell lymphoma. Therefore, the ability of 
the classifier to distinguish Burkitt’s lymphoma 
from diffuse large-B-cell lymphoma could improve 
clinical decision making.

The translocation of the c-myc gene and its 
consequent deregulation is a key oncogenic event 
in the development of Burkitt’s lymphoma. Accord-
ingly, the signature of the c-myc target genes dis-
tinguished Burkitt’s lymphoma from diffuse large-

B-cell lymphoma. However, c-myc translocations 
also occur in 5 to 10 percent of diffuse large-B-cell 
lymphomas. Given the much higher incidence of 
diffuse large-B-cell lymphoma than Burkitt’s lym-
phoma, most aggressive lymphomas with a c-myc 
translocation are clearly diffuse large-B-cell lym-
phoma. It is therefore notable that our classifier 
based on gene expression did not diagnose any 
of the six cases of diffuse large-B-cell lymphoma 
bearing a c-myc translocation as Burkitt’s lym-
phoma.

Burkitt’s lymphoma and diffuse large-B-cell 
lymphoma were found to differ with respect to the 
signature of the c-myc target genes as well as the 
other three gene-expression signatures. Though 
Burkitt’s lymphoma and germinal-center B-cell–
like diffuse large-B-cell lymphoma both originate 
from germinal-center B cells,29,30 the expression 
of a subgroup of germinal-center B-cell genes 
distinguished Burkitt’s from diffuse large-B-cell 
lymphomas. NF-κB target genes were expressed 
at lower levels in Burkitt’s lymphoma than in any 
of the diffuse large-B-cell lymphoma subgroups; 
it is unclear whether this is due to differences in 
the malignant cells or in the tumor-infiltrating 
immune cells. Burkitt’s-lymphoma tumors ex-
pressed MHC class I genes at very low levels as 
compared with tumors of diffuse large-B-cell lym-

No. at Risk
Intensive

regimens
CHOP-like

regimens

3 

0

3 

0

3 

1

9 

1

10 

2

18 

10

Pr
ob

ab
ili

ty
of

O
ve

ra
ll

Su
rv

iv
al

(%
) 0.8

0.6

0.4

0.2

0.0
0 1 2 3 4 5 6 7 8 9 10

Years

Intensive regimens

CHOP-like regimens

1.0

P=0.005

Figure 4. Kaplan–Meier Survival Estimates among 
Patients with Burkitt’s Lymphoma and Diffuse Large-
B-Cell Lymphoma.

The analysis includes the 28 children and adults with 
a molecular diagnosis of Burkitt’s lymphoma for whom 
complete clinical information was available, according 
to the treatment received. Tick marks denote patients 
who were alive at the time of last follow-up.
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figure 5. kaplan–Meier survival estimates among patients with Burkitt lymphoma and DLBCL.
The analysis includes the 28 children and adults with a molecular diagnosis of BL for whom complete 
clinical information was available, according to the treatment received. Tick marks denote patients who 
were alive at the time of last follow-up.
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with tumors of DLBCL. Previous studies have documented the loss of MHC class I molecules 

in some cell lines derived from BL,31 but the mechanism underlying this down-modulation 

is unclear. 

The gene expression signatures that distinguish BL from DLBCL provide insight into the 

nine BL–discrepant cases. The five BL–discrepant cases that were bcl2-negative were indis-

tinguishable from the BL–concordant cases in the expression of all four signatures. There-

fore, these cases bear all the molecular hallmarks of BL but cannot be diagnosed with the 

use of current methods. Interestingly, BL–discrepant cases that were bcl2-positive resembled 

BL–concordant cases with respect to three signatures but had a lower level of expression 

of the BL-high germinal-center B-cell signature, a phenotype that was also observed in the 

two BL–concordant cases that were bcl2-positive. Cases with both the t(8;14) and t(14;18) 

translocations have been described previously as being very aggressive and associated with 

a poor prognosis.32 Our data confirm that CHOP-like regimens are not adequate to treat 

such cases. A thorough characterization of more such cases will be needed in order to as-

certain whether they represent a variant of BL or have a separate pathogenesis. 

In summary, the molecular classifier of BL based on gene expression provides a quantita-

tive and reproducible diagnosis of BL that is superior to the best current diagnostic meth-

ods. It could be used to enhance diagnostic accuracy for this curable lymphoma.

suPPLEMEnTary inforMaTion

selection of cases
All 71 cases of Burkitt lymphoma (BL) and Burkitt-like lymphoma were de-novo cases. 

None of these cases were included in prior studies. Included in the study are 16 cases 

with a submitted diagnosis of Burkitt-like lymphoma. Most of the cases were assigned this 

diagnosis prior to the publication of the current WHO guidelines.1 Consistent with prior 

studies,33,34 we found that Burkitt-like lymphoma does not represent a reproducible cat-

egory by pathology or gene expression.

Of the 232 cases of DLBCL, 210 were included in earlier studies. However, it should be 

noted that these cases were previously profiled using the Lymphochip, a cDNA microarray. 

In the present study, they were re-profiled using a custom oligonucleotide microarray. Thus, 

these gene expression data have not previously been analyzed or published.

Measuring gene expression
Standard Affymetrix protocols were used for RNA labeling and hybridization (available at 

http://www.affymetrix.com). Gene expression datasets from the samples were normalized 

using Affymetrix MAS 5.0 software to a median expression level of 500 (in MAS arbitrary 

units). No additional data filtering was used. All the data were log2 transformed for display 
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and analysis. Primary gene expression and clinical data for all the analyses in this study are 

available at http://llmpp.nih.gov/BL.

Pathological review of cases
For cases submitted as BL or Burkitt-like lymphoma, the pathology review proceeded 

as follows: The diagnosis of BL was determined based on morphology, the presence of a 

MYC translocation as well as a Ki-67 score >90%, CD10 and/or bcl6 positivity, and CD20 

or CD19 positivity. Each case was reviewed by three pathologists who rendered a diagnosis 

independently using the WHO guidelines summarized above. Any case for which the diag-

nosis was not unanimous was referred to a consensus conference of the 8 pathologists and 

the diagnosis was rendered by consensus.

For the 223 DLBCL cases that were reviewed in our previous studies,15,16 the pathology 

review proceeded as follows: Each case was reviewed by 3 pathologists who rendered 

a diagnosis independently using WHO guidelines for DLBCL morphology. B-cell markers 

(CD19, CD20) and T cell markers (CD3) were studied to establish a B-cell origin. On any 

case for which BL was in the differential diagnosis (based on either morphology or immu-

nophenotype), MYC translocation status was assessed. In any case for which the diagnosis 

was not unanimous, the case was referred to a consensus conference of all 8 pathologists 

and the diagnosis was rendered by consensus. Since the panel of reviewing pathologists has 

remained constant between the previous studies and the present study, the cases were not 

reviewed again for this study. Of note, 222/223 (99.5%) of the previously reviewed DLBCL 

cases were classified as DLBCL by gene expression. 

The 9 cases of high-grade DLBCL with a Ki-67 score of nearly 100%, that were not in-

cluded in previous studies were re-reviewed by the panel of hematopathologists using the 

procedure discussed above and the diagnosis of DLBCL was confirmed in all cases.

Cases for which the gene expression-based diagnosis and the pathology diagnosis were 

discordant were re-reviewed by the panel of hematopathologists yet again and, in each 

case, the pathology diagnosis was reconfirmed.

FISH for MYC was done on all but 4 cases with a submitting diagnosis of BL or Burkitt-

like lymphoma. The 4 cases that did not have MYC FISH had classic morphology of DLBCL 

and Ki-67 score <90% and thus were diagnosed as DLBCL. Importantly, every case for 

which the pathology standard diagnosis and the gene expression-based diagnosis were 

discrepant were analyzed by FISH for the presence of a MYC translocation.

Bcl2 protein expression was assessed by immunostain for all BL or Burkitt-like lymphoma 

cases for which material was available (64/71), and bcl2 mRNA expression was assessed in 

all cases by DNA microarray analysis. FISH for BCL2 was performed for every case that was 

positive for bcl2 protein or mRNA expression. Bcl2 expression and the t(14;18) were not 

used as primary determining factors in making the distinction between BL and DLBCL but 

were used in conjunction with other morphological and immunohistochemical data. Bcl2-
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positive cases were among those cases submitted as BL or Burkitt-like lymphoma but classi-

fied as DLBCL upon re-review. Interestingly the gene expression profiles of these cases had 

the hallmarks of BL suggesting that bcl2-positivity should not preclude the diagnosis of BL. 

In keeping with this idea, 2 cases that were given the diagnosis of BL by pathology re-review 

and confirmed as such by gene expression profiling had the t(14;18) translocation.

In situ hybridization for EBV-encoded RNA (EBER) was performed in 20 cases (3 cases 

positive). Notably, the 3 EBER-positive cases had all of the gene expression hallmarks of EBV 

negative BL (data not shown).

Clinical characteristics
The clinical characteristics of patients in the study are summarized in Supplemental Table 1.

supplemental Table 1. Clinical characteristics of patients with Burkitt lymphoma and diffuse large B-cell 
lymphoma.

Clinical Characteristic Burkitt lymphoma Diffuse large B-cell lymphoma 

(% patients) (% patients) 

Age 

<18 47.8% 2.1% 

>18 52.1% 97.8% 

<60 78.2% 47.4% 

>60 21.7% 52.6% 

Gender 

Male 78.2% 53.7% 

Female 21.8% 44.2% 

ECOG* Performance Status

0-1 48.1% 76.6% 

2-3 51.9% 23.4% 

Stage 

I-II 21.4% 56.1% 

III-IV 78.6% 43.9% 

B-Symptoms*

Absent 53.3% 62.9% 

Present 46.6% 37.1% 

Serum Lactate Dehyrogenase Level

< Normal 34.6% 54.7% 

> Normal 65.4% 45.3% 

Number of Extranodal Sites

<2 68% 81.8% 

≥2 32% 18.1% 

Abreviattions: ECOG, Eastern Cooperative Oncology Group. 
* B-Symptoms: night sweats, fevers and weight loss. 
NB. Percentages may not add up to 100% because of rounding.
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Construction of a gene expression-based predictor of Burkitt lymphoma
Pair-wise Bayesian compound covariate predictors were constructed between BL and 

ABC DLBCL, GCB DLBCL and PMBL. 16,17,21 A linear predictor score (LPS) was calculated for 

each sample X as follows: LPS (X) = Σ aj Xj where Xj represents the gene expression of gene 

j, and aj is the t-statistic generated by a t-test for the difference in expression between the 

two groups.35 For genes represented by multiple features on the microarray, the feature 

with the most significant t-statistic was used. Bayes’ rule was then applied to the distribu-

tion of the linear predictor scores to estimate the probability that the sample was a member 

of one of the two groups (i.e. BL versus one of the 3 DLBCL subgroups) based its predictor 

score.

Pair-wise comparisons were made between BL and ABC DLBCL, GCB DLBCL and PMBL, 

each of which proceeded in 2 stages using different sets of genes to create a compound 

covariate predictor described above. The first stage utilized MYC and its target genes de-

fined by RNA interference experiments. The second stage utilized 100 genes with the most 

significant tstatistic differentiating BL from each subgroup of DLBCL, excluding MYC and its 

targets used in stage 1. For a sample to be classified as BL, it had to be predicted to be BL 

in both stages of the predictor in each of the 3 pair-wise comparisons between BL and ABC 

DLBCL, GCB DLBCL and PMBL. The cutoffs for stage 1 and stage 2 of the predictor were 

10% and 95%, respectively. The lowest probability generated by the 3 pair-wise compari-

sons was used as the probability that a given sample is BL (shown in Figure 2 of the paper 

for the BL-discrepant samples and t(8;14) DLBCLs). Leave-one-out cross-validation was em-

ployed to evaluate the predictor performance and minimize bias (see below).22-24

Currently the subclassification of DLBCL into ABC DLBCL, GCB DLBCL and PMBL sub-

groups leaves about 18% of cases unclassified.16,17 Importantly, the 3 pair-wise predictors 

that distinguish BL from the subgroups of DLBCL were able to correctly classify 29/30 cases 

of unclassified DLBCL as DLBCL. The genes belonging to the 3 pair-wise predictors were 

highly differentially expressed between all the cases of unclassified DLBCL and BL (Figure 

1A). Thus, no separate predictor is needed to distinguish unclassified DLBCL from BL. Un-

classified DLBCL shared many of the characteristics that distinguish all the forms of DLBCL 

from BL including higher expression of MHC class I genes as well as NFκB target genes, and 

lower expression of c-myc targets and germinal-center B-cell genes. 

An unoptimized, one-stage predictor using only the top 100 differentially expressed 

genes was found to generate results that were identical to the 2-stage model in over 95% 

of the cases. However, the one-stage predictor identified 2 cases classified as DLBCL by 

pathology as BL. Both these samples had very low expression of MYC and its targets, unlike 

classic BL. We also created a logistic regression model based on the four gene expression 

signatures described in the paper. The results were also identical to the 2-stage model in 

over 95% of the cases. Thus the differences in gene expression between BL and DLBCL are 

large enough that alterations in the choice of the model do not appear to significantly alter 
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the prediction the vast majority of the samples. We decided to retain the 2-stage model that 

appears to mirror the known biology of BL.

Cross validation of the gene expression-based predictor of Burkitt 
lymphoma

Leave-one-out-cross-validation (LOOCV) is a form of cross-validation in which the total 

of N samples are iteratively divided into a training set of N-1 samples and a validation set 

of the one left out sample. The predictor algorithm is recalculated at each iteration based 

on the data from the N-1 samples in the training set, and applied to classify the left out 

sample. Thus, after N iterations, each sample is, in effect, tested as part of an independent 

validation set, thus generating an estimate of the predictor accuracy.

As discussed in a recent publication by Molinaro et al22 LOOCV minimizes bias and pro-

duces a reproducible measure of the accuracy of class prediction using gene expression. 

Molinaro et al. examined the performance of several different methods of cross-validation 

of class prediction using gene expression data, including LOOCV, bootstrap-based methods 

and a training set-validation set method. They found that LOOCV was significantly superior 

to the training set-validation set method and to the other methods.

In the case of BL, the disease is fairly homogenous with respect to gene expression. Thus, 

we would expect the training set-validation set method to produce substantially similar re-

sults to the LOOCV method. To test this hypothesis, we took the samples used for LOOCV 

(i.e. cases of classic and atypical BL, ABC DLBCL, GCB DLBCL, and PMBL) and, for each 

lymphoma type, divided the samples into equal sized training and validation sets. A gene 

expression-based BL predictor was generated using only samples in the training set and 

used to classify the samples in the validation set.

The classification of the cases in the validation set using the training set-validation set 

method was nearly identical to the classification of these cases by LOOCV. Specifically, the 

predictor successfully classified 100% of the cases of classic BL and atypical BL, ABC DLBCL 

and PMBL. Among the 41 cases of GCB DLBCL, there was 1 case that was classified as BL by 

the training set-validation set method but was classified as DLBCL by LOOCV. This case was 

unusual in that it had a MYC translocation and an intermediate probability of being DLBCL 

using LOOCV (rightmost sample in Figure 2B). 

Among the remainder of the lymphoma cases depicted in Figure 1D, the training set-val-

idation set and LOOCV methods agreed in 34/35 cases. One case of DLBCL was predicted 

to be BL by the training set-validation set method but was classified as DLBCL by LOOCV. 

Notably, each of the 9 BL-discrepant cases were predicted to be BL by both methods. 

Thus, both methods of validation confirm that the BL predictor algorithm produces a 

classification that is in excellent concordance with the pathology standard diagnosis for 

cases of classic BL, atypical BL and DLBCL. We retained the LOOCV method in the paper 
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since it has been shown to minimize bias and provide a more accurate estimate of predictor 

accuracy, as mentioned above.

The lymphoma samples shown in Figure 1D were classified using a “full” BL-predictor 

algorithm based on all of the BL, ABC DLBCL, GCB DLBCL and PMBL cases in Figure 1C. For 

completeness, we also classified the Figure 1D samples using a BL-predictor created using 

only the training set of cases. The two classifications agreed in 34/35 cases, with only one 

case of DLBCL classified as BL by the training set BL-predictor and DLBCL by the full BL-

predictor. Notably, each of the 9 BL-discrepant cases were predicted to be BL by both the 

training set BL-predictor and the full BL-predictor.

survival analysis
The log-rank test was used to test association with survival in all cases. P-values reported 

are based on a 2-tailed test. Two-tailed t-tests were used to compute p-values for differ-

ences between groups based on gene expression.

selection of germinal-center B-cell signature genes
We began by comparing the whole genome-level gene expression profiles of B-cells de-

rived from germinal centers and peripheral blood. We profiled 3 samples of germinal center 

B-cells derived from tonsils of normal patients. In addition, we obtained six cases of periph-

eral blood resting B-cells derived from normal donors. Four of these cases were stimulated 

with anti-IgM and profiled for gene expression at 1 hour, 6 hours, 24 hours and 48 hours 

respectively. In addition, 7 multiple myeloma cell lines were profiled for gene expression 

(H113, JIM3, JJN3, KMS11, KMS12, LP84-1, LP1). We chose genes that were at least 1.5 

fold over-expressed in germinal center B-cells compared to peripheral blood derived B-cells 

in each pair-wise comparison (i.e. 18 individual comparisons). Of the 1269 genes thus iden-

tified, we eliminated the following genes related to proliferation:

1. Genes that were on average, 3-fold or higher over-expressed in highly proliferating 

multiple myeloma cell lines compared to resting B-cells and B-cells that had been 

stimulated with anti-IgM for 1 hour.

2. Genes that were overexpressed 2-fold or higher in the B-cell population stimulated 

with anti-IgM for 48 hours compared to the resting B-cells and B-cells stimulated with 

anti-IgM for 1 hour.

We also eliminated all immunoglobulin genes. In all, 477 genes remained after genes 

related to proliferation and immunoglobulin were excluded. This group of 477 genes was 

used for the remainder of analyses involving genes related to germinal center differentia-

tion. Genes from this group that were differentially expressed at least 2-fold (p<0.001) are 

shown as BL-High and BL-Low groups in Figure 3B. The remaining genes that are expressed 

equivalently in BL and DLBCL (BL=GCB) are also shown in Figure 3B.
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Predictor genes
There was considerable overlap between the genes that constitute the individual pair-

wise predictor. Thus, there were 196 unique genes used in stage 2 of the model, which 

along with the 21 c-myc target genes used in stage 1 (total 217 genes), comprise the gene 

expression based predictor of BL. The 217 unique genes that constitute the 3 pair-wise pre-

dictors are shown in Suwpplemental Table 2. The t-statistic for each pair-wise comparison 

between BL and subgroups of DLBCL is shown. A t-statistic of zero indicates a gene that 

was not used in the particular pairwise distinction.

supplemental Table 2. Genes that distinguish Burkitt lymphoma from diffuse large B-cell lymphoma.

Unigene 

175.ID 

Unigene 

175.Name 

Gene Description Predictor 

Gene 

Group 

ABC.

T.Statistic 

GCB.

T.statistic 

PMBL.

T.statistic 

78202 SMARCA4 SWI/SNF related, matrix associated, 

actin dependent regulator of 

chromatin, subfamily a, member 4 

Standard 28.1174 14.4629 16.7299 

435982 FLJ10407 Hypothetical protein FLJ10407 Standard 21.8611 12.4749 18.6611 

21379 C9orf45 Chromosome 9 open reading 

frame 45 

Standard 19.8533 13.7789 19.2854 

6150 ARHGEF18 Rho/rac guanine nucleotide 

exchange factor (GEF) 18 

Standard 22.0527 11.433 15.3188 

294083 C14orf87 Chromosome 14 open reading 

frame 87 

Standard 16.9288 14.8404 15.2949 

23642 HSU79266 Protein predicted by clone 23627 Standard 18.1323 14.1477 14.7181 

153752 CDC25B Cell division cycle 25B Standard 16.33 16.2653 13.3162 

434489 FLJ90013 Hypothetical protein FLJ90013 Standard 17.291 13.0901 14.0048 

35962 C6orf173 CDNA clone IMAGE:4452583, 

partial cds 

Standard 15.5952 11.7986 16.7411 

330418 MAZ MYC-associated zinc finger protein 

(purine-binding transcription factor) 

Standard 14.2774 13.4736 16.1164 

115474 RFC3 Replication factor C (activator 1) 

3, 38kDa 

Standard 14.2791 11.3598 17.1697 

508741 C5orf13 Chromosome 5 open reading 

frame 13 

Standard 14.0215 13.7895 14.6224 

140309 LOC90378 Atherin Standard 13.6958 12.1935 16.2546 

76640 RGC32 Response gene to complement 32 Standard 18.9399 0 17.7098 

106880 BYSL Bystin-like Standard 0 12.8401 18.936 

248746 HNRPAB Heterogeneous nuclear 

ribonucleoprotein A/B 

Standard 0 12.6069 18.9565 

422662 VRK1 Vaccinia related kinase 1 Standard 14.9574 0 16.2123 

83765 DHFR Dihydrofolate reductase Standard 14.6636 0 16.4975 

409965 PNN Pinin, desmosome associated 

protein 

Standard 15.1432 0 15.9382 
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175.ID 

Unigene 

175.Name 

Gene Description Predictor 

Gene 

Group 

ABC.

T.Statistic 

GCB.

T.statistic 

PMBL.

T.statistic 

76884 ID3 Inhibitor of DNA binding 3, 

dominant negative helix-loop-helix 

protein 

Standard 0 15.2394 15.7773 

110457 WHSC1 Wolf-Hirschhorn syndrome 

candidate 1 

Standard 0 11.4508 19.5031 

287659 STRBP Spermatid perinuclear RNA binding 

protein 

Standard 15.974 0 14.7318 

433574 RBM9 RNA binding motif protein 9 Standard 16.5221 13.384 0 

82563 KIAA0153 KIAA0153 protein Standard 0 12.9495 16.8164 

166463 HNRPU Heterogeneous nuclear 

ribonucleoprotein U (scaffold 

attachment factor A) 

Standard 15.3601 14.0046 0 

24763 RANBP1 RAN binding protein 1 Standard 0 11.7794 17.4088 

27258 SIP Siah-interacting protein Standard 0 14.85 14.0619 

28853 CDC7 CDC7 cell division cycle 7 (S. 

cerevisiae) 

Standard 0 11.173 17.1555 

438749 GJA7 Gap junction protein, alpha 7, 

45kDa (connexin 45) 

Standard 0 11.154 16.7226 

69476 FAM33A Family with sequence similarity 33, 

member A 

Standard 15.9187 11.2443 0 

445098 DEPDC1 DEP domain containing 1 Standard 13.3121 0 13.8271 

6799 FLJ38426 Hypothetical protein FLJ38426 Standard 0 11.8949 15.2081 

283734 MRPL47 Mitochondrial ribosomal protein L47 Standard 0 11.6274 14.7305 

21331 FLJ10036 Zwilch Standard 13.1127 12.6316 0 

108112 POLE3 Polymerase (DNA directed), epsilon 

3 (p17 subunit) 

Standard 0 11.1718 14.5355 

2484 TCL1A T-cell leukemia/lymphoma 1A Standard 0 0 25.4438 

4854 CDKN2C Cyclin-dependent kinase inhibitor 

2C (p18, inhibits CDK4) 

Standard 13.9129 11.325 0 

445977 GTF3A General transcription factor IIIA Standard 0 11.2934 13.8258 

413071 C13orf18 Chromosome 13 open reading 

frame 18 

Standard 0 11.4317 13.4647 

445043 SLC35E3 Solute carrier family 35, member E3 Standard 21.6439 0 0 

152207 SSBP2 Single-stranded DNA binding 

protein 2 

Standard 18.4351 0 0 

84753 FLJ12442 Hypothetical protein FLJ12442 Standard 0 0 17.254 

35120 RFC4 Replication factor C (activator 1) 

4, 37kDa 

Standard 0 0 16.9635 

266331 FREB Fc receptor homolog expressed in 

B cells 

Standard 0 0 16.9475 

234896 GMNN Geminin, DNA replication inhibitor Standard 0 0 16.6049 

80305 ARHGAP19 Rho GTPase activating protein 19 Standard 0 0 16.4212 
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Unigene 

175.ID 

Unigene 

175.Name 

Gene Description Predictor 

Gene 

Group 

ABC.

T.Statistic 

GCB.

T.statistic 

PMBL.

T.statistic 

528654 FLJ11029 Hypothetical protein FLJ11029 Standard 0 0 16.126 

488562 AUTS2 Autism susceptibility candidate 2 Standard 15.9582 0 0 

120197 PPP1R14B Protein phosphatase 1, regulatory 

(inhibitor) subunit 14B 

Standard 0 0 15.9228 

96731 HIP1R Huntingtin interacting protein-1-

related 

Standard 15.481 0 0 

9691 GNA13 Guanine nucleotide binding protein 

(G protein), alpha 13

Standard 15.4632 0 0 

300592 MYBL1 V-myb myeloblastosis viral oncogene 

homolog (avian)-like 1 

Standard 15.4351 0 0 

350966 PTTG1 Pituitary tumor-transforming 1 Standard 15.3593 0 0 

170195 BMP7 Bone morphogenetic protein 7 

(osteogenic protein 1) 

Standard 15.1714 0 0 

408264 FLJ36166 Hypothetical protein FLJ36166 Standard 0 0 15.155 

25892 LOC285958 Hypothetical protein LOC285958 Standard 0 0 15.1193 

199695 MAC30 Hypothetical protein MAC30 Standard 0 0 15.0501 

374378 CKS1B CDC28 protein kinase regulatory 

subunit 1B 

Standard 0 0 14.9787 

77515 ITPR3 Inositol 1,4,5- triphosphate 

receptor, type 3

Standard 0 0 14.9705 

445052 MSH6 MutS homolog 6 (E. coli) Standard 14.9496 0 0 

446393 CPSF5 Cleavage and polyadenylation 

specific factor 5, 25 kDa 

Standard 0 0 14.8736 

413636 NUP205 Nucleoporin 205kDa Standard 0 0 14.8113 

445084 MPHOSPH9 M-phase phosphoprotein 9 Standard 0 0 14.6481 

22370 NEXN Nexilin (F actin binding protein) Standard 0 0 14.6476 

283707 ALS2CR13 Amyotrophic lateral sclerosis 2 

(juvenile) chromosome region, 

candidate 13 

Standard 0 0 14.5998 

404501 CDC2L5 Cell division cycle 2-like 5 

(cholinesterase-related cell division 

controller) 

Standard 14.5419 0 0 

334562 CDC2 Cell division cycle 2, G1 to S and 

G2 to M 

Standard 0 0 14.498 

103305 CBX2 Chromobox homolog 2 (Pc class 

homolog, Drosophila) 

Standard 0 0 14.4727 

367676 DUT DUTP pyrophosphatase Standard 0 0 14.4087 

75447 RALBP1 RalA binding protein 1 Standard 0 0 14.112 

88414 BACH2 BTB and CNC homology 1, basic 

leucine zipper transcription factor 2

Standard 0 0 14.0758 

438482 PWDMP WD repeat membrane protein 

PWDMP 

Standard 14.0542 0 0 
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GCB.
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T.statistic 

177584 OXCT1 3-oxoacid CoA transferase 1 Standard 0 0 13.8323 

169840 TTK TTK protein kinase Standard 0 0 13.8024 

407995 MIF Macrophage migration inhibitory 

factor (glycosylation-inhibiting 

factor) 

Standard 0 0 13.6466 

405958 CDC6 CDC6 cell division cycle 6 homolog 

(S. cerevisiae) 

Standard 0 0 13.5935 

65578 AA778249 Transcribed locus Standard 13.568 0 0 

259047 MME Membrane metallo- endopeptidase 

(neutral endopeptidase, 

enkephalinase, CALLA, CD10)

Standard 13.5499 0 0 

368256 LTBP1 Latent transforming growth factor 

beta binding protein 1 

Standard 13.5348 0 0 

95577 CDK4 Cyclin-dependent kinase 4 Standard 0 0 13.4745 

396393 UBE2S Ubiquitin-conjugating enzyme E2S Standard 0 0 13.3016 

194698 CCNB2 Cyclin B2 Standard 13.1684 0 0 

89499 ALOX5 Arachidonate 5- lipoxygenase Standard 13.092 0 0 

38044 DKFZP564M0 

82 

DKFZP564M082 protein Standard 13.0458 0 0 

102506 EIF2AK3 Eukaryotic translation initiation 

factor 2-alpha kinase 3 

Standard 13.0343 0 0 

136713 VPREB3 Pre-B lymphocyte gene 3 Standard 12.9836 0 0 

390428 MAP3K4 Mitogen-activated protein kinase 

kinase kinase 4 

Standard 0 12.7295 0 

253536 TOP1 Topoisomerase (DNA) I Standard 0 12.6788 0 

382044 MRPS2 Mitochondrial ribosomal protein S2 Standard 0 12.1852 0 

371282 TCF3 Transcription factor 3 (E2A 

immunoglobulin enhancer binding 

factors E12/E47) 

Standard 0 12.1148 0 

333427 8D6A 8D6 antigen Standard 0 12.0421 0 

440776 AI768374 CDNA FLJ11489 fis, clone 

HEMBA1001915

Standard 0 11.5005 0 

518960 NUDT6 Nudix (nucleoside diphosphate 

linked moiety X)-type motif 6 

Standard 0 11.3597 0 

11747 YTHDF1 YTH domain family 1 Standard 0 11.2841 0 

57898 RG9MTD1 RNA (guanine-9-) methyltransferase 

domain containing 1 

Standard 0 11.2764 0 

434901 SNRPA1 Small nuclear ribonucleoprotein 

polypeptide A’

Standard 0 11.03 0 

424542 IRAK2 Interleukin-1 receptor-associated 

kinase 2 

Standard 0 -11.0137 0 
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175.Name 

Gene Description Predictor 

Gene 
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ABC.

T.Statistic 

GCB.

T.statistic 

PMBL.

T.statistic 

434374 JAK2 Janus kinase 2 (a protein tyrosine 

kinase) 

Standard 0 -11.1058 0 

380627 CKLFSF6 Chemokine-like factor super family 6 Standard 0 -11.1458 0 

65135 KIAA0913 KIAA0913 Standard 0 -11.1495 0 

84 IL2RG Interleukin 2 receptor, gamma 

(severe combined immunodeficiency)

Standard 0 -11.2004 0 

437023 NUP62 Nucleoporin 62kDa Standard 0 -11.2952 0 

371468 CCND1 Cyclin D1 (PRAD1: parathyroid 

adenomatosis 1) 

Standard 0 -11.333 0 

444310 CD83 CD83 antigen (activated B 

lymphocytes, immunoglobulin 

superfamily) 

Standard 0 -11.474 0 

AW188362 AW188362 Standard 0 -11.5845 0 

441129 KIAA0963 KIAA0963 Standard 0 -11.6089 0 

198252 CXCR3 Chemokine (C-X-C motif) receptor 

3 

Standard 0 -11.8515 0 

371916 FCRH3 Fc receptor-like protein 3 Standard 0 -11.8983 0 

BQ026237 BQ026237 Standard 0 -12.0384 0 

296323 SGK Serum/glucocorticoid regulated 

kinase 

Standard 0 -12.4097 0 

111805 TLR1 Toll-like receptor 1 Standard 0 -12.6373 0 

411958 HLA-F Major histocompatibility complex, 

class I, F 

Standard 0 -12.7624 0 

75626 CD58 CD58 antigen, (lymphocyte 

function-associated antigen 3) 

Standard 0 -12.9483 0 

35052 TEGT Testis enhanced gene transcript 

(BAX inhibitor 1) 

Standard 0 -12.9549 0 

170359 IL16 Interleukin 16 (lymphocyte 

chemoattractant factor)

Standard -13.015 0 0 

415117 SIAT9 Sialyltransferase 9 (CMP-

NeuAc:lactosylceramide alpha-2,3-

sialyltransferase; GM3 synthase) 

Standard -13.0395 0 0 

83077 IL18 Interleukin 18 (interferon-gamma-

inducing factor)

Standard 0 -13.115 0 

81170 PIM1 Pim-1 oncogene Standard -13.1272 0 0 

193370 LIMD1 LIM domains containing 1 Standard -13.1901 0 0 

519033 TLR2 Toll-like receptor 2 Standard 0 -13.2285 0 

137569 TP73L Tumor protein p73-like Standard 0 0 -13.3151 

62264 DTX4 Deltex 4 homolog (Drosophila) Standard -13.3561 0 0 

454906 GGT2 Gamma- glutamyltransferase 2 Standard -13.3791 0 0 

97411 C6orf105 Chromosome 6 open reading frame 

105 

Standard -13.3983 0 0 
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430124 CASP8 Caspase 8, apoptosis-related 

cysteine protease 

Standard -13.4581 0 0 

504035 IL10RA Interleukin 10 receptor, alpha Standard -13.5639 0 0 

119878 FLJ34389 Hypothetical protein FLJ34389 Standard -13.5759 0 0 

18166 KIAA0870 KIAA0870 protein Standard 0 0 -13.631 

375957 ITGB2 Integrin, beta 2 (antigen CD18 

(p95), lymphocyte function-

associated antigen 1; macrophage 

antigen 1 (mac-1) beta subunit)

Standard 0 -13.6789 0 

504816 TNFRSF5 Tumor necrosis factor receptor 

superfamily, member 5

Standard 0 0 -13.8978 

381008 HLA-E Major histocompatibility complex, 

class I, E 

Standard 0 -13.9441 0 

352119 GGT1 Gamma- glutamyltransferase 1 Standard 0 0 -13.9732 

414362 CYB5R2 Cytochrome b5 reductase b5R.2 Standard -13.9897 0 0 

446304 RIN2 Ras and Rab interactor 2 Standard 0 0 -14.0644 

163242 AI870547 Transcribed locus Standard -14.1615 0 0 

21126 DOCK10 Dedicator of cytokinesis 10 Standard -14.1914 0 0 

378738 AHNAK AHNAK nucleoprotein (desmoyokin) Standard -14.3093 0 0 

104717 CYLN2 Cytoplasmic linker 2 Standard 0 0 -14.4721 

256278 TNFRSF1B Tumor necrosis factor receptor 

superfamily, member 1B

Standard -14.493 0 0 

418004 PTPN1 Protein tyrosine phosphatase, non-

receptor type 1 

Standard -14.5777 0 0 

221811 RASGRF1 Hypothetical protein LOC145899 Standard -14.6817 0 0 

140489 AA768884 CDNA FLJ25559 fis, clone 

JTH02834

Standard -14.7261 0 0 

66742 CCL17 Chemokine (C-C motif) ligand 17 Standard 0 0 -15.0851 

80205 PIM2 Pim-2 oncogene Standard -15.3599 0 0 

15827 SNX11 Sorting nexin 11 Standard 0 0 -15.5067 

75367 SLA Src-like-adaptor Standard -15.7066 0 0 

429658 CLN2 Ceroid-lipofuscinosis, neuronal 2, 

late infantile (Jansky-Bielschowsky 

disease)  

Standard 0 -15.7146 0 

4750 DKFZP564K0 

822 

Hypothetical protein 

DKFZp564K0822 

Standard -15.9112 0 0 

488173 MGC7036 Hypothetical protein MGC7036 Standard -15.9939 0 0 

166254 VMP1 Likely ortholog of rat vacuole 

membrane protein 1

Standard -16.1178 0 0 

437385 FLJ10420 Hypothetical protein FLJ10420 Standard 0 0 -16.3979 

223474 TRAF1 TNF receptor-associated factor 1 Standard 0 0 -16.5698 
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26608 C20orf100 Chromosome 20 open reading 

frame 100 

Standard -17.0395 0 0 

458324 PTGIR Prostaglandin I2 (prostacyclin) 

receptor (IP) 

Standard 0 0 -17.1389 

390476 MAIL Molecule possessing ankyrin repeats 

induced by lipopolysaccharide 

(MAIL), homolog of mouse 

Standard -17.4523 0 0 

115325 RAB7L1 RAB7, member RAS oncogene 

family-like 1

Standard -17.6431 0 0 

444105 ENTPD1 Ectonucleoside triphosphate 

diphosphohydrolase 1

Standard -17.7256 0 0 

443441 HCK Hemopoietic cell kinase Standard -18.2505 0 0 

283961 GNG8 Guanine nucleotide binding protein 

(G protein), gamma 8

Standard 0 0 -18.6773 

170843 AI654547 Transcribed locus Standard -13.7882 -11.3404 0 

434961 ATXN1 Ataxin 1 Standard 0 -11.4474 -14.2069 

387871 TNFSF10 Tumor necrosis factor (ligand) 

superfamily, member 10 

Standard -14.1868 -11.6311 0 

179089 DKFZp434H2 

111 

Hypothetical protein 

DKFZp434H2111 

Standard -14.6568 -11.3317 0 

512152 HLA-G HLA-G histocompatibility antigen, 

class I, G

Standard 0 -12.5256 -13.6461 

535985 M80469 Transcribed locus, moderately 

similar to NP_002107.3 major 

histocompatibility complex, class I, 

A [Homo sapiens]

Standard 0 -12.5734 -13.7568 

193400 IL6R Interleukin 6 receptor Standard -13.896 -12.4426 0 

163725 LOC153222 Adult retina protein Standard -13.7209 -12.8149 0 

114931 CTSH Cathepsin H Standard -13.6474 -13.2683 0 

2488 LCP2 Lymphocyte cytosolic protein 2 

(SH2 domain containing leukocyte 

protein of 76kDa) 

Standard 0 -12.0833 -14.9894 

440165 ATP6V0E ATPase, H+ transporting, lysosomal 

9kDa, V0 subunit e

Standard -13.7933 -14.172 0 

433506 ARPC1B Actin related protein 2/3 complex, 

subunit 1B, 41kDa 

Standard -15.5645 -12.8465 0 

1652 CCR7 Chemokine (C-C motif) receptor 7 Standard -14.1644 0 -14.835 

444471 KYNU Kynureninase (L-kynurenine 

hydrolase) 

Standard 0 -11.3743 -18.2915 

32970 SLAMF1 Signaling lymphocytic activation 

molecule family member 1

Standard 0 -11.5437 -18.1494 

132739 HIC I-mfa domain-containing protein Standard -17.1732 -12.5813 0 
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212169 CDGAP KIAA1204 protein Standard -16.3065 0 -13.5999 

82359 TNFRSF6 Tumor necrosis factor receptor 

superfamily, member 6

Standard 0 -11.8949 -18.3732 

210387 JAK3 Janus kinase 3 (a protein tyrosine 

kinase, leukocyte) 

Standard -15.8258 -15.5663 0 

41691 BATF Basic leucine zipper transcription 

factor, ATF-like 

Standard -22.5944 -11.3984 0 

283063 LMO2 LIM domain only 2 (rhombotin-

like 1) 

Standard 0 -18.0737 -19.9074 

515126 ICAM1 Intercellular adhesion molecule 1 

(CD54), human rhinovirus receptor

Standard -13.436 -12.748 -13.9145 

153563 LY75 Lymphocyte antigen 75 Standard -13.2327 -12.1562 -16.0774 

81328 NFKBIA Nuclear factor of kappa light 

polypeptide gene enhancer in 

B-cells inhibitor, alpha

Standard -14.1343 -11.7082 -15.7313 

62919 SNFT Jun dimerization protein p21SNFT Standard -14.0815 -11.151 -16.4483 

211600 TNFAIP3 Tumor necrosis factor, alpha-

induced protein 3

Standard -14.6042 -12.8813 -15.3668 

440808 FNBP1 Formin binding protein 1 Standard -15.729 -14.02 -13.5184 

355724 CFLAR CASP8 and FADD-like apoptosis 

regulator

Standard -17.9956 -12.8148 -14.057 

432453 MAP3K8 Mitogen-activated protein kinase 

kinase kinase 8 

Standard -16.7691 -13.4108 -15.623 

170087 AHR Aryl hydrocarbon receptor Standard -18.4371 -13.5226 -15.1808 

306278 CD44 CD44 antigen (homing function 

and Indian blood group system)

Standard -19.8998 -13.3365 -14.4344 

534007 TICAM2 Toll-like receptor adaptor molecule 

2 

Standard -19.5849 -11.7842 -16.7622 

221851 SAMSN1 SAM domain, SH3 domain and 

nuclear localisation signals, 1

Standard -15.2832 -13.5199 -20.695 

388313 BIC BIC transcript Standard -24.9273 -12.9335 -14.866 

501452 EBI3 Epstein-Barr virus induced gene 3 Standard -22.8331 -14.7374 -15.904 

421342 STAT3 Signal transducer and activator 

of transcription 3 (acute-phase 

response factor) 

Standard -23.5154 -20.1203 -15.3981 

227817 BCL2A1 BCL2-related protein A1 Standard -25.3958 -16.6216 -20.2644 

439911 TERT Telomerase reverse transcriptase Myc 18.2601 15.0252 18.1267 

344524 DLEU1 Deleted in lymphocytic leukemia, 1 Myc 12.1091 16.2384 21.6805 

202453 MYC V-myc myelocytomatosis viral 

oncogene homolog (avian) 

Myc 10.9943 14.3164 18.3121 

89525 HDGF Hepatoma-derived growth factor 

(high-mobility group protein 1-like) 

Myc 14.8262 13.7216 12.65 
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436187 TRIP13 Thyroid hormone receptor 

interactor 13 

Myc 10.4744 11.1117 17.375 

36708 BUB1B BUB1 budding uninhibited by 

benzimidazoles 1 homolog beta 

(yeast)

Myc 10.8691 12.5521 15.0914 

309763 GRSF1 G-rich RNA sequence binding 

factor 1 

Myc 14.772 12.5209 11.1628 

313544 NS Nucleostemin Myc 6.8203 13.8432 17.7487 

223745 MATR3 Matrin 3 Myc 14.6811 12.6358 10.7159 

182490 LRPPRC Leucine-rich PPR-motif containing Myc 11.2021 11.9728 14.2619 

180610 SFPQ Splicing factor proline/glutamine 

rich (polypyrimidine tract binding 

protein associated)

Myc 10.6432 11.5053 15.2709 

369358 SRPK1 SFRS protein kinase 1 Myc 9.4894 9.9563 16.4251 

376064 NOL5A Nucleolar protein 5A (56kDa with 

KKE/D repeat) 

Myc 10.3002 11.5203 12.9299 

3352 HDAC2 Histone deacetylase 2 Myc 11.2897 11.3379 11.8413 

434102 HMGB1 High-mobility group box 1 Myc 9.7273 6.4502 10.4497 

413901 MAPKAPK5 Mitogen-activated protein kinase-

activated protein kinase 5 

Myc 8.3551 7.2907 9.3318 

458360 UCK2 Uridine-cytidine kinase 2 Myc 4.5269 8.7937 11.3086 

180034 CSTF3 Hypothetical protein LOC283267 Myc 4.9454 9.0909 8.5161 

75514 NP Nucleoside phosphorylase Myc 1.9979 8.2673 9.3723 

268849 GLO1 Glyoxalase I Myc 1.4733 7.8421 9.6107 

75337 NOLC1 Nucleolar and coiled-body 

phosphoprotein 1 

Myc 2.4863 7.4429 8.8789 
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