PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2007 March 21; 13(11): 1737-1742
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Construction and analysis of tree models for chromosomal
classification of diffuse large B-cell lymphomas

Hui-Yong Jiang, Zhong-Xi Huang, Xue-Feng Zhang, Richard Desper, Tong Zhao

Hui-Yong Jiang, Xue-Feng Zhang, Department of General
Surgery, General Hospital of Shenyang Military Region, Shenyang
110016, Liaoning Province, China

Zhong-Xi Huang, Tong Zhao, Department of Pathology,
Nanfang Hospital, Southern Medical University, Guangzhou
510515, Guangdong Province, China

Richard Desper, Department of Biology, University College
London, Darwin Building, Gower Street, London, WC1E 6BT,
United Kingdom

Supported by Science and Technology Project of Guangzhou,
No. 2002Z3-E4016; No. B30101, China

Co-correspondence to: Tong Zhao

Correspondence to: Richard Desper, Department of Biology,
University College London, Gower Street, London WCIE 6BT,
United Kingdom. r.desper@ucl.ac.uk

Telephone: +86-20-62787274 Fax: +86-20-61642381

Received: 2006-11-23 Accepted: 2007-03-15

Abstract

AIM: To construct tree models for classification of
diffuse large B-cell lymphomas (DLBCL) by chromosome
copy numbers, to compare them with cDNA microarray
classification, and to explore models of multi-gene,
multi-step and multi-pathway processes of DLBCL
tumorigenesis.

METHODS: Maximum-weight branching and distance-
based models were constructed based on the
comparative genomic hybridization (CGH) data of 123
DLBCL samples using the established methods and
software of Desper et a/. A maximum likelihood tree
model was also used to analyze the data. By comparing
with the results reported in literature, values of tree
models in the classification of DLBCL were elucidated.

RESULTS: Both the branching and the distance-based
trees classified DLBCL into three groups. We combined
the classification methods of the two models and
classified DLBCL into three categories according to their
characteristics. The first group was marked by +Xq,
+Xp, -17p and +13q; the second group by +3qg, +18q
and +18p; and the third group was marked by -6q and
+6p. This chromosomal classification was consistent with
cDNA classification. It indicated that -6q and +3q were
two main events in the tumorigenesis of lymphoma.

CONCLUSION: Tree models of lymphoma established
from CGH data can be used in the classification of
DLBCL. These models can suggest multi-gene, multi-
step and multi-pathway processes of tumorigenesis.
Two pathways, -6q preceding +6q and +3q preceding

+18q, may be important in understanding tumorigenesis
of DLBCL. The pathway, -6q preceding +6q, may have
a close relationship with the tumorigenesis of non-GCB
DLBCL.
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INTRODUCTION

Evidence has indicated that tumorigenesis is a multi-
step process in humans. It is believed that genetic
alterations occur in tumor genomes at multiple locations
progressively from subtle mutations to alterations of entire
chromosomes. Desper ef al"! have proposed tree models
to define multi-step and multi-pathway processes of
tumorigenesis based on analysis of comparative genomic
hybridization (CGH) data of chromosome alterations.
These methods have been applied successfully on several
tumors. However, to our knowledge, there has been no
report about tree models of diffuse large B-cell lymphoma
(DLBCL). DLBCL is the most common type of malignant
lymphoma, accounting for approximately 30%-59%""
in adult NHL. By establishing tree models, we have tried
to classify DLBCL using chromosome copy number
alterations, and explored the multi-gene, multi-step and
multi-pathway processes of DLBCL tumorigenesis.

Based on the differences of gene expression profiles,
DLBCL can be divided into two classes: germinal center
B-cell-like (GCB) and non-GCB. The latter class includes
activated B-cell-like (ABC) and type 3 lymphomas. The
prognosis of the CGB subtype is better than non-GCB™,
We compared the tree model classification of DLBCL
using chromosome copy number alterations with a
classification by gene expression profiling;

MATERIALS AND METHODS

Materials
CGH data published in four previous studies were
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analyzed. The selection criteria are as follows: (1) all the
specimens are primary tumors; (2) all the specimens
were fresh frozen tissues; and (3) a normal ratio range of
chromosome fluorescence signal (0.8-0.85, 1.15-1.25) was
predefined. CGH data of 173 DLBCL cases' " from these
studies were collected, including 138 cases of primary
tumors. Karnan ¢z a/” analyzed 26 cases of CD5+ and 44
cases of CD5- tumors. CD5+ tumors covered 10%-20%
of DLBCL. We randomly selected 11 cases of CD5+
tumors and 44 cases of CD5- tumors so as to make the
proportions of the data reflect the real status. We collected
123 cases of CGH data, of which 116 had chromosome
abnormalities.

Selection of nonrandom events

Chromosomal alteration data of various regions of the
genome were recorded according to chromosome arms.
Abnormalities from chromosomes 19, 22 and Y, and
chromosomal arms 1p, 13p, 14p, 15p, 16p and 21p, were
excluded because of the high false positive rates in GCH
analysis. We used the established method of Brodeur ez al™
to select nonrandom events. This method presumes a prior
probability distribution, whereby the gains and losses of
cach overlap region occur independently with individual
probabilities proportional to the lengths of the various
chromosome arms. Random simulations were used to
generate 10000 replicates of the distribution. For each
replicate, a score was computed, relating each event to its
prior probability, and the maximal scores were recorded
for each event. Scores were also computed for each of
the events in the data set, and an event was considered
nonrandom if its score in the real data exceeded the 95th
percentile of the 10000 maximal scores from the random
replicates.

Maximum-weight branching models

Desper ¢ al'? proposed the construction of a tree model
of oncogenesis based on a computational technique known
as maximum-weight branching, and we refer to the models
based on this method as “maximum-weight branching tree
models”. A model of this type introduces an artificial node
to root the branching (an event occurs in all samples),
and the hereditary events are represented by the other
nodes of the branching. An edge (i, j) in a tree model
represents a probabilistic cause-and-effect relationship
between a pair of events: the occurrence of event i makes
the occurrence of j more likely. The branching tree model
is a generalization of the Vogelstein path model. A tree
model allows multiple edges to come from each node
representing different possible pathways for oncogenesis
while a path model only has one edge from each node. In
the branching construction process, edges were included
into the model tree based on a weight function which takes
into account the number of occurrences of each event and
the number of co-occurrences of each pair of events. The
weight function used is w, =log p, —log(p, + p,)~log p,,
where P, is the observed probability of event i, ﬁj is the
observed probability of event j, and ﬁ,»jis the observed
probability of the co-occurrence of events i and j in the
same tumor.
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Desper ¢ al" found that, under plausible assumptions
about the stochastic process of oncogenesis and with
enough samples, the tree produced by the maximum
weight branching method converges to the correct tree
model. Although in practice we generally do not have
enough tumor samples for the convergence result, we
would still expect that the maximum weight branching
tree is correct in most of the edges. We used the program
oncotrees designed by Desper to establish the maximum-
weight branching and the associated tree models.

Distance-based trees

In addition to the maximum-weight branchings, Desper
et al! constructed tree models of oncogenesis using
methods borrowed from the field of phylogenetics. They
are known generally as distance methods, since cach
branch in the tree has a length assigned to it derived from
the relative probabilities of the nodes on the edge. A
distance-based tree model regards all the events as leaves
of a tree, while the internal nodes of the tree represent
latent and unknown events. This approach is similar to the
techniques used in the construction of phylogenetic tree
models, which regard the known species as leaves while
the inferred common ancestors are represented by internal
nodes. In the figures showing distance trees, the horizontal
distance of each edge is proportional to its distance.

The first step in the construction of such a tree is to
define a distance matrix on the set of events (including the
artificial “root” event in each sample). Given two events i
and j, the distance between event i and event j was set to:

d(i,j)=-2logp, +log p, +log p,

where p, p; and p, are defined as in the previous section.
Next, established phylogenctic algorithms were used to
search the space of possible trees to find a tree whose
associated metric fits best the input matrix.

The algorithms used included the programs Fitch!"!
and Neighborm from the PHYLIP package (3.5¢ edition),
and the minimum evolution software FastME!"". The
results were further optimized using dynamic programs.
The resulting models may provide a statistically robust
answer to the basic questions: (a) Which is the eatly event?
Those events are near the root; (b) Which event(s) marks
subclasses of tumors? Those events cluster together in
subtrees.

We also used a resampling method to test the
persistence of the classification signal measured by the
distance methods. We resampled the data by including each
tumor in each replicate with probability 0.5, with all choices
across tumors and replicates being made independently.
This sampling was done without replacement, and did
not guarantee the resulting sample size. Fach resampling
produces a subset of the tumors containing approximately
half the original set. We performed the distance analysis on
cach subset, producing a distance tree for cach replicate.
We then used the PHYLIP program consense to form a
consensus tree.

Likelihood trees
We applied the method of von Heydebreak ez al'” to find



Jiang HY et a/. Models for DLBCL

1739

-17p
——————————>+13q
+Xq
+Xp
Root > > > +18p
+3q +18q
—>+6p
-6q
Figure 1 Branching for small clique.
+18p

| +3q

+Xq

—-17p
+18q
+13q
+6q
Root
—— +Xp
-6q

Figure 3 Maximum likelihood tree.

the maximum likelithood oncogenetic tree model for the
data. The tree search method has been implemented as a
software package for the statistical programming language
R. The method uses a heuristic to search across topologies,
secking to maximize the likelihood of the data, given the
tree topology and parameters. If the data is generated by
an oncogenetic tree process, the resulting tree should be
similar or identical to the tree produced by the distance
methods.

RESULTS

Gains in DLBCL by CGH were most often seen on
chromosome arms Xq (46.6%), Xp (44%), 3q (28.4%), 18q
(27.6%), 1q (25%), 13q (21.6%), 12q (20.7%), 7q (19.8%),
3p (18.1%), 6p (18.1%), 7p (17.2%), 12p (15.5%), 11q
(15.5%), 5q (14.7%), 9p (14.7%), 5p (8.6%), 2p (8.6%), 18p
(7.8%) Losses were most often seen at 17p (36.2%), 6q
(25.9%), 9q (15.5%), 8p (13.8%). It is common to model
the occurrence of random chromosomal aberrations as
chance events that happen with equal likelihood at any
point in the genome. Thus, because the probability of
a random aberration on a chromosome is related to its
length, we conclude that the events most often seen in
DILBCIL were not all nonrandom events. The method of
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Figure 2 Consensus distance tree.

Brodeur ef al'" was used to select the following thirteen
events as nonrandom in DLBCL cases: -6q, -8p, -17p, +3q,
+6p, +7p, +9p, +12p, +13q, +18p, +18q, +Xp and +Xq.
A plus symbol (+) indicates a gain of a chromosomal
region and a minus symbol (-) a loss. We further confined
our attention to non-random events, eliminating events
-8p, +7p, +9p and +12p, which occurred less than 20%
of the time. The gains +18p and +6p were retained to
examine their relationship to +18q and -6q, respectively.

Both the branching tree and the distance tree classified
DLBCL into subgroups. In branching tree (Figure 1), the
first group was marked by +Xq, +Xp, -17p and +13q;
the second group by +3q, +18q and +18p; and the third
group was marked by -6q and +06p. The distance tree
shows the same subdivisions (Figure 2), and an additional
classification is closely related between the second and
third groups. The values at the internal nodes represent
the number of replicates that contained the subtree to
the right of the node out of 100. Several subtrees have
respectably high numbers, especially the three subtrees
corresponding to pairs of events from the same respective
chromosomes, as well as the +3q/+18 subtree.

The likelihood tree (Figure 3) did not show this
classification. Curiously, the likelihood tree did not group
together the three pairs of events from the same respective
chromosomes. This absence suggests that the likelihood
tree should be kept as an indication that restraint is needed
for any conclusions by the high-weight branching and
the distance tree in stead of suggesting any alternative
hypothesis.

DISCUSSION

CGH"" and microarray'"” techniques can be applied to
examine the alterations and abnormalities throughout the
whole genome. In tumor cells, the abnormalities of various

chromosomes may tend to occur in certain orders, ot to
co-occur in certain groups, as suggested in Vogelstein’s"”!
linear path model. However, in late stage cancers,
abnormalities of chromosomes may occur extensively, and
many of these abnormalities appear to occur randomly
and independently from the progression of the cancers
because of the general phenomenon known as genome

instability. For these reasons, Desper ef al”" used the well-
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Figure 4 Distribution of genes in tree models used in molecular classification in
lymphoma by IHC. Diagram in upper left is the classification of DLBCL by IHC.
Adapted from Hans CP et al. Blood 2004; 103: 275-282.

known method of Brodeur ¢z a/'" to select abnormalities
of chromosomes that are associated with progression
of cancers, and developed two methods, distance-based
trees and branching trees, to determine the co-occurrence
relationships and the typical orders in which various
events occur. Tree models of the multi-step and multi-
pathway processes of oncogenesis were constructed based
on the individual and pairwise probabilities of events.
These methods have previously been used to construct
models for renal cell carcinoma™ breast cancer”",
bladder cancer™, and head-and-neck carcinomas™. Early
events and chromosomal classification of oncogenesis of
these carcinomas were analysed. Yin Z e a/*" established
tree models of chromosome arms of nasopharyngeal
carcinoma (NPC) and colorectal catcinoma. Based on the
models of chromosome arms, we'™” established the tree
models of chromosome “overlap regions”, analyzed CGH
data of NPC and constructed tree models of the multi-
step and multi-pathway process of NPC carcinogenesis,
and classified NPC based on CGH data. To date, there has
been no other established tree model of DLBCL.

With the development of gene chips, DLBCL study
at the molecular level has become a very active field since
2000. Alizadeh ef /™ first found that, using a cDNA
microarray, DLBCL can be divided into two prognostically
distinct subgroups: germinal center B-cell-like (GCB)
and activated B-cell-like (ABC) lymphomas. The GCB
subgroup has a significantly higher survival rate than the
ABC subgroup. Rosenwald e# 4/ found a third group
(Type 3) that had a poor outcome in a manner similat to
the ABC group according to statistical analysis. Another
study using an oligonucleotide array conducted by Shipp
et al® demonstrated that DLBCL could be divided
into 2 moleculatly distinct populations (cuted and fatal/
refractory). Although both fresh and frozen specimens
can be used to facilitate the extraction of enough RNA
in microarray detection, this technique cannot be applied
widely because of the high price of chips. Using the
cDNA microarray results as a gold standard, Hans ef a/”"
found that the expression of CD10, bel-6 and MUM1
could form a combination to divide cases of DLBCL into
GCB and non-GCB subgroups, with an outcome closely
related to prognosis.

Using the method of Desper ez a/'! | we have
established tree models of chromosomal classification
of DLBCL, which also divided DLBCL into three types.
Does the chromosomal classification relate to molecular
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classifications of DLBCL? We analyzed the distributions
of CD10 (39q25.1-q25.2), BCL-6(3q27) and MUM1
(6p25-p23) in tree models adopted by Hans e a/*” in
lymphoma classification (Figure 4).

In our study, chromosomal regions with the genes
(CD10 » MUM1 » BCL-6) crucial to the classification of
DLBCL are present in the tree model. 3q25.1-q25.2 and
3927, the corresponding chromosomal regions of CD10
and BCL-0, are in the second category of the tree model.
Chromosomal amplifications have characteristics of this
type. 6p, the chromosomal region of MUMI, is in the
third category. 6p showed amplification in this type. This
indicated that there was correlation between tree model
classifications and DLBCL subtypes.

Rosenwald ¢ a/*** selected three genes closely
correlated with Germinal-center B-cells using cDNA
chips. DLBCLs with high expressions of these genes had
better prognosis. They were bcl-6 (3q27) and the other
two gene clones: IMAGE clone 1334260 and IMAGE
clone 814622. Genes defined from the latter two clones
are named GCET1 and GCET2"", respectively. GCET1
is in chromosome 14q32 and GCET?2 is located in
chromosome 3q13.2. Though GCET1 is absent from the
tree models, the other two genes both correspond to the
second type in the chromosomal classification.

As indicated in both the branching and distance based
trees, -6q is an early event in DLBCL. But the correlation
between this chromosomal mutation and DLBCL is
rarely reported and needs further examination. Our tree
models seem to indicate that this chromosomal segment
is of some importance to the carcinogenesis of non-GCB
lymphoma. Detection of -6q may become a marker in
evaluating the prognosis of lymphoma.

Identification of regions of minimal cytogenetic
deletions (RCDs) has proven to be a useful predictor
of candidate tumor suppressor genes (IT'SGs). Cigudosa
et al" reported 11 RCDs in chromosomes 1, 3, 6, and 7,
and suggested that these regions contain candidate TSGs.
Chromosome 6 was the chromosome most frequently
deleted in their series. Offit ez a/™ proposed that deletions
of 6q are associated with a lower CR and survival rate. It is
widely believed that patients of non-GCB have a lower CR
and survival rate!”. The proposal that both deletions of 6q
and patients of non-GCB are associated with a lower CR
and survival rate is supported by the correlation between
-6q and type non-GCB.

In 1990, Vogelstein proposed a chain of four events in
colorectal carcinogenesis: first was the deletion of the fap
gene in chromosome 5q; second, the mutation of K-ras in
chromosome 12q; third, the deletion of the DCC (deleted
in colorectal carcinoma) gene in 18q; and lastly, the
mutation or deletion of p53 in chromosome 17p. Although
similar pathways have long been sought in other types
of tumors, such searches have been essentially fruitless
because of the difficulty in getting pathological materials
in each step. Our investigation suggests that deletions
of tumor suppressor genes resulting from deletions of
chromosome 6q may cause non-GCB DLBCL. As a result,
a search of this chromosomal region may be of great help
to find important lymphoma-related genes. Offit e al™
reached the same conclusion by karyotyping,
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By spectral karyotyping (SKY), Nanjangud] ez 2/
found that, gain of 3 (53%), 7q (65%), 18q21 (41%)
and loss of 6q11-13 (59%) were significantly more
frequent in DLBCL, suggesting that gain and/or loss
of genetic material might play a more proximal role in
the development of this tumor. By a tree model analysis,
we also found that +3q, +18q, -6q play some role in
the tumorigenesis of DLBCL. Tree models can indicate
successive relationships of these mutations. As a result, the
pathway of -6q preceding +6p may be important in non-
GCB. Further studies may identify tumor-related genes
involved in this pathway.

Recent research by Silvia Bea ¢ a/** indicated that
changes of gene copy numbers of DLBCL were related
to molecular subtypes. ABC-DLBCL had frequent trisomy
3, gains of 3q and 18q21-q22, and losses of 6q21-q22,
whereas GCB-DLBCL had frequent gains of 12q12, and
PMBCL had gains of 9p21-pter and 2p14-p16. Parallel
analysis of CGH alterations that -6q was regarded as
the characteristic criterion of non-GCB classification
was consistent with our tree model. Their results also
proved that +3q, +18q, -6q can be used as evidences in
DLBCL classification. Defects exist in the current tree
model classification based on chromosomal data. First,
the minimum units of classification are chromosome
arms. While the methods are amenable to a finer level
of resolution in the genome, such a step would require
considerably more data. Second, regions of loss or gains
with length less than 10Mbp are too small to be detected
by CGH. And third, gene aberrations caused by factors
such as mutations or translocations without copy number
changes cannot be detected. In the research of DLBCL,
decreased major histocompatibility class I (MHCII)
expression is associated with poor survival in diffuse large
B-cell lymphoma'. Lisa ¢z a/™ show that loss of MHCII
in diffuse large B-cell lymphoma is highly coordinated not
due to chromosomal deletions. As a result, classifications
of tree models are not totally consistent with molecular
classifications of DLBCL. Further experimental evidence
is needed to explore tree models in the classification of
chromosomal CGH data.
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Background

Desper et al have proposed tree models to define multi-step and multi-pathway
processes of tumorigenesis based on analysis of comparative genomic hybridiza-
tion (CGH) data of chromosome alterations. Diffuse large B-cell lymphoma (DL-
BCL) is the most common type of malignant lymphoma. Statistical data show that
DLBCL accounts for approximately 30%-59% in adult NHL. Recently, based on
differences of gene expression profiles, DLBCL can be divided into two classes:
germinal center B-cell-like (GCB) and non-GCB.

Research frontiers
Tree model methods have been applied successfully on several tumors, However,
tree models of DLBCL have not been reported.

Innovations and breakthroughs

The authors constructed tree models of DLBCL for classification by chromosome
copy numbers, to compare with cDNA microarray classification, and to explore
models of multi-gene, multi-step and multi-pathway process of DLBCL tumorigen-
esis, and found the tree models of lymphoma established from CGH data can be
used in the classification of DLBCL.

Applications

These models can suggest multi-gene, multi-step and multi-pathway processes
of tumorigenesis. Two pathways, -6q preceding +6q and +3q preceding +18q,
may be important in understanding tumorigenesis of DLBCL. The pathway, -6q
preceding +6q, may have a close relationship with the tumorigenesis of non-GCB
DLBCL. Tree modelling may be used in the classification for DLBCL.

Peer review

The authors constructed tree models of DLBCL for classification by chromosome
copy numbers. The classifications of tree models are not totally consistent with
molecular classifications of DLBCL. Further experimental evidence is needed
in order to explore the scientific entity of tree models in the classification of
chromosomal CGH.
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