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Meeting Report

Developmental Genetics and Childhood Cancer

AACR Special Conference in Cancer Research1

A major objective of cancer research is the achievement of
an understanding of the origin of cancer cells from normal cells.
This will presumably involve the recognition of perturbations
in the control of cell division and differentiation in specific cell
lineages. Considerable progress has been made in recent years
in identifying two classes of genes, oncogenes and antionco-

genes or tumor suppressor genes, that play key roles in this
control. However, this same progress has revealed new ques
tions about the mechanisms whereby mutations in these genes
disturb the kinetics of tissue proliferation and differentiation.
The purpose of this conference was to examine a specific group
of malignancies, those that occur in children, and such basic
cellular processes as the cell cycle and developmental pattern
formation that appear to be critical in their origin. In general,
the cancers of children can be more readily related to develop
mental processes than can those of adults; thus they seemed to
be a fitting group of neoplasia to discuss at such a conference.

Developmental Genetics of Childhood Cancer

In his introductory presentation, Alfred Knudson (Fox Chase
Cancer Center, Philadelphia, PA) noted that the cancers of
childhood are peculiar in that they are primarily of mesoderma!
and neurectodermal origin and, in most instances, are clearly
related to developmental processes. The common epithelial
tumors of adults occur very rarely. Two tumors of children,
Burkitt's lymphoma and retinoblastoma, have been particularly

instructive in identifying etiological roles for oncogenes and
antioncogenes, or tumor suppressor genes, in human cancer.
Curiously, oncogenes, through the mechanism of chromosomal
translocation, seem to play an initiating role in some leukemias,
lymphomas, and sarcomas, but antioncogenes seem to play
such a role in most other cancers, suggesting that certain
developmental mechanisms (e.g., recombinase activity) may be
limited to a few mesoderma! tissues. The number of events
necessary to produce a cancer appears to be smaller for child
hood cancers, even as low as two (the two copies of the Rbl
gene) for retinoblastoma. This may reflect the fact that em
bryonal tumors arise from tissues in which stem cell multipli
cation occurs normally, whereas the common epithelial tumors
of adults arise from renewal tissues that undoubtedly have
additional controls of the cell cycle. Other cancers, e.g., osteo-
sarcoma, occur later in childhood, are not embryonal, but are
associated with growth and hence stem cell division. These
tissues appear to require an intermediate number of events.
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Regulation of the Cell Cycle

In his introduction to the first session, George Vande Woude
(NCI-Frederick Cancer Research and Development Center,
Frederick, MD) stated that only a few years ago it would have
been highly unlikely to have such diverse research subjects as
yeast cell cycle regulation and protooncogene function in one
session. The striking discoveries that the same genes regulate
the cell cycle in all eukaryotes not only make this possible but
also illustrate the advancement of understanding resulting from
the cross-fertilization of both fields of research.

Ira Herskowitz (University of California, San Francisco, CA)
described FARI, an inhibitor of the GÃ¬cyclin from yeast Sac-
charomyces cerevisiae and an effector of cell cycle arrest in
response to the negative growth factor, mating factor a. Cyclins,
first discovered in invertebrates, are conserved in eukaryotes
and function by associating with p34cdc2kinase in a cell cycle-

specific fashion. Thus, different members of the cyclin family
appear at different times during the cell cycle. In 5. cerevisiae,
three G, cyclins have been discovered that regulate entry into
S phase: CLN1, CLN2, and CLN3. They appear to be func
tionally redundant as any one product is sufficient for promot
ing progression from GÃ¬into S. Â«factor is a negative growth
factor of S. cerevisiae that causes cells to undergo differentiation
and cell cycle arrest. Thus, it has been proposed that activation
of the mating factor response pathway causes an inactivation
of CLN1, CLN2, and CLN3. Two genes, FAR] and FUS3,
have been shown to regulate CLN2 and CLN3, respectively.
The characterization of these cyclins has been very useful for
understanding entry into S phase and already there are indica
tions that, as with other cyclins of yeast, they are conserved
throughout eukaryotic species.

The genetic control of mitotic fidelity in yeast was discussed
by Leland Hartwell (University of Washington). Hartwell has
been examining the roles of essential gene products that are
involved in the fidelity of chromosome transmission. He has
identified more than a dozen mutations that display high levels
of chromosome loss, mitotic recombination, and mutation.
Some of the mutations probably affect functions that check the
fidelity of chromosome partitioning to daughter cells while
other mutations appear to be involved in maintaining the fidel
ity of the DNA replication process. He has extensively studied
the RAD9 gene, which functions to ensure cell cycle arrest in
G2 after, e.g.. X-ray damage, so that repair can occur before
defective daughter cells are generated. The RAD9 function is
not needed for repair itself. Additional genes may function to
control the fidelity of replication and chromosome partition,
suggesting that mutations in these genes afford numerous op
portunities for creating cells with genomic instability. Since
tumor cells display a high degree of genomic instability, it is
likely that the functions of such checkpoint genes are compro
mised in tumor cells either by direct mutation or by other
mechanisms.

Vande Woude described mas protooncogene function, point
ing out that the mos product functions at a major cell cycle
control point and that the product has been equated with
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"cytostatic factor." Cytostatic factor is responsible for arresting

oocyte maturation at metaphase II (the stage corresponding to
an unfertilized egg) by directly or indirectly stabilizing the
cyclin/p34cdc2 complex or M-phase-promoting factor. This M-

phase cell cycle control point occurs in the last stage of the cell
cycle, raising two questions: (a) whether certain oncogenes
transform cells because they display their M-phase activity
inappropriately during interphase; and (b) whether the consti
tutive expression of the M-phase oncogene function is respon
sible for many of the phenotypes of transformed cells, such as
altered morphology, loss of contact inhibition, and genetic
instability. He presented evidence that the Xenopus mos product
in unfertilized eggs or transformed cells associates specifically
with 0-tubulin and phosphorylates tubulin in vitro. Further
more, he speculated that it is the constitutive alteration of
microtubules during interphase that may be responsible for the
transformed phenotypes of somatic cells. His studies do not
exclude that the c-mos product may function by altering other
enzymes, such as p34cdc2kinase, or may be involved in modifi
cation of some component of M-phase-promoting factor, such
as B2 cyclin, that has been reported to be a substrate in vitro.

In her presentation on "Cell Cycle Function of Oncopro-
teins," Jean Wang (University of California, San Diego, CA)

discussed the role of cell cycle-dependent phosphorylation of
the tumor suppressor Rbl gene product and the protein encoded
by the c-abl protooncogene. She presented evidence that the Rb

protein is phosphorylated from S through M phases and is
dephosphorylated in the GI phase of the cell cycle. The cdc2
kinase may be the major Rb kinase in mitotic cells, and the
cyclin A/p34 complex may specifically phosphorylate Rb dur
ing the cell cycle. Moreover, the specific sites of Rb phosphor
ylation are involved in DNA binding. The c-abl protein, the
only known tyrosine kinase oncoprotein localized to the cell
nucleus, is phosphorylated during mitosis on numerous serine
and threonine sites in the COOH-terminal domain, the region
containing the signal for subcellular distribution. Wang pre
sented evidence that phosphorylation by cdc2 kinase abolishes
the ability of the c-abl protein to bind to DNA, suggesting that
c-abl tyrosine kinase binds to DNA during interphase but

dissociates from it during mitosis.
The discovery of conserved cdc2 kinase cell cycle function

from yeast to human and the interaction of several oncoproteins
and tumor suppressor proteins with cdc2 kinase tells one of the
most exciting science stories of this century. Not only are these
studies revealing processes of normal cell cycle regulation but
they are also providing dramatic new insight into the mecha
nism of abnormal cell behavior that arises from oncogene
activation (a gain in function) and tumor suppressor gene
inactivation.

Concepts of Development and Pattern Formation

The second session of the conference, chaired by Stephen H.
Friend (Massachusetts General Hospital, Charlestown Cancer
Center, Charlestown, MA), focused on the concepts of devel
opment and pattern formation in diverse organisms. The first
speaker, Sergei V. Sokol (Harvard University, Cambridge,
MA), described how the elegant work of Spemann and Mangold
on mesoderm induction in the 1920s could not be examined

2The abbreviations used are: Rb, retinoblastoma; BWS, Beckwith-Wiedemann
syndrome; MCK, muscle creatinine kinase; NF, neurofibromatosis; K.1 II. in
sulin-like growth factor; LOH, loss of heterozygosity; EBV, Epstein-Barr virus;
CML, chronic myelocytic leukemia; ALL. acute lymphocytic leukemia.

with molecular tools. He showed that a substance that he and
his colleagues have identified as .-i-activin is able to organize an

explanted Xenopus embryonic animal pole to form body struc
tures. With elegant techniques they proved that there is a class
of activins that control the body plan in Xenopus and that these
substances have counterparts in the transforming growth factor
ÃŸfamily. This is exciting because it allows parallels to be drawn
between a substance, "transforming growth factor 0," which

can exert both activation and inhibition of growth, with the
potentiating of a body plan. This finding will undoubtedly open
up pathways to look at disorders of growth related to the
pediatrie malignancies.

Anthony Mahowald (University of Chicago, Chicago, IL)
illustrated the numerous correlations between Drosophila genes,
such as dorsal and decapentaplegia, which control polarity and
pattern formation, and specific human oncogene homologous
(e.g., c-rel and TGF-ÃŸ).He provided a masterly presentation of
how human oncogenes function in Drosophila to control body
plan. The major segment of the talk then illustrated how defects
in the proper presentation of germ cells altered the sex organs.
These changes could be shown to result in the equivalent of
ovarian malignancies.

Gregor Eichele (Baylor College of Medicine, Houston, TX)
was able to take the correlations between pattern formation and
growth signals one step further by presenting his careful work
on chicken development. Exogenous retinole acid-containing
beads induce limb buds. Analysis of the conversion of vitamin
A into retinoic acid by embryos revealed local increases in
retinoic acid in association with limb development. Specifically
he was able to document that the level and steepness of the
retinoic acid gradient determines whether no, one, or two bones
are formed in the chick wing. This allowed him to present in
an understandable way the importance of gradients in pattern
formation.

Cell fates in the nematode worm, Caenorhabditis elegans,
were the subject of a remarkable presentation by Robert Horvitz
(MIT, Cambridge, MA). He began by describing how cell fates
have been mapped and how the genetics of the system (com
bined with cell ablation techniques) allow one to manipulate
the expression of individual cells. As he described the multiple
genes that control the pathways that determine cell fate, it
quickly became obvious that this system provides enormous
power in the analysis of development. One of the most elusive
questions concerning the importance of signaling pathways is
how they are correlated with the need of a cell to complete
normal differentiation. One of the enigmas of cancer is why
cells no longer can listen to the signals that should allow them
to complete normal differentiation, so it was exciting to see
how the study of lower organisms is providing vital clues to the
problem. The hermaphroditic adult contains 816 cells, and their
lineage origin is the same in all individuals. Stem cell lineages
have been traced, and different mitoses have been classified
according to the kind of cell produced. Thus A â€”¿�Â»A + A could
be a stem cell division, and A â€”¿�Â»B + B a differentiating division.
Some mutations change the outcomes of the divisions, resulting
in phenotypic effects. In the development of the vulva one kind
of mutation results in the absence of the vulva, another in
multiple vulvas.

Developmental Tumors of Mesoderm

The third session, chaired by Webster Cavenee (Ludwig In
stitute for Cancer Research, Montreal, Quebec, Canada), con-
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cerned molecular genetics of mesodermal tumors, a topic that
was well placed in the agenda because of the previous sessions
in which aspects of developmental biology, control of cell fate,
genomic instability, and cell cycle control had been discussed.
This background gave the participants an enriched point of
view for consideration of information on tumor biology.

Cavenee described studies that had been designed to test the
idea that tumors associated with the Beckwith-Wiedemann
syndrome of growth excess were a consequence of a homozy-
gous BWS mutation in the tumors. First, his group analyzed
genetic cosegregation of markers from the sometimes cytoge-
netically associated llplS.5 region in BWS families. These
studies indicated that familial occurrence of BWS results from
an autosomal dominant mutation mapping to this region. Sec
ondly, they performed mitotic recombination mapping with the
types of tumors associated with the syndrome and found that
it is the llplS.5 region that specifically loses heterozygosity,
the hallmark of homozygosity for defective alÃelesof a tumor
suppressor gene. He then described functional studies done in
collaboration with B. E. Weissman (University of North Caro
lina, Chapel Hill, NC) in which the defect could be genetically
complemented by introduction of a normal chromosome 11
into tumor cells. The group is making substantial progress in
isolating the gene(s) causing these phenotypes through physical
microdissection of the region [in collaboration with B.
Horsthemke (University of Essen, Germany)], large fragment
mapping of the region, and identification and isolation of the
breakpoints of chromosomal translocations carried by BWS
patients or their tumors. Finally, he presented evidence that the
tumor occurrence in these patients may also be a consequence
of defective modifier genes that are unlinked to 1Ipl5.5, and
which have gamete-of-origin effects. This has led to a multigenic
model that is a modification of that originally proposed by
Knudson and which has been derived in collaboration with C.
Sapienza (Ludwig Institute for Cancer Research, Montreal,
Quebec, Canada).

Eric Olson (M. D. Anderson Tumor Institute, Houston, TX)
discussed the circuitry involved in the imposition of the my-

ogenic program and how that program may be altered or
regulated by growth factors or oncogenes. Establishment of a
skeletal muscle phenotype appears to involve a regulatory cas
cade that culminates with induction of a battery of genetically
unlinked muscle-specific genes. He has used the MCK enhancer
as a target to study the mechanism whereby the muscle-regu
latory factor myogenin activates muscle-specific transcription.

Myogenin, like other members of the MyoD family, binds to
the consensus sequence CANNTG, which is present in the core
of the MCK enhancer and in the control regions of numerous
other muscle-specific genes. The affinity of myogenin for DNA
increases dramatically in the presence of the widely expressed
helix-loop-helix protein E12, with which it forms a heterodi-
mer. Full activity of the MCK appears to require cooperative
interactions between myogenin (or other members of the MyoD
family) and other muscle-specific, as well as ubiquitous, enhan
cer-binding factors. One such factor may be the myocyte-spe-
cific factor myocyte-specific enhancer-binding factor 2, which
binds an A + T-rich element in the MCK enhancer that is
conserved in other muscle-specific enhancers. Myocyte-specific
enhancer-binding factor 2 expression is activated by myogenin,

suggesting that it may function at an intermediate level in the
myogenic regulatory cascade. To define the domains of my
ogenin responsible for muscle-specific transcription, DNA
binding, and cooperative interactions with other enhancer-bind

ing factors, he has generated an extensive series of myogenin
mutants by site-directed mutagenesis and domain swapping.
These mutants have revealed regions in the amino and carboxyl
termini of myogenin that contribute to transcriptional activa
tion and have defined two amino acids (Ala86-Thr87) in the basic

region that impart muscle specificity. Mutagenesis of either of
these residues converts myogenin from an activator to an inhib
itor of myogenesis. The role of E12 in muscle-specific gene

expression has also been investigated by creation of El2 mu
tants that dimerize with myogenin and abolish its ability to
bind DNA. In addition to the positive role played by myogenin
and E12, myogenesis is also subject to negative control by
growth factors and activated oncogenes, which can inhibit my
ogenin expression. Analysis of the 5'-flanking region of the

myogenin gene has revealed regions that confer muscle speci
ficity and growth factor responsiveness. Growth factors and
oncogenes also can suppress the actions of myogenin in cells
that express it constitutively. Mechanisms through which
growth factor signals may silence myogenin as an activator of
muscle-specific genes include induction of inhibitory helix-
loop-helix proteins such as Id, induction of immediate early
genes like fos and jun that can trans-repress muscle-specific
genes, repression of other cellular factors with which myogenin
cooperates to activate target genes, changes in protein phos-
phorylation, and suppression of the transcription-activating

properties of myogenin independent of DNA binding.
Daniel Haber (Massachusetts General Hospital, Charles-

town, MA) described his efforts, together with those of David
Housman at MIT, in isolating and characterizing a gene playing
a causative role in the development of nephroblastoma associ
ated with aniridia, genitourinary anomalies, and mental retar
dation. This gene, termed WTl, is located within the smallest
region of overlap among deletions in chromosome band 1Ipl3
that have been described in Wilms' tumor. The majority of
sporadic Wilms' tumors do not show gross DNA re

arrangements, but nucleotide sequence analysis of WTl tran
scripts in eight tumors showed one to have a mutation internal
to the gene. In this case, inactivation of the WTl gene is part
of a series of genetic events leading to the development of
Wilms' tumor. The WTl gene encodes a zinc finger polypeptide

that is expressed in nephroblasts during a critical period in
kidney development. The gene consists of 10 exons, spanning
some 50 kilobases of genomic sequence. Normal kidney cells
express two alternative splices in WTl, resulting in four distinct
transcripts. The first alternative splice adds 17 amino acids,
rich in serines and threonines, between the zinc finger domains
and the amino terminus. The second splice adds 2 amino acids
in the "knuckle" between zinc fingers 3 and 4. These alternative

splices are highly conserved between the human and mouse
WTl genes, implying a functional significance. The relative
abundance of the WTl splice variants is similar between normal
fetal kidney and Wilms' tumors and in the mouse kidney at

various stages of development. One interesting point of discus
sion revolved around the complexity of Wilms' tumor forma

tion and the possibility of interactions between the genes de
scribed by Cavenee and Haber.

The final speaker was Stephen H. Friend, who described the
recent dramatic findings from his laboratory concerning two
aspects of the function of thepSS tumor suppressor gene located
in the 17pl3 chromosomal region. Although mutations in this
gene have been found in a variety of tumor types, none had
been found in the constitutional loci of individuals with tumors,
leading to the generally held conclusion that p53 mutant alÃeles
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are in some way too potent in their transforming function to be
compatible with fetal development. Friend reasoned that the
most likely situation to expect such alÃelesto be transmitted
would be in a syndrome comprising a variety of tumors each of
which had been shown to entail somatic p53 mutations. One
such is the Li-Fraumeni syndrome. DNA sequence analysis of
lymphocyte or fibroblast DNA from members of five such
families showed transmissible germline mutations at the p53
locus in regions of the gene compatible with relatively weak
transforming capacity in cultured cell or transgenic mouse
experiments of others. Finally, Friend described experiments
in which he performed transient transfections of the p53 gene
into cells of various growth states and analyzed their cell cycle
stage distribution. These latter studies are beginning to shed
light on the role this potent tumor suppressor gene plays in
regulating the cell cycle.

Tumors of the Nervous System

Garrett Brodeur (Washington University, St. Louis, MO)
chaired the fourth session, in which three speakers discussed
selected aspects of the developmental genetics of tumors of the
central and peripheral nervous system. Bernd Seizinger (Mas
sachusetts General Hospital, Charlestown, MA) spoke on "The

Role of Tumor Suppressor Genes in the Genesis of Nervous
System Tumors: Isolating the Genes for Hereditary Forms of
Cancer." Specifically, he discussed the autosomal-dominantly

inherited disorders NF1 and NF2. These hereditary syndromes
predispose to the development of cancer, and they offer the
opportunity to identify the specific genes that are mutated to
account for this predisposition. He describes this as the "reverse
genetic" approach. By this he means that the location of the

gene responsible for the disorder is mapped to a chromosome
and then a chromosomal region by linkage analysis, then this
region is mapped, and the gene is cloned. Analysis of the gene
then leads to characterization of the RNA and protein. NF1,
also known as von Recklinghausen disease or peripheral NF, is
characterized by a variety of benign and malignant tumors such
as neurofibromas, neurofibrosarcomas, and pheochromocyto-
mas. The gene responsible for this predisposition has been
mapped to the proximal long arm of chromosome 17 and has
recently been cloned. This gene encodes a protein with homol-
ogy to the catalytic region of the RAS GTPase-activating pro
tein GAP, with homology to functionally similar proteins in
yeast. Recent studies have indicated that the NF1 gene may
down-regulate RAS activity, therefore disruptions in the regu
latory link between the NF1 gene and RAS may play an impor
tant role in the malignant transformation that occurs in this
syndrome. NF2, also called central NF, is associated with the
development of bilateral acoustic neuromas, as well as glial
brain tumors. The NF2 gene has been mapped to the long arm
of chromosome 22, but the gene responsible for this tumor
predisposition syndrome has not been cloned as yet.

Next, Mark Israel (University of California, San Francisco,
CA) described the developmental biology of tumors of the
peripheral nervous system. Specifically, he described several
cell types derived from the neural crest, namely the ganglionic,
chromaffin, and Schwannian lineages. Initially, he analyzed
fetuses for patterns of developmental expression of a series of
neuroendocrine markers, such as t\ rosine hydroxylase, neuro-
pepi itie Y, chromagranin A, pG2, /Ã®a-microglobulin,HNK-1,
and S-100 protein. Based on the patterns of expression, he
identified stages of expression of these selected markers that
corresponded to specific tissues and developmental times. Then

he studied a panel of neuroblastoma cell lines for the expression
of these developmental markers. By this analysis, these neuro
blastoma cell lines could be arbitrarily grouped into subsets that
corresponded to stages of developmental expression of neural
crest cells identified in developing organisms. Some neuro
blastoma cell lines corresponded to a more chromaffin pattern
of expression of these markers, whereas others had a more
ganglionic or Schwannian pattern. Israel also analyzed neuro
blastoma cell lines for the expression of IGF-II, and he identi
fied one cell line that made not only IGF-II but also its growth
was stimulated by the presence of this endogenously produced
IGF-II in the medium. There were other cell lines that re
sponded to exogenous factor by enhanced growth rates and
others that did not respond at all to IGF-II. Finally, he exam
ined 24 neuroblastomas and found IGF-II expression in all,
although only 7 had evidence of expression in the tumor cells.
Other tumors had expression in infiltrating stromal cells or
eosinophils or in adjacent adrenocortical cells. Thus, expression
of IGF-II and its receptor provide a potential autocrine or
paracrine pathway by which growth stimulation might occur in
neuroblastomas.

Finally, Brodeur discussed the molecular biology and genetics
of human neuroblastomas, with respect to specific cytogenetic
and molecular abnormalities that have been described in this
tumor. Indeed, four genetic abnormalities have been identified
that are characteristic of certain neuroblastomas. These include:
(a) LOH for chromosome Ip, including band Ip36; (b) ampli
fication of the MYCN protooncogene; (e) hyperdiploidy; and
(d) abnormalities 'of the nerve growth factor receptor. Defects

in expression or function of the nerve growth factor receptor
are found in virtually all neuroblastoma cell lines tested. A
subset of neuroblastoma tumor tissues express little or no
detectable receptor, but primary neuroblastomas have not been
studied extensively. Hyperdiploidy, as detected by flow cytom-
etry, is associated with lower stages of disease and with a
favorable outcome, especially in infants. Chromosome 1p LOH
and MYCN amplification are more common in patients over 1
year of age with advanced stages of disease. The latter two
genetic events may be related, and chromosome l p LOH may
precede the development of amplification. Analysis of patients
whose tumors have these abnormalities indicates that these
tumors are rapidly progressive and associated with very poor
outcome. When analysis of MYCN copy number and allelic
loss for the short arm of chromosome 1 are combined with
assessment of tumor cell DNA content, three distinct genetic
subsets of neuroblastomas can be identified. The first is char
acterized by a hyperdiploid or near-triploid modal karyotype,
with few if any cytogenetic rearrangements. These patients are
generally less than 1 year of age with localized disease and a
good prognosis. The second has a near-diploid karyotype, with
no consistent abnormality identified to date. They are generally
older patients with more advanced stages of disease that pro
gress slowly and are often fatal. The third group has a near-
diploid or tetraploid karyotype, with deletions or LOH for
chromosome 1p, amplification of MYCN, or both. These pa
tients are generally older with advanced disease that is rapidly
progressive. Thus, genetic analysis of neuroblastoma cells pro
vides information that has prognostic significance and can
direct a more appropriate choice of treatment.

Developmental Genetics of Hematopoietic Malignancies

The final session, chaired by Knudson, concerned the devel
opmental genetics of hematopoietic malignancies. Carlo Croce
(Fels Institute for Cancer Research and Molecular Biology,
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Philadelphia, PA) discussed the site-specific translocations that
are features of so many hematopoietic malignancies, noting
that translocation between two genes, giving abnormal expres
sion of a normal product, is usual for lymphoid neoplasia,
whereas translocation with fusion of two genes that results in
expression of an abnormal product is more often noted in
myeloid neoplasia. In Burkitt's lymphoma and some other high

grade B-cell lymphomas that also involve translocation between
c-myc and an immunoglobulin heavy chain locus (IgH), two
main types can be identified, according to the location of the
break in the IgH region. In the endemic (African) form, 97%
of which are associated with EBV infection, the break is typi
cally in the JH region, and the tumor cells do not secrete
immunoglobulin; in the sporadic form (10% EBV), the break
is at a switch region (Sa, 87, or S^), and the cells secrete
immunoglobulin. The VDJ region is normally rearranged ear
lier in the ontogeny of B-cells than is the switch region. The
break at c-myc is near exon 1 in the sporadic form and far away
in the endemic form. In patients with acquired immunodefi
ciency syndrome who have aggressive lymphomas the EBV-
positive cases (about 50%) show JH breaks as in the endemic
form of Burkitt's, whereas the EBV-negative (also about 50%)

cases show switch region breaks. Physiological recombinases
are probably responsible for these aberrant translocations,
where physiological terminal transferases appear to catalyze
the insertion of stretches of extra nucleotides 5' of the JH region

in the 11;14 translocations seen commonly in low grade B-cell
tumors. In these the partner gene is bcl-I, whereas the bcl-2

locus is involved in the 14; 18 translocation observed in many
follicular lymphomas, characterized by mature B-cells, even
though the bel gene is usually expressed in pre-B-cells. It now
seems that bcl-2 is an apoptosis gene, stimulating programmed

cell death.
The translocations between chromosomes 9 and 22 that

typify CML and some cases of ALL were discussed by John
Groffen (Children's Hospital of Los Angeles, Los Angeles, CA).

Different breakpoints in the ber region are involved in some
ALL cases and give rise to a protein (pi90) that is smaller than
that (p210) found in CML and some other cases of ALL.
Constructs of the CML type translocation have been used to
develop a transgenic mouse model that might be used for
therapeutic experiments. The first attempts were lethal for
embryogenesis, causing completely disorganized embryos. With
the use of a conditional metallothionein promoter and the p 190
form of the fusion gene viable mice were obtained. These
animals developed leukemia early and died at 10-58 days. The
leukemia was similar to that seen in human ALL or the blast
crisis of CML. Two animals that were mosaics did not develop
leukemia but 3-5% of their peripheral blood cells were
lymphoblasts.

Finally, Hitoshi Sakano (University of California, Berkeley,
CA) discussed the molecular biology of the recombination of
antigen receptor genes. VDJ joining involves formation, and
then deletion, of a stem-loop configuration at a region between
V and J that contains heptamer and nonamer sequences in
which certain nucleotides are critical and others are not, but in
which the spacing is always critical. Rearrangement during class
switching involves a different mechanism. Here, for example, a
DNA sequence of S^-Cn-Sy-Cy can make a loop and make
breaks within the two S-regions, exchange, and leave a linear
DNA with the sequence 5'S^-3'S7-C7 and an excised circular
DNA that contains the sequence 5'Sy-3Sn-Cn. Heptamers and

nonamers are not involved. Various agents can stimulate for
mation of particular switches; thus lipopolysaccharide stimu
lates ÃÃ-7.1switching, whereas the further addition of interleukin
4 suppresses this switch and stimulates Â¿1-71switching. Analysis
of successive class switching and aberrant switching is helping
to discover the molecular details of developmental joining and
switching.
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