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mutated. The current evidence for 
patched represents the first strong 
link between tumour suppressor 
genes and genes important in 
embryonic development. In Droso
phila, the patched protein is a key 
element in the hedgehog signalling 
pathway8. Hedgehog is responsible 
for repressing the activity of 
patched, which normally represses 
transcription of downstream genes, 
ultimately resulting in relief of 
patched inhibition. This pathway 
is important in many processes 
including segmentation and the 
establishment of anterior to poste
rior polarity in the wing discs of a 
developing embryo. 

In vertebrates, these proteins 
have been implicated in similar 
pathways. Theoretically, loss of 
patched function would result in 
the expression of downstream 
genes regardless of other important 
regulators such as hedgehog. Inter
estingly, in Drosophila patched may 
act as a regulator of its own expres
sion. In normal human skin and 
fibroblasts, Gailani et al. found vir -
tually no patched gene expression3• 

However, sporadic basal cell 
tumours with patched mutations 
expressed variably high levels of the 
message consistent with an auto 
feedback loop in which decreased 

patched protein would lead to 
increased transcription of the 
mutated products. Increased 
expression of mutated patched may 
be useful in initial studies of the 
frequency of genetic alterations in 
tumour surveys. 

Patched is a large protein with a 
number of membrane spanning 
domains and two large extra cellu
lar loops. It is interesting to specu
late that the patched pathway may 
have similarities with the APC sys
tem and the development of FAP 
and sporadic adenomas. APC may 
also be important in cell adhesion9 

and like patched, leads to the devel
opment of relatively benign and 
indolent lesions. Patched and 
APC, unlike other tumour suppres
sor genes involved in controlling 
the cell cycle10, are cytoplasmic 
proteins regulating a complex sig
nalling cascade. The first effects of 
not responding appropriately to 
signals from neighboring cells may 
be abnormal adhesion and the 
heaping of cells resulting in small 
clusters of abnormally proliferating, 
but not deadly, cells. The initial 
clusters may provide an increased 
target population from which other 
genetic alterations can occur, lead
ing to tumour progression. 

Interestingly, other neoplasms 
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The association of MYC and chro
mosome 8 translocations with 
Burkitt's lymphoma (BL) remains 
a landmark in the molecular char
acterization of cancer. Although 
many functions have been pro
posed for MYC, the longest chain 
of evidence suggests a role in acti
vating transcription of growth pro
moting genes. Unfortunately, the 
mechanism(s) by which it transac
tivates and the identities of MYC
regulated genes remain unclear. 
The paper by Sakamuro et al. on 
page 69 of this issue identifies a 
new MYC-interacting protein with 
growth inhibitory properties1. 

This new protein - BINI - hints 
at new connections between MYC 
and growth control, and may pro-

vide a connection between MYC 
and the transcription apparatus. 

Some of the anatomy linking 
MYC to transcription is reasonably 
clear2. MYC-MAX heterodimers 
transactivate after binding to 
CACGTG. Protein interactions con
necting MYC's transactivation do
main to the basal transcription 
apparatus presumably then in
crease initiation at TATAA or ini
tiator (INR) elements. Indeed, 
simple connections between these 
sites have already been suggested 
(Fig. 1). For example, the TATA 
binding protein (TBP) can bind to 
MYC in vitro and this interaction 
may be antagonized by the 
retinoblastoma protein (pRb) or 
the related pocket protein pl073- 8. 

also harbour indolent early precur
sor lesions (such as bladder papil
lomas) composed of heaped up 
cells. Despite the ubiquitous nature 
of p53 mutations 11 , most tumour 
suppressor gene mutations have 
been quite limited to specific types 
of tissue. However, there are cer
tainly other sporadic tumours that 
have displayed limited chromo
some 9q losses including bladder 
cancer, oesophageal cancer and 
certain types of lung cancer. In 
addition to validating the role of 
this gene in the initiation of basal 
cell carcinoma, it would be of great 
interest to test for alterations in 
these other tumour types. Thus, 
the stage is set for a variety of 
future genetic and functional stud
ies on the putative gatekeeper of 
human skin. D 
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Although this model is simple and 
elegant, details of its in vivo func
tion remain controversial. The 
surfaces available in the TFII-A and 
TFII-B-TBP-TATAA complexes 
for additional protein-protein 
interactions have recently been 
identified by X-ray crytstallogra
phy9-11. Mapping MYC binding to 
specific available sites in those 
complexes provides a new chal
lenge to those attempting to link 
MYC directly to the core of the 
transcription apparatus. 

The initiator site provides an 
alternative to the TATAA site for 
assembly of the transcription appa
ratus. Two paths linking MYC to 
repression at the INR have been 
suggested. A yeast two-hybrid 
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Fig. 1 Proposed protein interactions for MYC. A variety of pro
tein targets for MYC have been identified using various interac
tion assays. MYC, MAX and MAD are represented 
schematically with MAD's homology region 1 and 2 (HR1 and 
HR2) designated. MYC/MAX heterodimers are transcriptionally 
active and exclusive of MAD. Potential interactions between 
MYC's transactivation domain and the basal transcription appa
ratus are illustrated diagramatically. MAX can form homod
imers which are either silent or repress transcription. MAD/MAX 
heterodimers are involved in differentiation, exclude MYC and 
interact with the transcriptional repressor mSin3. The basic (8), 
helix-loop-helix (HLH) and leucine zippers (L2) of each of the 
three proteins are indicated. The transactivation domain (TAD) 
of MYC contains conserved sequences termed Myc box 1 
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(MB1} and 2 (MB2). Regions of interaction with the TATAA-binding protein (TBP), p107, BIN1, the initiator region (INR), Yin Yang 1 (YY1) and mSin3 are 
indicated by brackets. Potential interactions with the basal transcription apparatus are indicated by dotted lines. The basic domain of MYC, MAX and 
MAD binds the recognition sequence CACGTG and is thereby thought to activate transcription via the TATAA or initiator (INR) sites in DNA. 

screen associated the C terminus of 
MYC with the transcriptional reg
ulator Yin Yang 1 (YY1) 12. This 
connection might explain many of 
MYC's diverse roles in both activa
tion and repression since YYl both 
represses and activates at the INR. 
An additional intriguing connec
tion to the INR functions either 
through a factor termed TFII-I or 
through an unknown mediator. 
For example, MYC represses INR
driven expression directed by the 
adenovirus major late promoter 
both in vitro and in transfec
tions 13· 14. Moreover, repression of 
the cyclin D 1 INR can be mapped 
to a region between amino acids 
92 and 106 of MYC15• These inter
actions between MYC and the 
INR offer a variety of biochemical 
insights, but they have fallen short 
of meaningful connections to 
MYC's biological functions. 
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Sakamuro et al. have continued 
this search for protein interactions 
with MYC's transactivation do
main using a yeast two-hybrid 
approach. Non-specific activation 
of transcription by MYC has gen
erally frustrated this approach in 
other laboratories. However, by 
focusing on Myc box 1 (MBl), 
Sakamura et al. eliminated non
specific interactions. As MB I is a 
hotspot for mutations in MYC in 
Burkitt's lymphomas 16, this 
approach was also biologically 
rational. Human MYC residues 
47--62, empirically determined for 
use as specific bait, identified 19 
identical clones corresponding to a 
new protein. This protein was 
named BINl (.B.ox-dependent 
Myc-INiteracting protein-1), and 
it contained extensive similarity to 
a breast cancer-associated antigen, 
amphiphysin, and to a negative 

regulator of the cell cycle in yeast, 
RVS167. 

The similarity of BIN 1 to 
RVS167 implied a functional role 
in growth suppression. Conse
quently, BINJ expression clones 
were used in a standard tumori
genicity assay based on MYC-RAS 
cooperation in embryonic fibrob
lasts. Inhibition of focus formation 
by BINl proved to be dependent 
on MYC binding and a dominant 
negative form of BINl increased 
transformation. These data pro
vided strong support for the 
authors' model. Furthermore, 
BINJ transfected into two cell lines 
lacking endogenous BINJ sup
pressed G418-resistant colony for
mation providing additional 
support for its function in sup
pressing growth. 

As with many interactions iden
tified by the yeast two hybrid 
approach, coimmunoprecipitation 
experiments did not identify a cel
lular complex of BIN 1 and MYC in 
vivo. Consequently, an important 
caveat must be added; the impres
sive growth suppression seen in 
their transfection could always 
represent high levels of expression 
that are not physiologically rele
vant. The absence of BINJ from 
breast cancers hints at physiologic 
relevance but much remains to be 
accomplished to firmly establish 
BINJ as a tumour suppressor. Its 
chromosomal locus (2ql4) is lost 
frequently in prostate tumours but 
cytogenetic support for the pro
posed linkage to breast cancer is 
not known. 

Although the putative role of 
BINl as a tumour suppressor is of 
some obvious interest, a chance to 
further link MYC's transactivation 
domain to the transcription appa
ratus may be even more com
pelling. The expansion of the 
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network of proteins interacting 
with MYC through MAX, on to 
MAD, and further to mSin3 pro
vides an obvious paradigm for fur
ther studies of BINI. The genetics 
that initiated the authors' 
approach should compel an addi
tional search for proteins binding 
to BINl, perhaps through its SH3 
domain. One hopes that at the end 
of that particular rainbow may lie 
some portion of the transcription 
apparatus explaining MYC's ability 
to activate transcription. 

Indeed, the authors hint that 
they have already looked at 
ornithine decarboxylase and a
prothymosin as candidate MYC 
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targets and find that BIN 1 indeed 
inhibits MYC-dependent transac
tivation. Recently, three new MYC 
targets (CDC25A, a cell cycle regu
latory phosphatase; eIF4E, the 
mRNA cap binding protein; 
MrDb, a DEAD-box helicase) were 
shown to be transcriptional targets 
of MYC17- 20• The search for MYC 
targets is rapidly expanding (Table 
1). At some point the protein net
works interacting with MYC will 
need to be linked to real activation 
of a real gene for us to understand 
MYC's role in growth. 

So what is BIN I? Minimally, it 
is a candidate modifier of transac
tivation by MYC. Its interaction 
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with MBl is of particular interest 
given the frequency of MBl muta
tions in Burkitt's lymphoma. It is 
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The various staining techniques 
introduced during the 1970s enable 
cytogeneticists to identify all 
human chromosomes individually 
by their unique banding patterns. 
This technical breakthrough per
mitted clinical cytogenetic labora
tories to diagnose numerical and 
gross structural chromosomal 
anomalies with confidence and 
prec1s1on. The methodology of 
prophase chromosome preparation 
introduced in 1976 by Yunis greatly 
improved artificial resolution; 
more recently, fluorescence in situ 
hybridization (FISH) techniques 
have brought our diagnostic ability 
to a new level. As new types of 
FISH probes become available for 
use in routine clinical diagnostics, 
such as, potentially, the new set of 
human telomeric probes described 
on page 86 of this issue!, we can 

now confidently diagnose many 
previously unresolved and difficult 
cases, as well as discover new 
insights into the understanding of 
human pathology. 

Using standard cytogenetic tech
niques, one can achieve a typical 
visual resolution of a single band to 
within 5-10 million base pairs. For 
cancer cytogenetic diagnosis, the 
challenges are to identify marker 
chromosomes and to determine the 
origin of complex rearranged chro
mosomes. Further, routine cytoge
netic studies are Jabour-intensive 
and time-consuming, requiring 
fresh viable specimens. FISH tech
nology overcomes most of these 
difficulties: in certain situations, it 
increases the resolution power of 
diagnosis for certain disorders, 
shortens the reporting time and 
often bypasses the culturing 

process to accommodate less viable 
specimens. Commercial availabili
ty of many different types of FISH 
probes has accelerated their rapid 
acceptance by clinical laboratories 
as an important adjunct study. Sev
eral different FISH probe classes 
are available (Fig. l); their 
strengths and limitations, along 
with the potential use of the new 
telomeric probes1, are discussed 
below. 

Centromeric probes 
Centromeric probes contain repeti
tive DNA sequences found in the 
centromeric or pericentromeric 
regions of human chromosomes. 
Because of these repetitive 
sequences, these probes require a 
short hybridization time to gener
ate strong signals and can be uti
lized for both metaphase 
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