UPDATES AND DEVELOPMENTS IN ONCOLOGY

Protein tyrosine phos-
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KEY WORDS zymes such asren that counteract the activation of
phosphoinositide-3-kinaseiBk) are an excellent
Protein tyrosine phosphatases, tumour suppressogxample of such functioning by rar®. However,
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tor, prognostic marker that, in many circumstances, members of #ive
superfamily act as typical oncogerie®Recent ad-
vances in the generation efr inhibitors and posi-
tive outcomes in clinical trials d?TPN1 (protein
The discovery nearly 30 years ago thatafthe form tyrosine phosphatase, non-receptor type 1; formerly
of the Src kinase encoded by Rous sarcoma virusPTP1B antisense for treatment of type 2 diabetes may
employs tyrosine kinase activity for transforming cells soon lead to the use efrs as markers and novel
led, decades later, to a revolution in molecular medi-targets in oncology.
cine. The identification of key signalling pathway, In the present paper, we comment on the diver-
controlled by this reversible phosphorylation openedsity of thertrsuperfamily, describe three of the main
a new means by which cell machinery could be acti-members that are candidates with the most interest-
vated or inhibited. As these signalling pathways wereing potential for cancer treatments, and briefly sur-
discovered to contribute in multiple ways to the on- vey the major hurdle standing in the way of the
cogenic process, tyrosine kinases became key targetdevelopment of small-molecukere inhibitors for
for clinical interventions. Today, it is routine to see clinical applications.
cancer treatment regimens that include the use of|ki-
nase inhibitors such as anti-receptor antibodies|o2. THE PTP SUPERFAMILY
small molecules. Some examples include Herceptin
(Genentech, San Francisco, CA, U.S.A.), GleevecReversible tyrosine phosphorylation regulates many
(Novartis Pharmaceuticals, St. Louis, MO, U.S.A)), cellular functions, including cell proliferation, sur-
Iressa (AstraZeneca Pharmaceuticals, Wilmington,vival, adhesion, and migratiénin contrast to the
DE, U.S.A), and Tarceva (Genentettf) pTkS, Which phosphorylate their substrates on tyrosine
Interestingly, it took more than 10 years after rec- residues, members of tlwer family remove phos-
ognition of the protein-tyrosine kinasesks) for the phate from protein and from phospholipid substrates.
first member of the family of protein-tyrosine phos- The pTrs are now recognized to constitute a large,
phatases(rs) to be identified. The fact that therrs structurally diverse family of tightly regulated en-
have no structural similarity to serine threonine phas-zymes with important regulatory rolésRecently,
phatase may have contributed to the difficulties en-Alonsoet al.® identified a total of 10®Trs encoded
countered in cloning those enzymes. in the human genome. This superfamilyrofs can
Because therrs perform enzymatic reactions that be divided into four major enzyme subfamilies. En-
are the reverse of those performed byrhes, the zymes from three of those families (classeg con-
PTFS were assumed to be tumour suppressors. Entain a catalytic oxidation-sensitive active cysteine
residue embedded within a conserved signature mo-
tif (XH CSXGXGRXG), which carries out catalysis
Richard J. Ablinpnp, Research Professor of Immuno- by executing a nucleophilic attack on its phospho
biology, University of Arizona College of Medicine and substraté®.
the Arizona Cancer Center, Tucson, Arizona, U.S.A.,and Class is the largesbtp subfamily, comprising
Phil Gold, pho Mmp, Professor of Medicine, Physiology, the 38 classicattes and 61 dual-specificity phos-
and Oncology, McGill University, Montreal, Quebec, phatases. Classiaalrs show specificity for phospho-
Canada, Section Editors. tyrosine, and the dual-specificity phosphatases can

1. INTRODUCTION
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dephosphorylate phosphotyrosine-, phosphoserin
and phosphothreonine-containing substrates. Ama
the class memberspTen and the myotubularin sub-
family are the enzymes that preferentially target phg
pholipids. Class has a single member, the so-calle
low molecular weighbTp (LM-PTP), and classi en-
compasses the three mammalian Cdc25 protei
which participate in cell-cycle regulation. Classs

a newly identified aspartate-based family related
to the Eya family.

2.1 PTEN: AKEY TUMOUR SUPPRESSOR IN
CANCERS

ThePTEN(phosphatase and tensin homologue) ge
on chromosome 10g23.31, also knownvVldAC1
(mutated in multiple advanced cancers), encode
tumour-suppressor protein that acts as an inhibi
of the Pi3k-aAkT pathway. By removing the' hos-
phate group of phosphatidylinositol-(3,4,5)-triphos
phate,pTEN counteracts the activity ofi3k in
promoting cellular growth, survival, and angioger
esis®. Mutations inPTENare responsible for Cowdern
syndrome and other autosomal dominant disord
such as Bannayan—Riley—Ruvacalba syndrome &
the Proteus and Proteus-like syndrofies

Apart from its role in hereditary syndromesgn
inactivation has been identified in a series of sp
radic human cancers, including glioblastomas of t
central nervous system, endometrial carcinoma, p
static adenocarcinoma, and melandi& Interest-
ingly, some of thePTEN mutations may lead to
protein instability and rapid removal through prote
ubiquitination'. As a therapeutic strategy 0T EN-
related cancer, it may perhaps be possible to tar
the specific ubiquitin ligase involved in that proces
thus blockingeTEN degradation and maintaining, o
restoring, some phosphatase activity that could p
ventakT pathway activation.

2.2 Shp2 and Leukemias

Shp2 is encoded by tHETPN11lgene in humans. It
transduces mitogenic and pro-migratory signals frg
various receptor types via activation of tlaa/Erk
cascadé®.

Somatic mutations ¢*TPN1lare the major cause
of sporadic juvenile myelomonocytic leukemia, ac
counting for about 35% of cas¥sin addition, mu-
tations of this gene also occur in approximately 6
of patients with childhood acute lymphoblastic let
kemial” and in 4%—-5% of patients with acute my
eloid leukemial8 Mutations of PTPN11 are
uncommon in solid human tumours, but they ha
been detected in neuroblastoma, melanoma, IU
adenocarcinomas, and colon caréer

Most of the mutations in theTPN1lgene lead
to expression of Shp2 variants with single amin
acid changes that enhance the protein’s activity.

e-addition to its well-established pro-oncogenic poten-
ngial in various types of leukemia, Shp2 is also a key
downstream target of other oncogenes shown to drive
Ds-excessive mammary epithelial cell proliferation and
d a potentiator ofieuinduced transformation in mouse
modelst® 20 Inhibiting Shp2 thus offers several new
nstherapeutic avenues in several types of cancer.

2.3 PTPNZX A Surprising Oncogene

As the prototype for the superfamily ofrs, PTPNL

has been implicated in multiple signalling pathways,

including pathways triggered by growth factors, hor-

mones, and cytokin@s Because it is a negative regu-
ndator of oncogenic tyrosine kinase receptors such as

the insulin receptor and insulin-like growth factor 1
s aeceptorptenl was first thought to be a tumour sup-
tompressor. Yet surprisinglleTPN1knockout mice do
not develop cancers.

Interestingly,PTPNL1is located within 20gq13, a
region frequently amplified in ovarian and breast
1- cancers and usually associated with a poor progno-
sis?2. Immunocytochemical studies have shown that
erdPTPN1is overexpressed in 40% of human breast
andancerg324 and furthermorestenl has been shown

to be able to activate the oncogene?® and has been
reported to have a positive role in tlas pathway?®.
o- Recently, our group and Dr. Benjamin Neel’s
helaboratory demonstrated that deletiorP@PN2lac-
rotivity in mmTv -neutransgenic mice by breeding with
PTPNZXdeficient mice caused significant mammary
tumour latency and resistance to lung metastasis
n Our group also used a specift@ PNlinhibitor that
protected themmTtv -neutransgenic mice from devel-
gebping tumours to confirm those findings The lat-
s, ter study also demonstrated tHRARIPN1lis a true
r oncogene, because specific overexpressieTBN1
redin the mammary gland led to the development of spon-
taneous breast cancér ThereforePTPN1, previ-
ously recognized for its role in downregulating insulin
signalling, has now been shown to function as a posi-
tive regulator of signalling events associated with
breast tumorigenesis.
m
3. PHARMACOLOGIC TREATMENT OF
PTPN1

D

c- Several years ago, our group, in collaboration with
Brian Kennedy of Merck—Frosst, confirmed that

% PTPN1linhibition could have a significant benefit in

I- type 2 diabete®. That finding triggered much re-

- search into the development of small molecules
againstPTPN1.

ve Unfortunately, the close similarities between the

ngzarious members of there family and the general
hydrophilicity of small molecules that bind to the
active pocket remain major hurdles in the develop-

0- ment of specific inhibitors againBTPN1 It appears

Inthat therTrfield has now reached the stage occupied
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by the kinase drug development field more thd
10 years ago. For example, Isis Pharmaceuticals
veloped and, in late phaseclinical trials, success-
fully employedPTPN1antisense inhibitors for the
treatment of type 2 diabet&s Their study clearly
validatesPTPN1las a safe target in humans. In th
context, the race for small-molecule inhibitors wi
certainly gain momentum. Other companies shol
soon emerge with their own versions of ditiPN1
small drugs. It stands to reason that these inhibit
should rapidly be tested in cancers in wHRFPN1
is overexpressed.

4. SUMMARY

It is now clear thatTtrs have both inhibitory and
stimulatory effects on cancer-associated signalli
processes, and depending on their associated prot
and substrates, they act as oncogenes in multi
human cancers. Soon, several ongoing studies shc
validatertrs such asTen andpTrPNl as useful prog-
nostic markers and potentially novel targets in cqg
cer therapies.

Although much current interest surrounds th
clinical introduction of specifietk inhibitors, chemi-
cal targeting oPTrs remains largely unexplored. De
spite major efforts by the pharmaceutical indust
(given that these targets were identified more th
10 years after the tyrosine kinases), the developm
of small-molecule inhibitors afres is still in its early

stages. Phosphatases represent 4% of the “drug-able’.

human genom#&, and the rapidly increasing num
ber of human diseases associated wittabnormali-

ties—including cancer—has begun to elicit a growir]
interest inpTrs as drug targets in oncology. The re

cent identification oPTPN1as a potential oncogene

in breast cancer may be key in focusing research
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