UPDATES AND DEVELOPMENTS IN ONCOLOGY

Receptor tyrosine kinases:
role in cancer progression

V. Sangwammp* and M. Parkenp* -7

KEY WORDS In addition to alterations in threk, aberrant deg-
radation okTks is associated with numerous cancers,
underscoring the importance of this mechanism of
regulation oktks3% To date, 58 genes encodiigs
have been identified in the human genome, 30 of
which have been found to be dysregulated in human
Tight control of cell proliferation and morphogen- cancers.
esis in conjunction with programmed cell death (apo-
ptosis) is required to ensure normal tissue patterningDISRUPTED SIGNALLING BALANCE
Alterations that cause an imbalance of the cellular
signals that control these events may promote c¢ellMany cellsin vivo are in a quiescent state (G0) with
growth, suppress apoptosis, and enhance cell invaunduplicatecbna. The balance between growth in-
sion, resulting in oncogenesis. hibitory signals—provided by soluble factors such
Many of these signals are regulated by receptoras transforming growth factor beta&gb), cell-to-cell
tyrosine kinasesrfks). Thesertks are membrane-| contacts, and adhesion to extracellular matrix com-
spanning proteins with intrinsic phosphotyrosine ki- ponents—and growth stimulatory signals (through
nase activity. Their activity is normally tightly] growth-factor activation afrks) forces cells to enter
regulated. In the absence of ligartks reside inthe | G1 and initiate cell divisiohA Successful transition
plasma membrane as inactive enzymes. Binding| othrough the G1 phase requires sustained growth fac-
ligand promotes receptor dimerization and a changedor stimulation over a period of several hours, fol-
in conformation that leads to activation of the kinase lowed by the presence of a progression factor such
and transphosphorylation of the receptor on specificas insulin-like growth factor igr-1).
tyrosine residues. This dual signal requirement may prevent acci-
Phosphorylated tyrosine residues provide dock-dental triggering of quiescent cells into the cell cycle
ing sites on the receptor for signalling proteins thatby transient exposure to mitogenic growth factors. In
recognize phosphotyrosine residues and that act t@ome cell types, the absence of growth-factor stimu-
relay the signal from the receptor at the plasma memiation causes the rapid onset of programmed cell death
brane into the cell Once activated, a normal cell (apoptosis). Therefore, non-scheduled expression of
has mechanisms in place to downregulate the recepa growth factor may result in a constant stimulation
tor through receptor internalization. Endocytosis andof cell growth in addition to a block in apoptosis.
eventual lysosomal degradation and ubiquitination A variety of tumour cells are known to produce
of rTks has been shown to play a key role in theseand release growth factors for which these cells bear
processeg however, when altered through mutation receptors and can respond. For example, lung can-
or chromosomal translocation, or after genomic am-cers produce several growth factorssrs, stem cell
plification, manyrtks can become potent oncogenes factor, andcr-1—as well as the receptors for these
by delivering a continuous or enhanced signal. ligands [epidermal growth factor recepteGKr),
Kit R, andicr-1R respectively]. Melanomas express
basic fibroblast growth factosrcr), which they re-
Richard J. Ablinpnp, Research Professor of Immuno- quire for proliferation, and carcinomas that express
biology, University of Arizona College of Medicine and high levels of the receptoesFrand Met secrete the
the Arizona Cancer Center, Tucson, Arizona, U.S.A., andcorresponding factonsro or hepatocyte growth fac-
Phil Gold, mp php, Professor of Medicine, Physiology, tor (HcF). These signalling loops appear to be func-
and Oncology, McGill University, Montreal, Quebeg, tionally important for tumour growth and are
Canada, Section Editors. associated with short patient survival times.
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In addition to having a direct function in tumour therapy*12 Similar strategies have been developed for
cells, growth factors amefks play key roles in modu-| EcFr, where the antecrr monoclonal antibody
lating the tumour microenvironment. Most carcinomas cetuximab has clinical benefit when combined with
depend on their microenvironment for survival through radiotherapy for head-and-neck cancers.
the recruitment of fibroblasts, macrophages, and vas- In addition to monoclonal antibodies, small-mol-
culature. For example, carcinoma cells frequently re-ecule inhibitors that block the catalytic activityroks
lease platelet-derived growth facten¢r), which acts have demonstrated success in the clinical setting. The
to recruit and activate stromal cells that expresstte small-molecule inhibitors foecrr (gefitinib and
receptor. Those cells in turn release mitogesreand erlotinib) show modest antitumour activity when ad-
epithelial invasion and motility factors suchr&s. ministered as single agents in unselected patient popu-

The construction of the vasculature is also regu-lations with non-small-cell lung carcinoma, but they
lated through multiple interactions between growth show a positive clinical response in a subset of pa-
factors andktks, includingpbacF, bFGF, and vascular | tients that harbour somatic mutations inghergene
endothelial growth factdt Similarly, macrophages| and whose tumours may be dependent on expression
recruited to the tumour microenvironment through of those mutated gen&s
the production of colony stimulating factor<sg1) Imatinib, originally designed as an inhibitor of
by breast carcinomas can themselves release grgwtthe nonrtk tyrosine kinasecr-asL and found in pa-
factors such ascr that can enhance both the prolif- tients with chronic myelogenous leukemia) with
eration of and invasion by tumour célls chromosome 9-22 translocations, has shown signifi-
cant therapeutic successitr-ABL—poOsitivecmL and
acute lymphoblastic leukemia. However, in addition
to its activity forecr-aBL, imatinib also blocks the
The identification, in multiple cancers, of alterations activity of severakrks, including the Kit anegbcr
in rRTks and of dysregulatertk signalling has pro- | receptors, and has shown robust clinical activity in a
vided the rationale for antitk drug treatment. Tras-| subset of gastrointestinal stromal tumours and in
tuzumab, imatinib, and gefitinib are some of the first chronic myelomonocytic leukemia harbouring mu-
examples of drugs that have successfully translatedations in the Kit opbcrFreceptord?.
basic research orrks and oncogenes into cancer As demonstrated for other anticancer agents, pa-
therapeuticd. Strategies aimed at preventing and tients acquire resistance after prolonged treatment,
inhibiting rTk signalling include antibodies to the and surprisingly, much of this resistance stems from
extracellular domain of the receptor (such as trastu-secondary mutations within the target and muta-
zumab), antagonist ligands, small-molecule inhibi- tions that involve downstream pathways activated by
tors of protein tyrosine kinase activity (imatinib and rtks. Combination-type therapies that target multiple
gefitinib), and peptide mimetics that act as inhibitors pathways regulated byks will increase efficacy and
of protein—protein interactions. may reduce resistance.

RATIONALE FOR TREATMENT

CLINICAL STUDIES SUMMARY
Since the mid-1990s, clinical studies have establishedrhe mutation and deregulationraiks can lead to a
that tyrosine kinase inhibitors are relatively safe andwide variety of changes in cellular structure and func-
therapeutically active in target patients whose tumourtion, all of which contribute to the malignant pheno-
growth is driven by tyrosine kinases. Trastuzumab istype and pathologic behaviour of human cancer. The
a humanized antibody that recognises the extracelluprogress in recent years on the clinical validation of
lar domain of theier2 rTK, which is amplified in ap- | molecularly targeted drugs that inhibiks has dem-
proximately 25% of invasive primary breast cancers. onstrated that, in appropriately selected patients, treat-
The family ofrtks to whichHeErR2 belongs also in-| ment can alter disease progression and survival.
cludescrr(HERL), HER3, andHErR4. No ligand has been Rational drug design will benefit from computa-
identified forHErR2 (as has occurred with its family tional biology and a detailed understanding at the
members); insteadgr2 forms heterodimers with other  structural level both of the kinase domains and of the
family members{er1—4), enhancing and diversifying ligand binding sites of these receptors. The large tis-
their signalling in response to ligand stimulation. Bind- sue and serum repositories from patients in clinical
ing of trastuzumab to the extracellular domainms®? trials will also allow outcome to be linked to mo-
enhances downregulation fr2 (including its bind- lecular changes observed in tumours.
ing partners) from the cell surface, decreasing cellular
signalling. Trastuzumab was shown to offer clinical REFERENCES
benefit to patients wither2-positive metastatic breas
cancer, and recent trials have demonstrated highly sig-1. Pawson T, Scott JD. Protein phosphorylation in signalling—
nificant survival benefits teer2-positive patients when 50 years and countingrends Biochem S@005;30:286-90.
trastuzumab is used in combination with chemp- 2. Wiley HS, Burke PM. Regulation of receptor tyrosine kinase
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