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Mechanisms and functions of the Helicobacter pylori
CagA-PARI1 polarity-regulating kinase interaction
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Helicobacter pylori (H. pylori) cagA-positive strains are associated with gastritis, peptic
ulcerations, and gastric adenocarcinoma. Upon delivery into gastric epithelial cells via the bacterial
type IV secretion system, the cagA-encoded CagA protein binds and aberrantly activates SHP-2
phosphatase, a bona-fide oncoprotein, in a manner that is dependent on CagA tyrosine
phosphorylation. CagA-deregulated SHP-2 elicits sustained Erk MAP kinase activation while
causing an elongated cell shape known as the “hummingbird phenotype”. In the host gastric cells,
CagA homo-multimerizes, most probably homo-dimerizes, via a conserved 16-aa sequence
(FPLXRXXXVXDLSKVG) referred to as the CagA-multimerization (CM) sequence and this
multimerization is crucial for induction of the hummingbird phenotype by CagA. In addition to
SHP-2, CagA also binds to partitioning-defective 1b/ microtubule affinity-regulating kinase 2
(PAR1b/MARK?2) and inhibits its kinase activity, thereby causing disruption of the tight junctions
and the loss of apical-basolateral polarity in polarized epithelial monolayer. PAR1D is a member of
PAR1/MARK kinases, a highly conserved serine/threonine kinase family playing a critical role in
the regulation of cell polarity and microtubules dynamics from yeast to human. Notably, PAR 1b has
been reported to be present as a homo-dimer in cells. Since CagA multimerization occurs only after
delivery into the host cells, it is likely that the CagA multimerization is mediated by a host cell
protein that is already present as a multimer in cells. An intriguing possibility is therefore that the
PARI1b dimer is involved in CagA dimerization iand, accordingly, CagA-PARIb interaction
underlies the morphogenetic activity of CagA to induce the hummingbird phenotype. Also notably,
mammalian PAR1 family consists of four distinct isoforms, from PAR1a to PAR1d. Thus, potential
interaction of CagA with PAR1 members other than PAR1b also needs to be investigated.

In this work, I demonstrate that the CM sequence is responsible for the interaction of CagA, either

Western or East Asian type, with PAR1b and provide evidence that the PAR1 dimer binds two

CagA proteins to passively dimerize CagA. I also demonstrate that the CM sequence is not only
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essential for the CagA-mediated junctional defect, which is caused upon inhibition of PARI by
CagA, but also plays an important role in induction of the hummingbird phenotype through
potentiating CagA-SHP-2 complex formation. The CM sequence exhibits polymorphism among
distinct CagA species both at the amino acid sequences and at the number. The prevalent East Asian
CagA (CagA-ABD) that contains one East Asian CM sequence (E-CM: FPLRRSAAVNDLSKVG)
distal to the EPIYA segment binds to PAR1b at the level that is comparable to that of the prevalent
Western CagA (CagA-ABC) possessing two identical Western CM sequences (W-CM:
FPLKRHDKVDDLSKVG, one within the EPIYA-C segment and the other distal to the EPIYA-C
segment), indicating that E-CM is twice as strong as W-CM in PAR1b interaction. Among Western
CagA proteins carrying variable numbers of W-CM sequences (because W-CM is present in the
repeatable EPIYA-C segment), the ability of CagA to bind PAR1b is proportional to the number of
W-CM. Furthermore, the degree of PAR1b-binding activity of CagA correlates with the magnitudes
of junctional defects and of hummingbird phenotype induction by CagA. I also show that all the
human PAR1/MARK isoforms bind CagA. Thus, CagA is a universal inhibitor of the PAR1 kinases.
Furthermore, each of the PAR1 isoforms exhibits distinct binding activity to CagA. Nevertheless,
all the PAR1 isoforms could rescue the CagA-induced junctional defect in polarized MDCK 11 cells
and abolish hummingbird phenotype in AGS cells to comparable levels, indicating that the PAR1

isoforms are functionally redundant in terms of CagA targets.

I show in this work the importance of the CM sequence and its polymorphism in the formation and
functions of the CagA-PAR1 complex. I also show the role of the CagA-PAR1 complex in the
pathophysiological activities of CagA. This work provides new insights into our understanding for
the mechanism of the cagd positive H pylori-mediated gastric lesions that promote gastric

carcinogenesis.
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