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Molecular mechanism for the loss of epithelial cell polarity
by the Helicobacter pylor: CagA protein
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Helicobacter pylori, the Gram-negative bacterial pathogen, is known as a major causative
agent for the induction of chronic gastritis and gastroduodenal ulcer disease as well as gastric
adenocarcinoma. The cytotoxin-associated gene A antigen (CagA) of H. pylori has been implicated
to play an important role in the induction of pathogen-associated diseases. CagA is delivered into
gastric epithelial cells via the type IV secretion system and undergoes tyrosine phosphorylation by
Src family kinases at the Glu-Pro-Ile-Tyr-Ala (EPIYA) motif. CagA has been shown to interact
with a number of host signaling molecules such as, SHP2 tyrosine phosphatase, C-terminal Src
kinase (Csk), c-Met receptor or phospholipase C-g, adaptor molecules Crk, and adaptor molecules
Grb-2 in both phosphorylation-dependent and -independent manners. Tyrosine-phosphorylated
CagA specifically binds and activates SHP-2, which in turn dephosphorylates and inactivates focal
adhesion kinase (FAK), thereby causing formation of an elongated cell shape termed as the
“hummingbird” phenotype with elevated cell motility. H. pylori has also been shown to disrupt the
organization and assembly of tight junctions in polarized epithelial cells in a CagA-dependent
manner. In this study, the mechanisms by which CagA causes disruption of tight junctions were
investigated in polarized epithelial cells. To this end, it was tried to find here-to-fore unidentified
host proteins that specifically bind to CagA. By employing a proteomic approach with the use of the
liquid chromatography/tandem mass spectrometry (LC/MC/MC), it was demonstrated that seven
host cellular proteins that specifically interacts with the identified CagA region. Among these
proteins PAR1b/MARK2 kinase was the highest score. The PAR1 serine/threonine protein kinases
are key polarity determinants that localizes to the basolateral membrane of polarized epithelial cells.
It was also found that CagA interact with the PARI independently of CagA tyrosine
phosphorylation. By using a series of PAR1b truncated mutants, it was determined that CagA binds
to the 27 amino-acid sequence (residues 250-276) locates at the C-terminal region of the catalytic
domain of PARIb, which is highly conserved among four members of the mammalian PAR1
family kinase. The effect of CagA binding on the PAR1 kinase activity was investigated and it was
found that the PAR1b kinase activity is specifically inhibited by CagA in both in vivo and in vitro



kinase assay, indicating the interaction of CagA with the kinase domain of PAR1b suppresses the
kinase activity. In mammalian epithelial cells, PAR1 is specifically localized to the baso-lateral
membrane, whereas it is excluded from the tight junction as well as the apical membrane because
aPKC at tight junction phosphorylate PAR1 and release it from the plasma membrane. Interaction
of CagA with PAR1 prevents the aPKC-mediated phosphorylation of PAR1 at the tight junction,
resulted mislocalization of PAR] to and above the tight junction. Consequently, CagA suppresses
PARI kinase activity in polarized epithelial cells and at the same time elicits mislocalization of
PARL1 to tight junction area collectively causes junctional and polarity defects. By using a series of
CagA mutants, it was found that PAR1b bind to the conserved 16 amino acids of CagA, which we
termed CagA-multimerization (CM) sequence in both Western and East Asian spices. It has been
showh that CM sequence is essential for CagA multimerization and subsequent CagA-SHP2
interaction. It was found in this work that expression of PAR1 promotes the CagA multimerization,
indicating that Cag A multimerizes through PAR1 in mammalian cells. It was also demonstrated that
elevated levels of PARI increases the CagA-SHP2 interaction, indicating that the PAR1 is required
for the stable CagA-SHP2 interaction. Because the induction of hummingbird phenotype is
dependent on CagA-SHP2 interaction and PARI is involved in this CagA-SHP2 interaction, the
effect of PAR1 on the morphogenetic activity of CagA was investigated. Despite the stimulatory
role of PARI on the CagA-SHP2 complex formation, induction of hummingbird phenotype was
inhibited by the elevated levels of PARI1b, indicating that the hummingbird phenotype requires
inhibition of PAR1 kinase activity in addition to the activation of SHP2 by CagA. Taken together,
the results revealed that CagA-PAR1 interaction is involved in the disruption of tight junction and
loss of cell polarity as well as induction of cell morphological change. These results provide strong
evidence that PAR] is an important intracellular target for H. pylori CagA in gastric epithelial cells
in the disorganization of epithelial architecture that promotes mucosal lesions leading to

inflammation and gastric carcinoma.
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Molecular mechanism for the loss of epithelial cell polarity
by the Helicobacter pylori CagA protein

(Helicobacter pylori CagA 2 & Z)L)i%ﬂﬂ@‘ﬁfﬁ@@ﬁ?)‘ B =X L)

LA EEEORRICOVT(HRE)

Helicobacter pylori (H. pylori) OFRHG&IL, BR, BENDFEBICW 58k~ 12 B R
Ex5I&RIT, I H pyloriRIRBLET D1 DO ThHD cagd BIaFE2RFFTIEKITHEREDN
EEBLOBHELRBENREIN TS, cagd BB H pylori 138 LRMRICES L%, 8
(AN TEAL CagA T ETHIIRAICEREEATS, BEH ERMABENIZE ALK CagA i Src
77 —FF—BiLIhFal IV bR T 2%, SHP-2 Ful kA7 74—l EENS
BN 7 TN RES FLHEERAL, ZNO0BREEEBREE T3 iz X MEE LIz o422
DREMIBIES 7 TNV EERT D, —F. cagd BB H pylori iX, M (LEh iz ERHREIC
BRI E, MIREEEEBLL THLNDAZ AN Y 7 a e BETATERREINT
WD, AN % 73 al BB X5 B RIEE E X cagd 5% H. pylori BT L 725 W EA DAL
RERCEERBREATHEELLN, TOBEMRICIIZ K 2BLRRh T\, BEE
1. INETARHTHo7 H. pylori CagA \[ZLDKEE RS E ORI ICBE L., JRIR
HFLLTO CagA DEYFHREZRI LI, ARIUE, EF SR ICERTTHRALL
CagA ICRBF AN ¥ 7 a AR LR RO 45 FHEBICEL TR~ D THS,

FIE T, B kI EEMRRICERINZZ ANy 7 a BEICHD H. pylori
CagA D43 FARABEBEZFRELZ, AXOB EKRICH¥K T2 MDCK fifgd 72— L THEE TS
Thizky, mEICEELEZ B0 ERMIRE S EEINSD, MDCK fMlaE FAVW-Z0Rit,
in vitro ERMBROBEFEOT LERTOLTHS, HEEHE X, BiIE(LIE7 MDCK #HIARIZ
CagA BB/ Z—%—BHEEA -BBRITDZZLEITKRIL, CagA BFa U B{LIEERTFRIZ
AN ¥ I ay OEELZFETILEHALNICLT, EBIZ, X D CagA REEREKEZ
BRIWBIEED, ZAM v 7 a BRI 595 CagA FHIREL TCRKMDB 1507/ BEH



572 AEFIE R E LT, EHIZ, CagA FEMIIT IV TR TE S - B E Qs b 7= LRI
HENRERLTWAILEFALNICTHEEBIC, BEBHESN: CagA RBEMIRIIH TP/
MDCK MR TE T, BNILESICERL L2 RHLE,

F2ETIX, LEBIROZAN ¥ 7 alabNCBHERERICE 535 CagA DEMSTO
Bt RIEEITol. BIETREINEZA N Y 7 a BRIZEDD CagA O FHNEES
A, ZOFEIRICERNORE TR Z 7 EE LC/MS/MS AW TREANICIREL.,
RABE D~ AF—L ol —F—LL THIBIS PARI/MARK ¥ —F ORI EICHKITHLEHIZ,
Wy FOMREERAZMARAN THERLE, &I CagA-PAR]I MEEMIZEEDS PARI 725 TNE
CagA 5y FREREZREL, W5 FOFREIZ PAR] DX F—ERA(Y CRKENL (2778 72b
NZ CagA O ~BE(LICEETAZENRBRICHALMIZIN TS CM EEF (16 73 /88) BNE
B4 3ZEFRALNILI,

WIETIT, CagA LORMEERITLY PARl DX F—EBHEMESIHIINBZE% in vitro 25T
IZ in vivo kinase assay # AV TEIGMIZ LT, EBIZ, CagA BEUPARI DT T /U AV AFEE R
ERISLL. CagA 1215 MDCK HIBRIEDF A ¥ al RO NIABRMERREEDS PAR] DERE
WWEYBRIEENAZEEBLNILTE, ZOR RN D, CagA X PARI #EHNEL THAIBHERES
FlEEZT LM IONI,

HAETII, CagA LOBEEEFREDRER. aPKC 1215 PAR] DUV LR ESNHZEEEL
L7z, aPKC 1Z&5 PAR1 DUV EE{EIX, PAR1 ORI A (HRARIERIE 22 & ONZ EEm ~D 5
) ZHEIEHTAEEREMTHY., ZOMIEORER. CagA IEIARRSHTHILDORWIERIKIE
JEICE TR BT HIENRENT, '

E5E T, CagA-PARIE A KRR, CagA DE R (ZEE{L) I5IZi% CagA-SHP-2 48
EERICEEREFZHEIZEEFHALNIILE, ZNETIZAMLIL TV . CagA DEEMKIL(ZE
{&{t) iX, PAR] ZE&IZ CagA B3R T AR RBEMNICS | ERISNATENRENT,

PLE., ABFFEICLY CagA OFREN ST LU T PARI A FICEEIT TR I, H pylori-
&M A EERERICAT TOES TR RABLNT, &bIT, CagA KI5 LK
FBME SRR IC 175 CagA-PARI AR DOKREINO S FEBENALN LR, RN
LELNINED—EDHM R, BHERTHLoLLHERDHAHELD VO THDHERFEE Nature
WRESINBEICEWVIFMES TR, cagd B H pylori DRZICIVERINIBEZIILD L
TORA R BRIERERED ) FEEOBAICEIRTLIAMEDDH TRE,
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