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Epithelia cover our body's outer surface and internal compartments' inner surface.
Epithelia serve as a barrier to protect the entire body from the external environment.
Epithelia are constantly exposed to mechanical stress, internally and externally. Thus,
epithelial cells must resist that stress to preserve tissue integrity, by forming
intercellular junctions, including tight junctions (TJs), adherens junctions (AlJs), and
desmosomes. TJs and AJs together are often called “apical junctions”. Among them, it
is widely accepted that AJs are critical for tension regulation via mechanical coupling
with actin cytoskeleton, and desmosomes provide strong cell-cell adhesion across cells
via linkage to intermediate filaments. Unlike those, the specific impact of TJs on
mechanical resistance has remained unclear for a long time, due to technical limitations
to specifically and completely perturb TJs. Our group has recently established the
epithelial Madin-Darby canine kidney (MDCK) II cell lines that specifically and
completely disrupt TJ structure and function, making the cells a decent model to analyze
how TJs depletion causes subsequent defects in epithelial integrity. By utilizing this
model system, I investigated whether and to what degree TJ proteins contribute to
epithelial integrity against mechanical stress.

Here I report that spontaneous breakages of apical junctions were observed in
epithelial MDCK 1II cells depleted of two types of TJs-associated integral membrane
proteins claudin and JAM-A (claudins/JAM-A KO cells), which lack entire TJs. Cell-
cell junction morphology was visualized by apical junction marker ZO-1, which showed
sharp and continuous staining at the apical region of cell-cell contacts in control MDCK
IT cells. In contrast, ZO-1 staining in claudins/JAM-A KO cells displayed peculiar
discontinuous staining at apical junctions, and large ZO-1 gaps were occasionally seen,
suggesting that apical junction integrity was disrupted.

To investigate how these junction breakages arose in claudins/JAM-A KO cells, |
examined apical junction dynamics in claudins/JAM-A KO cells to compare with that
in MDCK II cells. Live-cell imaging revealed that junction breakages, marked by the

loss of GFP-tagged ZO-1, occurred concomitantly with the loosening of circumferential



actin bundles, suggesting a strong spatial-temporal correlation between junction
breakages and actomyosin disorganization. I further investigated whether actomyosin
plays a causal role in junction breakages in claudins/ JAM-A KO cells, and observed
that pharmacological perturbation of actin polymerization indeed enhances the junction
breakage phenotype, pointing out that actin cytoskeleton plays critical roles in the apical
junction integrity dependent on claudin and JAM-A.

Structure-function analysis of claudin and JAM-A suggested that they preserve
apical junction integrity in two pathways. First, claudin and JAM-A form trans-
interactions across cells most likely to physically strengthen apical junctions. Second,
claudin and JAM-A mechanically couple apical junctions to actin cytoskeleton via TJ-
associated cytoplasmic scaffolding protein ZO-1. These results suggested the
mechanical coupling between neighboring cells through claudin and JAM-A. I next
focused on ZO-1, an intermediate linker connecting claudin and JAM-A to actin
cytoskeleton. Super-resolution stimulated emission depletion imaging to evaluate the
conformational change of ZO-1 showed that in the presence of claudin and JAM-A, ZO-
1 molecules were oriented with the N-terminus toward the plasma membrane and the C-
terminus toward the cytoplasm, and ZO1 undergoes a conformational change to unfold
its structure. In contrast, although ZO-1 molecules in claudins/JAM-A KO cells
showed similar orientation to those in MDCK II cells, the distance between the N-
terminus and C-terminus of ZO-1 was shortened, indicating that ZO-1 prefers “less-
stretched” conformation. This suggests that claudin and JAM-A support apical junction
integrity by regulating the conformational change of ZO-1.

Further depletion of another IgG-like domain-containing adhesion molecule CAR
in claudins/JAM-A KO cells exaggerated the junction breakages phenotype, with
various large ZO-1 gaps observed. Claudins/JAM-A/CAR KO cells also displayed a
more random orientation of ZO-1, with the N-terminus no longer exclusively localized
to membrane-proximal regions but were also found at the membrane-distal regions
facing inward the cytoplasm. This indicates that CAR, together with claudin and JAM -
A, supports the apical junction integrity and regulates the nanometer-scale ordering of
Z0-1.

In conclusion, my study demonstrated that TJ membrane proteins, including
claudin, JAM-A, and CAR, coordinately regulate the mechanical resistance of apical

junctions in epithelial cells.
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RO RGP ERICHEEBO R MREE SO BT Kby ATy 7 va v
AJ) LT 2V —LDOHEEBIELMONTVEN, XA MY v 27 ar (TI) OEEIE
IRETIZHOA TV, Fif, HEHEOFBIFILE CIX, MR REE LM TH
% MDCK #ifant, T ofEx IV EThbrrsrun—7 477V —4 1 (Cldn) &
JAM-A Z#XRKSEDHZLI2ED . TS #RHERADOERICKL EEME(Cldn/JAM-A KO
AERE) Z ML L7z, Hjﬁﬁ%‘ Nguyen, Thanh Phuong KX Z Oz HW\W T, LMD )
BHEICBIT 2 T OENCET 2 AR MR EZED T,

HFEEIX, £9 TJ @%ﬂ%/}’ Yo ETHY, TI - AJ & T» apical junction complex
(AJC) O~—H1—Th 25 Z0-1 OENWPEYRAEIT oo, TOFER, Z0-1 23, MDCK #f
A 36 W T3 e i B A SR AL IS e IS 0 A 9~ 5 oIz xf L. Cldn/JAM-A KO Mifid iz 3w

MR EESAICRET 200 RATNICED AN RERIZ LD I a2 R LT,
TOBBESHICHE LT 572, ZO-1-GFP %Z MDCK #ijg & Cldn/JAM-A KO #H
R EMICRBE S Y, TOMBE Y A LT T ABE L, ZOREE ., MDCK Al ja C il
Hﬁzn’\ﬁ” BaEhC > CTHHMAR Z % TH Z0-1-GFP O # i ) 72 45 A 28 & ISR 7= iz

Zxt L, Cldn/JAM-A KO #Hfa Cixfifa s K& < g L7=BEIZ ZO-1-GFP O R EN —if
AL ;‘{%%ﬁ‘é_ EDRHLMNE ST,

F72. 2D ZO1-GFPOWANFE CHEIkDO 7 7 F UMM A E LS Z R BIE I,
Z T, AR ERMN O N FEEERSBEKRT LT PIF o EERGIMEK T, I A4
¥ OIEPEAL A HIEH T 5 & I LIMKAK RIS 7 7 F v ki o B4 % fil #1352 RhoA © v
TFNVIEERKICEHLTESLIZHBEMLE, TLETNOoRKICHERN 2 ER %2
Cldn/JAM-A KO Mgz 5 %7 & Z A, LIMK BEE%U£;@7&%VBE%%UT Z0-1 O R
HGMENHER S NZN, SATVUERA TR RS RERDLN o, UED
FERNG, Bl AJC O T HiEIC T ¥ X7 8 Tébé Cldn & JAM-A., K OV g
MEBERNOT 7 F UBHERTFHE L TWD I ERRENT,

KIZ, Cldn & JAM-A 23 AJC O Pz HlH§ 2 A EZ B O NI T 572D
Cldn/JAM-AKO #ifaiZ, Cldn B & N JAM-A Offix DERKEZ R ST L Z LT LV
EHREE B 2 T Lo, 2 OREE. AJC O DRHUEIC I Cldn, JAM-A @ #Hfa 44 f: 5k 2 I
U 7= i [ AH B A & A N fE Ik & o L 72 ZO-1 %@%ﬂ%& VR BEE OB DT
FNRULETHDZERHLNERoT2,

ZO-1 1% N Ktk 2 L T Cldn, JAM-A #5645 &dic, C Kz ML T
JFUMMEEMEERT S, EF. ZO-1 SR OENICIEE L THEEELER T2 &R



WS TW5s, 22T, Cldn, JAM-A I X% AJC @ HiHitE L Z0-1 O #EE L L D B
HER O T 5701, NRHE CREICHRZR DX V&ML T Z0-1 %, MDCK #i i
& 5% Cldn/JAM-A KO #ifid i % B &, STED BAM L2 VT ZO-1 ® N K & C R
s OALE Z L7z, T ofER, MDCK il Tk ZO-1 B O %Z & > T\ b D%t
L. Cldn/JAM-AKO fifld CIIPAL7eMiEEL L o TWDH Z ERH L NITR 5T,
Cldn/JAM-A KO fifld iz W T% ZO-1 @ N KX E FIZHEL TWizZ &6, Cldn-
JAM-A LIAMZ ZO-1 O N K¥is L BEAEH T 22 NV EDOFEENRB I T, £ T,
T OEL /N7 ET Z20-1 EOMAEEHRHRE SN TWD CAR IZ&H L. Cldn/JAM-
A/CAR KO MR & RS2 L 72, Z0-1 O 4y T A& &2 fffr L 7= & 2 A MDCK i Ja <> Cldn/JAM-
A KO Mifid TILHIZ Z0-1 O N AR 560 23 Hi B B B R A2 @ A CTELA L T2 D% L
Cldn/JAM-A/CAR KO Mila T Z D X 5 7% ZO-1 iy roBRmEN Kb, £/,
Cldn/JAM-A KO It L T AJC O RdE et A HE 38R L Tz,

AKMFFEIZIBNT, TI DR S /X7 BH T % Cldn, JAM-A, CAR 23 7 di i1 b B2 i o
AJC D NEHIMEZ R T2 Z &2, +oRFERFERICESOTHMBEICHm SN, £/, £
DIBFEIZ Z0-1 53 FOMELENE G T 2 kRN M <R s, AUFEIE. EEo )
ERMEDOA N =ALICETL2EBERy FHRABRYHNERZAT L0 THDL, ULEOH
Mrb, FEZEXT. KB FMNOREGITHET 5 L 2B —HTHM LI,



