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Structure and Function of Tight Junctions in the Skin
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Abstract: The skin protects the body from excessive water loss and the invasion of harmful substances, such as chemicals
and microbes. The stratum corneum, is recognized as a very important physical barrier. However, in recent years evidence
emerged that tight junctions (TJ) might also play a crucial role in barrier function of the skin. In the present study, TJ

proteins including transmembrane proteins and plaque proteins, skin permeability barrier function and skin diseases of
TJ were reviewed.
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Hl= 2wl fafet ssiEEolY vgge] Y9 ABelE dEhs AL A= et AlERtolE
o tisl HWolsl= 7158 il wEA sk 2a (intercellular junction, IC)) == SPIEHA ICI= TIo]Ljo =
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junctional adhesion molecules (JAM) S©] ¢lil, plaque
protein® 2= MAGUK protein, ZO-1, ZO-2, ZO-3,
cingulin, symplekin?} A|32 =/ =3+ T (cell polarity
complex protein)Ql, Par3/ Par6/aPKC7} SJctiFigure 1)[4,5].
Transmembrane protein-> plaque proteinS H{7iA|= 3}
Nl AlsZmli(actin cytoskeleton)Q} Af3E2 ZATHNGRE
(cytosolic regulatory proteins)of] Agl=]o] Uci6].

Too] g ThipT} P2 BAL ol = AES
O, % A 53} e BAS0] A 1 37
o} (paracellular migration)sh= Z1e 2H-sk= A8 gk
7). 53] T A2 7|A&F basolateral) -5
7§ Fl(apical) F-9E Lol = 2FF(fence) 715 TS
2 Az SA4E AARITHS]. olelell AlEAledd &
At TGF-B eAlEe} 22 Al 2 2WEE] 43
flola, Mlxzga] W wESlof Hofsi AxEp(vesicle
transport) 52 7|52 HYShs Ao A=A U9

HIE AJ7]oA gt AAE T vt 7152 she
Aoz AdeA Qlont Alze] FRet ot o] wet T
TR S] S A Bl ekl A=l wE tielst
Al ZABHHI). olE S0 claudin® Z-3Fof| oF 24% o4}
o] TAsk= ZAom defA lom Zh ThilEe Fapda
o2 Aeldo] Fepa FdulEol wet AlEEe] TV 7]50]
o2 yepdti{10l. 1 9] oS FAREAHTI  associated
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Figure 1. The basic structure of tight junctions. Taken from ref[45].
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703 scaffolding 7)15-2 3= Aoz deA QJujll]. =
3| 2012 Al GlojA e i == whaldolry{12].

3. EE HuloM x|2olz 2 Eeht JTISH
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Sk Clinical Disease and TJ Function in
Simple Epithelium)

TJ -41*}2] ¥Ho|= neonatal sclerosing cholangitis associated
with ichthyosis (NISCH) A=+, non-syndromic deafness,
hypercalciuria®} nephrocalcinosisS- “5H13F hypomagnesaemia?}
2E Vg Aol AEITH13]. NISCH= Cldn-1 F-314}
9] o], non-syndromic deafness™= Cldn-14 -5-2Z}2] =Ho|,
hypomagnesaemia*= Cldn-16/paracellinl -3-412}0] ¥Ho]& L&}
W AvfoltH13]. E$F Morbus Crohnd} acute ung inflammation
W el QAo THE: ol Thilo] jol7} glm
P27} s Bhel13)

Toz utelelol, slolels, el $ Ba5e] 1)
X argen0] EJE Tk oS S0 Closridn pafingens
of A= enterotoxiny = 4171k ANE SoRs BUA
clostridium perfiingens enterotoxin receptors 2 ¥151%] Cldn-32!
49} 2PA o2 Ztslo] Adnd = TV e AZIcH14]. EAf
T A= =4x0] Cldn3 9 49] Aol thelf 2=
o7t AelsiAl BrefRIA] AIARE 5450 NH2-terminal
region®| 2RSS Gl WREIMS STM I Ae
B e Slci14]. o]e} Zo] Z34AQ1 Hil Ljof® TI= 1t
Al o rE 7150 #AE ¥od 4= Sirk vlelof
= Az Y= 3odsle] Alsdggz2el 7HUsEAL actin
cytoskeleton®] 2F5-& WSIAZ|7]%= SlaL, Hjol2 =TI T
52 coreceptor 2 OFIITH1S]. IS 5] hepatitis C virus
© Cldn18; reovirus'= JAMEIS: coreceptor®. o[ 831EY{16,17].
ERE WA J=719] cysteinprotease?] Der p-13} o]
proteolytic activity S 7FAl= del=7] & allergen)=-> T
Bajsle] AdulxAls: 53t e FHE Bolh des
A LS TS elsti7lEt] SaRt SRS TiTy18].

4. m|F ZIZMIE 2212} X[20lS THEo| Hred

(Skin Differentiation and TJ Protein Expression)

gfold Te 9 59 Al (intercellular
space)] EAIRIH2. EfF wFoA TIS| EAls 2
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ek 07} HlojghoLt AMIAL 2001 o] THE BkR1g
4 9l AL AR WSRO TRt T o
uj o] Seljo] QLR daudins 1, 3, 4, 5, 7,
8, 10, 11, 12, 16, 17, occludin, JAMA, JAM:B, ZO-1,
cingulin, MUPP-1, and symplekin50] 53, ub92s 3]
Hol|M= 712 Cldn-6, 11, 12, 18, 23, ZO-2, aPKC, Par3,
Par6 S-0] S} cH(Table 1)[20,21]. Cldn-83} Cldn-172 <1
RAFRAIZOIA mRNA 4220 SRISlQIT21. FEstlol
T chHRSe] Bmepge ohe chpsio20). Occludin
cingulin:S- 2213 (stratum granulosum, SGYl, ZO-, Cldn 4=
AJEHol, Cldnl, MUPP-1E E5)% A ool asic}
[20]. FAFENAS F) ol HEAQ Te] Tk o
ATPES] 7S QB T TS UPULRS Sol
S8 ] st mojolw, QA i npese] g
ZolH AR UEHolA At £ inermermbranous
material) = WZARR=E] o] LS “kissing points'2til S}
(Figure 2)[21].
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Table 1. TJ Proteins in Human or Mouse Taken From ref[47]

Protein with
localization on the Human Mouse
stratum granulosum
Claudin-1 + +
Claudin-2 Only cytolasmic ~ Not investigated
Claudin-3 - (found in the SC)
Claudin-4 + +
Claudin-5 Only cytolasmic ~ Not investigated
Claudin-6 - +
Claudin-7 + Not investigated
Claudin-11 Not investigated +
Claudin-12 Not investigated +
Claudin-18 Not investigated +
Claudin-23 Not investigated Cytoplasmic
Occludin + +
Tricellulin Not investigated +
Z0-1 + +
70-2 Not investigated +
MUPP-1 + Not investigated
Cingulin + Not investigated

A7} TJo] ZAa(tightness) 3] %S 2 transepithelial resistance
(TER)O| F7Iskal AFFo] 22 tracer®] olsS HAEA
ghel{22-24]. olel= Wi R, T E3RE ZPAAE ujkl
oA s AASHH T Thlae AHE]w TERE T4
gt Z 099 T 28RO = aPKCi= Cell polarity
complex?] Par3/Par6/aPKC2] UH 24 aPKC2] EAlS
At Zgell o8l fe vk ZPAA|ES] TERS
2x8k= WhH aPKCO] 7832 TERS F7IA7 )= 2lo&
adeiA Qoh22]. E3F Tiam-l (T-lymphoma invasion and
metastasis)-> small GTPase Raco]l tidt exchange factor =24
par polarity conplex] S-S 5] TV assemblyS: 247
on zASHe U F03 o8 A3 Taml 7
A} 2w AANEE Als T Ao £7)
BHAU T maturation©] |7 9H=rH23]. Tiam-1 < Cded2
k= =Y o2 Rac®} aPKCO| &% 33l VY] W<
xaitis).

oy 12

Figure 2. Ultrathin section electron microscopic images of wild-type
epidermis. (a and b) Low power electron micrograph (a) of the
stratum corneum (SC) and the first through third layers of stratum
granulosum (SG1, SG2, and SG3) and a corresponding schematic
drawing (b). (c) A boxed area in a and b where occludin was
expected to be concentrated was enlarged. Typical TJ (TJ) was
detected just above desmosome (DS). (d) Another example of the
TJ-desmosome complex observed at the most apical region of the
lateral membranes of granular cells in the second layer. Lipid
lamellar bodies (arrowheads). Kissing points of TJs (arrows). Bars:
(a) 400 nm; (c) 200 nm; (d) 100 nm. Taken from ref[19].
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5. X|20|=22| mEHAHT [5(Skin Barrier Function
of TJ)

M. Furusei= 2002 dx=of Cldn-1 5782 2 vke-AE
olgsto] 3| TS| wRAY 7|502Me] Fo4S F
HalArh25]. 1o] Batof ofati Cldn-l 5514k A v}
SiE TRE B9 BEdh SR SR Q)] AT ]
oJfol] Y= FITH25]. o] uleAs Bk 9
A4S ol get WAT Aolgls #ulFol X
Hsk= §IloL 600 Dao] Edo]|A(tracer) S 083 F2
J AIolA] SGE] TI 7]s0] ol Efo]A7} o)k
2 SRISHITH25]. TEWLS] 371t TI9] 7|5eshe
E-cadherin = CAP1/Prss8 9414} 27 tjoAoa= 3
ZEICH26]. Su] &S A2, E-cadherin 74} A wh$-
20l A= SGoflA] Cldn-10] FH2FE]R] QFal TJ protein®] &
S(distribution) 7} HASICH26]. CAP1/Prss8 3-21%} 23 upo-
20| 4= 8GO occludino] FHEE|R] ¢kout mjAE o] 7]
Soll= #E7E QlH26]. o]= occludin®] TIZH 750l Q)
oja] Fagk Q107 ZRESHA| S HolFEs dolrt
Cldn-62] IS Rt nke-Ate TEWLS] S7H= RS-
SAPkE P HATH2T. ool AifelA & & %
o], T ThlZe Aol uff B ozt 2hd = 7
o b2 TR inside-out FH 75l oPFe Ao
o} meba] Tighzle] ket o) 7158 Yekdi=t)

Lrolet & 4 Qlek
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6. DI50fM X |20} 2= ZEEpidermal Diseases
Regarding TJ

clret IR Aslol TV whila wlo] stk oA
A7} BaEa Qi) Cldnd, occludin, ZO-1 3} 2+S o
WASe Aol Ewle] AReld s
Psoriasis vulgaris, ichthyosis vulgaris, lichen ruber planus 2}
2o R 717 2] mRoAs wwle] W Bejw %
wolelAl WA 48], TV g Eu) HAlE s
S W Qb AL G shte] bl e )
A= ol A e yHEEITH4]. ES) Vitamin A & =323
8ol 7%, ok BolA AR nlesse] TR Sl
TJ9] Hido| Zrlsl= AL freeze fracture  electron
microscopy = H2F o 4= QITH4]. 5 A el

) 3hs} 435 ak3] A, A48 Al 2 5, 2022
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A Cldn1-2 pooriasis B2H9] T|RoAl 553
st o7t IL-1B7F Cldn-19] H3s Aot
= HE317} QJt}29]. Mouse skin squamous cell carcinoma
tumorigenesis modelo| A= F3|Q] SF=Ho|A Cldn-1, -6,
-11, -12, -189] ¥do] FAES R STH30]. Psoriasis}:
tumorigenesis modelS- FZA|EL O] ZV1E EHISH= Zlog
o|o} Zo] AFAlE= Cldn Lol FJFe okl & 5
slck

QA e B MR Saphococcus awreus 74 A
3Ea] AERolA] WEhs TV Pujdo] 7haslo] g o)
SN B, o] S HiYf=olld A Al T 71E
o] £AEE ZoR Ho} T WA ol UL B
A5 02N Fa%t IS Tt & 4 QUei31].

7. AUSHEXIZA X|2O0|2(TJ as Permeation

Enhancer)

o] wEG of2e] Fuye wRe OB E
L oA HARe] = systemic drug delivery) ZHo]
Al Hle Qs3] YRbow ofEddolet T2
transcelluar F+= paracellular route S we} o|53k= AS 9
njgc3). Eul ool Aol AR HIHom
offhs s I QlOBE FZ pemeation
enhancer®] =88 Wol FaMIE ol WS AMgSt
QUEH33]. Permeation enhancer2A] OAFHQ] AL ofgo]
U A% Agssate) i) FiseliL ok makg 274
O wOFT, enhancere] 2] 7} Hoolo st )%
M ousidein A 2 @ aRo 2o) el
Al Aok S, orelabgS ekl gkt Sl glo.
5] 7}zjo] Adslof Fri333s].

TJ modulator+= 1960 d ©|%-& permeation enhancer= <I-
EJo] Li}i33]. 3] Intestinejmucosal epithelias- o851 TJ
= B fEEs S e S0l =] fIHi33).
TJ modulator (TIM) = =] 1A4ehe} 2412 s 4= A
33,36]. 1AIcH TIME: TJ hilflof] Sojx] o= AR85kAl= o
o B}l ais F3 TS A FHH{36]. 9lE 5o
EDTA:= AJZ @] Z50]20] 2418 §55)al o] AL protein
kinase CE 53l TI] 7150l & HH33]. Sodium caprate
+= phospholipase Coll G2 o] Al W] 2ol ==
0]l °]Z2 myosin light chain kinase®] 23S 53] actin
filament5°] =3F0 24 TIS 7BIAIZICH37,38]. 1 2ol




o] Aol 5o T2} VT 185

7)EANK chitosan)© L} carboxymethylcellulose@} 22 o] =
7o FAIEel 1Al TIMof| sliggith33]. ole
tyrosine kinasesE ZHJ3FA|7]37 occludin®] modification © &
TI B34S Z7HAZIEH33]. NO, acyl camitine, salicylates,
18-beta glycyrrhetinic acid®= TJo| FFFS == Aoz oy
A QITH39-41]. ZLefut 1A TIME 7]&5o] o] WolA]
Agsiazl sk Rt ofyet SAEEY f9& I
Fol= A7t QAL T Al B4 dor)7)E Sk
2 S 4ol k& EdEelth33].

2AH TIME TJ Thaglof] tfgt 7] &S0 do] wilg- =t
[33]. SI= E0] clostridium perfingens enterotoxin®] C-terminal
Hol= =Ao] ¢l2MEy| Cldn49] second extracellular
loop domainof] So]=o.2 Aglele] Clande] ko] ol
TI integrity7} HolXEE dHH42. 1 9] occludin®
extracellular domaino]] So|& 0 =R A= HElO|EE
T T3S S77171% gel41]. TI9] highly specific
modulator 2= Vibrio cholerac25E] 4-& zonula occludens
toxin (ZOT)©|tH41]. ZOT intestinal TJS] endogenous
modulatorQ] zonulin} A5} TJ disassembly S --=31c}
[41]. SA7FA]+= small intestine, nasal epithelium, heart and
brain endotheliumei|A] A% ZOT 2jAjEjo]] AgercH43].
ZOTE= transcellular pathway'} 54 9lo] Atz 7kl

08 TJ Fabde F7MIZ 4 9l A0 Hel4l]
WPE0 2 7|50l o] 33 ZOTE 1A T uj3]
21go] e Aoz wel33)

8.2 E

Zshrpgol oJsff QIte] ul= wie- HRE A Al
oz daEglar, AE G 840) AR v &
A Aol Sasith o] wF A AILERE Hekt o)
= 9 nE 59 97 agle] Hold 4 = 7l
TI, SC, W Ay} 22 of2] G4 82xof ofsf Aagw
] o] Qo] AMA]] ofE MY A|AHCeRE o] 8715s}
b=z ujioflx mjp- Fa3t oeks Wil Qlrfar o 4~ 3l
HFigure 3).

Claudino] ZHE 7] 20 Ho| H& A= TIe| =0
71 sl izt $-219] ols= wWEA sk vk T7h
claudiny} TR TJ 2 9f whaigo] ZO ohlal, o =)
9 71AA ol oJal] Afek= wAr EiAleks 1ol
skl Qlok 7P7ke mlol, zsfd= dAnAEY =
A= A5 F8l IO 24 olshE A%l A 53
o QS Alow Ttk eEeshA e A
H F7HRl 4 A 2 A Ahe T 2R A
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Figure 3. Schematic drawing denoting the different barriers in the epidermis and their interaction with the TJ barrier.

Lilac spheres: desmosomes, grey spheres: corneodesmosomes. SB: Stratum basale, SC: stratum corneum, SG: stratum

granulosum, SS: stratum spinosum. Continous arrows denote interactions already experimentally shown. Dotted arrows

denote hypothetical interactions. Taken from ref[46].
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