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Terminally differentiated stratified squamous epithelium forms a lining of the plasma membrane called the cornified
cell envelope (CCE), a thick layer of several covalently cross-linked precursor proteins including involucrin, small proline-
rich proteins (SPRPs) and loricrin. Their cross-linking isodipeptide bonds are formed by epidermal transglutaminases
(TGases) 1, 2 and 3. The formation of CCE and sequential expression of major CCE precursor proteins, TGases, and
25-kD lamellar granule-associated protein (LGP) were studied in human embryonic and fetal skin. Ultrastructurally,
membrane thickening has already started in periderm cells of the two-layered epidermis and an electron dense,
thickened cell envelope similar to CCE in adult epidermis is observed in periderm cells at the three-layered and later
stages of skin development. In the two-layered epidermis (49-65 days EGA), immunoreactivities of involucrin, SPRPs,
all the TGases and LGP were present only in the periderm. In the three-layered epidermis and thereafter (66-160
days EGA), loricrin became positive in the periderm cells, TGases extended to the entire epidermis, and LGP was
detected in intermediate cells as well as periderm cells. Immunoelectron microscopy demonstrated that all three major
CCE precursor proteins, involucrin, SPRPs and loricrin, were restricted to the CCE in periderm cells at this stage of
development. After 160 days EGA, the periderm had disappeared and CCE proteins and LGP were expressed in the
spinous, granular and cornified cells and TGases were detected in the entire epidermis. These findings indicate that
CCE precursor proteins, TGases, and LGP are expressed in coordination in periderm cells during human epidermal
development and suggest that periderm cells form CCE in the process of regression.

As a next step, five patients with non-bullous congenital ichthyosiform erythroderma (NBCIE), one patient with
lamellar icthyosis and two patients with mutilating palmoplantar keratoderma (MPPK) were studied.

In one patient out of five NBCIE cases, expression of TGase 1 molecule was markedly reduced in the patient’ s
epidermis. Electron microscopy revealed incomplete thickening of CCE during keratinization in the epidermis.
Sequencing of the entire exons and exon-intron borders of TGase 1 gene (TGMI) revealed that the proband was a
compound heterozygote for two novel mutations, 9008delA and R388H. These findings indicate that the compound
heterozygote for missense mutation (R388H) in the core domain and the frameshift mutation (9008delA) resulting in a
premature termination codon at the tail of the TGase 1 peptide leads to the NBCIE phenotype. TGM1 mutations were
also found in the lamellar ichthyosis patient.

In the patients with MPPK, ultrastructural, immunohistochemical, and immunoelectron microscopic analyses revealed
malformed CCE and reduced deposition of loricrin to CCE. Sequencing of the entire exons and exon-intron borders of
loricrin gene of the patients excluded a mutation in loricrin DNA sequence. These data confirm the presence of MPPK
phenotype with abnormal loricrin cross-linking at the final stage of CCE formation that is not caused by mutations in the
epidermal differentiation complex region.
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163 Hin £ To, FFRELDIORFIZ L DIET, 7213,
IR S 7z e MIRIR & Y o B E RO H W S 7z,

2.2 WERFEHEHE:

v MNEREEHEE 2% 7V — LT IVFNAL RICTHE
T A I ARRICTHREE, BLGE D BAKE TR F B
A, SEHEBISHICE S 1um OY R, EHBIZHIC
(& JEE 70nm oY 2 ERBIZE L 72,
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B k. Periderm OMIfgiE, JEE 7-9nm O30 2 Al
EFHLTW (K2), BEIICAS L, Periderm OFlED
HINEIE 2SR ST 7 o TL A% IR o ZLECHITE oAl
NI IR X5 BN h o 720 RIEMHRSF I,
involucrin, B X U, SPRPs %% periderm DML Bk
TH Y, MMEEHFIZE DL AL Tz, i), 2ol
M. involucrin, SPRPs & $ 12, EMIEIX. EHL T
o7z, TGases 1,2, 3%, periderm IZBEtETH Y, 3k
BCHIIIZ S, 59 WIEHLDTE®D H 117z, loricrin (& Z DR
periderm ML, AL E S ICBEEETH - 720 TERHE
FWORDENS, periderm OO AR, FEBIAA LD
bniz,
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envelope DR A @ periderm DML~ FLEIE,
FEEMIC X o THERE I N7 periderm & 0 Tl OELEHM
fld. intermediate cell TH. TGase OFEHITAD LN S D
DD, periderm & LT 5 EIEFICTHVHEIHTH - 72,
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ed gestational age (EGA)). (b) 2 BMNDXKRE (40-65 days
EGA). (c) 3EBMNDERK (66-95 days EGA). (d) 4 EBLIED
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loricrin, SPRPs %z & ®, cell envelope D& H X,
intermediate cell. ZEEHMILICIZ. £72, HEIVE SN %
Mo 7z JEMERL OB 5B 1 periderm & intermediate
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(a) 2BMDOERE (51-65 days EGA). (b) 3EMDERRE
(66-95 days EGA). (c) 4 BLIEDFERRE (96-160 Days EGA).
(d) EEEREDAILERTRE (>160 days EGA). (a) peri-
derm cell DHREDIEE L. 2BEOBIHOREICHNT
BECIAE > TWD, 3BHEDERE (b)) LU 4BLULEDE
K (c) Tl3. periderm cell DMMELIZIC IIEETFREDE L
cell envelope »BEICR 5N 3, (d) periderm 7 B#E L 7= &
EDFRKE TIEAIE L =REMEBOMATIZIC cell envelope
PR ENh TS, Bar; 0.3um. (Z#k12 LK W5IH),.
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SPRPs, loricrin, % & QN JEACEARL O B3 B O § R THS,
C ORI o YER AR B X 0L IStk T - 72,
JEA R OB B A, AR & R o0 ISR IR < AR
W25 LTw/z. TGasel, 2, 3. OFHRIE, REEREIZA
b1, TGasel B LU 3 D5 Ai lFMIE AR IR IZFRD 5
N7z, TNHOFTRIE. MAOEETRONS b O LAk
ThHolz,
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272 W, 1 FIOIERFI e KV £ Wi RR AL B e B 1T B
WTOH, TGase 1 DFRIBUMKF AR SN2 9, @BMIE
RESEM9I21E, B 4 1 Tld. cornified cell envelope D 1E
R RD HN72Hh, TGase 1 DFHFITEEHS AL
72 1 #ITl&, cornified cell envelope DI A AL
Shiz (4) W,
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Sl B L7z 1 B o B2 IR MR B I B v T
involucrin, loricrin, TGases 2, 3 O AilZIEH TH o 7225,
TGase 1 HHDOFEIIALTFHA S, TGases 1 M S AL
TLTW, BIEESMICS . cornified cell envelope
DIIEAEHHETE S Tz,

v B (20 DR NP ese. 3

4. TGase 1 BMENET %538 1-FEKBE A SRR R EE
FIZ 6 (2 EEDREMZBE. HLUEHEE
(a) &BA% hyperkeratosis & FEE D acanthosis W E&E K
B2 R 5 h 7= (toluidine blue stain), (b) EIEARYIC (X FEFIHA
FBA®D keratin clump ®ERFEIEERD Shikh 57 (c) FE
KD T3, Eu cell envelope (RFR ) PIEEICHR &
hTWi=, (d) BB T, cornified cell envelope (&£R ) I3,
BEEETIEERITEL, KUK ERD . (e) EEEHFIC
&7 3 cornified cell envelope (&R )o Bars, 50 um(a), 1
um(b), 0.3 um(c-e). (F—& &k 14 LWEIH),
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281 (1RR) OBBERREIBEEN BV THRIEM
YehiikE:Cld, involucrin B & U°F SPRPs 1. JRAHR
TIRIEFEFICH LT, LDEVTHIPT, IEE O
RIBOIG LD TFHIZBWTHREIL Tz, JGIH
L~V T3 involucrin B & OF SPRPs O YR ML B

V5 MBI D JGAEDFRD S L7z, loricrin DFEHIL,

I FICBWTEICEII L TB Y, TR
WZBWTHHIENICT W RAEIRD 51Lb DO AR
THY, HREE~OLBETRD LN L o7 @B
TERE2E DI AL NI FE 2 IR 25580 H
720 BATHINL 2 & L J5 123w T, cornified cell
envelope DA A SN7zA5, IEH & MK TRH
5B EAAIIE 2> & AALHIIC 2 T, EFHEE
DECWE DA L S cornified cell envelope @
JEE S SN d o7z (K5). HREEHELE T
LG IZB VT, BT & FELZ, involucrin
3 X UF SPRPs & cornified cell envelope DAL
W cornified cell envelope ¥4 IZJRFEL Tz, L
7> L. loricrin ® cornified cell envelope ~DLH 1
EFEEEHRTHP LT (M6).
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3. 3.1 FEKBREXRMABHERILRAE

TGase 1 OFEBUTRE 2 H 72 1 BT, direct
sequencing ® # #. TGase 1 gene (TGM1) 12,
heterozygous 7 2 D D% E, 9008delA (paternal) &
R388H (maternal). 25O LN (K7), ThbD
OERIF, avbo—nE LAEEHHARANSD AD
DNA 121, #BdbNheh o7z TCGM1 OTRTOD
exons. exon-intron borders (2 > \ T direct
sequencing #17 - 72725, TOZEROMWIZIX, FFHE
TR LERIIA SN T,

3.3.2 ERAsE:
Ll L7z 1 BT, direct sequencing D& H.
TGase 1 gene (TGM1) 2. heterozygous 72 22D

I AL AZE, L204Q & R306W., A3 H M7z,

INSOERE, oy hu— & LEEFHAN S0
A®D DNA I2IE, BN rolze GM1 DT RT
® exons, exon-intron borders {22 W T direct
sequencing #{7- 72725 ZOZEROMIZIL, WK &
LOERAERIIA LN o7,

3. 3. 3 Mutilating palmoplantar keratoderma :
loricrin gene ® 2 2 ® exons (Zid, PG/ 0nE

o B et I
5. mutilating palmoplantar keratoderma FRZE S8 F2 /& ) ETE1&
(a) FBHEODMAZIZ, ERXATSFoRETT T VB ET
B LTV, (b) EE %L, 30U cornified cell envelope (&R ) ». F8
R DMICIER S5 hizy (c) BEREIBOAE TId comified cell en-
velope (&R ) DIEFELH % v) . cornified cell envelope (&R ) I IEE
BB (d)ICHEIT2HDEL SXNTERISED, - /-, L cornified cell
envelope & desmosome 5743 1) > JIRDEED . FBRE FEBD
BICES5h 7= (e) KF, comified cell envelope; %&EN, lipid droplets,
Scale bars, 2 um (a), 0.2 um (b-d), 0.5um (e). (3@ 15 £ 5|H),

C A A
6. & ETES - mutilating palmoplantar keratoderma DIEFIC $ (F
% cornified cell envelope DAL
BEKE (a) T3, EBAKE (b) £ T loricrin OMFZEAD
AP DEV, fthh. BEEE (c) TOinvolucrin D NJLIE, IER
ARERE (d) £ W)igw (Ek 15 £WEIE),

catalytic triad

ore domain

activation B.sandwich
domain

p-barrel 1 B-barrel 2

9008delA

peptide

100 residues

R388H

7. TGase 1 EFMNET #5830 -IEKBR AGRIEIREENICR
5N 7 TGase 1 Bz FNDZEE. 9008delA & &£ UF R388H

ARRNDXADLER, 9008delA i&. TGase 1 EED cKIC BY

% B-barrel 2 domain RICH B, BADEE, R388H (5. TGase 1

EOOEEFMEML%E D core domainARIC % % (XEk14 £ WEIH),



b hABHIZO cell envelope DAL & % DIEEERREE % K § SRR DT

. mutation IZERIN L h o7,
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AR DFER, T 7 cornified cell envelope Rk T
& % involucrin, SPRPs, $ X 1¥, loricrin 1%, & MEH®
B\ BWT periderm ORIIBICHEEL TWAZ &8
HOENI R o7z, BT, KAEMIZ, TGases 1, 2, 3,
LPG 7%, %131, periderm OMIBLICHEL TW5H I L8
IRENTze TNHDORIFHOGHT A &, BEIEEFZEMIC
periderm OMEBEICHESBOOSNL L2 EZ D
5L, b MEROBABEIZH HEKEZD periderm 1,
ZOBRHMEMIEII BT, WAL FOMALHBITER T % b
@ L HFMW.O cornified cell envelope Z T 5 2 & A3t
ENb. RIEBEBFICE DM OME, F74 cornified cell
envelope Rk H TH % involucrin, SPRPs, B X,
loricrin i, & MEZfH periderm DR L 7= Ha 2 &
L7 THIEL TS Z EPRR SNz, 2, R
@i, $7bH, periderm A cornified cell envelope % 2K
FTHEVWIEZEZIXHTEIDOTHL, EOSEHELR
727 —% X U, cornified cell envelope DL & V) Eih
L& b L, periderm OBHEHEFIE, WAREEREDr F
F /A POALEBLEEM L3O THELEVZEHTH
590

periderm OMMEIX. JBFEHD SR EFEET BRI
5. BEMBEIAILEZGED BN TORIC, HELE
RELWEALZRT . 2D periderm OMILDOIERERZALD
T Bl GRER) oZ bl KMok oM
Wi, S/ 515, periderm OIS . BHFHIIZIE,
PRI O Z LT MIBP/INEE 20w, BIZEEL
TL %o INOLOHTEMNS, periderm (&, [58# & 3% %
LR T AfbiilakE | L EZObNEDIFTH S,
periderm DBifizn b REEDfL~D, LR ORI,
Fkm S HAEROBREIANE . AISELS 2R RELC,
JRR2SEIET 5 L)1, BEORKNAEZ L LIChk b,
periderm OFEFEED, KU, FOBEMDO A I =X 1% H
W 27:0121%, S5L245%OMEILEL Ebh b,

W4, cell envelope HIBREH DN TEELRDDTH S
loricrin ® 2 & 12 X % cell envelope @ & B & 4 75,
Vohwinkel syndrome!® % erythrokeratoderma'? %o ji
EHACREREORKNTH L P2, Tz,
loricrin 73 F O ¥ UAMZ B cell envelope O YL Ay BT
ALESDOREE 2 DV EL I EARBENLTVWG B,
RO —FHFOEKRTH, TGase 1 DEFEIT X 5 cell
envelope DEEAEDNZDRHRNTH 5 Z &3t ST
W55 0, SROWFEOFE R SIE, MFE L1 Ao A
ANZERfSE B S 12 B W T, TGase 1 #EETICE RS
HMN7ze &5, FERIERSE RN A0 B AR AL JE C b

TGase 1 DBIZTEENFEKNTH W REEI RS NIz £
72. KIFFEDOXF S & 7 - 72 mutilating palmoplantar
keratoderma D¥EH TiZ cornified cell envelope DTEHEA
LB Y A5, BEHIO cornified cell envelope BEEH
BETICERDED LW REIEENTH o720 2D LD
5. 4 M ® mutilating palmoplantar keratoderma e %l
WZ2oWTik, 20K E LT, o FZHLMIERTY
72\ cornified cell envelope B3 & F14E 0 E S iz,

AR IR b B R ER Y B9 2 FeRABHEL L 04,
RGO NG D cell envelope DI 2 & A5
BLTwAWiEREZEzZ N9, v MeEEREO
periderm ®3B#i. 75 F %4 boALR E0BIEIL,
TR DFEE, LD A H = XL ZHET B &) Bk
DOARTHR L, FEEAMBFEOREOM L V) mrbdb s
BOPIRENIIERN R TH 5,

AR, BEEESSIED X H = XA, BB R Zom
AW, EETREE S L -l E s, £FfEo
At B OHEE T DR, R4 0B CTRA SR
T7a—=Fik EAIATDNR TS, 5. $TFT. K
G ISR B RS, BB DAY R T o B R ENX
KEL B0 EZONL, ZOREFNT Ta—F &
LR EIREDOBEREE EZ MR E LRI L ST, 2512
i cell envelope B &I DA, REBHS 1R,
@ cornified cell envelope BHL& T & MLIEDIRIK DR
£, ¥ 51213, cornified cell envelope A&, 72 & N2 AH %
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