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Fig. 1. Myofibroblast differentiation in type I collagen gel. Fibroblast-populated collagen gels were cultivated in DMEM supplemented with 10% FCS and ascorbic acid. At week
1 (A and B) and week 2 (C and D), the samples were harvested. Gels were also cultured with bFGF for 2 weeks (E and F). The paraffin sections were immunohistochemically
stained with vimentin (A, C and E) and «-SMA (B, D and F) antibodies. Vimentin-positive cells (Fig. 1C) or a-SMA-positive cells (Fig. 1D) were counted respectively in each of 5

areas of 50 pm x 50 wm and averaged (Fig. 1G). Bars are 50 p.m.

3. Results

3.1. Modulation of myofibroblast differentiation by basic fibroblast
growth factor (bFGF) in the fibroblast-populated type I collagen gel

Seven days after construction of the fibroblast-populated type |
collagen gel, fibroblasts were found to be scattered sporadically in
the three-dimensional structure by vimentin staining (Fig. 1A);
however, no a-SMA expression was found (Fig. 1B). By day 14, the

collagen gel had thinned markedly, and fibroblasts were found to
be lined up parallel to the gel surface (Fig. 1C); additionally, a-SMA
staining revealed that a large number of fibroblasts had
transformed into myofibroblasts (Fig. 1D). Vimentin-positive cells
(Fig. 1C) or «a-SMA-positive cells (Fig. 1D) were counted
respectively in each of 5 areas of 50 pum x 50 pm and averaged.
The result showed that 58.62% of the fibroblasts were differenti-
ated into a-SMA-positive cells (Fig. 1G). The fibroblast-populated
collagen gel with bFGF was much thicker than the gel cultivated
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without bFGF (Fig. 1E) on day 14. None of the bFGF-treated cells
was positive for a-SMA (Fig. 1F).

3.2. Suppression of myofibroblast differentiation by bFGF in the
collagen gel and LSEs, and the influence of bFGF on epidermal
differentiation and TGF-31 expression

Two weeks after airlift (i.e, 3 weeks after the gel was
constructed), the bFGF-treated LSEs showed a thicker dermal
matrix and somewhat thinner epidermis with far fewer o-SMA-
positive cells at the dermal-epidermal junction compared with the
bFGF-free LSEs. No a-SMA staining was found in the dermal matrix
below the dermal-epidermal junction in either group (Fig. 2A and
E). Keratin 16 is a marker of hyperproliferative keratinocytes, while
keratin 10 is a marker of epidermal differentiation. In the bFGF-
treated LSEs, faint staining for keratin 16 was observed, while
staining for keratin 10 was more intense (Fig. 2F and G) compared
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with the bFGF-free LSEs (Fig. 2B and C). Thus, the epidermis in the
bFGF-treated LSEs was less proliferative and better differentiated.
The epidermis of the bFGF-untreated LSEs showed a much higher
level of TGF-31 expression compared with the bFGF-treated LSEs
(Fig. 2D and H).

3.3. Myofibroblast differentiation is arrested and the epidermis is
better differentiated with down-regulated TGF-31 expression in the
AMLSE model

Two weeks after airlift (3 weeks after the gel was constructed),
the AMLSEs showed a thinner epidermis and thicker dermal matrix
compared with the AM-free LSEs. a-SMA-positive cells lined the
dermal-epidermal junction compactly in the AM-free LSEs, while
no a-SMA-positive cell was seen in the AMLSEs (Fig. 3A and E). The
basal cells in the AMLSEs were more cuboidal, smaller, and aligned
more compactly along the dermal-epidermal junction than in the

bFGF(+)

Fig. 2. bFGF influenced myofibroblast differentiation and epidermogenesis in LSEs. The LSEs were cultivated with (E, F, G and H) or without (A, B, C and D) the addition of bEGF
in the culture medium after airlift. The LSEs were harvested two weeks after airlift. The paraffin sections were immunohistochemically stained with a-SMA (A and E), keratin

16 (B and F), keratin 10(C and G) and TGF-B (D and H) antibodies. Bars are 50 pm.
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Fig. 3. In AM-LSEs, myofibroblast differentiation was inhibited and epidermis was better differentiated. The LSEs were cultivated with (E, F, G and H) or without (A, B, C and D)
the adoption of amniotic membrane. The LSEs were harvested two weeks after airlift. The paraffin sections were immunohistochemically stained with «-SMA (A and E),
keratin 16 (B and F), keratin 10(C and G) and TGF-f3 (D and H) antibodies. Bars are 50 pm.

control LSEs. The epidermis in the AMLSEs was less proliferative
(Fig. 3B and F) and better differentiated (Fig. 3C and G), indicated
by weaker keratin 16 and more intense keratin 10 staining,
respectively, compared with the control LSEs. Moreover, epidermal
TGF-B1 expression in the AMLSEs was lower than in the AM-free
LSEs (Fig. 3D and H).

TEM revealed the ultra-structure of the dermal-epidermal
junction. In the AM-free LSEs, the basement membrane could not
be distinguished; the basal cells at the dermal-epidermal
junction and in close contact with the underlying fibroblasts
were disorganized (Fig. 4A). In the AMLSEs, the basement
membrane was well-developed and clearly demarcated the
dermal and epidermal compartments. Moreover, the epidermal
basal cells were polarized and well-organized at the dermal-
epidermal junction. The epidermal cells were separated from the

fibroblasts by the basement membrane and matrix of the AM
(Fig. 4B).

3.4. Suppression of myofibroblast differentiation and modulation of
the epidermal phenotype in the LSE by the inhibition of TGF-31

signaling

In the SB431542-treated group, no «-SMA staining was noted
either at the dermal-epidermal junction or in the underlying
dermal matrix in comparison to the control LSEs (Fig. 5A and D).
The epidermis in the SB431542-treated LSEs was thicker and better
stratified. The epidermis in both LSE groups expressed keratin 16
strongly (Fig. 5B and E); however, the upper part of the epidermis
in the SB431542-treated LSEs was intensely stained by keratin 10,
in comparison to the faint staining in the control group (Fig. 5C and
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Fig. 4. AM in LSEs segregated fibroblasts from the epidermis. The LSEs constructed
with (B) and without (A) AM were collected at week 2 after airlift and processed for
TEM. The ultra-structural image revealed the spatial relationship of fibroblasts
(arrows) and the epidermis. The inset shows a well-developed BM in AM-LSE. Bars
are 4.5 wm.

F), indicating that the epidermis in the SB431542-treated LSEs was
better differentiated.

4. Discussion

In this study, we investigated epithelial-mesenchymal inter-
actions during myofibroblast differentiation and epidermogenesis
in a fibroblast-populated collagen gel and LSE model. Specifically,
we investigated the influence of epithelialization and the
epidermal phenotype on collagen-embedded myofibroblast dif-
ferentiation, and how the presence of myofibroblasts affected
epidermogenesis.

In the collagen gel model, fibroblasts kept contracting the gel,
making it condensed and rigid. By day 14, over half of fibroblasts
expressed a-SMA. TGF-B1 in the FCS and the mechanical force
exerted by the contracted collagen gel may have contributed to the
“spontaneous” differentiation of the myofibroblasts. In the AM-
free LSEs, a-SMA-positive cells were found near the dermal-
epidermal junction by day 7 after airlift; the o-SMA staining
increased further by day 14 after airlift. The fewer a-SMA-positive
cells in LSEs, compared with the fibroblast-populated collagen gel,
is consistent with the fact that re-epithelialization following sheet
skin or cultured skin substitute grafting during wound healing
suppresses scar formation [21]. Among the keratinocyte-derived
factors known, interleukin 1o (IL-1a) suppresses a-SMA expres-
sion and causes degradation of the dermal matrix [12,22,23];
moreover, it can penetrate a reconstituted basement membrane to
reach the underlying dermal matrix [24]. Further, endogenous
TGF-B1 production and the induction of «-SMA expression

requires close keratinocyte-fibroblast proximity [12]. These
findings may help explain the seemingly paradoxical observation
that in our LSE model a-SMA-positive cells were present only near
the dermal-epidermal junction, where the basal cells were close to
or in direct contact with fibroblasts.

In constructing LSEs, fibroblasts play crucial roles in regulating
epidermal morphogenesis; moreover, through their interactions
with keratinocytes, fibroblasts contribute to the development of
the basement membrane [25,26]. Re-epithelialization in wounded
LSEs is also facilitated in the presence of fibroblasts [27]. However,
re-epithelialization is delayed in the presence of a disorganized
epidermis and poorly deposited basement membrane compo-
nents, such as when wound healing myofibroblasts are employed
in a collagen gel [28]. These findings suggest that myofibroblasts
are functionally different from dermal fibroblasts.

bFGF has been reported to stimulate fibroblast proliferation,
suppress a-SMA expression, induce apoptosis in myofibroblasts,
and promote scar-less wound healing [29-33]. In this study,
bFGF suppressed “spontaneous” o-SMA expression in the
fibroblast-populated collagen type I gel and almost all a-SMA
expression in the LSEs. With the suppression of myofibroblast
differentiation, the epidermis appeared less proliferative and
more differentiated. TGF-31 expression in the epidermis of the
bFGF-treated LSEs was markedly reduced, which may have
further enhanced the suppression of myofibroblast differentia-
tion by bFGF.

Subsequently, an AMLSE [17] was used to investigate the
relationship between the epidermis and myofibroblasts. A well-
developed basement membrane formed in the AMLSE [17],
prohibiting the direct contact of keratinocytes with fibroblasts.
It may have also filtered out specific cytokines or growth factors
from the epidermal or dermal compartment. In our AMLSEs, the
absence of a-SMA-positive cells and the well-developed basement
membrane may have contributed to the better-differentiated
epidermis, in which TGF-31 expression was reduced. Consequent-
ly, the necessary signals for myofibroblast differentiation in the
dermal compartment were dampened.

TGF-B1 is a key cytokine in the induction of a-SMA expression
in fibroblasts [34] and a potent keratinocyte growth inhibitor
[35]. Interestingly, proliferative keratinocytes in monolayer
culture produce more TGF-B1 than stratified differentiated
keratinocytes [36]. The hyperproliferative epidermis in hyper-
trophic scars also exhibits a high level of TGF-31 expression [6,7].
From our results, we assume that strong TGF-31 expression in the
epidermis of the LSEs induced fibroblasts in close proximity to
differentiate into myofibroblasts, while the compact matrix and
distance prevented TGF-1 from reaching fibroblasts located
further from the epidermis. SB431542 is a potent and selective
inhibitor of TGF-3 receptor kinase. Addition of SB431542 to the
culture medium of the LSEs thoroughly inhibited myofibroblast
differentiation; as a consequence, the epidermis in the SB431542-
treated LSEs became more stratified and better differentiated.
This indicates that TGF-B1 is responsible for myofibroblast
differentiation in LSEs, and that myofibroblasts contribute to a
hyperproliferative epidermis. Myofibroblasts have a different
profile of secreted cytokines than fibroblasts; thus, their influence
on the overlying epidermis differs. Several reports have shown
that fibroblasts, but not myofibroblasts, play important roles in
epidermogenesis [25,28].

In conclusion, this study revealed that epidermogenesis on
fibroblast-rich collagen suppressed most «-SMA expression,
except near the dermal-epidermal junction. By releasing TGF-
1, the hyperproliferative epidermis is responsible for myofibro-
blast differentiation at the dermal-epidermal junction. Finally,
myofibroblasts in the dermal matrix contribute to the hyperpro-
liferative phenotype of the new epidermis.
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Fig. 5. SB-431542 inhibited myofibroblast differentiation in LSEs and influenced the epidermal phenotype. The LSEs were cultivated with (D, E and F) or without (A, B and C)
the addition of SB-431542 in the culture medium after airlift. The LSEs were harvested two weeks after airlift. The paraffin sections were immunohistochemically stained with
a-SMA (A and D), keratin 16 (B and E), and keratin 10 (C and F) antibodies. Bars are 50 pm.
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FHVE 19G (@) 40 320 % 820 280 S0 320 - 160 10 10 =
HHV-T 19G (1) 0 40 - 20 - 160 80 - 160 10 40 <10 -
EBV-VCA 1¢0 (1) 20 40 4o 80 A i 20 40 s - 40 .
EBV-VGA LM (i) <10 0 <0 <ip o - <10 <10 “ e <10 -
EBNA () <10 - ag e ol o 40 - - e <10 g
MY 1¢G (48 88 132 86 83 - e - - o o g 143 144
CMV IgM (1) 072 074 078 087 it e 48 = - - 051 04
OMVIE e e e o - " ) - b -

4 BEBKLUEE?2

[T T x an® rua® 2aa-® 1

'r/'Am; 0 i el
s 3 % 25 2 P w© % 3 »
L TR
@ vansanned

38
et g TG 0 onean

[=] D14 Y P ———— B R A pr—

NIFFRMELT

p— T T T n als T T
11/25 1219 20094 1/30 21 2113 2/24  3/10 3/24 4114 512 69 8/11 9/89/15  10/23 1/30 124 20104 319

CMVIgG (i) 143
CMVIgM (i) 038

11125 310 324 1023 11130 18
WBC () 21000 11200 14400 10500 5100 7900 6100
Eosino (%) 00 00 20 10 96 23 1.0
GOT (UAL) 67 885 79 352 a7 41 51
GPT (UL) 98 1194 107 448 4 32 31
11125 10726
HHV-6 IgG(#) 80 80
HHV-7 lgG(%) 20 20

18.9
0.43

A L7720, EbICREONRZPIELA. A
Betg, sEryu 7Y v (Fx a7 YIH®) 20 g/
H% 3 HE A3 525, ERIZEALLZ. ABRK10HBE
2H4B) XhATEAL FAVAFHE (VWA Fa—
V® 1g/H, 3HM) WMITL, RERICREZTTY ¥
(Yx27a7y »IHR)60g/H% 3 HM&A#® L. A
Bt13HE (2A7H) XY PSL30mg/HONR%EFT
W, ABE16 HE (2 A 10 H) i, ¥BE, MHERE
3t Lz, 2ok, SR PSL OWNIRZ #HE L7275,
KBOBRIAON o7 ABRTSHE 4 A 12
H), PSL20 mg/HOMNRZRERL, ek Loz, A
Fe18 HE (2 A 12 H) ORIMT, MK+ D CMV HE
BETHo 7.

BEREHEDESOFRITL L, SKEBICTPSL 20

mg/HOWRTEBE ATV, RESAIZHLD
3 EEDOEIE, HEOUE AN, THROMHE
JFigakREE 2 22%, PSL 30 mg/H ORR~EE L /2.

3) 453 HDABED X UHBEREHEE (2008 48 H
15H~11 A 19H, B3

200848 H15H, SMHADAREE L, A5 14 F3
WAFEE (YVA Fo—A® 1g/H, 3HM) %HiT
L, R HBELL LAL, AKILHE (8
H 26 H)ICHALBE, WREREOHRLID, BT,
ABR12HEH BH27TH) 2704 F2AVABE (Vv
AFo—-A® 1g/H, 3AM) ZHfTL. Dk K
&, TREEEL DICHEBEMICH - 205, Abg22
HE (9A 6 B) CiFEkEEOHRELED, FEAT
o4 K2SVABE(V VA Fr—® 1g/H, 3HMH)
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# 1 Serological tests for human herpesviruses

2007/10/28 11/9 11712 11/26 2008/2/12 3/14 9/18 11/10
EBV-VCA 1gG (FA) 20 40 40 80 80 40 40 * % %
EBV-VCA IgM (FA) <10 <10 <10 <10 <10 <10 <10 * %k
EBNA (FA) <10 ¥k ¥ <10 ¥ %k 40 * % % <10 * % %
CMV IgG (EIA) 8.8 132 8.6 8.3 * % % * %k ¥ 14.3 14.4
CMV IgM (EIA) 0.72 0.74 0.78 0.67 * % % * % % 0.51 0.4
CMV HilR 3% HE * % % % % % % % % (+) (=) * %k ¥ (=)

EBV-VCA ; Epstein-Barr virus viral capsid agigen
EBNA : Epstein-Barr virus nuclear antigen

CMV : cytomegalovirus

FA : fluorescent antibody titres

EIA ; enzyme immunoassay

ZHifT L7z, Di#%, PSL30mg/HMNHRIC TE#EZ AT
Wiz, BEFEEREOHRIAD LN 22T,
ABe33HH (9A17H) X b, PSL50mg/HPIE~
WEL. 2ok, FREREOHREL, BB
Wk L7270, PSL AMRE 2R L, Abt96 HE (11
H 19 H)IZ, PSL 35 mg/H O Pl & L CREEE 2
5.

Z DI, SRI12TPSL 35mg/H, PR TR % »
TWi=2%, 20094 1 B 5 HICHFREREOHRE X U
OERU S AZRDT.

1) $F4EEOARED L USBREHER (20094 1 A
30 H~3fE, K4)

CMV Bl X % DIHS BEX# %, 200941 A 30
H, #7208V piEREoly, BEARL, 7
>IN (F2 ¥ r®)600mg/H 14 HRE AT
7=,

Pk, RIS C PSL OREIGRFICEEL TV
7=. F4E 3 A 10 B2 (PSL 225 mg/HRS), #IBE,
BEOHBEREOTRE L 55, PSLNRELZHE
FTHI LR, BHL R4ESHHEI Y, OERY
SADEDY. RAE6H 9 QI EZZRIIToLE
BEMERE (KOHB) THAREZRAD -0, O
Wen YV TIEDBECTA FFaFV =N (£ P V=
LV®) % 7V 100 mg/ H IR % BtE L7z, D, PSL
PARE %W L, DR  ed 220, F4E9
HS8HICIZPSLWEZHIE L. LAL, 20&TH
#1HB#EICE, BE ABEORBIASH Y, PSL 30 mg/
HARZBEALZ. R DERITBHRLZ, B
&7 4~6 M, BIEOKLBE, Fikakkad, Ok
MEAEROFREBRYEL, DS RICTPSL30
mg/BAIRIEFTH 5.

AN AZERTE  HHV-6 OHAMIZ 5 1 | AR

B 4015 TH o 722511 BHEO 11 B 9 HiZiE 320 1%, 11
H 26 HI2i35120 %123 TLAZED 2. 72 HHV-
THARMD 32065 ERAB Y (K3). 200842 H 12
HIRIM T, MFEH CMV pp6s MEBRHETH 72 (F 1).
BERERORTE : X5 % 3V ACSLAETOMNIR
®(FNRA® s/ —A® LYFLIV® 3
AT U® KV —A® FEE)ICH L, 2008 4 12
H 9 BY ¥/ ERRIBGEERHATS 5 b & TR
200949 A8 HER6HICH LT, ThEN10%,
20%, 50% B k)BT Y Y THRERLA-DO%
FHAL, NoFFRAMEITLE. ZOFER, XF¥3
Y AROETOREIZBWT, ERER M I
HEEECTABERE, T2KME+, THHE++T
bol:. MSHCHLTREETH- L.

EZ8

FIERE, DIHS Wi O 7HE 2oL, HE
B DIHS LW L7z L2 L, TOEBICE LT, &
2, BEBIUVIFEERELZRDEL, HERICHERL
TWwa, 22T, REWORE, HEHELEIZOW
T, ETOEREZRELS.

1) RREH

FEFNCBVWTIE, FHE, FEEFHOBREH,S, N
FEIARHEREL L TEX LN, KERICB
WTHEEIE, DIHSOEREFEL LTHLNLEREY /
FA4 7Y RRARLTWSEA, Zhid DIHS BEHD
WIRTH o 72 - OFFEFIOFERFETIE B V. R¥ ¥ 3
v A®IZ X % DIHS 12, bhbh DR~z 2B Y BfE
FTUEARRTOFORENDS. XFF 3 A®TR
BETHY, 7T I) \NWEF—VBEEENATVS. i
DOELE B DIHS S pid e {, REMTIE 7 =/
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PR % # Y L DIHS » 1 51

NS — VHRREERTHo T b HEE I NS,
2) BRICDO\T

DIHS Ti3 LiF LITEROBERPLBESA SN, B
BAEFD HHV-6 R CMV, Epstein-Barr 7 4 )V A (EBV)
OFEHALDHE S hTwa? Y. DIHS OFfE# 2~3
MM B ISR 2EROFERIE, HHV-6 OFEMELAE
BLTwAZEARENRTWS?. F7-, DIHS OF&#
i CMV DNA O #k i3, HHV-6 DNA D # i # 10~
21 HBICAE LA EWE SR TWAY,

FEFTDH, 2 BEHOFHREE (2007 45 11 A 26 H) 1S
HHV-6 1gG $ifk 5120 £, HHV-7 1gG HufkA® 320 £ &
EHEAERLN, B FALMRIY AV AOBHEELI &
LIEROFREATHE L. 3EHERECRHEA
Bt) BRI, BFHSEREHMZARLZ &
DEBEEL o TWBA, CMV OFEHILAS HHV-6
LJOENTELLZLEEZLL, ZORHICZCMY
DIEHALARE TV EZ ohd. 0k
OB TIE, HHV-61gG PifEDFH LA FZZD LWL O
D, CMV §uE ks, EB $iifk EBNA OBtb % 35T
BY, B bALRRAY AV ADOFHFHALA L ST W
5. 2L A EBUBEOFREYA VAL DOMHSIEH
HPTR,

F 72, 20094E 10 A3 & UF20104E 1 H FERRERIC
13, WENRLERFERO 10 BH~2 BEA» 5, fhkek
MR L YRV VTV TEY VROFALEEZFLE L
AIREDOBMA LR ERTWE, ThHOFEFIHE LT
R TH B2, DIHS IR ) ZHIRIEE L TRRA
HEL7-TREEED D 5.

BEDOT =) NVEF—NIC X 5 DIHS OERIEH
NbNORRZZIRY 1983 4E~2010 4T 28 BldH
HRPIL 1L FITH o7z 55 3B EOFHREZRD -
LbDIE3FIDHY, IEREOLZHEMEICLL D O"R,
BHE FAVRZAT AN ZAOFIFEMALZ ED 5 H DY
Aol

3) FHIAEICDVT

v MALRZY LV 2 OFFEGE, DIHS AR
INVFEL WD LT HHL, R TLAF—I2LY
LT Y U EROFEEIC L ) HHV-6 DR,
EHAAFE SN LT 53703 5. DIHS HEA R
LSRN THL L THH"DD Y, WHOFRA
G ATO4 FRERRELZRENZINEHET S L
EZbLND.

AIEFNIMBNC AT T4 POV AFEIHITL TS
53, T REREZMZ SNl ho T REMEAZ
29 %. DIHSIZAT UL FOBEROTRLE LD, )
R TOREHEIIOVWTOT L Eo-arvE
YHZFREB/B LN TWERV, EERIERE L REHIC
B2 SEBIUOREFEORLGHICELT
2, SHROBFAVPLETHS.

4) BRROAEICDOVNT

AIEFICIE, SERFREOHRBE LT, REru7s
VUBHBLUATFOA FRVAEEEHWTWS,
2 0 B ABERIZ BT 2 EHB T, MEREZOTY ¥
HARTIIIBEFRIRICZ L, A5704 F2ALVREEE
BT % Z L CEINEROYUEEZADTVS. T/,
3 1l H AREKFIC b 7OV AT B GB R & 52 fEIR
DOWHEZRED, REFICH LEDLERTHoLE
Z5.

FAARERTIE, PRATOA FREF OIEIRER
HRE L 2o T a. KEFITIFERSD, M CMV
PUEDkEYE (20084E 2 A 12 H) THot:. TDHODIE
Tt CMV FuEIE BB TH - 7245, CMV OF i1
DA LIERDBE L CWAREERE 2, o v 7
DYLDEHEEREZTo. DBIEATOL FORE
DHERE Y, —FIIPRKRT Lo Twa, BRIC
CMV OB EFgELNEHE, ¥ 7 auiHER
ROBRBORIGEE 2 Y 5 5. DIHS TCMV OFIE
VAL R S NG, FRERDELRT By
IERbEE VAR Z T REEA D b, EERVEABIE
LB OB - BEEATKO 5D,

DIHS OFREZ MBI TR T 5B IBEOL
LA, AFuAf FREROGETTY VRAIO
OF PSR DT E S 2 PR E e TR % 4 1 SR SO
MTHR'LTEHEDDY, SHRORBRETH 5.

- Yk )

AE, bRbIHRERVELERICHERT S
DIHS @ 1 % #XEk L7z. DIHS 28T BEROFFE,
BT X CHONTWES, FEFD L S IZEBERIC
D7) BT HZPNIFARZ R Y MBI R L, S8
DX K L CHIEROER, WitEfToT
WS ZENREEND.

AL OEER, 5109 EHARZMHEEBE (2010
#4725 H, Kii) THELZ.
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hypersensitivity syndrome, Br J Dermatol, 2007;
X ' 157: 934-940.

1) #§ & % = : Druginduced hypersensitivity syndrome 6) Seishima M, et al: Reactivation of human herpesvirus

(DIHS), HEZ&SE 2006:116: 15751581, (HHV) family members other than HHV-6 in drug-
2) A S ERIETIR RS A IR IR induced hypersensitivity syndrome, Br J Dermatol,

% ATRR (TES MBI PHTH (BP0 28 T) A Lo f- e

DT EREE T 2%, E 17 £ R0 - 448 7) R ERIEA SRR X D RS R LA
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Sekiguchi A, et al: Drug-Induced Hypersensitivity Syn-
drome due to Mexiletine Associated with Human Her-
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reaction with the flaring and severity of drug-induced

A Case of Drug-Induced Hypersensitivity Syndrome with Many Recurrences

Azusa Hiruma', Tomoko Kojima', Emiko Akasaka', Masayuki Kato', Norihiro lkama',
Tomotaka Mabuchi', Takashi Matsuyama’, Akira Ozawa', Mikiko Tohyama?, Koji Hashimoto?

A 34-year-old man was treated for depression with several antidepressants. He developed a high fever and
edematous erythema and papules over his entire body. Facial swelling and lymph node swelling were ob-
served. Leukocytosis with eosinophilia, atypical lymphocytes, and liver dysfunction were also present. He was
diagnosed with DIHS, and therapy was started with methylprednisolone hemisuccinate 120 mg/day. His con-
dition improved gradually, but recurrences of symptoms such as high fever, erythema, and hepatopathy were
observed many times as we decreased the steroid dose. Reactivation of herpes viruses (human herpes virus 6
and 7) was observed as well. He was administrated intravenous immunoglobulin, steroid pulse, and ganciclovil.
He is still taking prednisolone 25 mg/day after two years because of recurrences. We discussed this case with
reference to former studies.

(Jpn J Dermatol 121: 3331-3336, 2011)
Key words: drug-induced hypersensitivity syndrome, recurrence
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FrEOFREOMER, THSROSEFE

AT BT BB T2

IES B BERT?

gE

2009 F 8 AN'S 12 BICHh T, BEENLTEDORER T, /I\NE 32 &, A 7 ROEBETNER,
MEABSEDFELED RSN, TDD5 4 Z7%ER< 35 BTHED 1~2 AAAICFROROBEH G oI
ZD35 10 BOFBETHIAKMZRELIcE TS, 2FTIITYF—I/)L X AB H 8~128 &0
BUmMRZLRUC. CNRMER, TEESEZR I FEOROABICHIIDBADHRETHS.

[FUIC

FROWIZ, FROMKERAE LS, OESED
TI7YNEESEEME L, LIFLIERHENE, T
e EOFALTHER 2 PEv, BT 2/hB %
WA VARRETHS. RRAIA VRELTidas
FyF—o 4 VZA (CVA) 16,10, =>5F07 { VA
(EV) MARD LLAMBNTEBY, flic CVA4,5,6
HZEVPHEINTWSY.

PEE, FROMWIZE DIROBENFELDZ & 1TH5
TV horohs, 2000 ELURE, FROKHRICEL
INOIFEDOEFARENHRTHRESNTE TS,

2009 4E 8 A A5 10 AIZHT T, 9 LD BE IR
. (Beau'sline), IEERH S KB~ H o TOHIEE,
JAFR B4 9E (onychomadesis) DIERTYBEE%F L
7o, BB TO4A~8AMENCFRIFICERL T
7o TR BRBOIMER, {LIRMINBLE LDk
SEVER B OB EIX o 72,

IREOERERE L 0L, YEREOFET 5 ER

1) bl SEERIE
T790-0056 FIRELFN LT /5 FET 3117
2) FIRKFRFITES R eRH 5 M 22
T791-0295 BRI HURTTEFN
3) ETHRz 7
T790-0933 R IRANLTMATAT 3-8-15
SER224E5 A 14 BSAY, PR 2247 A 14 BIBREE
[BURIGRE] HERET
bl SEE RS E
T 7900056 FREAA LT R EAT 3117
WG © 0899651313 FAX : 089-965-1359
e-mail ! yuko@hifu-keisei.ecnet.jp

Bl e ZzoEBoEERECT v — MR
fToll s, HUOERINEZ BRI T, B
BEBIOT v — FRABEDEIERICOVWTHET
5.

B

EH1:68% R

# B:200948 H1H3C HEORBNDY, B
B3 L7225 8 H 3 A X 0 LT, DItk ic
BEREL0URE 2R L. HEEELRLL L
e EFHEARGN, FE, FH, EMICHafEE RS,
AL LT FOMKBRIZIET 7 7Ok
EZrRol. FROBEZHL, |EIHLY M-
T o430y TEMG L EBIT 10 HEET
4B L7z, 2009 4F 10 A 8 H, AREMOEBZF 2T
e, EREMBICHRE, IBBEICIZES 20
BERIR & D KA O MR O I % 320, B L VEfLT
WBEEZRBR SN (K1),

MEF M : FRRICRMAmZNE Lz 2
A, aZ¥vF— 4R A (CVA) 6 164%, CVA5
1,024 &, CVAI0 4 #5ki, CVAI16 4 f5kik, EV71
4 fERFETHo 72

fEBI2: 2 %,

B B:20094 10 B 27 H, 18IS 0RHD
MOEREZFZTEDL. AH 1 - %28, £455BR
O ZRDz. HZIcX b, 200948 A 8 HEULRE
IZKIE, KBRS 2D, HEICTFEOREZH &
NTWZ A L7z FROKOSEICB M,
SBA D o 7.
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1

MEFAME : PRz E L& 25, CVA6
32 4%, CVAS 4 f5Kii, CVAL0 16 f%, CVAL6 4 5%k
WMTHol.

fEBI3: 258, &k

£ B U303 BNEERERDD, TEFTI
J7xvEMNRLA L BATL D2, FEREOMLE
B, A, OEEBEO7 7 7 s 2 E L, 2009
E£IH 22 B, FROBEZH L7 2009 4£9 AR
IV FOROBEALEL, 10 A 27 AFEZ. A - B
15, EE - PRI ZED . ERX VEMTIR
EEZIER SN

mEm &M F2RICPIAEENEL 2L C
%, CVA6 845, CVAS5 128 f%, CVAIL0 4 4%, CVAIL6
RETHol.

EB4:27%, Kt

7 B 20094108 27H, FOMDEREZFLT
Z#. AR - bR - RIS, iR - R - PRICR
OFR, MN%ZED2 (K2). MBIcXy, 200948
A 24 BEFROAE, MaEE, OESROT 7 75
HMESEZAEL, ERICTFROKEZH ST
EAHBH L. BEBROFEIAHTH -7,

MG : PHRAMEZ T L72L 25, CVA6
8 f&, CVA5 16 f%, CVAL0 16 4%, CVAL6 16 f5TH o
7=

HE

[z &753%]

YIETORBETHET Z, BUTB X OEREOKER
W2, ERE214ES AL S 12 BICNERZEHRICZSZL
TIERICO X BRI REMMICE LT V7 — MREZR

ATV, TREDERBRE - $H SR & FE & 372

Rr¥rEz 7 %t LIE S,
fEfaR 5% - TEESVR fefn  JLE
FUILVE SR - B2 7 B FNITES )
JKH SR - B2 MR Be AR XTF
FRRR M B BE i M B Bl 8T
Al H AR+ AL Bz i F [ 5
SRR 7 rfr L BE R R B HA b
AR i B Be B2 Rt BE BT
PR IRV =v o -
BARIHIV=v S BN &K
[&EHER]

LBEOEP & AbE B LR (0~T ) 324, BRA
7%, B39 BOBETINER, NREEDFREAEDMR
Eh, Z0H)H4%%H L BEHETFROFOBEES
Hol. EROBREEL LTI, R LB NPHE
DI, RIDEROEROBEYH -, FROFRE
FED S MEGHBEE TOMMIZ4BE THIH, 5~8
BRI, 9~12BM 5B TH o 7. BMEENFEAD
Boh/izdoi 236, Rohlhoboid 68l ©
HAT10BITH o 72, HILSHERSR SN2 d D1k 7
B, RSN do/zb0ix 136, AH19BITH - 7.
RO E R LICE LD,

209 H 10 FIT, MERFER T 721 & FROFEE
o, FROBOFEEEFESIN TRy Ty q
WADPHPRMZ#HET L, K21 Lol B0
7 AN ADOFARMAREETH ZEEM DL b o 755, &
BICHHETH 72012 CVA6 DA TH o /2.
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FROKEDOINER, TE%E

1 MEEIFADFEED
b3l B #=19:20
Fi 0~28% 1T A
3~4 13 A
5~7& 8 A
WA 7 A
FROROELE ob 35 A
U 2A
AR 2A
FEORDSMNEEFRELTOHE | 0~48 9 A
(BXFE&Hh D 35 2) 5~83# 18 A
9~ 128 5A
e 3 A
i) &b 23 A
U 6 A
REH 10 A
JH{EERAEIK :519] 7 A
U 13 A
] 19 A
%2 MERREROFAREE T
AER 1 2 3 4 5 6 i 8 o* 10**
Fim, 45 6 & 2RY | 2784 | 25Ku | 25 Bu | 32HE | 4k | 48 | 11 HAB AL
CAV5 1.024% | <45 16 1& 1281z | 12814 32 | 266 <4 <418 256 15/256 15
CAVEB 16 & 32 & 81 8% 16 & 16 & 32 & 8 & 64 & <4 18/128f
CAV10 <415 165 16 1% 445 818 415 | <45 | 321 <4 4 15/4 5
CAV16 <4fF | <418 1615 32 | 128 | 1285 | 128fF | <415 <415 1285/128 1
EV71 <415 ND ND ND ND ND ND ND <45 ND

AERI O FFERBOMOOER (TEERFRIER) ([CRE
*HER 10 IATPIEICTRE (FRORFEIR/ MERRIER)

EZR

JROBERE - EBETEAE IS, NEHC BT 2 RERBEN
DRFN X 2 MNP OREROZHLHIHENIC L D FEL
ZTORRBICHO N 2B, Th o0, M,
AR, INERERICAE U -l gk &2k,
BINBEHITROKIEZE LD, NETICmE, S
WhREPEHE L EICRE ST, SUHAEORE
iE, MLV THRKELFMEL EOEGREIZL-
THHELAZEPHIONTWAS.

2000 4E Clementz 51&, ZhEF CHEO Lo 1F
RIR#HOMORER, INRREIED 5 # % @& L27.
SERNETRTT A THMTLHEBUPNCERLTE
D, MLYAVAKRIZEZDOTIELRVWAEBITW
5.

2001 4E Bernier SO 4 Pla#fis L7725, Th

OIFRERICEROB- VDY, NOBEEIZHS
FTEIANAR—EETREVITEEDH L E LT
59,

2008 4E Salazar H1%, TOED 6 AHREOHEHD
R, ALY NV Y T7HAETIADARE 2
ZOBRMNNRRHESEFAREL, €05 H 89 H TN
BEEOR 1 7 AUNICFROROBENH o722 &
EWELLY. ThonBEDR2LEZTIAIYyF—
AN B [gG ok R LIz LTwa.

2009 4F Osterback 5%, 2008 £#KIZT7 4 5 ¥ F
TFROFBIKTEAT LB, FROKRBED 1~2
HABICE L OBETRORESR LN Z L 2HE
L72%. FROKBOSWMOBE 43 50KEHNE, H
BV, HEMET L ORES S CVA6 O DNA
PRI &R, PROKO SHEBICHAEL: 2 A08E
DINDARD S b CVA6 D DNA HEH I N T W5,
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2009 4E7 A5 8 AIZhrT, F@REBILT T,
RS OWMERHPHIED 34 FEEZBR H2FRO
WOTEATHH D, 9~10 AE T THEMICARL N/ £
7o, ERETIIARLT L )RR BN TRBOHTED -
7o. NG OEMOBRRIERE, BENLZFREORD
WEELDHLDUH 7S, FEFI 1 OTE L, MM
Bl 7 &R EIAE R KR B A 5 A R IR
THREPIAS S Bb .

FOBDE A 12 BIh T TROKSE - RERK
HREDVELBE L. TURERERICSFITFRO
FOBRRL LTHEDOH H V5707 4 )V 2D MFEH
iz EL-EZ A, BEOILVADERTH-
7253, EPITHREETH DX CVA6 DATHY, +
DY 8~32 {5 CTh o7, TFRIVREEMIC
WLz 18 GEFI9) Tlid CVA6 O AHFIF A2
BYETHy, ZOEFTIRRMECIERIIZO S
Bolzds, EOHROEBBEICTRNOLER, BELHE
Bl 3510, FROMBEINS L UNERHH
BOXRTMFECTHAMERFS CE16 GEH
10) Tix, CAV6 DAFE LMD EHARD SN
7oo DR X D Mz B TSI LA FROKOM
HY 4 VR CVA6 i &, SRONER, IH
B OHEMFRAEL, CVA6 BRMEIC L b DL E 2 7o,

FROBBICMROEEFE L LBFIFAHTH S
B, BEDPEWCTH o0, HRHEROZWERED
HWRETLINERSR SN2 &, Osterback & D
HTH% L2 MF 225 CVA6 © DNA 25t S 7z
ZEhh, BHPRELARIZLDZOOTIERL, &
O CVA OEBEMICL Y, ROREIEEI NI
LI TRBVILEHEEEINS.

BAEO L ZAFROKED NERAS CVAG6 4R
Wb oMY 4 VAKICLHZFROKBTIREID
ZH5OPEIAWTH L. T2, CVAGICEI TR
MOWATHNG, MO FROMOBMAENR SN
INEBOFERAALNE Z L HFK A2 DHETHS P
T2 o 7213H, Salazar HOMLINT L o THHEINT
Wh, FORD, IhLENERZE) FROHEE T
NED, NEEEHED CVA6 BE & XX 0 3
BEBNDTHAH.CVA BETIEANMIS I F—F %
WhW LIRS ORMEMLHE L H 2. SHOE
BIDOERBI L NDEZAHTHD.

R X DLEE T HARE A ST HEILT 24 51 Il 47
REBLUH 109 B HAEZMBFEEIRKEN RS THRE
L7z

X

D BR&T =y 7ay 4 v ARRE/FRO%, E#B
B R — WK RIS R EEER, 15
R, LS, 2003, 148-152.

2) Clementz GC, Mancini AJ: Nail matrix arrest following
hand-foot-mouth disease: a report of five children, Pedi-
atr Dermatol, 2000; 17: 7-11.

3) Bernier V, Labréze C, Bury F, Taieb A: Nail matrix ar-
rest in the course of hand, foot and mouth disease, Eur
J Pediatr, 2001; 160: 649-651.

4) Salazar A, Febrer I Guital S, Gobernado M, Pujol C,
Roig J: Onychomadesis outbreak in Valencia, Spain,
June 2008, Euro Surveill, 2008; 13: 1.

5) Osterback R, Vuorinen T, Linna M, Susi P, Hyypid T,
Waris M: Coxsackievirus A6 and hand, foot, and mouth
disease, Finland, Emerg Infect Dis, 2009; 15: 1485-1488.

866  HEE&EE 121 (5), 863867, 2011 (FRR 23)



FROFEDONERY, NEE

Outbreak of Nail Matrix Arrest Following Hand-Foot-Mouth Disease

Yuko Watanabe', Chika Nanba?, Mikiko Tohyama?,
Hiroshi Machino?®, Koji Hashimoto?

Beau'’s lines and onycomadesis are known to result from the nail matrix arrest which is associated with
drug exposures or systemic illnesses including infections. Between August and December of 2009, an out-
break of Beau’s lines and onychomadesis following hand-foot-mouth disease was observed in children and
adults in Ehime, Japan. Anti-Coxackie virus A6 IgG neutralizing antibodies were positive in 10 of these pa-
tients. This is the first repot of hand-foot-mouth disease with nail matrix arrest in Japan.

(Jpn ] Dermatol 121; 863-867, 2011)
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Toxic epidermal necrolysis (TEN) is a life-threatening
adverse reaction that can be induced by various drugs
(1). Drug-induced hypersensitivity syndrome (DIHS)
(2), also referred to as drug rash with eosinophilia and
systemic symptoms (DRESS) (3), is a different drug
reaction from TEN, which is caused by a limited number
of specific drugs (e.g. anticonvulsants and allopurinol)
(2—4). DIHS/DRESS involves multi-organ systemic
reactions characterized by a rash, fever, haematopoietic
dysfunction, and liver dysfunction (2—4). We describe
here a fatal case of TEN arising as a sequela of DIHS due
to phenytoin, which we believe represents a new type of
overlap between DIHS/DRESS and TEN.

CASE REPORT

A 54-year-old Japanese man with a 10-year history of
hypertension and hyperlipidaemia was admitted to our
hospital’s Neurosurgery Department on 27 November
2010 with a severe headache. Thalamic bleeding was
detected by computed tomography. Beginning on 2
December 2010, the patient was treated for convulsions
with oral phenytoin. He underwent a haematoma eva-
cuation procedure on 3 December 2010. Erythematous
lesions began to appear on the 41 day of phenytoin
administration (11 January 2011), and the patient was
referred to the Dermatology Department.

Physical examination revealed fever (39.4°C), bi-
lateral cervical lymphadenopathy, facial oedema with

infiltration.

© 2012 The Authors. doi: 10.2340/00015555-1310
Journal Compilation © 2012 Acta Dermato-Venereologica. ISSN 0001-5555

Fig. 1. Clinical features at the patient’s first visit
to the dermatology department. (a) Small, round
erythematous plaques and purpuric plaques were
scattered on the trunk. (b) Haematoxylin-eosin
(H&E) staining of a skin biopsy specimen
revealed hydropic and vacuolar degeneration of
epidermal basal cells and modest upper dermal

erythema, and small, round, erythematous and purpuric
plaques on the trunk and extremities (Fig. 1a). The
patient was negative for Nikolsky’s sign. Laboratory
investigations revealed the following: white blood cell
count, 18.4 x10%1 (normal 3.5-9 x 10%1) with 17.5%
eosinophils (0—7%); aspartate aminotransferase, 64 1U/1
(10-30 [U/1); alanine aminotransferase, 170 [U/I (5-25
[U/1); hypogammaglobulinaemia (IgG, 760 mg/dl; IgA,
51 mg/dl; IgM, 43 mg/dl; normal IgG: 800—1,750 mg/
dl, IgA: 100-450 mg/dl, IgM: 45-300 mg/dl); and
C-reactive protein, 8.69 mg/dl (<0.2 mg/dl). A skin
biopsy obtained from the patient’s forearm revealed
hydropic and vacuolar degeneration of epidermal basal
cells and modest upper dermal infiltration. No extensive
epidermal necrosis was found (Fig. 1b). A lymphocyte
transformation test (LTT) for phenytoin was positive
(stimulation index (SI)=4.2, cut-off for LTT, SI=1.8).
These findings fulfilled the criteria for DIHS/DRESS
(2—4) and phenytoin therapy was discontinued. The
patient was given systemic prednisolone (0.5 mg/kg
daily) as recommended previously (3).

Although prednisolone ameliorated the skin rash, both
renal dysfunction and haematopoietic organ dyscrasia
had occurred, and dialysis and blood transfusion were
required. Hyperbilirubinaemia was detected one week
after the onset of DIHS/DRESS. One month after the
onset of DIHS/DRESS, the patient’s serum bilirubin
level reached 42.4 mg/dl (0.3—1.0 mg/dl); it subse-
quently decreased while maintaining the same dose
of systemic prednisolone (0.5 mg/kg,
daily). Two months after the onset of
DIHS/DRESS (on 12 March 2011), the
patient had a tarry stool, and gastric
bleeding was detected by gastrointesti-
nal endoscopy. The administration of
omeprazole was started. On 16 March
2011, ocular complications, including
pseudomembranous formations and
corneal epithelial defects, as well as
an extensive haemorrhagic erosion on
the lips, diffuse erythematous targetoid
lesions, epidermal sheets, and skin
detachment were seen (Fig. 2a). The
patient was positive for Nikolsky’s
sign. An LTT for omeprazole was
not performed. A skin biopsy of an
erythematous targetoid lesion on the
patient’s forearm showed a large num-
ber of apoptotic cells in the epidermis

Acta Derm Venereol 92



2 Letters to the Editor

Fig. 2. Clinical features of the patient on diagnosis of
toxic epidermal necrolysis. (a) Skin detachment on
the patient’s left shoulder and back. (b) Skin biopsy
from the patient’s forearm showing a large number of
apoptotic cells in the epidermis and a sparse dermal
infiltrate (haematoxylin and eosin (H&E) staining).

with omeprazole for 4 days before the
onset of TEN. Therefore, although an
LTT for omeprazole was not perfor-
med, we cannot exclude the possibility
that the patient had cross-reactivity to
omeprazole, and that this might have
been the trigger for the subsequent
development of TEN.

Our patient initially had DIHS/
DRESS, and subsequently developed
TEN. Based on these findings, we pro-
pose that overlapping DIHS/DRESS
and SJS/TEN can occur as 2 subtypes:
DIHS/DRESS and SJS/TEN both
present from the onset, and SJIS/TEN
arising as a sequela of DIHS/DRESS.

and a sparse perivascular infiltrate, composed mainly
of mononuclear cells, in the dermis (Fig. 2b). These
findings were compatible with TEN (5).

The patient underwent 8 rounds of conventional
plasmapheresis and was treated with intravenous im-
munoglobulin (5 g/day for 3 days), as recommended by
other groups (6, 7). Even with a maximal skin detach-
ment of 80%, the skin lesions resolved within 2 weeks.
However, high levels of amylase, trypsin, and elastase
1 were found after the detection of TEN symptoms.
Despite treatment with a protease inhibitor (gabexate
mesilate), the patient’s levels of pancreatic enzyme did
not decrease. The patient died of multiple organ failure
on day 88 after the onset of DIHS/DRESS.

DISCUSSION

In this case, clinical symptoms of TEN appeared 2
months after the onset of DIHS/DRESS. Until now,
only two cases of DIHS/DRESS associated with
Stevens-Johnson syndrome (SJS)/TEN-like skin mani-
festations have been reported in the English literature
(8, 9). Although both reported cases fulfilled all or most
of'the criteria for DIHS/DRESS, mucosal lesions and/or
epidermal necrosis were seen from the onset of DIHS/
DRESS. Recently, Tohyama et al. (3) demonstrated
that the onset of SISTEN occurred within 3 weeks of
the start of drug administration in 67% of cases, that
DIHS/DRESS most frequently occurred at 4—5 weeks,
and that overlapping cases developed symptoms at
4-5 weeks, as our patient did. DIHS/DRESS has se-
veral unique features that cannot be explained solely
by drug aetiology. They include: delayed onset (as
described above), a paradoxical worsening of clinical
symptoms after withdrawal of the causative drug(s),
and unexplained cross-reactivity to multiple drugs with
different structures (10). Our patient had been treated
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