topical application of DT in mice (92]. The immune response
was further boosted by co-application of cholera toxin (CT),
suggesting that selective addition of adjuvants may lower the
antigen dose required (93]. A 3M has developed the micro-
structured transdermal system using coated or uncoated
solid microneedles. In collaboration with VaxInnate,
these microneedles will be used for the delivery of an
influenza vaccine.

As a variant of the treatment using solid microneedles, a
post-treatment method was developed 94 The skin was
painted with a vaccine solution and then gently scraped by
microneedles to expose the epidermis to the vaccine without
causing pain sensation. Using BD’s OnVax® device, which
has a microneedle length ranging from 50 to 200 pm over a
1 cm” area, stronger and less variable immune responses
were achieved compared to intramuscular and intradermal
injection with the same dose of hepatitis B DNA vaccine
(100 pg). Morcover, 100% seroconversion was achieved after
only two vaccinations, whereas only 40 - 50% conversion was
obtained by intramuscular injection.

In general, pre- or post-treatment with the microneedle
array is considered a simple approach for TCI that has great
potential, but parameters such as dose and application time
should be optimized.

3.2.4.2 Hollow microneedles

During pretreatment with a solid microneedle array,
antigen delivery is dependent on passive diffusion along
the conduits created by the microneedles. Although this
is a relatively easy approach from a technical point of view,
it is difficult to optimize the antigen quantity required to
activate immune cells in the skin because of limited trans-
port through the conduits. Hollow microneedle arrays
can inject the vaccine to a well-defined depth in the skin
by precisely steering the flow rate using a syringe or a
pump (Figure 3B).

Hollow microneedles are made of various materials, such as
silicon, metal and glass [95]. Recently, the potential of hollow
microneedles for vaccination has received attention as it can
be used for both TCI and intradermal vaccination depending
on the microneedle length. Influenza vaccination (3.3 pg of
hemagglutinin [HA] per strain) using a hollow microneedle
array (450 pm long, 4 x 1, Micronfet developed by
Nanopass) induced immune responses similar to those
induced by intramuscular injection of 15 pg HA per strain
to human volunteers (Table 1) [96].

The main technical demands are avoiding leakage and clog-
ging of the microneedles during injection. Whereas clogging
can be prevented using a beveled tip (83], the short-length
needle increases the chance for leakage. Therefore, optimiza-
tion of the flow rate, needle length and localization of the
opening are demanded. In addition, the hollow microneedle
formulation has the disadvantage of requiring cold chain
storage and transportation of antigen solutions in addition
to the injection system.

Transcutaneous vaccines

3.2.4.3 Coated microneedles

Microneedle arrays precoated (Figure 3C) with 1 pg OVA
induced a 100-fold increase in immune response compared
to intramuscular injection of the same dose [97]. The titanium
microneedles in the array were 300 pm long and were applied
to the skin using an impact insertion applicator. Furthermore,
an extensive study was conducted on the influence of OVA-
coated microneedle properties on the immune response. The
immune response was found to be dose-dependent, but prac-
tically independent of depth of delivery, density of micronee-
dles or area of application. Interestingly, OVA vaccination
with short microneedles (225 pm) in a high-density array
(725 microneedles/cm?) induced an immune response similar
to that induced by longer microneedles (600 pm) in a low-
density array (140 microneedles/cm?®) (s21. This led to the
development of the macroflux system, which is now under-
going a Phase I clinical study for TCI with an influenza
vaccine. Efficacy using coated microneedles was reported for
various antigens including OVA, H3N2 influenza antigen,
inactivated influenza virus and hepatitis C DNA.

Coatings are usually applied by dipping the microneedle
into a vaccine formulation (98991 Another method is to use
gas jet coating to achieve a more uniform coating of densely
packed microneedles [100. Coated microneedle arrays may
not be very attractive for transdermal drug delivery as only a
limited quantity of active compounds can be coated onto
the microneedle. However, this quantity might be sufficient
for antigens to elicit a protective immune response. In addi-
tion, one of the advantages of coated microneedles is that
dried antigen adhered to the surface of the microneedles
may improve the long-term stability (101]. It was reported
that coating reduced the immunogenicity of the vaccine,
thus requiring trehalose to partially retain the activity (102,103].

A method of combining coated microneedles with electro-
poration has been developed (1041, The EasyVax'™ device
inserts coated microneedle arrays into the skin, followed by
electrical pulses, to deliver DNA into the cells. Neutralizing
antibody titers induced by TCI with a smallpox DNA vaccine
using this system were greater than those induced by the
traditional live virus vaccine administered by scarification.
However, the main drawback of this approach for practical
use is the complexity of the device.

3.2.4.4 Dissolving microneed/es
Conventional microneedles suffer from the risk of fracture,
which might leave metals, stainless steel or silicon microneedle
fragments in the skin. The use of dissolvable or biodegradable
materials containing vaccine components is an elegant way to
deliver a vaccine without the possibility of microneedles
breaking off in the skin (Figure 3D). Moreover, dissolving
microneedles leave no biohazardous sharp medical waste and
remove the risk of secondary infection by used needles.

The first microneedles were made of maltose [105] and later,
development of dextrin microneedle array was reported for
the delivery of insulin and erythropoietin [106,107). Recently,
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Figure 4. Photographs of MH and observation of microneedles and skin after MH application. (A) MH is made of hyaluronic
acid and contains 200 microneedles/ patch (0.8 cm?). (B) MH of 800 pm long needle were applied to the back skin of Wistar ST
rats for the indicated times. After removal of MH, the microneedles remaining on MH were photographed using a
stereoscopic microscope. (C) Fluorescein-OVA (green) or FITC-silica particle (green)-containing MH of 800 ym long needle
were applied to the back skin of Wistar ST rats for 6 h. The skin was harvested and frozen. Frozen sections (6 um thick) were
photographed under a fluorescence microscope. The nucleus was counterstained using DAPI (blue).

Sullivan ¢t al. showed that immunization with polymeric
dissolving microneedles containing inactivated influenza virus
induced a strong antibody and cellular response and provided
protection against challenge by influenza (108). The manufac-
ture of dissolving microneedles requires technical expertise
to allow the antigen to be incorporated into the matrix of
the microneedle material using mild procedures that do
not cause antigen breakdown or compromise material
strength. The high temperatures required to mold polymers
led to significant drug loss. The micronecedles used by
Sullivan e al. are made by a photo-polymerization method,
which uses UV light to form microneedles without
compromising B-galactosidase activity. Companies, such as

Theraject and BioSerenTach, are currently developing dissol-
ving microneedle systems for vaccine delivery. The Theraject
VaxMAT, made of a sugar matrix containing vaccine compo-
nents, is fabricated in various lengths from 100 to 1,000 pm
and is assembled with an adhesive patch. After application,
the microneedles dissolve and the antgen diffuses into the
epidermis and dermis within a few minutes.

We have developed a self-dissolving microneedle patch
(MicroHyala®; MH) made of biocompatible hyaluronic acid
(Figure 4A) [109,1101. Our MH was prepared in various lengths
from 200 to 800 pm and in two shapes of microneedle;
konide and cone [109). Sixty minutes after application, the
microneedles had dissolved completely and delivered both
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Table 2. Development of adjuvants for transcutaneous
vaccination.

Transcutaneous Antigen Immune Refs.
adjuvant response
CT, CTB DT lgG [111]
1T lgG (1]
OVA IgG, IgG2a, CTL, CD4*  [115,1186)
Influenza 1gG, IgG1, CD4* [113,114]
LT T 19G, 1gG1 [112)
Imiguimod OVA CTL [121]
CpG ODN T lgG, 1gG2a [112]
Influenza 1gG2a, CD4* [113,114]

CT: Cholera toxin; CTB: B subunit of cholera toxin; CTL: Cytotoxic T cell;
DT: Diphtheria toxoid; LT: Escherichia coli heat-labile toxin;
ODN: Oligodeoxynucleotide; OVA: Ovalbumin; TT: Tetanus toxoid.

soluble and particulate material into the skin (Figure 4B and
4C). We previously reported that TCI using MH effectively
induced immune responses against various antigens in animal
models, and furthermore, the application of MH resulted in
minimal skin irritation in rats [110]. Moreover, we conducted
a clinical study to assess the safety of the MH device in
humans and showed that our new MH is a practical and
safe device for use in human immunization. A clinical study
using influenza HA antigen-containing MH is in progress,
and we have confirmed that TCI using MH induced immune
responses without severe side effects (unpublished data).

4. Adjuvant development for TCI

In TCI, the co-application of adjuvants with the antigen is
required for induction of a strong immune response. Aluminum
hydroxide hydrate and Freund’s adjuvant are commonly used as
immune adjuvants. However, these adjuvants are not useful in
TCI because their relatively large sizes do not permit skin
penetration. Adjuvants for TCI can be divided into bacterial
enterotoxin and toll-like recepror (TLR) ligands (Table 2).

4.1 Bacterial enterotoxins

Bacterial enterotoxins have high adjuvant activity and are
most often used preclinically for TCL. CT and LT are the
most intensively studied (73. CT and LT not only produce
anti-CT and and-LT antbodies but also improve the total
immune response and affect the quality of the immune
response (Table 2) [111-114]. In addition to antibody responses,
it was shown that CT can induce a CTL response [115] and
that A and B subunits of CT (CTA and CTB) are responsible
for the expression of different cytokines from restimulated
lymphocytes isolated from the spleens of immunized
mice [116]. However, the safety cannot be assured because
LT or CT, which are toxins, can cause excessive tissue injury
or necrosis. Difficulties have been encountered applying the
toxin to the human skin, and additional studies are required
to elucidate how toxins affect immune responses.

Transcutaneous vaccines

4.2 TLR ligands

TLRs are important signal molecules when cells sense
danger (117 and are expressed on the surface of LCs, dDCs
and keratinocytes. Therefore, purified or synthetic TLR
ligands are expected to be suitable adjuvants for vaccination
purposes [118,119]. One example is imiquimod, which is a
ligand for TLR7 and TLRS8. Imiquimod induced migration
of LCs and resulted in the production of IFN-o and TNE-a.
(Table 2) [120-1221. Another ligand is cytosine-phosphate~
guanine (CpG) oligodeoxynucleotide (ODN). By signaling
through TLR9, CpG ODN enhanced the vaccine’s immuno-
genicity and induced antibody production and proinflamma-
tory cytokines, such as TNF-0 and IFN-y [113.114). Various
TLR ligands are currendy being developed as effective
adjuvants for practical use.

5. Conclusion

The skin is an important immunological site and has the
potential to be an ideal non- or low-invasive vaccination
site, although it possesses a complex barrier. TCI provides
effective, easy-to-use and painless vaccination with litde side
effect and safer handling than conventional injections. The
main challenges of TCI are ensuring accurate delivery of anti-
gens into the epidermal or dermal skin tissue where LCs and
dDCs are present, and to activate specific immune response.
Many different approaches have been developed of which
several ways may lead to successful TCI, and clinical studies
of some devices have been conducted. However, satisfactory
guidelines about the standard for formulation and evaluation
of safety and efficacy have not yet been regulated because of
the novelty of this formulation. Various information about
the characteristics of skin as a target and the fundamental
properties of TCI devices may lead to the establishment
and refinement of guidelines for TCI formulation. Such
guidelines will encourage researchers and pharmaceutical
companies to develop practical TCI systems.

6. Expert opinion

Many strategies, in particular microneedle devices [123-12],
have been developed for TCI systems. Such strategies could
be easy-to-use methods of vaccination. For the practical use
of these TCI formulations, the safety and efficacy of TCI
must be confirmed. Therefore, knowing the function of
immunocytes, such as APCs, T cells, macrophages and kerati-
nocytes, in the skin is important. Analysis of the immuno-
logical characteristics of each type of cell (e.g., surface
marker expression and cytokine production) can help eluci-
date the molecular and/or cellular mechanisms that underlie
the immunity of the skin. In addition, recent studies using
two-photon confocal microscopy or genetically meodified
mice have enabled direct observation of the kinetics and
distribution of immune cells in the skin and the interaction
between APCs and T cells in draining lymph nodes and

Expert Opin. Drug Deliv. (2013) 10(4)

493

BIGHTS LimK



S. Hirobe et al.

have lead to understand skin immunity iz vivo (126,127). Such
studies are useful for the development/improvement of trans-
cutaneous vaccination formulations and can guarantee the
safety and efficacy of TCI systems. Moreover, transcutaneous
delivery of adjuvant is required for more effective immune
responses, the reduction of antigen dose and/or number of
administrations and the expansion of applications to various
diseases. Advances in understanding the functional properties
of immunocytes in the skin contribute to the development of
adjuvants suitable for TCI by providing information on the
delivery target of antigen and adjuvant. Thus, if the bias
of immune responses can be controlled by the appropriate
selection of TCI methods and/or adjuvants, TCI systems
could be used to create strategies against Alzheimer’s disease,
autoimmune diseases and cancer. Basic scientific research
must be actively evolved to the translational research to assess

application of TCI systems to human. We believe that the
practical use is achieved early by promoting the consistent
studies from basic research to clinical tial led by TCI
researchers including us.
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The recent vigorous transnational migration of people and materials reflecting the development of transportation
facilities, changes in social structure, and war disasters has increased the global spread of emerging and re-emerging in-
fectious diseases. Vaccine, which is the major fundamental prophylaxis against infectious diseases, has greatly con-
tributed to the maintenance and improvement of human health worldwide. However, the disadvantages of conventional
injection systems hamper the speedy mass-vaccination and the global distribution of vaccines. Transcutaneous immuni-
zation systems, which are easy-to-use and low-invasive methods of vaccination, have the potential to overcome certain
issues associated with injectable vaccinations. In this review, we provide an outline of recent trends in the development
of techniques for the transcutaneous delivery of vaccine antigens. We also introduce basic and clinical research involving
our transcutaneous immunization systems that incorporate self-dissolving microneedle patch.

Key words——vaccine; transcutaneous immunization; microneedle; influenza
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Fig. 1. Skin Immune System

The stratum corneum (SC) is the outermost of the epidermis and is largely responsible for the vital barrier function of the skin. The living epidermis and dermis
under the SC are enriched with various immunocompetent cells such as Langerhans cells (LCs), keratinocytes (KCs), and several kinds of dermal dendritic cells
(dDCs) . KCs as principal epidermal cells are mainly involved in the induction of inflammation and innate immunity by cytokine production. LCs and dDCs capture
external antigens (Ags) , migrate into regional lymph nodes, present Ags to T cells, and activate Ag-specific T cells and B cells. Activated T cells and B cells distribute

to peripheral tissues and demonstrate Ag-specific immune responses.
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FRETE, VIFHREE2SVBEREANSZD
W2, REOHESFY ZF 8 & FERIT cold chain
ELEETS FARRLEEICBITIZIVIF U ERE
WHETH0IE, ZOREEZERLRTUIRS
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{A) Solid microneedle array

Microneedle Antigen

(D) Dissolving microneedle

Fig. 2. Examples of Transcutaneous Delivery Using Microneedle Array
A: Deliver antigen into the skin through the puncture holes created using a microneedle array, B: Inject antigen into the skin through a hollow microneedle ar-
ray, C: Diffuse antigen into the skin using an antigen-coated microneedle array; D: Deliver antigen into the skin with dissolution of the antigen-coated or antigen-

loaded microneedle array.

N, ZFEITHREINEZDON, VU R0
Z—RIVOEREIITIF o E2I—T14 7L, TD
MGt 2 RBICERT B E T F IR ZRE
WAL EE2FETH S [Fig. 2(0)]. 30 AFik
Tld, A 70— RIVEREITT I F 208 RE
THEL TS, BERREBICBITLRELDD
TOF 2 DREENENEEZEZSNTHD, £&=
MEC A NAEFERTHETIFADIHBK

LENTVWSE. D BE, 170 RIVOEMP
d—T7 1 T RIEOHRE Rt T2 LT, o
FoHRZEXLVEL, KOVREXFRHFTEZI—T
1 2TRA D — RVEKORRESHED 5T
5,

44, FBE<A470=—FJL  LERLZ3FE
HOXA 70— RINEE—HR~1 7o=—RKL
ZHhEaEn, YUaoeeBEX T VX, FF2)
EHEIELUTHEHINTWS, H—itvrr0

Z—RVIZRIEICENS, RELBW, EnokF
HEHELTWS—FT, RHAENTHNED, EER
MG EE SEZIRBRERIETERN T &8
EREREICL TWS, F I TIRETIE, Fit
R 70— RKIVELT, ERENALFRY
YA RERRS THAETIIVOE, a2 RO
A FUmBARERFML ZR@AE~ 70— KL
DOBFEMEEH SN TWS [Fig. 2(D)]. 339 F
R 70— RV, EREEHEICENS M E
HHAL, 170 —RIVEERNERT D2 EITL
STEEDZVWEIREL 2T 0 F PR Z BN
LEETHEVWSEHERT S, TORD, F—
AT 70— RIVOZL2EICBIT S HERER
[RTEBDEZEZENTHBO, WHEIGH - EREIH
BINTNWS,
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5. RERBBAEA/70=—FLNyFERL
TR0 F 8%

EE S5 TR AT 1 BEKEASH & OHFAFFHIC
KOMBICHRE L ZRENERI (70— R)
/NwF (MicroHyala®;, MH) ZHWERE T 7 F
CHFIDBERE ZED TS, 35 MH 13 % &R R
STHHETINOVEEZERSELTBY, 17
OZ—RIVOBRLESCHBICHET S ZENT
&% [Fig. 3(A)]. MH 2 U ZA 5 v b OEHE
FEIZBEATT B &, 30 pBL EOBEFHIC & o TEHIESE
BITEMRL, TOSHICEETESME THIUTLT
BEY >N BOHIRET, RTFRUEEZHEE
FREMRICEENEEERICEZARTHS (Fig.

(A)

3(B)1.® 22T, WEESNIETRTH 5
BRE - 7707 bFYVA REEEL - MH ZA
27y bOEREEITHMLEZE IS, TEROER
DO FEEEEFABEOTO T v AV THH FFY
1 REENFAREN LR L, Ths oFifidERI
KT HHFEEEREL .9 £, KTFRIUET
HBA TV HAFUFRZEEL = MH 8
B AR IR U 72 BRI B 5 A N S e
(intramuscular injection; IMI) B IL#k 3 5 HA
RrEMTUREENRD 5N [Fig. 4(A)], EESIh
TEHEDOA > T IVT T A ) R G IETE
(HA HiE QIR IMEREEE KT 2 FHIETE 1 5 HI )
ZDOWTIE, EEHER (transcutaneous immuniza-

MH200K MH300K

MH300 MH500 MH800

50 100jem 300pm
2 Toom P\ Joomn | Tuown "
Konide-type Konide-type Cone-type Cone-type Cone-type
(B)

MH200K

F-OVA

FITC-SP

MH300K MH800

Fig. 3. Dimension (A) and Antigen Delivery Properties (B) of Self-dissolving Microneedle Array (MicroHyala; MH)

A: The microneedle of the MH series is controlable to various shapes and length. B: MH200K, MH300K, or MH800 loaded with fluorescein-labeled ovalbumin
(F-OVA) or fluorescein isothiocyanate-labeled silica particles (300 nm in diameter; FITC-SP) were applied on the back skin of mice for 1 h. The skin frozen section
(8-um thick) were photographed under a fluorescence microscope. The nucleus was counterstained using 4,6-diamidino-2-phenylindole (DAPI). The white dotted
lines indicate the surfaces of the stratum corneum, epidermis, and superficial dermis, respectively, from top to bottom.
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Fig. 4. Protection of Vaccinated Mice against Influenza Virus Challenge

BALB/c mice were transcutaneously vaccinated with MH containing 0.4 ug of hemagglutinin (HA) antigen from influenza virus [A/PR/8/34 (HIN1)] for 6 h
twice at 4-week intervals (TCI group) . Control groups were transcutaneously treated with MH application without HA antigen (TCI placebo group) or intramuscu-
larly injected with 0.4 ug of HA antigen (IMI group) , twice at 4-week intervals. These mice were intranasally infected with 6X 10% plaque-forming unit (PFU) of
the A/PR/8/34 (HIN1) virus. A: At the indicated points, sera collected from these mice were assayed for the HA-specific IgG titer by ELISA. B: Two weeks after
the final vaccination, sera collected from these mice were assayed for the hemagglutination inhibition (HI) titer. C: Body weight was measured and is presented as a
percentage of the initial weight before infection (day 0) . D: Six days after infection, the lungs were collected from these mice and number of viruses in the lung
homogenate was determined using a plaque assay system. Data are expressed as mean=£S.E. of results from 13 (A and B) or 10 (C and D) mice.

tion; TCI) BDIES> AN IMIBEID BEEZRLZ
[Fig. 4(B)].3® X 5HiZ, INHTIZF U FEETTR
WA VINLT TN A eRBBEIEEZED
A, 75t$ﬁfiﬁbM%Eﬁ9%%ﬁ%Wf@

A INABRENBEDNZDICR L, TCI # T
EHTBNTENS ODRBRYYEREZRIY, MHHE

HAVERGEBF RN JEH IR RS R T 7 F 2 BAIT
HBIENEFE SN/ [Figs. 4(C) and (D)].39
IS OEME - FIEERMIFEORRICEDE, &£F
SIEMHZEALEA S INVI YRR T 7F >
HHDOE FTOREERVEDEERET L, M

BRESDEE - KRO TRERABERT > 71
TENRE ULERIGEEEB L. £ 0y
"2%54—&LT, ﬂﬁ&mwn®MH%tF&
JE R LB O EARERBER Lz L it
ﬁ6%ﬁ%:@%%&bt3k@%%%éa:ﬁm
T MH ORI E THEM LU 7= [Fig. 5(A)].39
¥7z, MH ii B OKEEF{ESL —F —EKH
MEBIC K DEIRT B L, HEREIITELL 72N
T X B ZEHALNZEERD b, ZKRITHEHR DL
NEENSDOFFIANHEEICAEREEREL TEX
FERE BERICETHELTWS I LE2ERALE
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A B
Before Surface

i-h later

6-h later

Cross-section

Fig. 5. Needle-dissolution of MH800 (A) and Status of Skin
Treated with MH800 (B) in Humans
The MHS800 was applied to the skin of left lateral upper arm of healthy
volunteers. A: One or 6 h later, the microneedle arrays were observed under
stereoscopic microscope. B: Five seconds after MH800-application, skin im-
ages were photographed under in vivo confocal scanning laser microscope.

[Fig. 5(B)].3® % Z T, 20 ADO#HBRE 2 RIC MH
% 6 FrfEE(T U 2 oRB 8 - M2 - ikkEE
ERLIzEZA, BEERERERMNDRSEDE]
FEAIEED S NT, MHNE MEBIIH L THE
BUEEHATESRRETIIF OTNARATH ST &N
REINE® INGORREREAT, ZMEEHHE
A>T Y HAHRZEEL 72 MH 85 % {F
BIL, 20 ANO#EREIC 3 AT 2 LA L 7=B
DOREMRENNEERERD K FEHEREL Z#5R
BRH BT SHERME O OV EEmL 7.
HA HiF 3% MH 8 A 2854 L2 HBREFICB W
T, EELEEREE - BRAEEIRDSNT, 25
HORIRINEMED Z &R < ETENEEEFTRED
A HI FUAE O L F 20 FER T E 72 (REERD).
AEERFFEAERIT, EESOMH Z2I0H LERK
77 F CERANERICRD A EE, KK, Z2,
BRI F O BRBEEL TR TEETHE I &
ERTOBDTHY, FRABT IV F U TEAL
T, AHEOT I FUOBEOEHERESE
BTEL20H25T, BEYEHIBAOEREFITNT
DEATPH UV F O OEME, BEREEEAOT T
CUEKRBE, HANBBREMNRICKESERTE
5bDEEZD.

6. BHYIC

RERDOEHT 7 F U EEACRD2FHART 7 F

JELT, T3 7F ) OFNMIHHREERE
B57% |HIT7F 0D OKBE5TS
DUTF D OEENED SN TBY, mIET
WRESEEMOA > INI TR IF L ELT
FluMist® (MedImmune) 73ETH&ER - AL X
Nz, ODBEIZBV TS ZOX D IRHRE T 7 F
COMRICERBERTFENZLSNTHD, R
T F KT BIERRIR - R - 722N hOK
1 RIAOEERE, EFEEEARICL>TE
DOHFEZEMETAIHEDEENTNS, EHFWT Y
FUEMICH T2 HAN - XDEEDIZHLT,
EHOMBEOMHZEHALUERET ZF 2 8H
W, UOTFCEREEEE e RMIITBHILT
T0F 2 OMREEREBIICHEL, BEEIC
LTHEE - BROBHESORBICKESERTES T
MR BT 5. ARTHM L 2T S MR
FRETORED, Wk, HAY), HAFROHE
Wiz 7 F U 8HOEHENS B TPHEERED—H
EHS ZEERHFLZW,

HE  AWEORTIIE RS R OEH TS
EB D F U KRR ZERFEG R E SRR 50 5
g PIBERECORDE#HNZLET. A
e, JRATF ¢ BEKEASH REIUHE Ml
Brek, FERER # OEREE, BRRELERK
FRERFRE B8 REBREE, RRKFERF
FEEERIFREERFHE B NEBEHEE
EDHFIICEDIRETHVET. Z0BE2BMHEOL
THILEL BT ET. £k, 8BV FOHEEH
HEEE U — TR ARK M EDRFRRIC
BN UET. 35T, EFERICBTHER - 7
WEARBOE N LD ED THEEELEREKER
FIRE R RIER B BB BT RERRA
DETOIMAEEHRIIHEEET DL EBIEL
AL B ET. RBAWIE, HMAITBUEAR
EHBRT ERERS - EREESRTAREX
BEX), BEAFHREMRERYS [RISEARH
HEHREE), LR EERENAEHS
[EAERRSE (B) ) DB E R TEMBLZHDTY,
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