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Adhesion and proliferation mechanisms of mesenchymal stem cells
on xeno-free cellulose nanofiber scaffolds

Laboratory of Bioresources Chemistry, Ritomo Kai

1. Introduction
Mesenchymal stem cells (MSCs) have attracted attention in the field of regenerative medicine because of their
self-renewal and multipotency. However, conventional in vitro stem cell culture requires animal-derived
components such as fetal bovine serum (FBS), collagen, and glycosaminoglycans (GAGs) to promote cell growth.
Although various serum-free media have been developed, these media often fail to ensure sufficient cell adhesion
and proliferation. Therefore, there is a need for alternative scaffold materials that can adequately substitute for
animal-derived components. Cellulose has been widely used in medical fields because of its biocompatibility. On
the other hand, its application as a cell culture substrate has been constrained due to its bioinert nature. Our
laboratory has focused on cellulose nanofibers (CNFs). By introducing functional groups to their surfaces, we have
succeeded in fabricating substrates that mimic the rigid nanofiber structure of collagen and the acidic polysaccharide
structure of GAGs, thereby promoting cell adhesion, growth, and differentiation [1?]. Our previous work proposed
the feasibility of the serum-free culture of primary MSCs using TEMPO-oxidized CNFs and sulfated CNFs (S-
CNFs). Two types of S-CNF with different sulfate contents were used, suggesting that cell proliferation properties
may depend on the sulfate content[*]. The present study aims to elucidate the relationship between the sulfate content

of S-CNF and cell proliferation by using six S-CNFs (OSO3™: 0.31-1.69 mmol/g) with different sulfate content.

2. Materials & Methods
2.1 Preparation of substrates

S-CNF0.31, 0.47, 0.71, 1.02, and 1.69 (each number represents sulfate content (mmol/g)) were provided by
Yokogawa Electric Corp. Water dispersions prepared at 0.25 wt% were applied at 210.5 pL/cm? and dried at room
temperature as substrate. The substrates were sterilized by soaking in 99.5% EtOH and UV irradiation for 20 min.

Controls included unmodified CNF, tissue culture polystyrene (TCPS), and rat tail-derived type I collagen (Col-I).

2.2 Characterization of nanofiber and substrates

The morphology of each nanofiber was observed using atomic force microscopy (AFM), and fiber length and
fiber width were calculated from the AFM images (n = 50). The wettability of the substrate surface was evaluated
by measuring the water contact angle (WCA) using the sessile drop method. The substrate surface was observed by

AFM in air and at room temperature. The surface roughness (Ra) was determined from the acquired AFM images.

2.3 Culture behavior of primary MSCs

Primary human MSCs (MSC-R37, RIKEN Cell Bank) derived from iliac bone marrow were seeded in serum-
free medium (MSH medium) in 24-well plates at a density of 12,000 cells/well. Live cells were stained with calcein
AM and dead cells with propidium iodide (PI) and observed by fluorescence microscopy. The initial adhesion of
the cells was assessed by culturing them for 3 h after seeding. The medium was then removed, followed by washing

with phosphate-buffered saline (PBS) to remove non-adherent cells. Finally, the number of cells was measured.

2.4 Cytoskeletal staining
Primary MSCs were seeded at a density of 4,800 cells/well on substrates that were applied directly to 8-well



chambers. The cells were then incubated for 24 h and subsequently fixed in 4% paraformaldehyde for 10 min.
Thereafter, the cells were permeabilized with 0.1% Triton X-100 for 5 min, followed by blocking with 1% BSA.
The staining process involved the use of phalloidin, vinculin antibody (7F9), and Hoechst 33342, respectively, to
label actin, vinculin, and cell nuclei. The stained samples were observed using a high-speed 3D fluorescence
imaging system, with all images captured at an identical exposure intensity and exposure time. Image analysis was

performed on the obtained image data using ImagelJ.

2.5 Adsorption and release of bFGF on substrate

After blocking treatment with 1% BSA for 1 h, 500 uL of 100 ng/mL basic fibroblast growth factor (bFGF)
solution was added to each well and incubated at 37°C, 5% CO; for 3 h. After incubation, the supernatant and wash
solution were collected from each well to completely collect unbound bFGF. The amount of bFGF was then
quantified using ELISA. The amount of bFGF adsorbed on the substrate was calculated by the following formula:
bFGF adsorbed on substrate (pg/well) = Original bFGF amount (pg/well) — bFGF amount in supernatant (pg/well)

2.6 Evaluation of medium stability

To evaluate the stability of the growth factors contained in the medium, substrates were prepared in 24-well plates,
100 uL of MSH medium was added to each well, and the plates were left at 37°C for 3 days. For comparison, the
medium stored at 4°C was also used. A suspension of immortalized MSCs (UE6E7T-11, JCRB cell bank) was
adjusted to 30,000 cells/mL in MSH medium lacking growth factor supplements, and 400 uL was added to each
well and cultured for 3 days. Subsequently, the number of viable cells was determined using CCK-8 to evaluate the

effect of the growth factors in the MSH medium.

3. Results & Discussion
3.1 Characterization of nanofibers and substrates

From the AFM images, S-CNFs exhibited a maintained fiber morphology, whereas their length was observed to
become shorter as the amount of sulfate groups increased. The CNF substrate had a hydrophilic surface (WCA =
27.3°); S-CNF with sulfate groups on the CNF surface would exhibit increased hydrophilicity compared to CNF.
However, the WCA of the S-CNF substrates increased (38.1°-53.9°) possibly due to their smooth surfaces.
Regarding surface roughness (Ra), the CNF showed 71.9 nm, while the S-CNF substrates showed a decrease in Ra

value (1.4-35.1 nm) in proportion to the amount of sulfate groups, resulting in a smoother surface.

3.2 Growth behavior of primary MSCs after 72 h of culture

When primary MSCs were directly cultured in serum-free medium on the unmodified CNF substrates, they
formed spheroids without cell adhesion (Fig. I). Conversely, cells on the S-CNF substrate with an appropriate
amount (0.31-0.71 mmol/g) of sulfate groups exhibited comparable proliferative activity to that of animal-derived
type I collagen, despite the complete absence of animal-derived components, i.e. xeno-free. On the other hand, when
the sulfate content exceeded 1 mmol/g, cell proliferation was found to be suppressed. These findings suggest that

the sulfate content of CNF plays a pivotal role in regulating the adhesive and proliferative properties of MSCs.

3.3 Initial adhesion behavior of primary MSCs

Primary MSCs were cultured under serum-free conditions for 3 h, after which their initial adhesion was evaluated.
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Fig. 1A) Fluorescence images and B) live cell number of primary MSCs cultured for 72 h in serum-free medium

S-CNF0.31-0.71 showed comparable levels of adherent cells in the initial phase to those observed in Col-I (Fig.
2A). In contrast, S-CNF1.02—1.69 and CNF did not result in significant adhesion after 3 h and exhibited a rounded
morphology. TCPS substrates showed no significant differences from Col-I and S-CNF0.31 in adhesion at the initial
stage after 3 h. Subsequent analysis of cytoskeletal staining revealed that S-CNF0.31-0.71 formed actin filaments
in a fiber-like structure similar to those observed for TCPS and Col-I. On the other hand, on S-CNF1.02, the
formation of actin filaments was insufficient, resulting in constrained cell elongation. To assess the role of focal
adhesions (FAs) involved in cell adhesion and mechanosensitivity, staining with an anti-vinculin antibody was
conducted. The size of FAs was compared by image analysis using ImageJ. The formation of FAs on S-CNF0.31
was comparable to that observed in cells on TCPS and Col-I, with a total area of FA per cell of 131.7 & 44.5 um?
(Fig. 2B). On the other hand, cells on S-CNF1.02 exhibited a reduced number of FAs, with a total area of FA per
cell of 39.5 + 32.4 um?. These observations indicate that cells on S-CNF substrates with elevated sulfate content
exhibit an inability to generate sufficient FAs, which function as adhesion points between cells and substrates. In
addition, the results suggest that the formation of actin filaments is compromised, resulting in a suppression of cell

adhesion and extension. This, in turn, may lead to a decrease in cell proliferation.
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Fig. 2A) Adherent cell number of primary MSCs cultured for 3 h in serum-free medium;

B) Fluorescence image of vinculin and image after processing by ImageJ

3.4 Adsorption and release of bFGF on substrates
When the amount of bFGF, a growth-promoting factor of MSCs, adsorbed on the substrate was quantified, no
significant difference was observed between S-CNF0.47 and TCPS or Col-I (Fig. 34). However, a significant



difference was observed in the release behavior of bFGF once adsorbed on the substrates between S-CNF substrate
and TCPS or Col-I (Fig. 3B). Specifically, 10.8% of the adsorbed bFGF was released after 24 h with S-CNF0.47,
whereas 4.8% was released with S-CNF1.69, 1.1% with Col-I, and none was detected with TCPS. These findings
imply that the S-CNF substrate retains bFGF and releases it gradually, thereby providing a consistent supply of
bFGF into the medium. Conversely, TCPS and Col-I exhibited minimal release of bFGF after 24 h, despite the
equivalent adsorptive capacity to that of S-CNF. This observation indicates that bFGF may be strongly adsorbed to

the substrate that its release into the culture medium is impeded for the conventional substrates.

3.5 Evaluation of medium stability

It is well known that bFGF is characterized by low thermostability, which results in the loss of its activity even
when the medium is maintained at 37°C. In order to evaluate the hypothesis that bFGF adsorbed on S-CNF
maintains cell proliferative activity and the adsorption increases thermal stability, this study examined the cell
proliferative properties of media stored at 37°C, 5% CO, on each substrate. The results demonstrated that the
medium stored on S-CNF0.31 and Col-I exhibited superior proliferative properties compared to the medium stored
at 4°C (Fig. 3C). Conversely, the medium stored at 37°C on TCPS resulted in a decrease in viable cells to
approximately 70%. These results imply that bFGF adsorbed and released on the S-CNF substrate maintained its
proliferation-promoting performance and exhibited enhanced thermal stability. The potential mechanisms
underlying this phenomenon include bFGF inactivation on the TCPS substrate due to structural changes induced by
strong adsorption of bFGF on the substrate, or bFGF denaturation resulting from its inadequate thermal stability,
leading to a reduction in its growth-promoting effect. For Col-I, the release of bFGF may have occurred in a gradual

manner, or bFGF may have been adsorbed while maintaining its stable structure, requiring further investigation.
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Fig. 3A) Adsorpotion of bFGF to substrates after 3 h; B) Release of bFGF from substrates after 24 h;

C) Number of cells cultured in MSH medium stored on substrates / Number of cells cultured in fresh medium

4. Conclusion

S-CNF substrates with a sulfate content ranging from 0.31 to 0.71 mmol/g have been proposed to promote cell
growth by facilitating proper cell adhesion and proliferation through the formation of focal adhesion and by
suppressing the destabilization of growth factors in serum-free medium. This study provides novel insights into the

application of S-CNF-based xeno-free cell culture substrates in regenerative medicine and therapy.
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Understanding photosynthate translocation dynamics and regulatory mechanisms

in greenhouse-grown strawberries
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Thesis Summary

Edible coatings and films have garnered significant research interest because of their
nontoxic and eco-friendly characteristics, as well as their effectiveness in extending the shelf life of
fresh produce. The objectives of this study were to 1) develop active biobased coatings formulated
with chitosan, sodium alginate, nanoparticles, and essential oils; 2) characterize the functional
properties of the coating films; and 3) validate these novel coatings for the preservation of fruits and
vegetables.

In our first work, we developed edible coatings and films using sodium alginate (1% Alg)
and varying concentrations of Helichrysum italicum essential oil (HIEO) [0.3% (w/v) and 0.5% (w/v)]
for cherry tomato preservation. The treatments included Alg, Alg/0.3% HIEO, and Alg/0.5% HIEO.
The physico-chemical, mechanical, water vapor permeability, optical, thermal, and antifungal
properties of these coatings and films were examined. Scanning electron microscopy and Fourier
transform infrared spectroscopy analyses showed that the addition of HIEO resulted in a
heterogeneous morphology and slight chemical structural changes in the Alg film. The Alg/0.5%
HIEO films exhibited improved water vapor permeability, antioxidant capacity, ultraviolet light barrier
properties, elongation at break, and thermal stability. Additionally, 0.5% HIEO significantly reduced
the mycelial growth of Botrytis cinerea (in vitro), making Alg/0.5% HIEO the optimal coating. Cherry
tomatoes coated with Alg/0.5% HIEO and stored at 25 °C and 60% relative humidity for 18 d showed
reduced weight loss (5.22 + 1.45%) and preserved firmness (6.43 N). This coating also inhibited the
Rhizopus stolonifer lesion diameter by 61.36% (in vivo). In conclusion, Alg/0.5% HIEO coatings are
promising sustainable active packaging solutions for cherry tomato storage.

Next, we developed a novel Pickering emulsion coating film using 1% w/v alginate (1% Alg),
0.24% cellulose nanocrystals (CNC), and 0.3% (w/v) and 0.5% (w/v) ylang-ylang oil (YYO) for
mandarin preservation. We investigated the effects of the YYO-Pickering emulsion (YYO-PE) on the
properties of Alg films and evaluated their impact on the post-harvest preservation of mandarins.
Gas chromatography-mass spectrometry (GC-MS) was employed to identify the components of
YYO. Atomic force microscopy (AFM) and scanning electron microscopy (SEM) indicated an
increase in the roughness of films containing Alg/YYO PE. Fourier transform infrared spectroscopy



(FTIR) analysis showed no new interactions in the Alg/YYO PE films. The moisture content (MC)
and thermal properties were found to be lower in the Alg/YYO-PE films. Additionally, the
Alg/YYO-PE coating reduced weight loss to 7.84 £ 1.76% and significantly inhibited (p < 0.05) the
growth of Penicillium italicum and Penicillium digitatum, with inhibition percentages of 56.02% and
47.98%, respectively, in inoculated mandarins. In conclusion, the Alg/YYO PE coating and film have
great potential as eco-friendly active packaging materials in the food sector.

Finally, we developed innovative coating solutions consisting of 2% (w/v) chitosan
combined with 1% and 2% (w/v) lemongrass oil (LGO), using 0.5% (w/v) cellulose nanofibers (CNF)
as a Pickering emulsion stabilizer. Scanning electron microscopy (SEM) and atomic force
microscopy (AFM) were used to analyze the film morphology. The results indicated an increase in
film roughness with the addition of the LGO Pickering emulsion. The chemical interactions within the
emulsified coating and the dispersion of oil droplets were assessed using Fourier transform infrared
spectroscopy (FTIR) and confocal laser scanning microscopy (CLSM), respectively. FTIR analysis
of films containing LGO revealed increased peak intensities and the emergence of a new peak,
while CLSM demonstrated a uniform distribution of oil droplets throughout the emulsified coating.
Chitosan films incorporating LGO Pickering emulsions showed significant (p < 0.05) increases in
film thickness, a* value, b* value, total color difference (AE), opacity, and elongation at break
(flexibility), while exhibiting significant (p < 0.05) decreases in film moisture content, water vapor
permeability, and tensile strength (stretchability). Tomatoes were stored at 20 °C and 60% relative
humidity (RH) for 15 days, during which quality parameters (weight loss, ripeness (a*/b*), and
firmness) were evaluated. The results demonstrated that tomatoes coated with chitosan/1% LGO
Pickering emulsions experienced lower weight loss (9.05%) compared to uncoated and other coated
tomatoes. In vivo antifungal activity of the chitosan coating with the LGO Pickering emulsion against
tomatoes inoculated with Botrytis cinerea, stored at 25 °C and 60% RH, revealed a significant (p <
0.05) increase in lesion diameter inhibition percentage (LDI1%) from 34.46% to 57.44%. In summary,
the CH/1% LGO Pickering emulsions proved to be the most effective active packaging treatment in
this study.



K 4B #A

fm SCRE4 : Impacts of natural disturbances on forest carbon sequestration: Perspectives from
frequent typhoons and prolonged intensive deer herbivory
(B SREEEL SRR D R R WA HERERE 1 M E 3258 - R T 2 5 ML Uik 42 2 012
£ 2GR AR PR O F )

wmoxX No®x o #HOF

PRI X D IRFBIREEII AL T CHEMRICHIFF SN D AEHEEEO O E D TH D, AEHEIX 1)
ARERNICEREINDIRFR L, 2) ERORFBRINED 2 50 DAl S5, IEEORFRITEIX
Wi—RAEFEIZ X D IRBRID S, WEBRREMERIZE D COy 272 LI\ TR 2 i RE R A PE
(Net ecosystem production; NEP) <>, NEP 2/ % TR &R EZOMDIRFEOB AL BE Lzl
AERER IR F UL (Net ecosystem carbon balance; NECB) & L CHEE SIS, T Hix, EEROMEE
ZWETDLHREEICL > TEEBT L, 2 < OBEEMIEICIH W T, BRI B R R B RE
CRIETREIL, KKSLHBREBOEAMER L, HICEZ2HE—-ORELEZ RIS &, =
D XD RBEFEOWE OGS, FEAROREIZ N RABRBEERRI X —RAIIR T 228, Z0% O
AEFHZBUTCEETS ZERBESMESHTWD, — 5T, ¥ - e+ 2HEL B (R 35
FREERERE I AT TR B O W TIIFZERINZ L, 29 LEFARO R R, KUEZBC ARG O
A, BERBELOBEIA(L - BHIEGHE SRR SN D 720 T, 5 IR BERE HE O BULIR K OV R EE
ZAHEEEZ 726 L TWD, £ 2 CARICTIL, BAREELDESR - T 27— R8T 5K
IR OB T 2 2 L2 B E Lo, Kimdrm (B1®E) tfim (Fe &) o
2 6ETHRIND, F2EEFEIHETITHETOHHRALE LT, WHESILHTHRYIELAET 2 EE
T, B ATELE S BTG T AEELE LT, JLNBREERT 1980 R B ¥ AT K D IRE
FARRZXRE L, SRR EREERIEIC LFE T8 2 T GHANC RS S 33l L 7=,

55 2 B CIL IR S AL O E AV B R IABERIAR ISR L, R T A B RN G 2 5B AR L, R
U T B AR VBRI ERN R STV D 2 206, BEUIRIEAZ: EH KRS A1
¥ (Coarse woody debris; CWD) DApEZ I U CIRFERBHIEEICEET L ZEIBNDL, ZDD,
FPARHIBANICH D 2500m2 DFHAE 1~ hT2013, 2016, 2019 F 2GS T-HBARET —% (B
T« M - S EAR) AT L. AR O ENRE & CWD LEED R Z T, ZDOFEE . AL D CWD
APERIT1304+£33.6gCm2yr! LHEE S, ZHIT EBAOR A A 4~ 2OEMERE (150.0
71gCm2yr!) (ZPEEt Lz, F£72. #5414~ AL 2013 4F (7067.3gCm™2) 75 2019 4 (7184.7
gCm?2) T TUTEALEEL L~ 7=, CWD AR T D8 - BIARA X « #if - o5
FEORBEFNI2L Z A, FRIBEO@EWERIZE, CWD AFERERNE o7z, 16> T, EICEIC
I ST VDB BER D& & FEFEIC L - T, AR TiX CWD BNEEITAEFE I L, oA
FvADOERMPHIRINTND Z ERRB I NI, i< 53 BT, RIS THE - % - CWD &
G A OBRFE L CO MHEEZFN L, TOME, CWD IZH A Y 2RO BT &
(1499.7gCm™2) DK 78%., CO» itH & (340.6gCm2yr!) DK 45%% 5 7=, CWD 75D CO,
R (153.7gCm2yr!) [XCWDAEREFBRETHY ., AN TIECWD BREEICHEHBIND
2. RIREDRFZN CWD NHHENRTWD Z L E2RBLTZ, AR TELNZREIA, B
RO T — XX O HEE ST AMI D NEP (3-346 gCm2yr! & 720 IEMRORFBIHHIETH



LHiEZONTE, ZHUE, BT T OB A ER D RFZWRIIE (¥ NEP = 362 g C
m2yr!) ThdETDHITHI L ITRHBRRFERTH T,

5 4 T CIIMRGE T 2R T2 o ORI IUIN B R TR O U IR A B TR AR RAFE TR A REA L 72,
A HUE CIXEA L O BEIN L7z o 1 OFREITHE 2000 HERTZIC TREEANHA L, TEREEDH D
455 (Presence of understory; PU) D2 < 28 FEHE DK L7275 (No understory; NU) 22k L
7o NU O—#IZE 612, ¥v v 72 G (Canopy gap; CG) R°ARMELFMEFRE D 7 & B 5 Ak
(Shrublands; SR) ~DBATHBEINT WD, £72PUNL NU~OBITIZHEN, HEEAIZL-
THIARRAH LICBEHT2IZEHEEAMEEL CTWD, T2 TET., ROBHABAREICS 25
RPN Z A F—MWONO T FRR 12 EEOR T, RO MR E 2 & & LA K&
VIME L AR L L DIEAPE R K DO IERERE &S W LR 0o Tz, FEEOFERDE & |
g A O RBLEERMARDO SN NG, BRKEDOKRTIX FTEEADOHELFEH N GALTTEBY, £
AVOKFIA DR OB UK A M L ADEEIN) ZfED 2N nholc, ZTbinb, HHEERITEIA
ROBHIZHEI KRZICE > THAERZS R T ERSNT, £72 2 OBAREIRIT, NU »
5 SR, CG ~OBITEEET D —K &> TWnD LHEN Sz, #<H 5 ETiX, PUMMD NU -
SR * CG ~DZALITFE 5 IR FZEWRBESEE D ZAL Z B BT D 72012, &My ¥ A 7T 100-400 m? D
AT ey b 4 RIERE L, H e FoRRKREERE, WOIZ NECB #H#E L7z, PU IZHIT
LM BT OMIREERE (25190.5+3065.1gCm™?2) ZHEHEL T 5L PUDD NU (20683.6 +
41522 gCm™2), SR (14162.5+6561.1gCm2), CG (12953.1+6160.3gCm2) ~DOE{LIL, ¥xrHE
LHEEYRKSONIE T EE 5 EEF X bz, NECB #H#iE L7- 55, PU (307.0+£244.6 gCm2yr!)
BLOUSR (92341581 gCm2yr!) (FERDRBWINIE CTH>7ZDIZx L, NU (-98.2+923gC
m2yr') RONCG (-894.4 £ 442 ¢ C m 2 yr'!) IXEBROPEHIRTH > 7=, NECB ML T L7z EZHRE
X, YA OREBIZHEVERMEA AR L2 LI L DM BRO—RAFERK T, BARRICERS
5% 80D CWD 226D CO it KO HER I L5 A O ECTh o7, ZD X H 72 NECB
DIERTN, RELEHEOKTA2IEEZ L,

96 ETIELL EOREREZ F &, BHFE - Mkt 3 2 AL R B IRBERERE IC 5 2 2 IOV TREE
L7ce ARESCTIE, B - e 2 ELIE,. WInbBARBEMELTI SR L, 2O/, M
—WRAEFEDOWD, CWD AFEDOHI, KON THEERIC K D RFBEORINEH 72 E &I L TIER O R FEK
INEZE T S8, BREICHKSORFBEFELZHIRRN LB ST L2 R LT, AR TRE
N IRFIREEFEREO LT, TN E TR SN TELHEORILICET 27— A L HEETH-T-
DS, PLELASEESE - Mk T DR D BERE D RIE S FLIAD 72\ & 5 T, BB ORELL W b R 28
BHbE bbb T B2 b, MREILEOZRMAKTIEZ, BUR TIEE W IR R IRBEERE T Tx 2
Wiz, AHEREA T 5D ThHIX, A/ AL EOREMIRERORFNNLETHL Z &N
ARSI, EIUMNERIBOFMKRTIL, I OMEREHZICEL D HEEREPBADRIR L 11
RABOTWEZMESEDLZ Enn, PEMORELE L T FEEAZRET D2 L0, [RIRRKR
KIRFERBE OB ILIFNAE R TH D LB X b, FRIZREELOHEIL - Bk iTZ < ok
IR FEIREEFEFEZ HIL S D LB X OND T, Shika e MHIZB D TARBEEZ M L. 1k
DELWGHNCB W I RAICEMR L HM LI ERH L EEZI LD,



iAo P EE R NEERESE O i RAL & AR E T BRI B9 D BT

®F

BRI B AL B RE 2N RZIME 3 2 | A BROBH SRS T FRBOR 134 [ O U A Wi SR I Fs W\ CE AL
BEEDDLEICRoTERE, LOLARRL, 2RO OBRMNEEESE, R bm BREHK 7R ARk
Th D EMEHZIBHEEIZ MIETIBENEE IO VT, FoRBENRLEIRTWARY, F7-, %
FIOBHILRS O Fpfe rTRE 70 R G & LT, ABEREITHIG OB AREEBIER ZE O TV 5, KI5
X, ARMAGHIR S P EICB T 2 R ERIEEHEPEIC S 2 2 B2 RGE L, ARG LTS IERK O
AREME A AT % 2 & T IEBIES ORISR M T - R AR L L BURR S 2t T 5 2 L 2 H
&+ 5,

AHFFETIE, T ESOENEEZAVT, 2008 EOFEICE T A REFRESHESEZEH & L
T, ALABREHILIS TR AN & iR RICEHE E O R B RAFENEIC 5 2 2 8% ot LTz, HEEREET
VEREFEL | RERAFEN L RMBEE R &M ESR O BRI 5 Z LT AL IR )
ROEEER T = XN ZFAIHBE Lz, WRIZ, TF A b~A =0 7l z23E 8 L OEphsic ki
DA B E B O AL SCE T U, THBEE DS RET 2 R E MR R E L, 51T,
MERMEBONRF=y 7iEEZHWT, BRLZWEEERBO Z NS RIS T 2 BB EEHE LT,
IS, TAE FRRRE T VAEBE L, AREIRETH SO MGME L HET S L &b,
MM O @ WA B O W KR THIGEBIC X 28 % Ia 1 —Tva v,

WFZERE RS | ARG HIIRIC L 0 | AR EFE PR O 2EHR A pEMITEHINIC 33% 0L KT
L. ZOEREBERIZFRMEEBEDOIKT (K 63%) THLZERWLMNERoTe, £, HH (54
) 2B WT, HMEARIC X 28RN RIIREN TH Y . AERMBMNESIBE SN R o
Too ABEEREHIXIT 2 IHEF R, HICHEE (B AaREREE) . B (Gt - shik) |
Aoy TR (REEME ) L FMENE (XL ME - KEEME) OMEEICER LT D Z ERHA LT,
EHIT, —REFEFEESHFE T, ABERE ORI T 2 X EEAEICHE R ERNRD
. —EZIIAKEMEEEHI L TEWRIAERE (103.43%H) 24—, REEHFZETL v
MbS -k Z ER T2 (22.62%H8) BRAHER Iz, N2 T, AFE IR O BG4 5
IVEEHR 27.76% TH Y . @ ATIMEE O LB ORRFEIZ K D filfiks b 5723 A E BN 2 ) R B e 3 AT
REMES R X7z,

AHFFEIL ., ALABREHILRE HI FR 23 & a2 R IEEHEE IS - 2 5 58 % FEFERIIZ 04T L7291 T OHF4E
E LT, REBGROEELEBICET AMASHEICH - RamRLEMz7-, -, 7 —#BE 7T 7a
—FIC L AREIRENC T D B ORI 2T L. S B AIRZE I B T A s A R
HlEblo, TE - EOmm O AREEETIGIERORBER ZREMICELZ L, L0 aiEW
RS 7 L — LT — 7 RS L T-,



