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2. M#EHE
2.1 # =
ALA, 2 ba» P 7EEMBEEEGHED T b
FAFNVE—F3I T FNVIAF)V (TMRE) B &
O PpIX &, ¥ 7 ~## (St. Louis, MO, USA) %
Hwie 74 F 2 ¥ Vill%E X Trevigen f #
TACS™ 7 A% ¥ V/PIL 7R b= AR F v k
(MD, USA) #H\w/zo 3 har Ky 7HEE6R
EDI-/ == V7270 LY (NAO) X
Molecular Probes #1:# (Eugene, OR, USA) %
Wiz 4B IR (FBS) 13 Life Techbologies #1: %4
(CA, USA)., fho&ik#ixF 7 7 A+ (R,
HA) OO HRED L O W, ZL
TNAOBLUOTMRE ZV AF IV ANKF Y FIZ
L —20C CHAE L 720 ALA ZFEBUKICER L
TIMORAFEMR & L THW 2,

2. 2 EEHE

b MR ER ) > oS JE A B Rk U 937 HE & 109%
FBS, 100 U/ml =31 ¥ 3 X U100 yg/ml A * L
7N A v v &G RPMIL640%: # CHEFF L 7o #ll
oz ®iEiZ & v 5% CO, & & & KRBMAKSH37C
DEMET ., T5em A T A TN THER: L 721617,

2.3 BHEPIXBLVALAZHBEL HBER
PpIX DEEEHE LCHFXEZANYT ML

K58 PpIX B X OHIIRN @ PpIX @ A7 b V55
PRI L - 72, $4b b, 13 PpIX 0t
AR MVEIED 722, MiEE & F %5 X10°
18/ m] ORI RRE 250 M PpIX Z iR L 720 D
MBI ORI A X7 NV EHIEARY MV Z
SarEEEER (Hitachi 650-10S) Cill%E L7z, il
N PpIX O#EFEANRT MVORlEIX, FBS #& % 7
W RPMI1640 553 C 5 X 10°/ml @ U937 Hifiw iz
ImMALA 2L, 68 A F o= 3 >
L7720 ZDf%. MIBE R % St a2 L 7-
ALV LT BIEARY VOB
£% 410nm & L. #D6#E % 430nm A5 720nm T
Tholze Ny 777 FOBRFENIE ALA &k
L 7ZWIREEOMAZIZOWCllE L7z, Bl A <7
VAT e R % 635nm & L., iiEEE %
400nm 72*5 600nm TIT7% - 72,

2. 4 BRIEWEICLS ALAATHBAICERL
7=PpIX O34k

4 X10ME/ml oM % 6 7 = V7L — MZHEE,
Kex 2D ALA (0-1mM) % &t MG
T 0H 5 IR L. T0OHBALA 2540
E I B b TR & #68% L. 10nM NAO T37C. 15
GGt L7z, 0k, MilE ) BT AN A
ek (PBS) T#E# L. NAO B L U PpIX o#¥%

AL i

100W T 7 > T v 7 oatsmsE (Ziess, Axiovert
200) TEIZRL 7o, HOBRIIEOLEER 7% HE CCD
71 25 (ORCA-II-ER, Hamamatsu Photonics K.K .,
HA) IZE VB L7 714 V8 — DA E DI,
NAO 12} L Tidhh#e 7 1 )V ¥ —450nm. ¥ — 4 &
7)) v % —510nm B L FE 7 1 Vv ¥ —515-565
nm ; PpIX |2 L TIEBh#E 7 1 )V ¥ — G365nm. ©
— LA A7) v H—FT50nmBLTHENT 1 V¥
—LP590nm Ph b To778 o 721720,

2. 5 #ilEPPpIXD7O—4H1 M3 iR
677 L—bkEHFAWT4 X104E/ml U937
Ml 2109 FBS % & ek i C4ARF MR L 720 7D
% U93THINE % MEMIEE SRS L ALA % #E0.1
-5mM THRIL., 3FEMMAEZR=E L7z, ALA &
IR L 72 A F L7 FBS 2 &4 %
IRAY =V EAR sy N TR E 220 CRIEE L 720 @by
HERE T 1,100rpm. 1047 M OO0 dEfR. Tk L7z
HE 2 0.5ml @ PBS (28 L 720 g o s G50 B 1 X
71—+ A b X —%— (Becton Dickinson FACS
Calibur, Mountain View, CA, USA) (2 X D #ll5E L
720 FREARIZ20, 000fE DAL DV THOGHAHT L 72

(JBh#E I £488nm, #:E £650nm)*Ys

2. 6 ALA k71 PDT O /- DX EES

ALA Z %N L C PpIX A& fE L 72 U 937D 12
PDT % #E 5 % /20O JJRIL. USHIO LIGHTING
M (K, HA) »Na-Li 5 ~ 7 TheraBeam
VR630% i H L 720 & DI 132600-700mmoD [ &5 FH |2
DT CTHWIEZ D 630nm & 670nm I EY — 2
*HET Do JGED S AL ToO#ELY) 7 M
TR L7z 720 ORE ERF 25 72012,
FRER Yy 7 AWM OREE TEREZEEL. b
J5 & BT O BN D A 7 WEZRIZ3TC O
K&/ LTze B8 7 9 A3 %) 7 IR,
ZOLENSHERYE LY, HEDOLAILVF—DN
TBES % 177 9 720121, HBE2S ) 7 - Ok 5
Hid A20EDRD L. KD S OBIREHEA E C oMk
I ANF—-DOERIE, JGED 5 15emD FEETIX29
mW/cnf. 20cm® R ClE20mW /cnfd = 2 )V F— T
Hol2M1 I DEBEOIMEB X ULIHEOEE% .
X 2 (2 ALA KAV PDT OAZHER) 22 FZER A 7 ¥ 2
— V&R,

2.7 RBHEOTRXXIOVEE, PILEHLV
MO AREE D 7O—H A X MY —

U937 % 1096 FBS % & to 35 #h T24RF R K52 0
. BEMTER AP I LT, ALA 231 L T 3 R
FeAg L7z. 1-16MoxiE ok, FBS % & 45
M C 1 2482 L 72 Mle o 7 4 32 v Vgt
BXOPI gL TACS™M 7 2% >~ V/PL 7K b
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C TheraBeam VR630:
(USHIO LIGHTING, INC.)

Light source : Na-Li lamp
Wave length : 530~630~700 nm
Power output :

5 cm: 65mW/cm?

10 cm: 43 mW/cm?
15 cm: 29 mW/cm?
18 cm: 23 mW/cm?
20 cm: 20 mW/cm?
Power input : 150 W
A DR R EOIMZ RS,
B :Na-Li 7 ¥ 7Ok4EMEZE RS,
C Gl S HEGHE £ TOMREE T4V F—DBREIRT,
1 #HBIA ALA &TF1%E PDT D 7= DEEREE
7F =15 FACScan
24h . 3h min 1~24 h analysis
1 t tot
Culture in the presence of FBS Culture Culture in the presence
with 5-ALA of FBS
in the
absence | jght exposure
of FBS

PDT OIEHER 22 EEEA 7Y 2 — V& RT,

2 #RIA ALA K7FME PDT O/ DIZEM G ERI 7 12— )b

= AKF v b ORERFIAE e - TI55 ., =
ML LTt L2, Gt L 22X, BD
FACSCalibur™ 7 & —% {f + 2 — % — (Becton
Dickinson, CA, USA) (ZHtL 720 MO T A%
PVHEEEBXICPIRAHITENENFLI-HE
XUFL2-HTBIZEL. 45%)) — 3 » OfEH
MR EE 2 T L7z 7a—4 4 b X M) —1%
D45E)—TarToOLL (FA). LR (FH).
BLUOUR (EA) T, ZNENIEFEME. 7K b
— VA BT R Y= A/ 7 a— A%
I, T, 7a—H A b A ) — ORI EELEL

IZOWTLBIE L7z, ZORITEEELIMIL oK &
SERMT L, bbb, TRV ZABLIPR
0 — 3 A2 & Bl sE o MR Mg e 7 L 7
Bz & AWTR ALz &1 & 0 mi i EED IR T 5,
FND 2z, WL OPDOERTIE, B EEEL O A
MO EEE T /M oBE N & e L 2B,

2.8 UKD I haL K PEEROBIE
U937H#ieD 3 ~ 3 > K 7R A O Ml E (X EE#R

ko772 bbb, Ml PBS T2 [mPEH L.

EIE LS TI120.14M TMRE T15% i 4eta L
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720 PBS T 2 [\ D%, g% PBS IZF & L T
BD FACSCalibur™ 7@ —+ 4 h A —%& —|Zfit L,
FL2-HTHEHIZELTHEDI ha v FY 7EEMNZ
HE L 720

3.8 B
3. 1 HKEAD PpIX DEERVHEILANYT ML
HATER E NS PpIX ZllET 5720, KL
PpIX SN PpIX & [A] Ut E 2 md L
IDIZOWTHE L7z M3ABIU3BIX, 1
ZN U 937THINE & 1250 .M PpIX % ¥ L Tl
L 72 &1 E635nm OO 2 <27 LB L O
hEE I B410nm OEEOHIGA T ML ERT,
FNE ik £635nm TORh#E A7 kL4110 nm
I EE % | R £410nm TOHESE AR Y h Vi
635nm ICIEMEEFOZ EDVRENT, /23 C
BIXO3IDIIRT I HIZ. ALA RIN 6 Bkt
DOFMBIEE R CTBIEE S N2 AT MV b PpIX N
ML EEOZN L IZIZFAETH o720 TNHDZ
& XD, ALA RINU9STHINE Tl PpIX &K & 1L
ERLTWAZ EPMHERTET,

3.2 U97THIEICH T B ALA k7EHE PpIX DAL
EEE070-HA M X MY —

U937#Ifa T ALA @RI AE - #ifa A PpIX @
EREREIZOWT ALA OEEEB X RS ERK

A. Excitation spectra of PpIX
> 100

— 50 pM PpIX + Cell

1 1 1 1 1
q10(.) 440 480 520 560 600

Excitation Wave Length (nm)

Relative fluorescence intensi

C. Excitation spectra of PpIX
100

— U937 (1 mM ALA, 6 h)

Relative fluorescence intensity

0
400 %40 480 520 560 600

Excitation Wave Length (nm)
A-B:
C-D

NGRS

AL fi

FMERET LR E M4 1R, X4 AlZU93T7
MR\ AR 2 DIEFEED ALA 2L, 5538 3 B4
I PpIX OFMEEY 70—+ M X M) —D FL3-
HTHELAZEA NI ATRL, M4 BIZIE
ALABRE I T 2 FHHEEmEO 70 v » xR
To ALAIEEIIKTE L CPpIX O R = 1381 L
2o 724 CHBLU4DIIRT LHIZ, ALADS
mM OE;D PpIX FAFIIHRM O 1 R F Tlaw - <
DIINL 7245, 2 BRI DAREIZIERRAICE L, 4 I
MIf21213 5 mM ALA CT25f51 280 L 720 U93THIA
TR UAETO|MEIZH 5 & 512 ALA RIS, £
DYERE & FBEE KA L T PpIX OEHKAH 1 |
HIBLNICKE O PRIX AEFEEINE T L HERR S L

7219,

3.3 U7THIRICH T BEIMALAICK S HIEA
PpIX EE OB K FAIEM

U937 12 1 mM ALA % N, PpIX Ol
NAOEFEIRI % HOEBEMEE FICBRE L 720 X512
AT & 912 ALA @305 #74 & PpIX O EFE AN
MARAERYIZEEIN T A 2 & DSBHRR ICBIZE S AL, el
X F OFENITHIT NI TIEIGEE 2040 L TW 7298,
3 RER P I HOE O M N O 43 A 2SH B N T AN 5
W25 Ly MR H IS E O E O IR W 52sTE B 2
DI L 72,

B. Emission spectra of PpIX
5. 100

—— 50 uM PpIX + Cell

o 1 1 1 1 1 1 1
430 470 510 550 590 630 670 710

Emission Wave Length (nm)

Relative fluorescence intens

D. Emission spectra of PpIX
o 100
= — U937 (1 mM ALA, 6 h)
g
£
[]
o
=
[]
(%]
n
2
)
2
=
o
2 0 L ..
K] 430470 510 550690 630 670 710
&’ Emission Wave Length (nm)

5 x10° fil/ml o U 937HIMNBARH #1250 4M PpIX Z i L CHIGE L2 A R R EHOEANY PV EIRT
5 X10°E/ml @ U9SZHINLIZ 1 mM ALA ZN L T 6 IEfEFAE L. A & N7 PpIX DREJEEA <Y b EFIEANY ML %

3 #BE PpIX & L UUS7HEREA ALA (KTFIES AL PpIX OHEFEICE T 5 5t 2abFiE
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A soo —— none B 3000
—— 100uM ALA -
240 — 500pM ALA =
—— 1mM ALA 2
— 5mMALA 8
£ 1801 =
o 1201 g
o
601 £
i o 3
b 101 100 o
FL3-H (PpIX fluorescence)
30 D
C none 5mM ALA _
240] —__omin 2 5mM ALA
£ g
‘E 180 — ah f
= o
o 5
O 120] 3
=
o
601 £
x
0 . &
10° 101 10 o 6
FL3-H Incubation time (h)
A-B 4 X10"#/ml © U937#f2120.1- 5 mM ALA Z#M L. 3EH#ZIC FL3-HICCELZEE Lz 70 =414 M A M) —{R & ALA &
FEARAE 2 7R
C-D : [ARICHE L 7200812 5 mM ALA 2L, 4 OB TR L THIBAER PpIX 2 70— A F X b)) —TllE L7215 L 2D
R ARAT 1 2 7R

4 U937#ERED ALA 77 1E PpIX BED ALA IREKRTFE & RUCK BRI

1 mM ALA treatment

4 X 10"E/ml ® U93THNLIZ 1 mM ALA T 0 - 3 FRelfi5EE L. ALA IRFHI% PpIX #AMIE 2 St Bt b X OVHOBIEMET - CBE L7215 %
Yo 1M O Bright 1365 Fi5% % . Fluo (XHOLMMEIEE R .

5 U937#ARZIC &1 % ALA KTFME PpIX OMBFERBE D HNBEMIFEG & 7 DRFEIKFHNER
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3. 4 U93THIREIC (T 200 ALA (R ENEEMR
APpIX O3 & 7 D& ERNZE

ALA #Intc 0 & PpIX OFMBNEAEEE . 20
LI DOWTIRE L7ze S hI Y FYTO7
VI F ) ¥y ERm T 5 NAO I CTHllg 2 4§ 5%
EL I PV R TIEFEMICNAO 28w S,
Z O HECHMSE VISR T 52 LN TE %,
ZZT. 1mM ALA HFINEORHFEHEIZBIT 5 I
Fay R 7 EAE PpIX O BEMEIZ O W TR L
Too WOGHEMEECEIZR TS L, I ba Y N Tk
& C PpIX 3R CTHE SN S, X6 IXZDMHRE%
Ry o NAO BRI ONA LI, I ha VR
)7 OGN TE— TR <L MBRO &S
57D R HIRIE L Tz, PpIX (£ T, Mo
AR AR S s, £ ba vy R 704
MERMU LD BAEIZSA LTz, 22 Tv—3
GaBgd 5 L. RS04 TIEHIREREES 7312 R
D& )N PpIX AR A A & L7z 28, Allia i
PpIX A lZlT & A EASNAO Yettff b DEL Y %

1mM
ALA
90 min

1mM
ALA
3h

B

RL i

FIEBTREN, I PIVF)TOH5MIIBL—
HLTCWLI DL, LAL, 3O~
— VB TIE, I hay B 7 LUAMNOMIBE I bR
PpIX G AifE2S o, 2 ha ¥y K 7 & PpIX OFE
) ERTEBOEHSIZEA L (K6). T4b
5, U9STHIAE I h 3> KU 7HCTHRLE L7z PpIX
L ROBEFC & 0 MR RAEEIE W SR S 7z,

3.5 ALAKEMEPDT OXHEBIN LT PIE
BiEIC & 2 HRFEDRIE

T —4A b A M) —OFHEELE FIH L 72
Mridid, Mgt oMEEE L TRESMEH S TWw
5520 ALAKRAEYEPDT 12 & ) &R E5E %
RLTWADODPEHLNIIT L7720, ALA IKENE
PDT IZ L D Alifast 83 5% Ty —H 1
A —% —%& W CRIAGEEL & PT g tpkicow
T L7 $74bb, 0.25F7213 1mM ALA T
WM B2 L CHIlE NI PpIX & FHE & &,
TheraBeam VR630(Z & 520 mW/cni T 1 -15%5- [t

PpIX

ALA MKAEVE PpIX FHRHIIE 2 10 nM NAO (2T Heth L, dGRAMEE TIZEREE L 720 Mo ALA RAETE PpIX ZHRE O8RSt X5 1207 Uo
K, NAO X3 M3 ¥ KU 7 o3tai%, PpIX (MBI CTE E N7z PpIX OG5 %2 /R L, Merge (ZF D& % EhQdbE/8% K7,
%721 mM ALA 90 min |& 1 mM ALAT02RIkE3E L 22/ % 7% L.

6
KFNER

I mM ALA 3h (X1 mM ALAT 3 R[5 L Z-fle 0B a /m 3.

U937#RA2(C &1 5 NAO BZMED X ~ a2 KU 71& E ALAKTFE PpIX OHERENETE DR ICTEHIF G OB & Z DRFE
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A Scattergram
Irradiation time

15 min

w
-
o
o

1mMALA

0 min 3 min 5 min 10 min
1000 1

Intact;

FSC

00 800 0 400 800
ssc SsC

C Propldlum iodide stalned

3 min 5 min 10 min

A O
© © o

0.25mM ALA

Damaged cells
(FSC, % of gated)

N
o

o
o

15

5 10
Irradiation time (min)

o
o

200
._{ }—

10“ 102 104100 102 10400 102 10”I0 102 104100

FL2-H FL2-H FL2-H FL2-H

0.25mM ALA

Pl positive cells (%) (w )
3

15

5 10
Irradiation time (min)

0.25mM ¥ 7213 1 mM ALA T 3 FRR5F#E L 72 U937HINE (4 X 10ME/ml) % . 20mW/cmiD Y5 TR 2 IR B L, 24085 R £ o Al i e 5

ZHITEHFEL L PL Yl OnWT 7O —H A b A M) —THlE L 72,

A 10.25mM ALA TH# L 72RO & JGTRER 12 X 2 7 i 02 b2 775,

B 1 0.25mMZ 7213 1 mM ALA DR OAIFISE D HEGHRE AR % 7R §

C o AL LHEEBREMTOMIBO PT HBIEORRZ R,

D ! B & UFEBRGOMILO PL G 1%k o BGHR K % 7R,

7 ALAFEE PpIX #&ETE L /- USTHRREDILIRETIC & 2 MFEfEE & T DR

WG U, 24WeR 2 ICHIBRE S 2 T L 720 U7 Al
R GHGEL O SEMIE 2, X 7 Bl e i 55 oo Ha 5 1kg
MK Z 7R T 0.25mM  ALA QLB CRRGTIR 1
35105 F TIEMAEEEOFEEIZ20% 75 5302612
%@#u@MLtﬁ\w%#%mﬁmﬁm%%if

AIZER L7z 1mM ALA MLECTIZIESTHRG 14
f@ﬂ%F DREED LA IV Lo 7-h, DR
WU ERH L. 245 Tl360%. 355 TId80% %2 72
FM7CIEHTALR LM AEIT% - 72/lfEIC
OWTCPIHEL A7 O—Y A% RT 7H0—4 1 |k
A M) —DOFL2-HOFEEEZ AN T AT, ¥
7 D 3% OMEIE D AR 2 71 v TR
Fo 0.25mM ALA L1556 55 CHRIFIE O FEE
136096 °C. B GHEL OIS OREE X D KV
Tho7z7, MTBBLOT7TD6HL2R L)
I ) 2 2 D R B g R AR PR L AR oD TR L T 7z

3.6 ALAKEFEHPDTICH T 2HIBFED ALA B
EfkFHE

0.25mM DL EDEED ALAKGFEEPDT IZX %
4R BOMIZIE A 70— AL e L2 D
ThbHZEDTREINIA (M T). FHM Mg D
FREIZOWTIE S 2T % <o A RIS R E5\ IS
X ZHBAEIE T R =2 R X BWREMEDN D 5, 2
OREZ S 223 5 BRYT, EEIMFER o 12fE 4
O PEEOALA T W& L. 3 KB KIS %1
TheraBeam VR63012 & 529 mW/cnid % 1547 [#]
HEAT L. 2412 ICHIIAE IS D W T L 720 [ 8
AlE ALA BEEIC BT % R GEGEL SR & Ml
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Role of 5—aminolevulinic acid-mediated protoporphyrin
IX accumulation in
the mechanism of photodynamic therapy :
A study in human histiocytic lymphoma U937 cells

Yoshiki Takehara and Yasuo Katayama

Abstract

To elucidate the mechanism by which 5-aminolevulinic acid (ALA)-based photodynamic
therapy (PDT) induces cell death, we examined ALA-mediated protoporphyrin IX (PpIX)
accumulation and localization in human histiocytic lymphoma U937 cells, and investigated
apoptotic events induced by this therapy.

PpIX accumulated in the cells, depending on the ALA concentration and the duration of
incubation with ALA . Intracellular PpIX showed translocation from mitochondria to cytoplasm,
depending on the duration of incubation. At 24 hours after irradiation of ALA-treated cells, the
extent of both cell death and cell damage, indicated by propidium iodide staining and forward
scatter in flow cytometric analysis, respectively, increased in an analogous fashion, depending
on ALA concentration and the duration of irradiation. Flow cytometric analysis after double
staining with annexin V/PI showed increased apoptosis, depending on ALA concentration, the
duration of incubation with ALA and the duration of irradiation, and also showed gradual
progression of apoptosis to late-apoptosis/necrosis after irradiation. Cell damage occurred slightly
later than mitochondrial depolarization after irradiation.

These results suggest that ALA-PDT induced mitochondria dependent apoptosis followed by
late-apoptosis/necrosis in U937 cells.

Key Words
5-aminolevulinic acid, protoporphyrin IX, U937 cells, cell death, photodynamic therapy
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Articles
Expression of Keratin 5/18 and
Vimentin Intermediate Filaments in the Villus M Cells
of the Rabbit Small Intestine

Hirohiko Iwatsuki

Abstract

In the rabbit small intestine, keratin 5 interacts with keratin 18 to form intermediate
filaments (IFs), and the keratin 5/18 IFs constitute an apex-thin network just under the
terminal web in the absorptive cells. However, unique epithelial cells showing strong expression
of this keratin IF's are scattered throughout the villus epithelium. In this study, the nature of
these unique epithelial cells was examined immunohistochemically. The distribution and
structural features of these cells closely resembled those of vimentin-positive villus M cells.
Coexpression of keratin 5/18 IFs and vimentin IFs was confirmed in these cells by double
immunofluorescent staining, but the distribution of these two types of IFs differed. The former
formed a peripheral network lying just beneath the cell membrane in addition to the apex
network, whereas the latter were located from the perinuclear region to the cell membrane
touching intraepithelial lymphocytes. These results suggest that the unique epithelial cells are
villus M cells, and that the keratin 5/18 IFs play a role in the maintenance of cell shape and in
both cell-cell and cell-matrix contacts, whereas the vimentin IFs are associated with intracellular

signal transduction.

Key Words

Keratin, Vimentin, Intermediate filaments, M cell, Small intestinal epithelium

1. INTRODUCTION

The cellular cytoskeletal network is composed of
three fibrillar systems ; namely actin
microfilaments, intermediate filaments (IFs) and
microtubules. Whereas actin filaments and
microtubules are polymers of single type of proteins
(actin and tubulin, respectively), IFs are composed
of a variety of proteins. Presently, at least 70
members of the IF protein family have been
identified”, and their expression is sensitively
reflected in the cell differentiation occurring in
histogenesis®® and disease”” . Therefore, they have
been utilized as valuable histochemical markers of
cell differentiation'®'?. IFs form seven kinds of
networks in the cytoplasm of diverse polarized cells;
namely the apex network just under the terminal
web, peripheral network lying just beneath the cell
membrane, granule-associated network surrounding
a mass of mucigen granules, Golgi-associated
network surrounding the Golgi apparatus, radial
network locating from the nucleus to the specific
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area of the cell membrane, juxtanuclear network
surrounding the nucleus, and entire cytoplasmic
network'. In addition to these cytoplasmic IF
networks, the nuclear IF network, the nuclear
lamina, exists in the nucleus lining the inner nuclear

membrane'” .

The cytoplasmic IFs expressed in epithelial cells
are mainly keratin filaments which consist of a
specific combination of type I keratins and type II
keratins? . The combination is highly regulated in
tissue-specific and differentiation-specific
manners” . As shown in our previous study, in the
absorptive cells of rabbit small intestine, keratin 5
is preferentially coexpressed with keratin 18 to form
filaments, and these keratin 5/18 IF's constitute an
apex-thin network just under the terminal web®’.
However, unique epithelial cells showing strong
expression of the keratin 5/18 filaments are
scattered throughout the villus epithelium of the
small intestine. In the villus epithelium, five types
of cells can be distinguished; absorptive cells, goblet
cells, endocrine cells, tuft cells', and M cells'.
We hypothesize that these unique epithelial cells are
the M cells, since their distribution closely resemble
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that of the M cells. Vimentin IF protein is broadly
expressed in cells of mesenchymal origin.
However, it has been shown to be peculiarly
expressed in the M cells of the follicle-associated
epithelium covering Peyer’s patches™'¥, and of villus
epithelium'”, but not in other surface epithelial cells
in the rabbit gastrointestinal tract. To confirm our
hypothesis, expression patterns of three kinds of IF
proteins, namely keratin 5, keratin 18 and
vimentin, were analyzed immunohistochemically in
the rabbit small intestine.

2 . MATERIALS AND METHODS

Adult female rabbits weighing approximately 3
kg (Japan white rabbit, Japan Lamb Ltd.,
Hiroshima, Japan) were anesthetized with an
Intravenous injection of sodium pentobarbital. The
duodenum, jejunum, ileum and ileal Peyer’s
patches were excised. Tissues were fixed in4 %
paraformaldehyde in 100mM phosphate buffer (pH
7.4) for 4h at 4 C, and were successively washed
in chilled phosphate-buffered saline (PBS) for 16h,
after which they were dehydrated and embedded in
paraffin.

2. 1 Immunohistochemical staining

Keratins and vimentin were detected using the
avidin-biotin complex (ABC) method (Vectastain
Elite ABC kit ; Vector Laboratories, Burlingame,
CA., USA). Deparaffinized sections were treated
with 0.3% hydrogen peroxide in methanol and
immersed in normal horse serum in PBS for 20 min.
Then the sections were exposed to one of the
monoclonal antibodies shown in Table 1 for 1h. The
antibodies were diluted with PBS containing 0.1%
bovine serum albumin (BSA) . Before incubation in
anti-vimentin antibody, the sections were
pretreated in 10U/ml trypsin (EC3.4.21.4,
type 1, Sigma) in PBS. After washing in PBS,
they were exposed to biotinylated horse anti-mouse
IgG antibodies for 30 min, and then immersed in

ABC reagent for 30 min. For visualization of the
iImmunoreactions, they were incubated in a
peroxidase substrate solution containing 0.02%
3-3’~diaminobenzidine, 0.005% hydrogen peroxide
and 50 mM Tris-HCl buffer (pH7.6). After
Immunostaining, they were counterstained with
hematoxylin. Negative controls were exposed to PBS
containing 0.1% bovine serum albumin or
preimmune horse serum instead of the primary
antibody. No immunostaining was observed in the
negative control sections.

2. 2 Double immunofluorescence staining

Double immunofluorescence staining was
performed to investigate dual expression among
three kinds of IF proteins; namely keratin 5, keratin
18, and vimentin. Deparaffinized sections were
immersed in 0.3% hydrogen peroxide in methanol
and treated in 10U/ml trypsin (EC3 .4 .21.4,
type 1, Sigma) in PBS. After washing with PBS,
the sections were immersed in 1% bovine serum
albumin (BSA) in PBS for 30 min. Then the
sections were exposed to one of the keratin
antibodies shown in Table 1 for 1h and washed in
PBS. Next, they were incubated in a solution
containing biotinylated horse anti-mouse IgG
antibody for 30 min and rinsed in PBS. Then they
were Incubated in Alexa Fluor 488-conjugated
Streptavidin (Molecular Probes, Carlsbad, CA,
USA) for 30 min. After washing, they were
exposed to anti-vimentin monoclonal antibody
coupled to Alexa Fluor 555, which was prepared
using the Alexa Fluor labeling kit (Molecular
Probes) . Negative controls were exposed to PBS
containing 0.196 bovine serum albumin or
preimmune horse serum instead of the antibodies.
No immunostaining was observed in the negative
control sections.

This study was approved by the Animal Research
Committee of Kawasaki Medical School (No.
08-052) and conducted according to the “Guide for

Table 1 Mouse monoclonal antibodies used in this study

Antibody Clone Supplier Dilution
anti-cytokeratin 5 antibody C-50 Monosan ™! 1:10
anti-cytokeratin 18 antibody CY-90 Sigma*? 1:800
anti-vimentin Vim3B4 Dako™*? 1:200

*1 : Monosan, AM Uden, The Netherlands. * 2 : Sigma, St. Louis, MO, USA.

*3  Dako Japan, Kyoto, Japan
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the Care and Use of Laboratory Animals” of
Kawasaki Medical School.

3. RESULTS
3.1 Unique epithelial cells showing strong

expression of keratins 5 and 18
In the intestinal epithelium, small amounts of
keratin 5 and keratin 18 were detected as an apex
network about 1 ¢ m in thickness of absorptive cells.
However, a few epithelial cells strongly expressed
these keratins as the thick apex network about 3
xm in thickness and peripheral network lying just

beneath the cell membrane (Figs.1,2). Their
striated border was generally thinner than that of
adjacent absorptive cells. These unique epithelial
cells were readily found in the ileal villi, but were
few in number in the jejunal villi, and rare in the
duodenal villi. As shown in Figure 3, vimentin-
positive M cells were also scattered throughout the
villus epithelium. These villus M cells were readily
found in the ileum, few in number in the jejunum,
and rare in the duodenum. Their striated border
was also thinner than that of adjacent absorptive
cells. In their cytoplasm, vimentin was localized

Fig. 1 Immunohistochemical staining of keratin 5 (K5) in the small intestinal villi. Counterstained with hematoxylin. a,b: Unique

epithelial cells showing strong expression of keratin 5 (@rrowheads) are scattered throughout the villus epithelium of the ileum (a), but
they are few in number in the jejunum (b). Bar=30 xzm. c; A large amount of keratin 5 is expressed as an apex network (a77ow) and a
peripheral network (barred arrow) in the unique epithelial cell. The striated border of the unique epithelial cells is thinner than that of
adjacent absorptive cells, and their apex network is thicker than that of absorptive cells. An entire cytoplasmic network of both the
unique epithelial and absorptive cells is faintly stained. Bar=10 zm.

Fig. 2 Immunohistochemical staining of keratin 18 (K18) in the small intestinal villi. Counterstained with hematoxylin. a,b: Unique
epithelial cells showing strong expression of keratin 18 (arrowheads) are scattered throughout the villus epithelium of the ileum (a), but
they are few in number in the jejunum (b). Bar=30 gzm. c: A large amount of keratin 18 is expressed as an apex network (errow) and
a peripheral network (barred arrow) in the unique epithelial cell exhibiting a thinner striated border than that of adjacent absorptive cells.
An entire cytoplasmic network of both the unique epithelial and absorptive cells is faintly stained. Bar=10 zm.
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3b

Fig. 3 Immunohistochemical staining of vimentin (Vim.: arrows) in the small intestinal villi. Counterstained with hematoxylin. a,b:
Vimentin-positive villus M cells (@rrowheads) are scattered throughout the villus epithelium of the ileum (a), but they are few in number
in the jejunum (b). Bar=30 gm. c: The striated border of the villus M cells is thinner than that of adjacent absorptive cells, and
vimentin is localized around the nucleus (V) and from the edge of the nucleus to the cell membrane touching intraepithelial lymphocytes

(L). Bar=10 gm.

Fig. 4 Immunostaining of keratin 5 (K5), keratin 18 (K18) and vimentin (Vim) in M cells (M) of an ileal Peyer’s patch. Bar=10 xm.
a,b: Keratin 5 (a) and Keratin 18 (b) are expressed as an apex network (arrow) and a peripheral network (barred arrow) in the M cells.
c: The M cell possesses dense bundles of vimentin (arrows) extending from the edges of the nucleus (N) to the cell membrane
surrounding intraepithelial lymphocytes (L) . P; pocket-like structure of M cells.

around the nucleus and from the edge of the nucleus
to the cell membrane touching intraepithelial
lymphocytes, and formed the juxtanuclear and radial
networks. The M cells of the Peyer's patches
exhibited a pocket-like invagination of the basolateral
cell membrane that contains lymphocytes. As shown
in Figure 4, they expressed vimentin as the
juxtanuclear and radial networks, and the radial
network extended from the edge of the nucleus to
the cell membrane, which touched the
intraepithelial lymphocytes. They also expressed
large amounts of keratin 5 and keratin 18 as the
apical and peripheral networks.

3. 2 Coexpression of Vimentin and keratins 5
and 18 in the unique epithelial cells

To clarify the relationship between the unique
epithelial cells and villus M cells, double
immunofluorescent staining was carried out. In the
villus epithelium, vimentin could be detected in all
of the unique epithelial cells showing strong
expression of keratins 5 and 18. However, the
distribution of these keratins differed from that of
the vimentin in these cells (Figs. 5, 6 ). Keratins
5 and 18 formed the apical and peripheral networks.
In contrast, vimentin was located from the
perinuclear region to the cell membrane touching
intraepithelial lymphocytes. The localization of
keratin 5/18 IFs and vimentin IFs in the villus M
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Fig. 5 Double immunofluorescent staining of keratin 5 (K5) and
vimentin (Vim) in the ileum. Bar=10 zm. a. In the unique
epithelial cells, Keratin 5 (Alexa Fluor 488 labeling) is located as
thick apical network (white arrow) and thin peripheral network
(white barred arrow). b. Vimentin (Alexa Fluor 555 labeling:
white arrows) is located from the perinuclear region to the cell
membrane touching intraepithelial lymphocytes (L) which express
a small amount of vimentin. A large amount of vimentin is also
detected in the fibroblasts (white arrowhead) . N: nucleus of villus
M cell.

cell is schematically summarized in Figure 7.

4 . Discussion

M cells are specialized epithelial cells of the gut-
associated lymphoid tissues'?" and they internalize
macromolecules and microorganisms efficiently and
deliver them to the underlying lymphoid tissue®?’ .
In the rabbit intestinal epithelium, the M cells of the
follicle-associated epithelium''® and the M cells of
the villus epithelium'’ peculiarly express vimentin
IFs. As shown in our results, the distribution and
structural features of the unique epithelial cells
showing strong expression of keratin 5/18 IFs
closely resembled those of villus M cells.
Coexpression of keratin 5/18 and vimentin IFs was
confirmed in these cells by double
immunofluorescent staining. In addition, the M cells
of the Peyer’s patches also possessed dense bundles
of keratin 5/18 IFs. Therefore, it seems that the
unique epithelial cells showing strong expression of
keratin 5/18 IFs are actually the villus M cells.

In the epithelial cell cytoplasm, IFs form seven

Fig. 6 Double immunofluorescent staining of keratin 18 (K18)
and vimentin (Vim) in the ileum. Bar=10 gzm. a. Keratin 18
(Alexa Fluor 488 labeling) forms thick apical network (white
arrow) and thin peripheral network, (white barred arrow). b.
Vimentin (Alexa Fluor 555 labeling: white arrows) is located from
the perinuclear region to the cell membrane touching
intraepithelial lymphocytes (L). White arrowheads; fibroblasts.
N nucleus of villus M cell.

Fig. 7 Schematic illustration of the unique epithelial cell which
co-expresses keratin 5/18 and vimentin filaments. This cell has
microvilli shorter than those of absorptive cells (A4). In the
cytoplasm, keratin 5/18 IFs (gray solid lines) form apical and
peripheral networks. The apical network just under the terminal
web is tightly anchored to desmosomes (D). The peripheral
network lying just beneath the cell membrane is also tightly
anchored to desmosomes (D) and hemidesmosomes (7). In
contrast, vimentin IFs (gray dotted lines) are localized around the
nucleus and from the edge of the nucleus to the cell membrane
surrounding intraepithelial lymphocytes (L) .

kinds of networks, namely an apex network, a
peripheral network, a granule-associated network,
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a Golgi-associated network, a radial network, a
juxtanuclear network and an entire cytoplasmic
network™ . In the villus M cells, keratin 5/18 IFs
formed the apical and peripheral networks, whereas
vimentin IFs formed the radial and juxtanuclear
networks. The radial network of villus M cells was
localized from the juxtanuclear network to the cell
membrane touching intraepithelial lymphocytes. As
shown in our previous study, the apical network is
tightly anchored to desmosomes and extends into
the terminal web? . Keratin IFs can anchor to
desmosomes by adaptor proteins of desmoplakin®
and connect to actin filaments in the terminal web
by plastin 1. Therefore, this network may serve
to maintain cell-cell contact and may be involved in
reinforcement of the terminal web. It has been
reported that epithelial cells exhibiting a polarized
structure require the keratin filament-organization
at the apical domain, and that a deficiency in this
organization leads to the disruption of cell
polarity” ® . Therefore, the apex network may also
participate in the generation of cell polarity. It is
confirmed that the peripheral network is anchored
to desmosomes and hemidesmosomes'>!¥ .
Therefore, this network seems to play some role in
maintaining cell-cell and cell-matrix contacts, as well
as the shape of the cell.

The possibility that the radial and juxtanuclear
networks consisting of vimentin IF's are associated
with intracellular signal transduction should be
considered for the following three reasons. First,
the cytoplasmic IFs have a high binding affinity to
both the plasma membrane®® and nuclear
envelope®® . In addition, the cytoplasmic IFs are
connected to the nuclear IF network, the nuclear
lamina, through KASH protein in the outer nuclear
membrane and SUN protein in the inner nuclear
membrane® . The nuclear lamina is involved in the
organization of nuclear functions'** . Second, the
radial network of M cells localizes from the nuclear
periphery to the cell membrane, which touches
intraepithelial lymphocytes being required for
efficient M cell formation®** . Third, vimentin is
preferentially phosphorylated among cytoplasmic
proteins including cytoskeletal proteins®™ .
Therefore, vimentin IFs can be easily modified by
the phosphorylation-dephosphorylation system. The
possibility of this hypothesis is supported by the
following studies. Berfield et al.*” observed changes
in the nuclear structure and chromatin aggregation

subsequent to phosphorylation of vimentin IFs,
when renal mesangial cells were stimulated with
insulin. Hyder et al."” have suggested that multiple
post-translational modifications of IFs play a
significant role in signal transduction.

Since cells express IFs most advantageous to their
function, keratin 5/18 IFs and vimentin IFs may be
selected in the rabbit villus M cells as the most
suitable IF's for the mechanical role and intracellular
signal transduction, respectively.
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A proposal for a new method of
spreading nutrition education to change the perception
of thinness among young women

Katsuhiko Fujisawa

Abstract

Although Thinness is associated with health risks in young women, the percentage of lean
young women Is high. However, there are only a few reports on nutrition education about
thinness in young women. We investigated whether providing nutrition education to mothers
would be effective in changing the body image and eating behaviors of their daughters.
Accordingly, we found that providing such education to mothers did not have any effect on the
body image and eating behaviors of their daughters. Most of the young women with BMI < 25
chose to be thin. We investigated a new method to decrease young women's desire to be thin.
Therefore, spreading awareness about the health risks associated with thinness is important for
changing the perception of thinness among young women. In conclusion, we propose a new
method for spreading nutrition education about the health risks associated with thinness and for
evaluating its effects on the perception of thinness among young women.

Key Words
desire to be thin, abnormal eating behavior, body image, nutrition education
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Management of Dietitian Education and
“Aruki-eiyochoju classroom” Tie-up with Union of
Kurashiki City Elderly Person

Ken-ichi Tomochika, Kikuko Okamoto, Takashi Tsugita,
Yoshiko Seno and Yuji Takahashi

Abstract

For the purpose of increasing the opportunity of practice for a nutrition check and instruction
as a part of the registered dietitian education, “Aruki-Eiyochoju classroom” was held in
collaboration with the Kurashiki senior citizens’ club. On the basis of the data from 13 classes
for three years, the evaluation of participating elderly people and students is summarized in this
paper. Although a very good evaluation was obtained by the participating elderly people, the
students’ evaluation for class was quite severe as a result. Therefore, it become clear that
teacher’s participation at this point must be reconsidered.

Key Words
dietitian, nutrition instruction, elderly person, nutrition check and instruction
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Health and Nutritional Surveillance in Kurashiki City
Elderly Person

Takashi Tsugita and Kikuko Okamoto

Abstract

Targeting the elderly participating in nutrition and longevity school of our university, physical
examination data on height, body weight, BMI, body fat percentage, % triceps skinfold, % mid
arm circumference, %6 mid arm muscle circumference, % mid arm muscle area, % lower leg
circumference, abdominal circumference, blood vessel age, 9% bone amount in same age and %
bone amount in youth were obtained, and dietary habits on eating behavior, food intake and
cooking were also researched. The statistical analysis of physical examination data showed the
following results. i.e. BMI was highly correlated with other physical examination data. Strong
relation was observed between the degree of obesity assessed from BMI and body fat
percentage, amount of body fat and muscle, abdominal circumference, etc. Progression of
obesity in the elderly was also suggested. The dietary habit research showed the importance of
understanding the need of eggs and vegetable oil for the elderly, and also showed the need of
reducing salt intake.

Key Words
Physical examination, Dietary habit research, Statistical analysis, Obesity
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A study of students’ learning outcome in Kurashiki food-
education nutrition festival :
An analysis of questionnaire results over 6 years

Yuji Takahashi and Yoshiki Takehara

Abstract

The first and the second grade students of the Department of Food and Nutrition, Faculty of
Human Services, Okayama Gakuin University, participated as a part of dietitian education in
the “Kurashiki food-education nutrition festival”, which is conducted once a year. In this
study, the students’ learning outcome was evaluated by a questionnaire, which the students
answered after the nutrition festival. The questionnaire results obtained from the both grades
of students, who had participated in the nutrition festival from 2002 to 2008, were assessed. As
a result, the first grade of students became familiar with public nutrition activity compared to
before the nutrition festival. Because of intelligibility that the nutrition education demonstration
by the second grade of students is evaluated at that moment by the participants in the nutrition
festival, it was assessed for many second grade of students that they tried to tackle the practice
of nutrition education with strong wishes against the participants. Moreover, they have
expected to become reference of the national registered dietitian activity during off-campus
practices at the third grade of university and for the future employment.

These results indicate that participation in a nutrition festival promoted the learning outcome
of the students by allowing them to become autonomous and by improving humanity .

Key Words

Kurashiki food-education nutrition festival, comprehensive practice, a student questionnaire,
learning outcome, university education
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An Application of Information Method for
Environmental Problems

Masahiro Ikenouchi

Abstract

When we think of environmental problems, environmental information management is tried
to consider how to utilize environmental information by the information method which is one of
the environmental policy method in government. Government and company try to open
environmental information to citizen/consumer using various information method, and common
information among citizen is promoted in net era, and recognition of environmental information
is proceeded in citizen life. However, actin is not always accompanied by and it is not said that
environmental information is utilized enough. After the recognition and corporation in citizen,
environmental policy and company activities start to be effective. Information symmetry and
active information open is needed to make environmental information effective. Information
presentation must be easy to be understandable by citizen. Citizen is requested to have ability
to judge the truth about given information. For the new development of environmental
information, the construction of environmental information system is expected.

Key Words
Environmental information, Information method, Information management, Environmental
information management, Symmetry of information, Environmental information system
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A Survey of the Chinese Characters in “Childcare
Guidelines at Nursery School”

—Toward the Improvement of Chinese Character Education at Childcare
Education Course—

Hirofumi Urakami

Summary

It is necessary for childcare practitioners to learn Chinese characters in relation with the
technical terms. We therefore have to determine which Chinese characters to teach. I
studied the Chinese characters used in “Childcare Guidelines at Nursery School,”
“Kindergarten Education Guidelines” and “Kindergarten Education Guidelines(guide)” and
reported the result in “Survey of Chinese Characters in ‘Childcare Guideline at Nursery
School' and ‘Kindergarten Education Guideline’ (The Journal of Okayama Gakuin
University * Okayama College No. 32),” and “A Survey of the Chinese Characters in
‘Kindergarten Education Guideline’ (The Journal of Okayama Gakuin University + Okayama
College No.33).” This paper is a subsequent report of the survey of the Chinese characters
used in “Childcare Guidelines at Nursery School.” The guidelines are basic literature even
for childcare practitioners. Therefore, we think that the guidelines provide us with the
Chinese characters necessary for childcare practitioners in professional education.

Key Words
Survey of Chinese Characters, Childcare Guidelines at Nursery School, Professional
Education
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A Study on Applying the “Process of System
Recognition” to the Subject “Career Guidance”
at a Junior College

Toshitaka Harada

Abstract

This study aims to outline a syllabus that applies the “Process of the System Recognition” to
the subject “Career Guidance” at a junior college for students social and occupational
independence. The students can employ the PDCA (Plan * Do * Check * Action) in the study
activity by introducing the period of recognizing their “career,” which guarantees them to build
an effective career. The method for the study is as follows. First, I discuss the “Process of
the System Recognition” to verify the effectiveness of this study. The next section describes an
outline of the syllabus on the basis of the “Process of System Recognition,” which is used in the
subject “Career Guidance” at the junior college. Further, I examine the relationship between
the content of the syllabus and the “Process of System Recognition” to verify the stage with
which the content of the syllabus corresponds. The final section describes the hypothesis of the
problem after the class to improve the syllabus effectively.

Key Words
Career, Career Guidance, Process of the System Recognition, Junior College
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