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ABSTRACT

The purpose of the present study is to investigate whether stromal cells supporting specific microen
vironmert for hematopoiesia of bone marro w are affected by toxicants and therapeutic drmgs such az antibiotics
and anticancer dmnigs and whether laminin 1 iz associated with such effects, 3D rate were intraperitoneally
injected with 75 mg/lg of cyclophosphamide which iz widely nzed to treat infant’s solid tumor, leukemia and
myeloma and sacrificed after 3 days, 1 weely 3 weeli or 3 weels of injection. The bone marrow extracted and
paraffin zectioned waz analyzed using immunohistechemical staining. A part of tizsues wag subjected to
electron microscopy following reaction with rabbit anti laminin antibody, biotinylated goat anti rabbit IgG
corjugated with 12 nm gold particles, and staining with uranyl acetate.

1. The bone marrow tismie ab day 3 post injection with cyelophosphamide displayed dilated venous sinus,
partial necrotic death, and decreased mumber of hematopoietic cells, Laminin 1 was intensively stained in the
reticnlar and adipose tizssues,

2, Upto 5 weeks post injection, laminin 1 wag stained at a low level in the stromal tizsne of bone marrow
and the number of hematopoietic cell was increazed.

3. Deposition of the gold particle which represents laminin 1 expression was observed at the highest level
inthe stromal cells of bone mamow obtained 3 days after injection, and decreased after 1 to 5 weels,

These results suggest that stromal cells which play a role in supporting microenvironment for bone marrow
hematopoiesis angment induction of laminin 1 expression and activation upon administration of
eyclopho spharnide,
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2rdd PAzA e 2RAEe] 24, 29 2 o
& s FoaTF 9FE o (Dexter st al,
1990; Drorshkind et al, 1990; Clark etal., 1995), =35}
A HEe A R 2 E, 2=
3 Azdrdr o]eelA slem, Azyrde =
HM Z7F oyl Z]AM X (stroma cell)7} 2¥]3bc
(Verfaillie et al., 1994; Klein 1995). A =24 7|22 gly-
coproteins, protecglycans @ wH2 Fo 7 FAE
21y =H2MEE (hematopoietic progenitor cellz)$
A=z F (cell adhesion)d M=z =z 5L =85}
o ARHeczE #A#HEH gy w9t (Klein et
al., 1995, Fernandez et al,, 1996; Klein et al,, 1997,
Whitton et al.,, 1998; Seiffert et al,, 1992,

Zuckerman et al, (198312 murine Z-5=ul 2F-4d3 ¢4
224 DPBAN YFHHALY 2R 724
32 laminins FAA FA7E ¢l FgEoF Guetal
(1999)2 228 AFefs A Y S5elA
laminin %3 &=

Z=9¢| T laminin-1 2

laminin-2, laminin—&, laminin—10
g stk Vogel et al,
(1909} A43e Foeld AAA FAHA g
B2 chain & 544 21} lamining] 4= ofF &=
Hslx] 23k glof Laminin-12 234 =2 F3
F FAS dd= r3rl gl ow (Glancott st al,
1986; Kosnigsmann st al., 1992; Uchiyama 1992},
laminin-10/11¢] mouse & AFzHe] &3 AJM £ A4
A Fg: deFdy seeh(Gu et al, 1999;
Kibler et al., 1998).

Siler et al. (2000)2 Afghs] Z<23W] ECMe| A
ZEA 4 F4 Fad #Ho| sl 1154 lam-
iningd FFsE9 2§47, Northern blot, immuno-

blot T2 ¥ o2 A Fd] Z|AME A lam-
Inin—8/%9 9@ laminin-10/119] A= gGn Floo,
laminin-12F laminin-2/42 23A| =74 FH3kzh
$o] At o bt shct

Be BAES AN409E T 439 97
ALE) lamininssh A2tie obn F4% o

et A SFYUET, 97, IR T, §Y 22y
Az =8 T 52 EF laminins¢} FE5Ad
By vl ¢dof (Kuwabara, 1996; Helmer & Lobb,
1995; Bawvols et al,, 1996; Shaw et al,, 1990; Georas et
al,, 1993), Tourkin et al. (1993)2 laminin®] ZARAH
3o A=t PEef| 3 v A, Shaw et al.
(19002 Sx M 224 S| = laminine] Fd stz
Schimizu et al, (1990]— CD3-mediated T-cell 2] —{5‘“-%4
A A ZG T sl a8y Verfailli
etal (1992)2 laminin- 12 Zp3 74 =4 :ﬁz}‘”ﬂ
2AA gvin e BRI MARA
FHAFAAZA laiain-14] S A= et
I st of Becksr et al, (1996)2 laminins @)
retinoic acid#} &7 promyelocytic leukemia cell®] 2
B3 £A/09Gn wusac HeA T
laminin izoformzs] ¥ =75 1AM ETES A
Fapge] B & AT FAEL AFHAG
Gu etal. (1999)2 laminin |3 7 A x4 7]
3 HelE vEpeE g T2 AxyrEy
UL eI A, in vitroel A
SAT(F2IP PIRTAAES Febae
Fhcbar sted o, laminin-14] 3 w2 dFxd =
2797 TG TR Eus 2edT
et

FHINe 35Y 23

N g A% 97 3
Hxy Z54 v
ment)dF HFHA Z7)A E (hematopoietic stem cell)
Apeld] MEzH71AE 245t A x2F3, GFT
cytokine®] 7 W A3, A= A=A 55 oot
3wy o (Klein, 1995; Wilkins & Ioncs, 1995;
Gronthos et al,, 2001), 53| Gronthos et al, (2001)2 &
= A S ATl Ser1EAA e x40
A Aol AT gl glort A %
W FARA ek e

A 2le 2F cyclophosphamided T 3lyd2 of
Forzah) 47948 TARAZYG 28 2
ol laminin-1 2% <& FA0A 2 AFF A
=5tgidt

£ laminine] =

all—trans

T k=]
lamininE2 A

Wahgst WAT Bl v
1953 3l 712

7 (bone marrow microenviron-
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ME H

1. 48 M=

1) wEHES

2 A Ae 250-300g R 217 Sprague-
Dawleydl +7 2FE g7 45 AY
2 cyclophosphamide (Sigma, USA)E A5 kg
TSmgHA FF/FH = BZME 13 FASGEL
FAE 34,15, 35 9 57 A=A ARE HAAA
Hdoteidz @5 F4F gd9eh Cyclophospha-
mide®] FAL F AT A7k whe} 3UZ,
FL, 5522 e A sutely aAdE A
syl dzdd SRFTE B FAES 3y
A HAYAFA Pt e dedch

2) WEY

1523

(1) Immunohistochemistry

A 2ol laminind] 22,94 2 pelAdze
FAEY] Y3t Y FpF£3F2 0.1% glutaralde-
hyde—4% paraformaldehyde 348 (pH 7.4) 223

AR % 6pme) ek BHe ATin Wy
Bg ARsaeh By U g SR A4 T
phosphate—buffered saline (PBS)4-f+]] A3t 2-
3% HsOs methanol £+8¢f] 5237F vF2-A]71 o2 PBS
Z M&E & proteinase K (DAKO Co,, USA)H ] 37°C
Al 1582t AHgstaeh dAHAE rabbit anti-
laminin (Sigma Co., USA)S 1:302 2 3Hsls 37°C
S 9083t WEAF R, PRI AHST o3
A biotinylated goat anti—rabbit IgG (Vector lab. TISA)
Z 3027 wbAAl F PBSE AlAsg o ool
ABC kit (avidin-biotin complex, Vector Lab, USA)ZE.
3087 ¥heAlFl & PBSZ AAsiyic gl e 3,3
diaminobenzidine - tetrahydrochloride (DAB)E o] &3}
Howm, 1% methyl greene 2 2948 & g, Ad
S L R e Ll B BN g e s e R B
o] FAIA] ARE HalFr] #H dxHE A
9% wgelez gydETY 92 Ak

(2) Immunogold Method in Electron Microscopy

wEEFHEE o|48 el AE 9 AE87]

A A laminin-1: Agebest FHHE A
A AL 3 HHI 23S caccodylate buffer
& AMaste A &3 4% paraformadshyde-0.5%
glutaraldehyde—3% sucrose EEel (pH 7.4)¢] 424
A 32z AR 1A AR = A, v FAE AA
A% (hard) #7114 LR white (London Resin White Co.,
UK)e| £rjsta @344 & X 242272 o
800 A FA 2] EREL AzFsz FANEHE 1%
bovine gerurn albumin®] ¢4l Tra-bufferz S
g A sty en, YA w2 g ey A
AMef| 4] AFEEE rabbit anti-laminin antibodyZ 209
Suste] 4492 2 AR A 120me) F5
=k (gold particle)”F B goat anti-rabbit IgG
{Jackson Immuno Research Laboratories Inc. USA}ZE
200 EMsted Abgstadch 2% uranyl acetate 2. 152
zZb 2485 3t & Hitach 600 (Japan) T3 A8 o)
Ao R FhEASH S00Kvel A #Ae g W =T
o Bolgd A G Ay 2 AR
) ATATE 4k A FUE S
245,

4

(RCEESEETRESS

Cyclophosphamide® T 35}7] &2 A A2
SpF2] 2 laminin—14 93 vhge] wfetA FF

Yot 23 A Fud AzdoAd 8794
= Apolels HEL AT S5 (Figs. 1,2).
Cyclophosphamids T 3472 2FH IFFF2

9293 Bedgon, §aY rad, 39T

(venous sinus) 741 W A=z 74 ol

19 Wdbge] oA Uehten] gFRAEs

WARA A2FYT IHY 229 AodAS 2R

o FE= 9o (Fig. 3). Cyclophosphamide T & 15

d AFZ(1FF) BFEAG9A 7 L

2o Peson Axen)ds Aaaield 25

=2] laminin-1 HWHGuhg<] F2HFHHF (Fig. 4). Cyo-

lophosphamide T 2 33 W 53 A F(3FFL L 5

72)8 242Ae A% B Faz F4=Y

*h«

laminin—
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o, =47 As FEF laminin-1 HE¥REe]
Hal ot (Figs. S, 6).

2. HF g HAE0[E oA

Hz HHAY Sl A xS AxzdE7)
(Rejob HHE2HE (Fa)dl] 47k F49e] HAHY
o} (Figs. 7, 8). Cyclophosphamide T 3472 2H
5l A ES A ZAE7] (Re)d| 2] S99
of HAH D, HHFEH = (Fajell = I <] F7F
= 4o} (Figs. 9, 10). Cyclophosphamide o3& 13 7
o] HH IR A E (Re)o} HaFHA
= (Roupd 25499 e 307 Aol dle) Ha
Hef vteputet (Fig 11). 3522 2d 5z
A E (Rejell e 4Rke] Fbgo] FAH A (Fig.
12). Cyclophosphamide Tod 2 55 A7 (557744
Z AFEHE (Fa)d SFFHM Z(Roujell A F
T2 4wk HAH Y (Fige. 13, 14),

] &

Compbell & Wicha (1988)= A A9 FFIA2
FFE7| A2 FHY viARAE 2fHA SF5Ed
T FAFEY, 2 v|HERE2 growth fastor, 7]2AH
Zof Axyridelzty spydct nH RS S7)Hx
S 245 23] Zo| BoiTm Wolt (1979}
Dexter (1982)= F7F3t v} i}, Dexter et al. (1973)5
Dexter et al. (197702 HFHA o] #8242 7
Az 98L& 7had o gled F A1AAE
v SEAHAE, AR E, Ak E, HeldE W A
2HE Eo|dtal FAE vk ¢la Allen & Dexter
(1983)2 invitro Faf el s ZZA A =27 L%
o AEFEAZd FFEH gy WA, Weiss
(1976)2} Ben-Iskay & Yoffey (1972)% ZF & 4=
A4 ARFHY 2ENATA 9% DT &
ZFE vl 1ok Westen & Bainton (1979)-2 =Rk Z 7]
Faals 9d 9o (adventitia) FH ] A5AT]
& WMo FA29 FYTF (developing granulocytic
cells)of FEE e A Ggs maldy 57
sty et 1AM 28 = A wkA| £ (Dexter et al,, 1984),

=]

Fad A8 gy 2t 9 g H3AE
= 5 FFEAY F2 nHEE L My
[Aelgtn s A28 AL ofm, AR}
¢l proteoglycans W @ebd A o2k 3] ¢, Yoon et al,
(19g7)2 d3te] Jusizad BELFH sle
laminine] =49 & o] mwsl §8-kDa cell-surface
receptord T AFAHW HPUIFo G A
Dol vy o sgpid el Aaxer]a
Apele] HFabzabg2 Ze vlMdEA abdAM
HrAed ot dge] d Aoz A7y B
3t up glef Owen (1988)2 7]&A &7 X (stromal
stem cells)7} St WA 2wl Bxme] o8 v
] M E2AAE7AE (cell lines) 2 FAFH HFE
A, A2, Ak 2 g WA 22 2AkE e 7]
A=z Az Bost vk gl Vitur et al. (1999)2
A AE Y Ho|Z AR mouses] A B4 M E )
Ae| whebile] w3 i AT A d2d
A wEpd B2 A ZE2 )2 fibronectine] 1.6w,
laminin- 48v] F2F 4 392 e, oF
3 A UNF mousedd| A 2HH 2YA|AEA
A=ze712e Wbt F2o] gz FaAsigd o
Montuori et al. (1999)2 Zf] WEHWA| £ 3],
ol W A= FL F452 ME] B24 fibronectin
# laminine] o] EME| AFFo =N AFEGT
st el 67-kDa laminin receptor’® laminine]] ZLEA
o] ¥ integrine] opd Az AL B3 ¢
Aze] Agdt Aele] Fash Jes oy shgdd
v A FeEFY dFAEHAAe FHEA
EHetT sh4ct

Gu et al (1999)2 laminin A<y el GHHYE
A e AEEReE s, A7 S el
ke vAe Az A Y gebdolety FAH T,
B2 AREL FezAdA laminin-14] FH& A
3] ot 7 gHe] 2HA ddx syd olF
L dfx22] laminin isoform®} ¥F23}= antiserum2-
ARasted mouse Fu] lamining =535 "= lam-
inin ¢l chaing A5 259 T, laminin o2, od %
oS polypeptides chain®] ¥#L FAsiddy 3451
et 28y} laminin-2 (o2, B1, v1), laminin—-8 {4,

M= (Zuckerman & Wicha, 1983) = Haky

-

\.l
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Bl 41} @ laminin—10 (a5, 1, 41)2 BL=efx] wrd &
b sled ok sh4d o Long—term bone marrow #l <«
4] laminin &1 ¥& 2 northern blot analysis®. 33
vt FAFHPAEE A AFATe
chain2 laminin &5 chain® F3SF laminin-10, lam-
inin—-119¢|gt7 2315
Nilsson et al. (1998)2 SF &7 | 27t =
UHE 7172 294 nAEAN JEAEE U
B3 zAse w2 Azabast #A 5 sl
T sl 2 M xe7)A W2 fibronectin 3 laminins]
FE 52 Y8 Laminind F44 dd5 F
Sge] BEe] 5o md 53 2| £
Theb T sledet Chichester etal, (199332 murins2] =
Sl BFAFAMA T 71AA LY AEEred 7]
A E7E gulete M =472 HelA =A"EA
st Al x47d AR AN f=sie o
Mol gAte) SHs AF3 Fi fibronectindf
laminin® collagen I, IT, IV, ¥ & VIa} F4slA =
A3t s FAstE 2 F mRNA transcripts’® =4
AHEAE 2o A FAHAGT sheich Becker
et al, (1996)2 all-trans retinoic acid& FAFsts lam-
line2| 232 27}
A)ZI T sl 2w integrin o3 ob] subunitd]] &
lines2] FaHdE F21471
o FAFel g o Guest & Uetrecht (2000) 2EM L
20 W e SHELA A okicn
st el Wl Wele & dEA sl
Soperk A2 kel S 2o SHE 714
Az Az27|28 B3 ¥R 3 &4elzt
T skl ar, 2 FAA 2 AFH 7 S oF
7141712 BA 2 benzenee] g¢lew, BCNU, cyclo-
phosphamide, doxorubicin % methotrexate T ¢ 4
S 7146 G%& vAtT Hedt 28FEAA 7]
A Z (stromal layer)2] Q3] 3 A7 199003
A¥E A% 4FH] 23 Qo FEFA o
T U4 o A0 ) x4 g
T
—"’&51'4 4 0131?-1— ateiet. Hoagland (1992)%
29 GPAA BHSHE PIHD 249 ¥
I2 doglede ok FRel wheh 2el7t sle

laminin

L e

inin promyelocytic leukemia cell

&) 4] malignant plasma cell

ﬁﬁm%ﬂrﬂ%w

Bq ghatA|e] 23 myelosuppression 7] 7H2 $d 4
a3l =3, D 7 8 49 AA U
oty gt O F|Ek dt A3 A ddgx
st
ol4ks] ¥ AFAEE ZfelA] laminin- 13
F49 AAATA BaE AB97 0] ST
o Fe{steA] R 3 AT 2L f=Ae
g et laminine] I FH ¢l T, izoform &
larninin—10, 11¢] Z}7F WA FE o] ¢l Bz
3 ogleh AxsrAst A zete] s
laminin-1¢] #8744 RE 942 510 ¢l A
2t

2 AF 4 cyclophosphamide & 2 H | Fost
T Il F|AAExe =R E, SR E, g9
A =2 laminin-1 WH kL] FelrR| AL ¢|&
Asst Azd71Ae BoTde 3e FEHe
laminin-1¢] F5d 2= o 32 Hoxm

W 4 slset

Sharkis et al. (1980)2 cyclophosphamides} %2+
#o] Z2
F Aobe] 24429 lymphoma @ leukemias] 24
4 AF4EE allylating aents 2. 345 I3 o ki
AMFAIZ QAR AN 2E AT 891t Fried
etal. (1977)2 moused| cyclophosphamided 5 mg/kg
%13 A% A 2008 F 3591 72 Sl
50% o4 ABHI 657 Avt= A FEHA ¢
shf v B oW S mgiweek (3 doses)S FHSPE I
AR A AR 529 10~20%2 AsEey
stk

Xu et al. (1986)= mouset]| cyclophosphamide 225
mgkg® 2149 dwl T3 3} F4 J|AAE
AT, CFU-F (colonyforming unit—fibroblast)7} &7
Y2 ZrA-5}, Kalechman ef al, (199302 moused] 7
712 2FA A4 cyclophosphamideE 1% 250 mglkg
& F43t 4Ad CFU-F2} CSF (colony sitimulating
factor}2] A4 o] FH o] HAH QT shaich

oAbk Zhe]| cyclophosphamides] 4 SAlef|
T ATe Y 71EAE A 2 gE wEY
slew Az I Aaahged o5
o Aoz «2se Az718s A7 oyclo-

4-hydroperozycyclophosphamide (4-HC)

ril[o
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phosphamide B4+ o3 7%= A9 ok

Hoyt & Lazo (1990)% moused] bleomycin (100 mg/
kg)e = e3AREF A2k CSTB1/SN mouses]| A+ =45
g7l delykort BALB/N mouses] 4= HEAE =]
erkeb 91 oyclophosphamide BACE/ N mousesd) 4] =
He3s wogion C57 BN mouses] ™ A4
g do7x] skebd o st et Cyclophosphamide®
1A= F & 24¢ laminin, type IV collagen?]
TRNA 82 mouse #e] 4 S =iy Husido
™, bleomyeins =] laminin A, B1, B22] Z7F4l <]
o2 TV procollagen mRNA/poly (AT) RNAE F7F4]7]
31, cyclophosphamide® @l IV#} o2 IV procollagen
mENAS poly (A +)IRNAE BALE/N moused 4| &
v ZrLAEIG R Shedoh Di Leo et al, (1995)2 wa-
o= A cls—platinumE T35+ laminin receptor
HHeA s E35 A7 ciz-platinum®] A= 557}
T2 el A 7% EHe] gl T Azl
Sl sousehe Has

O]f@:’-} FLO] TFEHEE cyclophosphamider} EFA|
% laminin =% laminin receptors] &4

2] I% % laminin®} 33 SF5& F7pAA

= 4
A7 B AFd A 24 cyclophosphamideE
FARE A a%‘ebﬂ Tl 2 A E, A
2AE 9 IFF44q Ee 4 laminin-12] ¥R22 o}
il FHEY Fole Z|EAEES S48
A eiahe & e A elghe AdsEds
A
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FIGURE LEGENDS

Figs. 1, 2. Light microacopic distribution of immunoreaction for Laminin-1 in the bone marows of normal rat, Few immuno-
reactions are obgerved in intercellular commective tismie of the bone marrow. DAR method, =400

Fig 3. Light microscopic immunoreaction for laminin-1 in the bone marrow of the rat 3 day after cyclophosphamide admin-
istration. Strong immunoreactions for laminin-1 was observed at the reticular tissue and periphery of fat tizsue in the bone
marrow, Decreage of the hemopoietic cells and necrotic cells were geen. DAB method, =400,

Figs. 4-6. Light microscopic immunoreaction for laminin-1 in bone marrows of the rat 1, 3 and 3 wealks after cyclophosphamide
administrations. & few Immunoreactions for laminin-1 are seen in the bone marrow tizsues, Hemopoietic calls and other
cellz are increased. DAR method, =400,

Fig. 7. 4n electron photom icrograph of the bone marrow of anornmal rat. 4 reticular cell (Re) with a few gold particles iz observed.
Uranyl acetate stain, = 30,000

Fig, 8. An electron photomicrograph of the bone marrow of a normal rat. Few gold particles are geen in a fibroblast (Fay with
abundant rough endoplasm ic reticubam (REE). Uranyl acetate stain, = 30,000

Figs, 9, 10, Electron photomicrographs of the bone marrows of rats 3 day after cyclophosphamide administration, Numerous gold
particles are geen in the cytoplasm of reticular cella(Re) and a few in the fibroblasts (Fa). Uranyl acetate stain, =< 30,000

Fig 11. An electron phtomicrograph of the bone marrow of a rat | weelt after cyclophosphamide administration. & cytoplasmic
process of reticular cells (Re) confaing manerous gold particles and few in rouget cell (Rou), Uranyl acetate stain, > 30,000,

Fig, 12, An eleciron photomicrograph of the bone marrow of arat 3 weels after cyclophospham ide administration. A reticular cells

(Re) contained few gold particles. Uranyl acetate stain, » 30,000
Figs, 13, 14, Electron photomicrographs of the bone marrows of the rats 5 weelts after cyclophosphamide administration. &
fibroblast (Fa) contained few gold particles on the cytoplasm, and few gold particles are seen on the cytoplasm of a ronget
cell (Fou). N=nueclens, Uranyl acetate stain, = 30,000
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