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Marker-Genes for Dioxin-Induced Hematopoietic Stem Cell
Dysfunction using the Oligonucleotide~Microarray in Mice™

Eun-Ju Lee ‘ In Hye Jung - Hyung-Lae Kim
Department of Biochemistry, College of Medicine, Ewha Womans University

To develop the biomarkers for the immune dysfunction induced by dioxin, 2, 3, 7, 8-TCDD was
administered CS7BL/6N mice 0.1ug TCDD/kg body weight. Colony forming assay showed that the
proliferation potential of hemotopoieti progenitor cells in bone marrow was reduced 35—55%
more by earlier exposure. The microarray experiments were duplicated, and the candidates were
restricted for the genes expressed greater than 121 -fold. Resulting candidates were 55 genes. The
expression patterns of the whole genes were analyzed by self-organizing maps (SOM) . From these
results, we selected the stage-specific genes : one genes (SOM c21 : nadh dehydrogenase subu-
nit 5 gene) for gestational 13.5day, 13 genes (c0 : sialophorin ; spn gene, etc) for postnatal 3 week.
The above genes are proposed to be a potential use of biomarker for dioxin exposure in the case
of immume dysfunctions.
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47 CE7BL/6 A7 6ulele & ToE 3o &3
2909 %9l TCDDE 0.1 pg/kg AE2] 8702 7%
) FARRE B13 6.5, 1359 1859 (RN FARD),
4% 3%, AF 67 A7) 7 Wl FARIGL, BF
105A) olAtgeta o2 FAgsigich
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AR AT F 283 AAZA) AR
29} A2E Bojsto) AU WE vlAE olgsie] B
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slo] 257 Aoluel B4 XSS Relshick £l
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sl A F 44 Eelalol Ageigc HET 49 &
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3. TREIMES UAYYR 3%(colony assay)

Bajg S4AXE 29 FBS7E 471 IMDM wijA]ell
1.0x 10"cells/miZ 3413 ¥ 0.2mlE Methocult (Stem-
cell Technologies ; Vancouver, BC, Canada) 3mlell
Ae ¥ 35mm MFAe 1.1m# TE3F F incuba-
torolx 1227k ¥iek ¥ CFU-GEMME &3 3 ¥ 7
zke] 2§32l 5 Hlmalsich

4. RNAY BE X B3EY

ubx ¥ No)A Trizol(GibcoBRL ; NY USA) £ o}
£3}0) RNAZ £2)51% microarray ¥4l AM&3I3{ct.
2215 total RNASIM cDNA synthesis kit (GibcoBRL
NY USA) & o]&38le] cDNAZ 3% ¥ Megascript
T7 kit(Ambion ; Austin, USA) ¢} Cy3—-CTP XE+=
Cy5—-CTP(APB ; Uppsala, Sweden) & AF319] cRNA
9 #% 3 ®A3Ich Cy3st CysSE ¥4 & 44
cRNAY: fragmentation® 4 7AZ3Qich

5. Hybridization, scanning % 87 & A& M3
Hybridization €%%(100mm MES, 1m NaCl, 20mm
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Dioxin®] tirl Grt 9 w9 g7)e] dist & Lot
17} 9319] dioxing] FoiFel| we}, 121 wedugel
upzt 1058 ARolA AFHL FA 9 vl FAE &
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Table 1. Changes of body weights and spleen weight/

body weight

Body Spleen wi/ % changes

weight Body Wt of SW/BW
G6.5D
Control 2510091 3.70+0.43 -23.0
0.lug/kg  28.73£1.04 2.85x0.16
G13.5D
Control 25.10+0.91 3.71£0.33 —26.1
0.lug/kg  24.39+0.73 2.74+0.32
G18.5D
Control 31.00+1.20 3.41+0.16 =211
0.1ug/kg 24.85+0.25  2.69+0.08
P3W
Control 24.02+206  4.54+0.37 - 7.3
0.lug/kg  22.03=0.48 4.21+£0.28
P6W
Control 2207161 3.26+0.12 -129
O.lug/kg  23.37+1.15 2.83+0.24

ol AF 672 sl g AL A ARE
71 A7) 105747 dioxing) &40] dhal A1ZVE 02
330] 53] Mo Yz,

2. ELNE FAHE F8 HANES ENME 5
EM(CFC assay)

Z7|HEl gt dioxin®l FFE B7le] A 4
£ 5vlElR 31o] 0.1ugke®] FE% TCDDE A3l
Z7|HE EAL ZA31= colony forming assay S 3
£ A7 JA7 F wE3E ToX F2YS] AE
o] A% wFd Frl 24 7o) FtFig. 1). &
65 v @ A9olM R4 0.1 pghkgold 84%= 7
&3 Z0] =& AVPF AR wEiRd wet tlS st
AL, B 6,500 65%F2 Flo] FAadGith o)Ak
Aztz Hol dioxin Lol o] B4 F Kol Hio}
A71ell ZEEA L] HANER Rl Fofshks 2]
E7IAZHA A FEE Fo] BY7I5E TS AR
e AL & ilchul e FAASS dis] w7
59 Astel dis] Az FAEor ARNE At 1
P AAAEZA ] Al ARG ol HA A
o] HANEZ E3lslet o8 AT (ZRER
AE) 7} o= 3 AR BF EisHe] EdAZ g
7He BAo] ozl o8 dAY FileE e Ze
& B3 o]FolAH, o] o] AEE0] dioxin®] A&

Hehlis SZAZ7T Hol vehds AAg.

3. Oligonucleotide-microarray YoM SEHH I
fER divio] Hoto| oigt self-organizing map
(SOM) 24

TCDDE 0.lug/kg §322 A3t 7o Hxg

180

0100

Number of

Fig. 1. Changes of the proliferation activity of bone mar-
row stem cells by using colony forming assay.
TCDD concentration-dependent reduction of co-
lony forming activity af various time intervals : ges-
tational 6.5, 13.5, 18.5 days(G6.5D, G13.5D, 18.5D),
and postnatal 3, 6 weeks (P3W, P6W) . The yellow
bars are control, and the orange bars are the gr-
oup exposed with 0.1ug/kg TCDD. The numbers
of animals were five for each group.

Collection @ ewha



Al RNAE 323491, cRNAS WEHA cy5% cy3
e A8 1, 50—mer oligonucleotide probe”}t
11,3767} spot=iE 74 oligonucleotide—mic-
roarray ‘dolA fazke] HWstE 24 $4sglch
Zt el 3702 AEES wHESIgly njAERY 948
HA3k3l7) $18 global normalization, scaling normali-
zation 12]X microarray 3} normalizations Al33t
SHZ™ =D, tolg4lel Zzof tis] A7 fRRt
o] MEo}S Self-organization maps (SOM)& §3}
o TR A7) 6 18.5YU0NM HERY0] /Mg FE
#HAtH(Fig. 2. C11, C12, C14, C19) o)&= ZYTAXE
o] 2gaHgo] zholA] TFellx mallElo] Y433 dold

AlelN QEg W FAXE 7]A% ReE 7
gt e o] &ale] Fgo] YA 7o) whet Agke
FE A7 Bol v2n A o2 AR BA &
Al 2H-8-8k1 Q55 AlAK
A5 42 Soll B3l clustering® self—organizing
map(SOM) & %3t} B43% Zal 2t A)7|EE Sol%
R e B B2 & 5 A%k 0. lug/kgTCDD
nRFo R At ol disll AV =E2E T £
3= SOM2 G13.5D(C2, C3, C7, C21, C22), G18.5D
(C11, C12), P3W(CO, C1, C16), PEW(C13) |+
(Fig. 2).
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Fig. 2. Self-organizing mcps(SOM) of the transcripts in the peripheral blood cel|s on the exposure of 0.1 pg/kg of
TCDD at various developing stages. Experimental procedures for microarray were followed as described on
Material and Methods. Acquiredimages were processed and analyzed statistically for interpretation of spot
intensity results using Imagene version 4.1 software (Roche). Nonblological factors that might contribute to
the variability of data were minimized using global normalization/scatingwith data from all probe sets. Each
chip contains a total of 10,368 elements, of which 10,108 genes/clusters. The global expressions of bone mar-
row cells were analyzed by self organizing maps(SOM).
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Fig. 3. The common franscripts expressed over 2-fold more or less than the control value in each cligonuclectide

microarray.

4, FHGHAY G

AR Biomarker) E ekt 9lof AR
AdAjo] Ze8ka, F3t microarray A8 v]AAESA
% (biological variation) & #43}517] €13} micro-
array A& 23 HHE Ao F5H0E vephs &
Z2k¢), biomarker 2412l ol tBAS S8 /-4
A}y F7e] o] 2| o)l fAAE AEE A
Z 55719 FAAE AAE 4+ Y9k (Fig. 3). G13.6D
ZolME 11709 #-347}, G18.5D (M= 79 F3=),
P3WFolA = 25709 34 2 PeWTellAde= 12702
TR} FEHO FAEY ojgg A¥do e &
Az FRFoF Atk tolgale] AF A Ul
W77} 3~4791 A& 7R w), B 6.5Y, 1354,
16.59, A% 37, 182 AF 65 5 47] telgils
139 =233 A7 AF 105791 8260
FA7e) B3] HIZHES] EotA7le =& A
a9 34 4 AYE F5E F Asled, e
o] Hale FANES ME gol @3ty FARH ¥
3 AR HE #EEA gokdh o AR 4 A
njtt @ fdAte] tisl] 544 gene ontology £ Yokd
RoH, 53] AE2 FAlof sk A T ¢ WYY

o] Bofalis §7074 & FoIN s} BTHTable 2).

t)RE2] §ARE= physiological processesel d)9slE=
FRAG e, QA SO 7WEE Fo3 A7l wF
B F(EE 13,59 oM bindngol Befshe 72l A
F g9 F28 A7l =28 F(AF 3P oM
cell function®f] #ef3h= F2xke] By} gol Holgith

A7 2ol )3t biomarkerEA] EAS 1 A)Y]
ot 53] FUFAY AstE RS L2k AL
24 22718 SOMOEE 8 1354(c21), A%
3%(c0, c16) 8} 2tk biomarkerA AEAE &) F
FARo7 IEEE AR} o] ¥R &3k A& ¥
A% A3 6 6.5Y, BF 1859 A% 65T E
HAT 5= QAT A7 diRie] 7Fsd SOMT, Al
Aol gl #FAA 5571 FollA 1 Ayt A2 ISt
© Az v 2tk gE 1359604 2190 4
2} 17/8(nadh dehydrogenase subunit 5), A% 330
A cOFAAF 10789 c16+7-3&F 378(c0 : sialophorin ;
spn¥ 970, ¢16 : ribosomal protein 113a ; rpl13a$) 2
M7t Y THTable 3).

AEA o7 oAl &8 FEY 7 e 501 bio-
marker 24] QAIZHI7]0] 2ol ferritin heavy chain
gened) WEZ7LE QA FhH719Y kFole eukaryo-
tic translation elongation factor 1 alpha 1 gene&] &
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Table 2. Charactristics of the overlapping genes in dupicated microarray on the gene ontology gene onfology

Gene onfology G6.5D

G13.8D G18.5D P3W P6W

Behavior

Binding

Catalytic activity

Cell

Cellular process

Chaperone activity
Defense/immunity protein activity
Development

Enzyme regulator activity
Extracellular

Motor activity

Obsolete biological process
Physiological processes
Signal fransducer activity
Structural molecule activity
Transcription regulator activity
Translation regulator activity
Transporter activity

Viral life cycle

Unclassified

o
O 0O 00O 000N — O

I

— O O O O O O

Total

OO 0O 0O OO0 O 0000000000 O0O oo o o
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Table 3. Summary of the common transcripts expressed over 2-fold more or less than the controt value in each

oligonucleotide microarray

Exposure time  Type of SOM Gen bank access No/description Logzchanges
G13.5D c21 AB049357 /nadh dehydrogenase subunit & -1.06
NM_009259/sictophorin ; spn -2.17
M81022/carbonic anhydrase ii —1.57
P3W c0 AJ006215/cmp-n-acetylineuraminic acid synthetase -1.45
NM_021384/viral hemorrhagic septicemia virus(vhsv) induced —1.43

gene 1 : vigl- pending

clé NM_009438/ribosomail protein 113a : rpl13a 1.44

A4, 183 A% AAgER7)e LFelli= platelet
factor 4 genedl W F7IEA o] 88 = UL ARE
&, olkol didt 7Ao] vl% Besrhi gt wg
tho]£419] o] YU T& YANE BE F7I7
Eo|ALt ofe] 3] Wk xEQ A9t gorg
By A dloM biomarkerd 7iutel chdt Q4tE
A& oo} Flutar Azhglck

[o] o]
£ =

HEslmdede vbg a4l tolSalel @ =

Aol WA71go] AgE Fol LJEREZ o] Sl
9 kZof Q% RAAA) QAL Hrprt vl of et
Dioxin(2, 3, 7, 8="TCDhD) ol 2I# wWe}7]5e] Ast 9l
I AR KA ) s, Co7BL/6 FIM o
Al gl B A Al7ME dioxing kFoloich "o ®
ZA 35 YAR7IMES) A o] dAsA (35~
55%) ZAFeIct LYol Kz} TS WEE
AFE 1UE(11K) oligonucleotide microarray@ &
Ay, 4 A7 E diwo] Zhs et RAE Self-
organization maps(SOM) clustering .2 BA3I3ic},
Biomarker2+] §-84% $l8f 23] wHEsl) 358 &

Collection @ ewha



AAE A3y, o] F {4 Fde] WE Fol 2 9]
A HE RS H9E 49 55718 18 o
AZ1E dige] 7bsd SOM#} 1 Axpt AE dXjshe
FARRE 94 1359904 SOM ¢c219! 17l (nadh de-
hydrogenase subunit 5), A% 35 c0 F4%F 10
M9} c16 F-=F 370(cO : sialophorin ; spn 2] 974,
¢16 : ribosomal protein 113a ; rpll3a & 2/ & T=F
& 4 IGict tholgAle] oJgt WY Ao W =& P
€ H7)18H biomarker 2 AR 5 S-S 49kt
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