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Patterns of Intrahepatic Gene Expression in Neonatal Cholestasis
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Immunology and * Pediatric Sugery, Kyungpook National University School of Medicine, Daegu,
Department of Pediatrics, Asan Medical Center, University of Ulsan College of Medicine, Seoul,

Department of Pediatric Sugery, Keimyung University Dongsan Medical Center, Daegu, Korea

Purpose: To identify genes specifically expressed in biliary atresia, we compared the patterns of
gene expression between biliary atresia and neonatal hepatitis syndrome using cDNA microarray
analysis.

Methods: Liver tissues were taken from livers of 11 patients (7 patients with biliary atresia and
four with neonatal hepatitis) with neonatal cholestasis by needle biopsy. Normal control could be
obtained from donor liver tissue during living-related liver transplantation. Total RNA was extracted
from each samples and reversely transcribed to make cDNA. Then fluorescent cDNA were pooled
and hybridized to the clones on the microarray. Fluorescence intensities at the immobilized targets
were measured. Utilizing ¢cDNA arrays of 4.7 K human genes, gene expression profiles were
analyzed.

Results: Among 4,700 microarray clones, 17 cDNA clones were significantly over-expressed in
all 11 patients with neonatal cholestasis, while 20 clones were significantly decreased. Genome-wide
expression analysis was carried out in livers obtained at the time of diagnosis. We could identify
49 genes, in which there showed differential expression between biliary atresia and neonatal hepatitis
syndrome.
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Conclusion: This study shows the pattern of differentially expressed genes in biliary atresia and
neonatal hepatitis syndrome. We believe that this study can contribute to the understanding of
pathogenesis of neonatal cholestasis. (Korean J Pediatr Gastroenterol Nutr 2005; 8: 177 ~193)

Key Words: Neonatal cholestasis, Biliary atresia, Gene expression, cDNA microarray analysis
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79 TR Ao, YA 4782 Ao} 1 s B 23Y adRNESS By,
A FFToE JEHAS 4 71 dehile €972 NHIF NH2E A 9]
FAE s AT AL TR AF 2 st AR Skt gtz 23 9%

$2AF 100 BT 933 4458 29w, Aol 19 FFE

AP BE AHZ B BASANE 9F 24 9o, NHIS A9FT
= =

=
© #AE2 Ad F = IHE-AE <= (hepatic port- A3 A=7F vulskAY 91 tH(Table 1).
oenterostomy)= A8kl oH, o] F T 2 HgH A5 2704 5o G Aot kAL &1
APo g Apgatgiet. Aot 19 S5 &4 3% A AR 25 F (o] A FE Dol Fa
S 23 HAAFF 237 ) 2FF R0l 2 0] F FEHdA AU TAARERH 1 g AR F
tZ ol o] AU, NH32 27 o] & do] AN tET o= o &3t

AUA 355 HAtK(Table 1).

Table 1. Clinical and Biochemical Charcteristics of Patients

Age at thal/ . Biopsy: Rgecovery
Patients biopsy Sex AST ALT Qweo_t Albumin  PT inflarmation/ Portoent ltlme ‘of
(days) (IUL) (UL  bilirubin -~ (L) (INR) fbrosis erostomy Jaundlce
(mg/dL) in NH*
BA1 62 M 175 85 8.5/4.6 3.2 1.15 Mild/Most Yes
portal, septa
BA2 50 M 235 116 8.8/5.2 32 1.21 Moderate Yes
/Most portal
BA3 60 M 182 119 6.8/4.2 3.3 1.08 Mild/Most Yes
Jportal, bridging
BA4 55 M 451 497 12.5/7.7 35 1.04 Mild Yes
/Most portal
BA5 61 M 154 123 12.3/12 3.9 1.06  Moderate/Most Yes
portal, septa
BA6 56 M 1,483 518 11.2/74 3.0 0.99 Marked Yes
/Most portal
BA7 44 F 66 43 12.9/7.9 2.7 1.08 Marked Yes
/Most portal
NH1 74 M 273 282 6.7/5.7 4.0 1.1 Mild No 3 weeks
/Some portal
NH2 69 M 155 146 8.8/7.8 41 1.12 Mild No 2 weeks
/None
NH3 65 M 164 89 6.0/4.2 3.7 1.09 Mild No 2 months
/Most portal
NH4 292 M 1,403 921 10.9/6.3 2.8 1.68  Marked No 2 weeks

/Some portal

*the time when direct bilirubin drops below 2.0 mg/dL. AST: aspartate aminotransferase, ALT: alanine amino—
transferase, PT: prothrombin time, NH: neonatal hepatitis syndrome, BA: biliary atresia.
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2. ZIXZX o2 EE| £ RNAS} mRNAS| &

% RNAS| Ei]= HEH phenol/chloroform/iso-
amylalcohol'H-& ©]-83}th. Trizol (Life Techno-
logies) €A 02 AXE =21 T 1/10 < 1-bromo-
3-chloropropaneS % 7}t Y4 E sl FEAS
5 9] isopropanol©] ©71 A tubeo] & 713 invert-
ingdled Y4EE] & RNA pelletS AUTh &
RNA pelletS 75% A& E AF & F7) FolM A
ZA)7]3 diethylpyrocarbonate (DEPC)Z A& d &

F4o A 59 UV spectrometer (DU 530, Beck-
man, USA)Z 260 nm%} 280 nmo| A §F=E =73
st 2o TEE SHSAUTE 3~51gS] RNAS
H 2 1.0% formaldehyde agarose gelol]l H7]19%F 3o
FAS 334tk mRNAE oligotex mRNA midi
kit (Qiagen, Chatsworth, CA, USA)E o] &3} &g
stath AR dojzl A A £ ¥ RNA
7} Bl 2 microarray©l] ©]-&3}7]dl ko] FHX| &Sk
022 double stranded cDNAE TFA3 TS T7

ol

3. Double stranded cDNAZ2|

RNAE S Speedvacl. 2 2L AEZ FF3I3L
ol 7]e] 7uLe] DEPC-SHFE %3 & 411, 1L
(1ug/L)®] oligo-dTE 7} § 65°ColA 1047t vt
SAIZl & G0 WAA7] 2L, 4.2 Sxfirst strand
buffer, 2L} 0.1 M DTT, 1uL¢] RNasin, 1 L]
10 mM dNTP, 1L Superscript 1T (GibcoBRL)E 37}
8k 3 37°Col| A 1A]3F WE-S-A] A first strand S 343 3}
Ak 9 wkgAo] 106MLS] DEPC water, 150L]
10xsecond strand buffer (200 mM Tris pH6.9, 900
mM KCl, 46 mM MgCl,, 1.5 mM Nicotine adenine
dinucleotide, 100 mM (NH4),S0,), 31L¢] 10 mM
dNTP, 1ULS] Escherichia coli DNA ligase (10 UJIL),
4uLe] E. coli DNA polymerase 1 (10 U/iL), 11L9]
RNase H (2 UL)E 3 7Fste] 16°CollA] 241752t
HH-3-A]7) 3, 2uL2] T4 DNA polymeraseZ 23l 10
5 9 wgAIZl & 75009 1 M NaOH/2 mM
EDTAE # 7]—3]-04 65°Coll A 108 7F =] 2]3}ed second

RNA polymeraseE ©]-&3}= H# 4 RNA 5% 344
< A microarray®l ©|

strand EAJWHS
_g. ol o]]

&3} A th(Fig. 1).

S ZAA 713 tRNA 2 (RNAE &
1501L2] phenol-chloroform &

dog 223 £2< Al 0] 75 M

Dpn Il
mRNA & ABAAA (An)° IEPET
+primer o 5
TTTTT (T,
Reverse transcriptase

Rnase H, Pol |

T4 polymerasa
ds cDNA 'AAAAA (An

T7 RNA polymerase |

—UUUT (U )

aRNA
e U j=="]
{amplified ivn
antisense) AUUUT (Un ===

el JTTUUT {Un e
100-200 fold amplify

Fig. 1. The principle of linear RNA amplification using T/ RNA polymerase.
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ammonium acetate®} 1 mL2] o &2(-20°C)= 7}
&to] 94 E)dlo] cDNAS H A7) 10042
AqEEZ AF & AZAAY. HAES 100l
DEPC water®] =<1 3 Microcon- 302 ©]-83}

DNAE 371 3 53] 16 o|3h2 TE AT

4. T7 RNA polymeraseE 0| &5}= RNAZS| H|

Bl 5=

Ampliscribe T7 Transcription kit (Epicentre Techno-
logies) S A3t RNAES ZE3}9 T} 8L double-
stranded cDNA, 2L2] 10xAmpliscribe T7 buffer, 2t
7} 1.5ML2] 100 mM ATP, CTP, GTP, UTP, 2uL9]
0.1 M DTT, 21L9] T7 RNA polymeraseZ 3 7}3}¢]
42°Co| A 2A]17+ BE-S-A171 & phenol-chloroform-& Y
© 2 FZ3}3l Microcon-302.2 ZEF RNAS J
Asted 10LE 553

5. ¢cDNA microarrays

1) mRNAG|A &2 DNA probe H|Z}: Probe A2t
<& DeRisi IL 5] 7]&3 W& o] &3] oFzh
o] MyE Jtetdth. o HAEAE Superscript 1T
RNase H (Life Technologies)E A3}t Cy-3dCTP

9} Cy-5dCTP= Amersham Pharmacia BiotechZ -
B 7dstA 4 G} Bhgole S52 mRNA
3ugoll 0.51g2] oligo (dT) primerE AM&-3tAth 9
AA} 3 1.5 M sodium hydroxide 1.0bL$} 30 mM
EDTA 1.0ILE o] 65°ColA 1083t Ae]stx
TE &5 (pH 7.4) 468ILE T T3 AlA 4t
S8 Micron 30 (Millipore)S AF&alA F3=A)7)
L, Cy-3 (54, Atz Cy-5 (4, =5 8
A 4 29D probeS 3xSSC, 0.1% SDS, 0.5
mg/mL poly A blocker (Amersham Pharmacia Biotech),
0.5 mg/mL yeast tRNA (Life Technologies)2} 41
FHF o] 2507t HA T

2) Microarray Hybridization: cDNA array© 735
st o) ufst Wt Ao A human dermal
papilla cell®] mRNAZ THE 7 F7F 2] ¢DNA library
2RE 279 4,700 cDNA 2202 amayS AHA
A Zslo] AFE-3FHA T ArraysE 10 mg/ml BSA,
3.5%SSC, 0.1% SDS &He] o] 50°Cell A 2087t
prehybridization3t ¥ %<, isopropanol®] A&
washing 33 G &8t slideE AZAAT. &
HE probeZ 95~100°Coll A} 287F A spin
downd} arrayoll &3}l cover slideE H o] CMT-

DA, clones Excation
T Raference X j
i Laser | Lager ]
Revarss by A Y
transcripion g by
E-TiE-TR ] Emilscaon

PCR ampificabion
puificabion

Hybridiz s 1angat
B0 ImCTOArTa,

Bayunr dhy s

L

ey Y _—

anay s

Fig. 2. ¢cDNA microarray schema.
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ybridization chamber (Corning Inc.)] % ©] 50°Col| A
20A] 7t hybridization 3} THFig. 2). Hybridization
% arrayE “2°1A] low stringency wash buffer (0.1x
SSC/0.1% SDS)ell ¥, high stringency wash buffer
(0.1xSSC)°ll ¥ ¥ washingdte] YAEZ F slide
£ UEAFHT

6. Scanningt} 24

Laser confocal %2]¢] Scanarray 4000 (GSI Lumo-
nics, USA) microarray 2=7|UE AF&3l] Cy-33
Cy-59] 2 2AF2E 743}k Quantarray soft-
ware (version 2.0.1, GSI Lumonics)E ©]-&3}e] 7} o]
A& st EAstAT EF AAS Ay

A3 A dza A Ao FaAE T

Fig. 3. Tree view image of clustered data set

H] & (Cy-5/Cy-3 Hl, 23} =249 intensity Hl)&
A3t 28 o]} AolE Kol AE 9 Sl
FAAZ BFSFAL, 44 FAAe] HEAE 7
39t 2= 72472 arraydll 9= housekeeping
gene?l [ractin® GAPDH (glyceraldehyde-3-phos-
phate-dehydrogenase) S ©]-8-3}] R3St}

2 o

BRjoMS REA 2

BEAAE B 199 BAE) QYN @
;I

2 RNAZH-E 343 cDNA probeS 4,700 cDNA

microarray©ll hybridizationdt A3} Ao} 7+ FF

of 4,700 genes in livers of patients with neonatal

cholestasis. The vertical axis corresponds to genes, and the horizontal axis to patients. Red colors
indicate up-regulated transcripts and green colors indicate down-regulated transcripts in each patient.
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Table 2. List of Differentially Expressed Genes in Neonatal Cholestasis

Genbank Gene name Fold Function

Up-regulated

NM_000089 Collagen, type I, alpha2 44 Extracellular matrix structural constituent
NM_007315  STATT, transcript variant alpha 4.3 Cytokine receptor signal transducer activity
AK025719 Insulin-like growth factor 2AP 4.2 Insulin-like growth factor binding
NM_010514  Mus musculus Igf2 39 Insulin-like growth factor receptor binding
NM_001482  Glycine amidinotransferase 39  Creatine biosynthesis
NM_003944  Selenium binding protein 1 3.6 Selenium binding
NM_001615  Actin gamma 2, 3.5  Structural consituent of cytoskeleton
smooth muscle, enteric
NM_004039  Annexin A2 3.1 Calcium-dependent phospholipids binding
NM_000366  Tropomyosin 1 alpha 29 Structural consituent of cytoskeleton
NM_006009  Tubulin, alpha 3 2.8 Microtubule-based movement
NM_152713  Integral membrane protein 1 2.6 Protein amino acid glycosylation
NM_005977  Ring finger protein 2.6 Ubiuitin—protein ligase activity
(C3H2C3 type)6

NM_006082  Tubulin, alpha, ubiquitous 2.6 Microtubule—-based movement
NM_002306  Galectin 3 2.4 Sugar binding, IgE binding
NM_016303 WW domain binding protein 5 2.2 Binding of polyproline ligands
NM_044472  CDC42, transcript variant 2 2.1 Acting filament organization,

macrophage differentiation
NM_014604 Tax interaction protein 1 2.1 Intracellular signaling cascade

Down-regulated
Alcohol dehydrogenase 2 (class 1) 0.3

NM_000274  Ornithine aminotransferase 0.3 Mitrchondrial precursor, Defects in OAT
are the cause of hyperornithinemia

NM_005412  Serine hydroxymethyltransferase 2 0.3  Mitochondrial precursor, Interconversion
of serine and glycine, Key enzyme
in the biosynthesis of purines, lipids,
hormones and other components

NM_058179  Phosphoserine aminotransferase 0.3  Second step-catalyzing enzyme
for serine biosynthesis
Cytochrome P450, subfamily IIE 0.3  Microsomal monooxygenase, may be involved

in such varied processes as gluconeogenesis,
hepatic cirrhosis, diabetes, and cancer

NM_006623  Phosphoglycerate dehydrogenase 0.3  C-terminal binding protein, transcriptional
repressor, May play a role during
cellularproliferation

NM_001905 CTP synthase 04 Biosynthesis of phospholipids and nucleic acids,
Key role in cell growth, development,
and tumorigenesis.

CLPTM1 0.4  Cleftlip and palate associated

transmembrane protein
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Table 2. Continued

Genbank

NM_139045

NM_000071
NM_000690
NM_005165

NM_004785
NM_032750
NM_025230
NM_002569

NM_001552

NM_007310

NM_003500

Gene name

SWI/SNF related, regulator

Cystathionine-beta-synthase

Aldehyde dehydrogenase 2
Aldolase C, fructose-bisphosphate
Cytochrome P450 polypeptide 43

Solute carrier family 9
Hypothetical protein MGC15429
Hypothetical protein PRO2389
Paired basic amino acid
cleaving enzyme

IGFBP4

Catechol-O-methyltransferase

Achl-Coenzyme A oxidase 2

Fold

0.4

0.4
0.4
0.4
0.4
0.4
0.5
0.5
0.5

0.5

0.5

0.5

Function

Transcriptional coactivator cooperating

with nuclear hormone receptors

to poteniate transcriptional activation
Methylcysteine synthase, defects in CBS are
a cause of homocystinuria

Mitochondrial precursor

Brain—type aldolase

Metal ion binding, unspecific
monooxygenase activity

Sodium/hydrogen exchanger

unknown

unknown

Represent the ubiquitous endoprotease activity
within consitutive secretory pathways
Binding of this protein prolongs the half-life
of the IGFs and alters their interaction

with cell surface receptors

Inactivation of catecholamine neurotransmitters
and catechol hormones

Absent in patients suffering from Zellweger
syndrome

For functional assignment, the biological properties of each gene were obtained from unigene (http://www.ncbi.
nim.nih.gov/UniGene/).

T3 9= HHAFY F FoE Yrois #EE
T AT 53] 2= HHF $#ASS BT IAg
Fds B Aot 1t S35 o] 7hs st
Aok DG FAdol LHrta A AAANA A
38 EYW NH32 F34 #do] g #3o
H=stgon A A717F =W NH4= BA9}
NH1, NH2 &7+ 2d 4 B oFAthFig. 3)

olE HFAAE B BE 3R 7FZ o)A
1789 37 282 Fdo| F71st4 L, 2052
o] Fastah Hde FUHE B s
2 collagen, tubulin, actin®} Zo] MX F2Z& o]F
© 9Hds wEolle s, Tl

¥ A= orithine aminotransferase, serine
hydroxymethyltransferase, phopshoserine aminotrans-

ferase, phosphoglycerate dehydrogenase 5 1A =0l

=

A AT He E2E5S PN e FAAEIN

T}(Table 2).

2. Hx HHSn Aot Ztd S0
VS

NH3Z} NH4= B= H25 A9 F-34) @de

zpo] & H o F 7]

I8 ket HA W
k=13

s AHEYS W NHI, NH29F 25 #4453

¢

AAsks @A ApolE B Fa 34 £

3 2T 499 FAA FEA LEH Aol

S5
£ E F AUdkFig 4).

L
o

tein

=
zC

9T AAFAAE Bdo] FrhE o Aol

SHFTAME B Fad FAAE 4TS
ystatin locus on chromosome 20, hypothetical pro-

FLJ10826, immunoglobulin heavy locus on chro-
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Fig. 4. Tree view image of clustered data set of 4,700 genes in livers of patients with neonatal
cholestasis. Red colors indicate up-regulated transcripts in neonatal hepatitis syndrome patient 1 and
2, but down-regulated in all biliary atresia patients. Green colors indicate up-regulated transcripts
in all biliary atresia patients, but down-regulated in neonatal hepatitis syndrome patient 1 and 2.

mosome 14, protein phosphatase 1, regulatory (inhi-
bitor) subunit 12B, ras homolog gene family member
F, SPFH domain family 2, CDK2-associated protein 1,
CD3-epsilon-associated protein, solute carrier family 14
member 1, parahydroxybenzoate-polyprenyltransferase,
I-kappa-B-interacting Ras-like protein 2, PABP- inter-
acting protein 2, hypothetical protein PRO1496 % 2}
HE HAFoA 48] o] FAF F7HE BA
St collagen, TGF-fil, lysyl oxidase-like 39} 2
At Bosts FAAEC] FE HHASAA
7+ B 3 th(Table 3).

W Ao} 1Y FFEo
i EEL R

25% 9 2 E3| proteoglycan 1 secretory granule,

H

k

>

o o ki orr

27159

fAAE

“ -
R

Els

o

2]

s
U
.‘_',—1

b

glypican 3, nuclear receptor coactivator 4, lysosomal-
associated membrane protein 2, COX7A2, protease

cysteine 1 (legumain) 3= HE HHFA 4l

Ao} Thd SR 4uf o) Y FAE HY
TH(Table 3).
a =

95 AHEFS AT 370L ol Aol HEAA
£ do7le F8 dQ F FUR A HEE opA
ofoll A AlAJo} 8,0008F & W, FH oA E Ao}
18,0008 & ¥ Axolw, ofojoA] WML}
O =tk A3 3709 o) 719 Hre] HEA e
AR AHA HAE EAOE &1 FA 7H o
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Table 3. Differential Expression of Genes between Biliary Atresia and Neonatal Hepatitis Syndrome

Genbank Gene name

Up-regulated in BA but Down-
regulated in NH 1 and 2
NG_000839 Cystain locus on chromosome 20

NM_018223 Hypothetical protein FLJ10826
NG_001019 Immunoglobulin heavy locus
on chromosome 14
NM_032105 Protein phosphatase 1,
regulatory (inhibitor) subunit 12B
NM_019034 Ras homolog gene family,
member F
NM_007175 SPFH domain family 2
NM_004642 CDK?2-associated protein 1
NM_012099 CDS3-epsilon—associated protein
NM_015865 Solute carrier family 14, member 1
NM_015697 Para-hydroxybenzoate-
polyprenyltransferase
NM_017595  |-kappa-B-interacting
Ras-like protein 2
NM_016480 PABP-interacting protein 2 (PAIP2)
NM_018603 Hypothetical protein PRO1496
NG_000004 Genomic cytochrome
P450, subfamily IlIA
NM_130786 Alpha-1-B glycoprotein
NM_006541 Thioredoxin-like 2
NM_032603 Lysyl oxidase-like 3 (LOXL3)
NM_000660 TGFB1
NM_033356 Caspase 8
NM_001569 Interleukin—1 receptor-
associated kinase 1
NM_001256 Cell division cycle 27
NM_021020 Leucine zipper, putative
tumor suppressor 1
NM_001849 Collagen type VI, alpha 2
NM_000960 Prostaglandin 12 receptor (IP)

Down-regulated in BA but Up-
regulated in NH 1 and 2
NM_002727 Proteoglycan 1, secretory granule
Glypican 3 (GPC3)
NM_005437 Nuclear receptor coactivator 4
NM_013995 Lysosomal-asociated
membrane protein 2

Fold

BA
6.2

46
46

44

42

4.2
42
42
41
4.1

4.1

4.1
41
3.9

3.8
35
34
3.1
3.0
3.0

3.0
2.7

26
24

0.7
0.5
0.8

NH
0.2

0.5
0.4

05

0.4

06
04
04
0.4
0.4

04

04
0.4
0.6

0.5
04
0.3
0.4
0.4
04

05
04

0.4
04

6.8
47
3.9
3.8

Function

Hematopoietic differentiation or
inflammation

Oxidoreductase activity

Immune response, antigen binding

Regulation of muscle contraction
Actin filament organization, cytoskeleton

Integral to membrane, unknown
Negative regulation of cell cycle
Immune response

Urea transporter, membrane protein
Prenyltransferase, mitochondria

|-kappaB kinase/NF-kappa B cascade

Negative regulation of translation
unknown

Monooxygenase activity,

electron transport

Immunoglobulin supergene family
Cell redox homeostasis

Lysine 6 oxidase

Cell signaling, multifunctional
Regulation of apoptosis

Activation of NF-kB inducing kinase

Mitotic metaphase anaphase transition
Negative regulation of cell cycle

Extracellular matrix structural consituent
Signal transduction

Hematopoetic proteoglycan core peptide
Cell surface heparan sulfate proteoglycan
Regulation of transcription

Protection, maintenance, and adhesion
of the lysosome
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Table 3. Continued

Genbank Gene name Fold Function
NM_001865 COX7A2 0.6 36 Nuclear-coded polypeptide chains of
cytochrome ¢ oxidase, the terminal
oxidase in mitochondrial electron transport
Protease cysteine 1 (legumain) 0.9 36 Processing of proteins for MHC class I
antigen presentation in the
lysosomal/endosomal system
NM_002635 Solute carrier family 25 0.9 3.3 Mitochondrial phosphate carrier protein
NM_004508 Isopentenyl-diphosphate 0.8 29 Catalyzes the interconversion of (IPP),
catalyzes the interconversion shown in peroxisomal deficiency
of isopentenyl diphosphate diseases that there is reduction in IPP
(IPP) delta isomerase isomerase activity
NM_005274 G protein gamma 5 0.9 34 Guanine nucleotide binding protein
(G protein)
HSPCB 90kF protein 1 1.0 3.2 Molecular chaperone. Has ATPase activity
Hypothetical protein (HSPC014) 1.2 3.3  unknown
NM_031059 Rattus norvegicus homeo 0.6 3.1 Transcriptional repressor, May play
box, msh-like 1 a role in limb-pattern formation.
Acts in craniofacial development
NM_005888 Solute carrier family 25 0.8 3.0 Mitochondrial phosphate carrier protein
NM_000310  Palmitoyl-protein 1.3 2.7 Defects in PPT1 are the cause
thioesterase 1 (PPT1) of infantile neuronal ceroid
lipofuscinosis 1
NM_012286 MORF-related gene X 0.9 26 Mortality factor 4-like protein 2,
transcriptional activation of select genes
NM_006432 Niemann-Pick disease, type C2 1.2 2.8 Epididymal secretory protein
NM_005720 Actin related protein 2/3 complex 1.6 2.3 Control of actin polymerization in cells
NM_003945 ATP6VOE 1.0 24  Vaculolar ATPase is responsible for
acidifying a variety of intracellular
compartments in eukaryotic cells.
NM_004688 N-myc (and STAT) interactor 1.1 25  Augments cytokine-mediated STAT
transcription
NM_017526 Leptin receptor gene- 09 2.6 Regulation of fat metabolism, required for
related protein normal lymphopoiesis
NM_005032 Plastin 3 (T isoform) 0.6 25  Actin binding, calcium binding
NM_002492 NADH dehydrogenase 0.7 24 NADH dehydrogenase
1 beta subcomplex, 5
NM_004236 Thyroid receptor interacting 0.8 2.2 COP9 constitutive photomorphogenic
protein 15 homolog subunit 2 (Arabidopsis)(COPS2)
NM_139313 YME1-like 1 0.8 2.2 ATP-dependent metalloprotease
FtsH1 homolog
NM_033307 Caspase 4 1.0 2.2 Apoptosis-related cysteine protease

For functional assignment, the biological properties of each gene were obtained from unigene (http://www.ncbi.
nim.nih.gov/UniGene/).
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