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A Study of Hox Gene Expression Profile During Murine Liver Regeneration

Boyeon Youn, Byung-Gyu Kim and Myoung Hee Kim'

Department of Anatomy, Brain Korea 21 Project for Medical Sciences, Yonsei University College of Medicine,
' C.P.O. Box 8044, Seoul 120-752, Korea

Liver 1s an organ having an ability to regenerate by itself when it is damaged or removed. Since the research on the
liver regeneration so far was regarding on the cellular multiplications not the formation of the shape, we intended to

analyze the expression patiern of Hox genes during liver regeneration. RNA samples isolated from liver at the time of

partial hepatectomy, 4 hours as well as 3 days later following regeneration were used to perform RT-PCR with Hox-
specific degenerate primers. The PCR products were cloned, sequenced and analyzed through BLAST program. Genes
belonging to the 4bdB type Hox genes (paralogous groups IX-XIII) expressed predominantly during regeneration, while
the other group (I-VII), especially Hoxal and b/ seemed to be expressed continuously before and after regeneration.
These data altogether imply that paralogous group IX and X genes including Hoxa/0 and d/0 seemed to be regeneration

specific genes of liver.
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AA Y 7+ 23 & A83+9 guanidium isothiocyanate tech-
nique (GIT) WL o]83t F RNAE FE3IYch
4 FBo] 231 denaturing 29 (4 M guanidium isothio-
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3. Degenerate primer A&

HF 589 Hox ¥ F 7 & HZEH homeodo-
main (60 amino acid) A€ ¥ 7P & BEE AMES 5%
(LELEKEF)3} 3% (KIWFQNR)°IA Ha)A] o] olnjwits
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Hox AR A 9] 2} oln|ieibEo] ARR|ehe Hl&E& %E 7
2¥aha (®), murine codon usageoll A ZH FE 9] HIE S 3
ATt (@). @X@=@2te TS A&t 74 s=o U
@ Axtach olgA Akte @3 F VS £ $ES
Bl A7 E MAEle primerZ A 2EHATE Degenerate primer
A, 5-CTg/c GAg/a CTg/c GAg/a AAg/a GAg/a TTe/t-3'9} primer
B, 5'Cg/tg/a TTc/ TGg/a AAC CAgla ATc/t TT-3'"= Bioneer
(A, el A2, FUSFATT Z2H2E] primers forward
primer 12823}, reverse primer 642 %0] 7153 degenerate pri-
mer2A] o] primere ¢F 110 bpE FE3ITH

4. RT—PCR (reverse transcription—PCR)

First strand cDNAE RNA image™kit (GenHunter, Nashville,
TN)E o] 83t th&3} o] A x31%th PCR FEo| RNA
17 pg, anchoring primer (H-Ty;A, H-T,,C, H-T};G), 5x reverse
transcriptase (RT) 2 uM, buffer 4 pl, dNTP (250 uM) 1.6 pl S 3
7}V8t3 RNase free dH,0E HE 870 19 u2 H=E &
F 65CollAl 5%, 37°CollA 5E2F ¥RSAIZ! Th, 200 units9]
Moloney murine leukemia virus reverse transcriptase (MMLV
reverse transcriptase, Promega Co., Madison, WI, USA)E &7}
3k 37ColA] 558 5<t RT-PCRE 38t cDNAZS 3+
Bl ch &9 first strand cDNAS 2.2 8H3L, primer A
9} primer BE 043} 94TollA 18, 4CollA] 18, 72°Coll
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PCR productZ agarose gelolA] elutiondr pT7Blue vector
(Novagen, Merck KGaA, Darmstadt, Germany)2} TOPO vector
(Invitrogen, Carlsbad, California)3 A&l E243}ct
agarose gel& o] 43l FEE 33 ¥ GrIXE AL
Macrogen (A&, @)l &3t 83t 25 NCBIQ
BLAST program (http://www.nebinlmnih.govientrez) & ]85
o ErIAES £t
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A WA FA F 1118 g T HHF 0363 gl & Foh 2y & Azbojgkx A & 2% AXE Sl
AASAT T8 A F A AAIAL] AA T FAE ATEH WAEY 277 R F0 (@2 8.0%, 1.6%H
0.729 g, A 34 0.812 golHTh HA AAFY I FA FHT A& FEE 5 AeH, = A 390 7 FA)
Q1 0.755 g (=FolA AA 2 FA 1.118 g-AAR] F FA 7} 0812 go2 A FF2] FA (0755 g)oll w8l 7.5% 57}
0363 g)oll vls] A 4A Al 238 FAZMN 24 T AL BEY 5 Uk 28w AFTEH vidge A
th o]AL 4A)7b0) e F FE S E YT g Aro)  36% 2 25%7)F FUE AL BRI (Table 1).
Rom =g HA A A &A Foz Q% AR {5 FejldozgEs a8y AA 3497XE 1 479 WHIE

Table 1. Liver weight during regeneration

Regeneration | Number of Body Right central Left lateral Median Caudal Total liver
time mouse weight (g) lobe lobe Jobe lobe weight
1 230 0.293 0.342 0.038 0.281
2 23.0 0379 0.355 0.084 0.297
0-hour 3 230 0376 0.403 0.086 0.284
4 23.0 0.382 0.428 0.088 0354
I — ;
Average | 230 | 0358 | 0382 0.074 0304 1118
5 229 0.098 0.242 0.077 0.294
6 228 0.138 0211 0.080 0313
4-hour
7 228 0.117 0212 0.083 0319
Avernge | 228 | 0.8 0222 0.080 0309 0.729
8 21.6 0.043 0.215 0.121 0.426
9 213 0.106 0.267 0.106 0361
3-day
10 20.8 0.124 0.236 0.076 0.357
Average | 212 0091 | = 0239 0.101 0.381 0812 |

" The lobe weight left after partial hepatectomy (average 0.363 g of right central and left lateral lobes removed) followed by regeneration
for 4 hour or 3 day

(A) (B) (©)

Fig. 1. The morphology during murine liver regeneration. Partial hepatectomy was performed by resecting part of right central (1.1) and
left lateral (2.1) lobes. Schematic representation of liver was drawn in A. Normal (B), partially hepatectomized (C), and 3-week regene-
rated liver (D) are shown. The number represent the right central (1), left lateral (2), median (3), and caudal (4) lobes, in which Right
central, Left lateral, Median lobes were subdivided as 1.1/1.2,2.1/2.2, and 3.1/3.2, respectively.
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Anpp NRYLTRRRRIELAHSLNLTERQVKIWFQNR
mHoxal0 | -M----E--L-1SR- i e
mHoxcl0 - - -M----E--L-1SKT
mHoxdl0 = - -M----E--L-1S8K-
mHoxal -K----A--V-1-A-
mHoxd12 ‘A - EFIN-QK-K--SNR -
mHoxcll R - V-INKEK-LQ-SRM-
mHoxAIl V-INKEK-LQ-SRM -
mHoxd11 V-INKEK-LQ-SRM=-=--=-D- === =« _
mHoxc8 T = = = = = - - L--P----K-=-=-=-VS§S-A-G~--- - =m=ic= =

primer A: 5'CTg/c GAg/a CTg/c GAg/a AAg/a GAg/a TTcA3'
primer B: 3'TTc/t TAg/a ACC AAg/a GTc/t TTg/a ghtC5'
Fig. 2. Primers used for PCR amplification. Murine homeodomain sequences in one letter code are aligned along with that of Antp

which is a well known Hox prototype gene of Drosophila. Same amino acids are marked as —. Two highly conserved regions along the
homeodomain region (shaded) were chosen and degenerate oligonucleotide primers were designed based upon the amino acid sequences:

primer A (sense) and primer B (antisense) sequences were written below.

o2 FRIs|E olff o 357t d 3 2= A
o] 9#9) 7+ =712 ABEAT} Fig 1).

2. ¢t MY 2 B Hox RREXS EE IjEH

Zr AR T8 F Hox 4R 4d F3E £4317] |8t
o Hox specific¥t degenerate primerZ 11¢F A 2}313 T} Hox
A F B2 Eol 7 2 2E ¥ homeobox X8 F
encode3= oAt Ajdo] 7 & BHEE FHE At
o 2} oha|Ata) 1 opudbe] df-gEhe FEC] Ve
NIzot A9 FE usageS 128} degenerate primer (de-
generate primer A, 1287%; degenerate primer B, 64%)E 1%t
AN (Fig. 2). F £ F 3~6A13F Alojol] DNA 4
o] fr=57] AlFste 2AIZ 8 FEETE Bt Yo
B2 2t RE AR F 43R 39A, 28| izeed A
4 (0A17h) ZFo2RE] F RNAE £E319 DNAE P8t
At o] cDNAZH-E] degenerate primerE AHS-3F4 ¢F 110
bp #2] DNA dHE $Z¢ ¥ pT7Blue =& TOPO vector
of 2g49siglon, & FREL Pwll B EcoRIE 4%
Azt AYE A AR (Fig. 3).

F 125719 28 (A4 0XIZL, 3878; 4A13E, 5370; 3, 347H)
< B9t @711 E8S 24T oS BLAST programoE
71&¢] €83 class I Hox +HAETY] fFAMIE vl #4
SI5ATh (Table 2). ©1E ol-&3t Z} A4 @A L 1=E

(bp)

500 —

300 —

200 —

100 —>

Approximate 110 bp

Fig. 3. Identification of PCR products by restriction enzyme.
Clones ligated into a Topo vector are identified by restriction
endonuclease, EcoRI (lanes | and 2). Expected size is approximate
110 bp. Molecular weight markers (M) are shown in the left lane.

ZAMS| B A7} (Table 3) Hoxbl T d3& B35 A4 2+ =5
oA T@o] AU AT 7 AF 2 wHo] FIt
819101, Hoxal 3 b8 A& Edo] 24314t} Hoxas, a7,
b6, 12X dI0L 7 3k A 271 4N AR BE



Table 2. Results of nucleotide sequences

Clone Homologous

No. Sequences (bp) gene (({i )

4290 cecti<cggtictggaaccagattit CACCTGCGTTTCATTGAGCTCCAGGGTGGCGGCGATCTCCA hoxb] (97

- CCCTCCGGGCACGGCTCAGGTATTTGTTGAAATGasactccttctegagete>gagAagggeg oxbl (97)
13)

4992 cecttete<gaactggagaaagagttt TCTTCAATATGTATTTAACCAGGGACCGTCGGTACGAGGT hoxc9 (98

- GGCCCGTGTTCTCAATCTCACTGAGCGGCAGGTCaaaatctggtitca>aaatcgAagggeg oxcf (98)
(106)

4293 cecttetggaget<gagaaggagttt CACTTCAACCGCTACCTAACTCGGCGCCGGCGCATCGAGAT hoxc6 (97

- CGCCAATGCTCTGTGCCTGACCGAGCGACAGATCagaatctggtitcazaaceg>Aagegcy 0xc6 (97)
107)

4294 cectt<cggttctggaaccagatttt CACCTGCGTTTCATTGAGCTCCAGGGTGGCGGCGATCTCCA hoxb] (97

- CCCTCCGGGCACGGCTCAGGTATTTGTTGAAATgasactcettctegagetc>gagAaggecs oxb1 (97)
(113)

4295 cecttetgggagetcgag<aaggagttcCATTTTAACAGGTATCCGACCAGGCGCCGCCGGATTGAA hoxdd (93

: ATAGCTCACACCCTGTGTCTGTCTGAGCGCCAGATCaagatttggtitcagaa>tegAaggece oxd4 (93)
(101)

4296 cecti<cggttetggaaccaaat CTTGACCTGCCTTTCGGTGAGGTTGAGCAGCCGGGCCACCTCGT hoxa8 (98

§ ACCTGCGGTCCCGTGCGAGGTACATGTTAAACAGaaactccttctecag>ctegagAagggeg oxa9 (98)
(110)

4297 cectt<ctggagctggaaaaggagtttCTATTTAATCCCTATCTGACTCGCAAGCGGAGGATCGAGG hoxb8 (96

- TATCGCACGCGCTGGGACTGACAGAGAGACAGGTCaagatctggticcaaaateg>Aagggcg 0xb8 (96)
(116)
4-299 cectteggttt<tggaaccagatcttCACCTGGGTCTCATTGAGCTGTAGGGACGCGGCAATCTCCA

) CCCTGCGCGCTCGTGTAAGGTACTTGTTGAAGTGgaactccttctccagete>gagAagggcg hoxal (100)
(107)

4300 cectteggttttgg<aaccagattttCACTTGTCTGTCCGTGAGGAGGACGCTACGGCTGATCTCTA roxal0 (97

- GGCGCCGCTCTCGAGTAAGGGACATGTTGAATAgaaactccttctegagetc>gagAdggece 0xal0 (97)
(104)

4301 cectteggtit<tggaaccagatcttCACCTGGGTCTCATTGAGCTGTAGGGACGCGGCAATCTCCA hoxal (99

§ CCCTGCGCGCTCGTGTAAGGTACTTGTTGAAGTGgaattccttctecag>ticcagAagggeg oxal (99)
(104)
tctc<gaget T CCTAGAGAT

4302 cocttcte<gagctggagaaggagttc TATTCAACATGTACCTTACTCGAGAGCGGCGCCTAGAG hoxal 95)

CAGCCGTAGCGTACACCTCACGGACAGACAAGTgaagatttggticcagaa>ccgAagggeg
(109)

Primer and vector (italic) sequences were written as small letters. The number of amplified sequences analyzed were marked as < >
along with the size in bp. Homology searches were performed with those of amplified sequences using BLAST program. The capital A

between the vector and the 3' primer sequence (primer B) was originated from the T vector (pT7Blue and TOPO vector)

Q.08 Hoxa9, al0, b2, b5, dl, 281 d4'= 37 M=

B g3 YA 4417 22 a 3GAofARE BHo] BwFE (Table 3).
=ik Hoxb79) 795 A7 33k AR 397)eA &35

i, Hoxc6= 73737 A 33 F9 3t ZFolA ddsile i

e

v 53] A4 42Ale] HRFE RS ¢ F YAk E F

R Hox FAASE A ¥ (Hoxa3, c8, 21831 d8), A4} 4

a8 di)A ARt Bolyow W= Ao AT

2 AAA FA3HA Aol 7Hsd Zidolrh AYE

A3V (Hoxbd, c5, c9, 10, LT 49), A8 3Y (Hoxb3, b9, & F-17} 448 FelE FA8HAA slEars HelA
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Table 3. Summary of Hox clones

Paralogous group I I HI v \% VI vl v IX X X1 XII X1
HoxA e 7 9 10 11 13
0-hour 5 L 4 s
4-hour 5 4 1 1 7
3-day 1 3 8
HoxB 1 2 -3 4 5 6 7 8 9 13
O-hour 1 2 1 6
4-hour 2 1 6 2
3-day 1 1 3 1 2
HoxC 4 5 6 8 9 10 11 12 13
0-hour 2
4-hour 1 4 2 2
3-day 1
HoxD 1 3 g “ 8§ 9 10 u 1 B
v e : :
4-hour 1 1 2 3
3-day 2 2 1

The paralogous group of each Hox cluster (HoxA, B, C, and D) was written in bold (above), and the number of the identified clone was
written below each paralog during normal (0 hour), 4-hour and 3-day after hepatectomy

A A dojuhe & ke P9 wAojgtn £ & Qlk
Hox f37R= A A FollA] Al - 33302 FolZQl &
L 3t A P b g fAAE g
A glon, zxug9} & 35 TEIAMEH AL, BHE
Tdske 1% IAF7A & BEH] gt dA Al
AFANA 39709 Hox F3A7F EAlge] gajxlom ¢4
4 F ol A - F F5 wet 2 A £ AX ARG
Frn Baso] QrjieR B A7 i) Ashs 3
A Z Be P i R Hox 8x] LA ¥
&E AT 2 ABE AFE] $g 2t S e
B2E o 54 228 Agshe W 28 FA Wyl
YedP) grlME e FATNE 4TS T2 Fon
AR Ao o] Lolgh BiE HAl WEE o83tk
& dAes 781 357 e F 712 d¥e =2
712 AQEAT. A F AR 42070 = AA AT gol
A ko] FAHG 23]8 Tardged o)A & F 3
Edp)ole 4A17ko] YF 2 Alztol, =gt e o &
ol &4 202 Qg ARE FHAY Y F A3t
olgte AFPT n AU 47 8.0%, L6%A 713 AL
FEE 5 JAT = A4 380l Aal 2F FA9)
Hlg & 3 FAVL 7.5% UK A& BEE 4 Ak 2
g1 AFEH vdRAL 36%9 25%H S RE B+

2 ol
= v

ATt o9 Aabe o] BuEFHHIBH LAl A
o=z, AAE FE gEol A ARl S48k Ao] ofy
2} AR & 45 77t Ve AlEHE ALE
FA& F Atk ) de AL AW A F 2AFA
& A9 277 S/ W 2 3 E HErl adE /A
HAA] APEr= Rolck

FH9 A4S HAXE Hox HFRAAEY Lol 4%
Aoz fFHo| A GAER Hox FAAY Bd P&
BA435190m, 21 A} paralogous group X9 Xoll &3k
(Hoxa9, al0, b9, ¢9, c10, 2831 d9) FAxE°] A4 73
Fort HolHog ddsh= AL #2Y F YA 59
Hoxal09) 79 A% AE F3HeHA] dgtoy, A4 44]
ik 3ol Az 7704} 8Ale] €8S ¥ F W B2
HEE B¥€sty USS ¢ 5 Ytk vbAEl paralogous
group VII &3He Hoxc89l 79 A4 3tolA 97le] &
& 2Elailon, dsst tlEe] AA A Fol T 2R A
£& #2328 & YAtk 223 22 paralogous group
o &3h= b8% A FUA TAHTE FA oA wlE 22
H-&2 sl on, olE 2ol% Hoxal bl, d3, ¢6, b8 5
A A - Fol BEE A&she Ao AFHU o)
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}

=2
e
=
pu.

i

™



3] paralogous group IX-XINI7HA = Z5}+2]9] 4bdB F4AF 1
Fol &she fAxZ 99 v a2 15 d5 58
2 283 FAo 5702 paralogous (IX, X, XI, XM, 28| 1L
Xl AR EaEdv @3 gick o] 5aF9
AzFEo] o} 7/09] IE (paralogous group I-VINol] 3=
Hox FAAET = dE it gk d7t4do] vy,
F dElxAte] =EFHAS A9 2 U3 o] A= Hkg

2 FEoa dEA ok E olEL A A F paralo-
gous group XII¥E &AM 02 Agg w3dciy By
o} lox = olnl% paralogous group IX-XII0] TAJ] Alz}
I FARE A4 @Al FolA o R wdshe Aol opdrt

Rl
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& Northern blotting 5-& ©]88 &<lo] o] fojzjo} & Ao
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