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Abstract :Object ive .The aim of this project was to study the responses to ischemia, hypoxia and starvation af ter
partial hepatectomy (PH) at t ranscriptional level . Methods . The genes associated wi th the responses to ischemia,
hypoxia and starvation were obtained by collecting the data of databases and referring to theses . Their expression
changes in regenerating liver were checked by the Rat Genome 230 2 .0 Array . Results . It was found that 120 , 65
and 23 genes respectively associated to the responses to ischemia, hypoxia, starvation were associated wi th liver re-
generation ( LR) . The ini tial and total expressing gene numbers occurring in initiation of LR ( 0 .5 - 4 hours af ter
PH ) , transition from G0 to G1 (4 - 6 hours after PH) , cell proliferation (6 - 66 hours after PH ) , cell differentia-
tion and structure-f unction reorganization (66 - 168 hours after PH) were 54 , 11, 34 , 3 and 54 , 49 , 70, 49 re-
spectively , which illustrated that the genes were mainly triggered in the ini tial phase, and worked at different phas-
es . According to their expression similari ty , these genes were classified into 5 types including 63 only up- , 26 pre-
dominantly up- , 63 only down- , 16 predominantly down- , and 8 up/ down-regulated genes, and the total times of
their up- and down-regulated expression were 639 and 372, demonstrating that the expression of major genes was
enhanced during LR , while the minori ty at tenuated . According to the time relevance, they were classif ied into 14
groups, demonstrating that the cellular physiological and biochemical activi ties were staggered during L R . Accord-
ing to geneexpression patterns, they were classif ied into 24 types, showing that the activi ties mentioned above were
diverse and complicated during LR . Conclusion . The response to ischemia was mainly enhanced in the prophase,
and hypoxia enhanced almost during the LR , while the response to starvation was nearly no change during LR, in
which 176 genes associated wi th LR played an impor tant role .[ L ife Science Journal . 2006 ;3(4) : 1 - 11] ( ISSN:
1097 - 8135) .
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Abbreviat ions: GCOS: GeneChip operating software; L R: liver regeneration; NAP: normal ization analysis pro-
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1  Int roduct ion

When the living things are stimulated by
heat [ 1 , 2 ] , cold[ 3 ] , osmotic pressure change[ 4 ] , wa-
ter deprivation[ 5 ] , drug[ 6 ] , toxicant [ 7 ] , oxida-
tion[ 8 ] , unfolded protein[ 9 ] , pathogen infec-
tion[ 10 , 11 ] , fear [ 12 ] , wounding[ 13 ] , pain[ 14 ] , hy-
poxia[ 15 ] , ischemia[ 16 ] , nut rit ional deficiency[ 17 ] ,
hormonprivia[ 18 ] , starvation[ 19 ] and so on, the rele-
vant stress protein (SP) genes are activated to pro-
tect organisms against these harmful stimuli . The
stress response to one stimulus can usually increase
cell tolerance to another stimulus .I t implies st ress
proteins induced by di fferent stimuli have functional
cross[ 20 ] .The remnant hepatocytes compensate the
hepatectomized liver tissue by proliferation and the
structure-f unction reconst ruction af ter partial hepa-
tectomy ( PH) [ 21 ] , which is called liver regenera-

tion ( LR) [ 22 , 23 ] . According to the cellular physio-
logical activit ies, the process is usually categorized
into four stages[ 24 ] including ini tiation phase ( 0 .5
- 4 hours af ter PH) , transition from G0 to G1 (4
- 6 hours af ter PH ) , cell proliferation ( 6 - 66

hours af ter PH ) , cell di fferentiation and reorgani-
zation of the structure-function (66 - 168 hours af-
ter PH) [ 24 ] . According to time course, it is classi-
f ied into four phases including forepar t ( 0 .5 - 4
hours af ter PH ) , prophase ( 6 - 12 hours af ter
PH) , metaphase ( 16 - 66 hours af ter PH ) , and
anaphase ( 72 - 168 hours af ter PH ) [ 22 ] . I n addi-
tion, PH can induce body¡¯s responses to hur tful
stimulus, such as ischemia, hypoxia and starva-
tion , in which involve nearly 350 genes . T hese
genes exist the interaction . I t is almost impossible
to clarify the action of genes associated wi th is-
chemia, hypoxia and starvation at transcriptional
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level during LR unless high-throughput gene ex-
pression prof iles[ 25 , 26 ] . So we used the Rat
Genome 230 2 .0 Array[ 27 ,28 ] containing 207 genes
associated with the response to ischemia, 96 genes
to hypoxia and 38 genes to starvation to detect gene
expression changes in LR af ter PH . 176 genes were
found to be associated with LR[ 29 ] . And thei r ex-
pression characters, patterns and actions during LR
were further analyzed .

2  Materials and Methods

2 .1  Regenerat ing liver preparat ion
Heal thy Sprague-Dawley rats weighing 200 -

250 g were obtained f rom the Animal Center of
Henan Normal University . The rats were separated
into two groups randomly , hepatectomized group
and sham-operation ( SO) group . Each group in-
cluded 6 rats ( male: female = 1: 1) . PH was per-
formed according to Higgins and A nderson[ 21 ] , by
which the lef t and middle lobes of liver were re-
moved . Rats were killed by cervical ver tebra dislo-
cation at 0 .5, 1, 2 , 4, 6, 8, 12, 24, 36, 54, 66,
72 , 120, 144 and 168 hours af ter PH and the re-
generating livers were observed at corresponding
time point . The livers were rinsed three times in
PBS at 4 ¡ãC, then 100 - 200 mg livers from middle
par ts of right lobe of each group ( total 1 - 2 g liv-
ers, 0 .1 - 0 .2 g ¡Á 6 samples, per group) were
gathered and mixed together , then stored at
- 80 ¡æ . The SO group was the same as hepatec-

tomized group except the liver lobes were unre-
moved . The laws of animal protection of China
were enforced strictly .
2 .2  RNA isolat ion and puri f icat ion

Total RNA was isolated f rom frozen livers ac-
cording to the manual of Trizol Reagent ( I nvitro-
gen Corporation, Carlsbad, California, USA ) [ 30 ]

and then puri fied base on the guide of RNeasy mini
kit ( Qiagen, Inc, Valencia, CA , USA) [ 31 ] . Total
RNA samples were checked to exhibit a 2: 1 ratio of
28S rRNA to 18S rRNA intensities by agarose elec-
trophoresis ( 180 V , 0 .5 hour ) . Total RNA con-
centration and purity were estimated by optical
density measurements at 260/ 280 nm[ 32 ] .
2 .3  cDNA , cRNA synthesis and puri f icat ion

1 - 8 ¦Ì g total RNA as template was used for
cDNA synthesis . cDNA purif ication was based on
the way established by Affymetrix [ 27 ] . cRNA la-
beled with biotin was synthesized using cDNA as
the template, and cDNA and cRNA were puri fied
according to the purif ication procedure of GeneChip
Analysis[ 27 ] . Measurement of cDNA , cRNA con-
centration and puri ty were the same as above .

2 .4  cRNA fragmentation and microar ray detec-
t ion

15 ¦Ì l ( 1 ¦Ì g/ ¦Ì l ) cRNA incubated wi th 5 ¡Á
fragmentation buffer at 94 ¡ãC for 35 minutes was
digested into 35 - 200 bp fragments . The hy-
bridization buffer was added to the prehybridized
Rat Genome 230 2 .0 microarray produced by
Affymet rix, then hybridization was carried out at
45 ¡æ for 16 hours on a rotary mixer at 60 rpm .
The microarray was washed and stained by
GeneChip f luidics station 450 ( Affymetrix I nc .,
Santa Clara, CA , USA ) . The chips were scanned
by GeneChip Scan 3000 ( Affymetrix I nc ., Santa
Clara, CA , USA ) , and the signal values of gene
expression were observed[ 28 ] .
2 .5  M i croarray data analysis

The normalized signal values, signal detections
(P, A , M ) and experiment/ cont rol ( Ri ) were ob-
tained by quantifying and normalizing the signal
values using GCOS ( GeneChip operating sof tware)
1 .2[ 28 ] .
2 .6  Normali zat ion of the microarray data

To minimize error f rom the microarray analy-
sis, each analysis was performed three times . Re-
sults wi th a total ratio were maximal ( Rm ) and that
the average of three housekeeping genes ¦Â-actin,
hexokinase and glyseraldehyde-3-phosphate dehy-
drogenase approached 1 .0 ( Rh ) were taken as a
reference . The modified data were generated by ap-
plying a correction factor ( Rm/ Rh ) mul tiplying the
ratio of every gene in Rh at each time point . To re-
move spurious gene expression changes resul ting
from errors in the microarray analysis, the gene ex-
pression prof iles at 0 - 4 hours, 6 - 12 hours and 12
- 24 hours af ter PH were reorganized by NAP

sof tware ( normalization analysis program) accord-
ing to the cell cycle progression of the regenerating
hepatocytes . Data statistics and cluster analysis
were done using GeneMath, GeneSpring, Mi-
crosof t Excel sof tware[ 28 , 33 , 34 ] .
2 .7  Identi f i cat ion of genes associated with LR

Firstly, the nomenclature of three kinds of
physiological responses mentioned above was adopt-
ed from the GENEONTOLOGY database ( www .
geneontology .org) , and inputted into the databases
at NCBI ( www . ncbi .nlm .nih .gov ) and RGD
( rgd .mcw .edu) to identify the rat , mouse and hu-
man genes associated wi th the physiological re-
sponses . According to maps of biological pathways
embodied by GENMAPP ( www .genmapp .org) ,
KEGG ( www .genome .jp/ kegg/ pathway .html #
amino) and BIOCARTA ( www . biocar ta . com/
genes/ index .asp ) , the genes associated with the
biological process were collated . The results of this
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analysis were codif ied, and compared with the re-
sul ts obtained for mouse and human searches in or-
der to identify human and mouse genes which are
different from those of rat . Comparing these genes
with the analysis output of the Rat Genome 230
2 .0 Array, those genes which showed a greater
than twofold change in expression level observed as
meaningful expression changes[ 29 ] , were referred to
as rat homologous or rat specific genes associated
with the responses to ischemia, hypoxia and starva-
tion under evaluation . Genes, which displayed re-
producible results with three independent analyses
with the chip and which showed a greater than
twofold change in expression level in at least one
time point during LR wi th signif icant difference
(0 .01¡Ü P < 0 .05) or extremely signi ficant differ-
ence ( P¡Ü0 .01 ) between PH and SO, were re-
ferred to as associated with LR .

3  Results

3 .1  Expression changes of the genes associated
with the response to ischemia, hypoxia and starva-
tion during LR

According to the data of databases at NCBI ,
GENEMAP, KEGG BIOCARTA and RGD , the
responses to ischemia, hypoxia and starvation in-

volved 225 , 117 and 41 genes respectively , in
which 207, 96 and 38 genes were contained in the
Rat Genome 230 2 .0 Array separately . Among
them, 176 genes revealed meaningful changes in
expression at least at one time point af ter PH ,
showed significant or extremely significant differ-
ences in expression when comparing PH with SO,
and were repeatable in three detections by Rat
Genome 230 2 .0 array . The resul ts suggested that
the genes were associated wi th LR . Up-regulation
ranged from 2 to 257 times higher than the con-
t rol , and down-regulation did 2 - 17 ( Table 1 ) .
The analysis indicated that 63 genes were up-regu-
lated, 63 genes down- , 50 genes up/ down- during
LR . Total up- and down-regulated genes were 639
and 372, respectively ( Figure 1A ) . At the ini tia-
tion stage of LR ( 0 .5 - 4 hours af ter PH ) , 54
genes were up-regulated, 29 genes down- , 2 genes
up/ down- ; at the transition phase from G0 to G1
(4 - 6 hours af ter PH ) , 49 genes were up- , 13
genes down- ; at cell proliferation period ( 6 - 66
hours af ter PH ) , 70 genes were up- , 93 genes
down- , 32 genes up/ down- ; at cell differentiation
and reorganization of the structure-f unction stage
( 66 - 168 hours af ter PH) , 49 genes were up-regu-
lation, 56 genes down- , 9 genes up/ down- (Figure
1B) .

Table 1 .  Expression abundance of 176 ischemia, hypoxia and starvation response-associated genes during rat L R

Gene
Abbr .

Accosiated
to others

Fold
difference

Gene
Abbr .

Accosiated
to others

Fold
difference

Gene
Abbr .

Accosiated
to others

Fold
difference

Gene
Abbr .

Accosiated
to others

Fold
difference

1 �Ischemia Hspe1 �0 c.2
*
Ter t 2 Á5 Ï.3 ,0 .3 M mp9 81 ‰0 —.5 ,9 .5

Adm 2 ¥8 �.0 Icam1 �2 ù3 c.0 * Tff3 Q0 +.3 Myc 19 
.7
Adora2 ßa 0 �.5 I kbkb 0 c.3 * Tgfb1 •2 “,3 4 +.0 Nfkb1 01 ‰0 —.4 ,2 .3
Ager 0 �.4 I kbkg 0 c.4 * Thbd 9 +.6 Nol3 ö2 ó.6
AGT 5 �.0 I I1 œb 0 c.4 Tlr2 !10 B.6 Nos3 1 ‰0 —.3 ,2 .1
Agtr1 ­a 0 �.4 I I6 œ0 �.3 ,6 .1 Tlr4 !0 +.5 Npm1 *0 —.5 ,2 .8
Agtr2 ­0 �.4 Kcnk2 �0 c.4 Tnf 3 +.2 Nr4 ×a2 0 —.4 ,7 .1
Akt1 •2 w,3 4 �.0 Kcnk4 �0 �.1 ,2 .0 Tnfrsf10 Âb 4 +.9 Pdlim1 J0 —.5 ,3 .2
Alox5 °0 ³.2 ,2 .5 * Kdr 0 �.4 ,2 .4 Tp53 D2 Á2 +.9 Peg3 ú0 ó.4
* Ang1 Ê0 œ.4, 58 .2 Lcn2 ã0 Ù.5,257 .2 Txnip 2 +.9 Plau 0 —.4 ,3 .0
Angpt1 è2 Â0 ³.2 ,9 .2 Lgals3 �5 c.7 Ucp3 C2 Ï.2 ,0 .5 Plaur 13 �.9

Angptl4 â3 Â3 �.2 M ag 0 �.4 ,2 .3 Ung 0 +.4 Prkaa1 G3 ‰7 ó.5
Apoe 0 �.1 M apk1 , 2 �2 c.7 Vegfa 2 Á4 Ï.5 ,0 .1

*
Psen2 L1 ‰0 ó.2

* Ascl1 Ì0 ³.1 ,2 .2 M apk8 ,0 ð.5, 19 .7 Vhl 2 Á2 +.0 Ptgs1 �1 ‰3 ó.4
A tm 2 w,3 0 �.3 M apt 0 c.4 Zfp162 ƒ0 +.5 Ptgs2 �1 ‰0 —.1 ,2 .1
Bcl2 u2 w,3 0 �.3 M et 0 �.4 ,2 .3 2 ªHypoxia Serpine1 ƒ1 Š16 �.7
BCL2 «L1 2 ¥0 ³.4 ,2 .1 M mp9 �2 �0 �.5 ,9 .5 Ace 0 +.5 Sesn2 �4 ó.3
Bdkrb2 ä0 �.4 M tap1 �a 0 c.5 Adm 1 Á8 +.0 Slc2 Þa1 0 ó.2
Bdnf 0 Ê.4 ,26

*
M tap2 I0 �.4 ,3 .6 Akt1 81 “,3 3 +.9 Slc2 Þa4 0 ó.1

Birc4 –5 �.0 M thfr 0 �.4 ,3 .7 Angpt1 •1 Á9 Ï.2 ,0 .2 Sod2 ø1 ‰5 ó.6
Camk2 Ùa 0 �.5 Nedd9 �0 c.5 App 6 +.4 Stat5 �a 0 ó.2
* Casp12 �0 ³.4 ,2 .6 Nes 0 �.2 ,4 .6 Arnt2 X6 Ï.8 ,0 .4 Tert 1 ‰0 —.3 ,5 .3
Ccnd1 ¼7 �.5 Nfkb1 �2 þ 0 �.4 ,2 .3 Atm 1 “,3 0 +.3 Tgfb1 '1 [,3 4 ó.0
Chuk 0 �.3 Nos3 ä2 �0 �.3 ,2 .1 Atp1 5b1 6 +.7 Th 0 ó.4
Cirbp 2 ¥0 �.3

*
Ntf3 �0 c.1 Bcl2 �1 “,3 0 +.3 Tp53 �1 ‰2 ó.9

* Clu 3 �.0 P2 Œrx7 0 �.4 ,2 .5 Bcl2 �l1 1 Á2 Ï.1 ,0 .4 Trib3 �4 ó.9
Cnr1 ‹0 �.1 Parg 4 c.8 Birc2 >2 +.8 Vegfa 1 ‰0 —.1 ,4 .5

¡¤3¡¤

Li fe Science Journal , 3( 4) , 2006 , Xu, et al , Expression Patterns and Action Analysis of Genes



Cts1 {2 �.0
*
Pcna 10 z.6 Bnip3 T0 +.4 Vh1 æ1 ‰2 ó.0

Cybb 2 �.5 Pla2 Êg2a 11 z.3 Camk2 •d 2 +.1 3 rStarvat ion
Daf1 „0 �.2 Plat 0 �.4 ,4 .9 Capn2 f2 +.1 Aco1 0 ó.5
Ddi t3 £2 ¥0 ³.5 ,2 .7 Pln 0 c.3 Casp1 X3 +.0 Akt1 1 [,2 3 ó.9
Diablo 2 �.6 * Pon1 �0 c.4 Casp9 X0 +.5 Angptl4 o1 ‰3 ó.2
E2 <f1 21 &.2 Pon2 ä0 c.5 Ccl2 �128 Y.0 Atm 1 [,2 0 ó.3
Edn1 ˜2 ¥0 ³.4 ,2 .6 Prkaa2 +3 ù0 �.2 ,5 .3

*
Cirbp 1 Á0 +.3 Bcl2 å1 [,2 0 ó.3

Eif2 ps1 2 �.4 * Prss15 K2 c.4 Creb1 W0 +.5 Casp8  10 
.6
Endog 4 �.6 Psen2 �2 ù0 c.2 Cyp19 ja1 6 Ï.5 ,0 .2 Cck 0 ó.5
Epor 0 �.4 Pspn 0 �.3 ,2 .1 Ddi t3 K1 Á2 Ï.7 ,0 .5 Ccne1 %18 
.5
F2 90 �.3 Pten 0 c.5 Ddi t4 K3 Ï.0 ,0 .2 Fads1 �0 ó.1
F2 9rl2 0 �.2 Ptgs2 ø2 ù0 �.1 ,2 .1 Drd2 68 +.6 Ghrl 4 ó.0
F5 90 �.5 Ptk2 Û8 c.9 Edn1 @1 Á2 Ï.6 ,0 .4 Impact 0 ó.4
Fgf2 ‚2 ¥0 ³.5 ,2 .1 Rela 0 c.5 Ednra 0 +.5 M c4 ér 0 ó.1
Fos 2 ¥28 &.4 Serpine1 f2 � 16 z.7 Egln1 V4 +.4 M cl1 4 ó.3
Fut4 …0 ³.5 ,2 .2 Sgk 6 c.5 Egr1 118 B.6 M cts1 )0 ó.2
Fyn 0 �.5 Shc1 Û0 c.5 Fgf2 *1 Á2 Ï.1 ,0 .5 Ppara 0 ó.3
Gfap 0 ³.3 ,2 .6 Shh 0 �.5 ,2 .8 Fos 1 Á28 B.4 Ppargc1 na 0 —.2 ,2 .5
Grasp 2 �.8 Slc23 ða2 0 c.2 Hif3 "a 0 +.3 Prkaa1 G2 ‰7 ó.5
Grin2 ©a 2 �.4 Slc6 Âa11 6 c.0 Hyou1 p0 +.3 Prkaa2 G1 ‰0 —.2 ,5 .3
Hdh 2 �.3 * Slc8 ða1 0 �.4 ,5 .7 Icam1 `1 Á3 +.0 Retn 0 —.2 ,2 .2
Hgf 0 �.4 Slc8 Âa3 0 �.2 ,2 .2 Igf1 �r 0 +.4 Rpl11 #6 ó.5
Hrh3 —0 �.2 Sod2 Ü2 ù5 c.6 I tgb1 E2 +.6 Slc38 �a3 5 ó.3
Hspa1 »a 0 �.2 Sst r2 ç0 �.4 ,4 .9 Jun 6 +.9 Tgfb1 '1 [,2 4 ó.0
Hspa1 »b 0 ³.3 ,3 .4 Stat4 ë0 �.4 ,4 .0 M ap2 Pk1 9 +.1 Trim24 ^0 ó.1
Hspb8 Á4 �.7 Tac1 á0 c.2 M apk1 €1 Á2 +.7

* Reported genes associated wi th LR ; Associated to others: involved in other responses

Figure 1 .Expression f requency , abundance and changes of 176 ischemia, hypoxia and starvation response-associated genes dur-
ing rat LR . Detection data of Rat Genome 230 2 .0 Array were analyzed and graphed by M icrosoft Excel . A . Gene expression
frequency . The dots above bias indicated the genes up-regulated more than two folds, and total times of up-regulation were
639 ; those under bias indicated the genes down-regulated more than two folds, and that of down-regulation were 372 ; and the
ones between biases no-sense al terative; B . Gene expression abundance and changes . 113 genes were 2 - 257 folds up-regulat -
ed, and 113 genes 2 - 17 folds down-regulated .

3 .2  Ini t ial expression time of the genes associat -
ed with the responses to ischemia, hypoxia and
starvation during LR

At each time point of LR, the numbers of ini -
ti al up- , down-regulated and total up- , down-regu-
lated genes were in sequence both 21 and 7 at 0 .5
hour; 13 , 15 and 26 , 19 at 1st hour ; 12 , 0 and
35 , 3 at 2nd hour ; 8, 7 and 42 , 8 at 4th hour ; 3,
3 and 37, 10 at 6th hour ; 1, 2 and 35, 6 at 8th
hour ; 0 , 5 and 32 , 9 at 12th hour ; 8, 8 and 30,
16 at 16th hour ; 8 , 14 and 37, 34 at 18th hour;

2, 2 and 38, 26 at 24th hour ; 7 , 6 and 24, 23 at
30th hour ; 0, 4 and 28, 24 at 36th hour ; 1, 1 and
27, 9 at 42nd hour ; 2 , 4 and 41, 31 at 48th hour ;
0, 2 and 27, 19 at 54th hour ; 1 , 1 and 31, 14 at
60th hour ; 1, 0 and 26, 18 at 66th hour ; 0, 2 and
22, 20 at 72nd hour; 1, 3 and 19, 15 at 96th
hour ; 1 , 1 and 27, 25 at 120th hour ; 0, 0 and 20,
16 at 144th hour ; 0, 0 and 16, 20 at 168th hour
(Figure 2 ) . Wholly , gene expression changes oc-
curred during the whole LR, with the up- and
down-regulation times 639 and 372, respectively .
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The initially up-regulated genes were predominant -
ly expressed in the forepar t, and the down- in the
prophase and metaphase, whereas there were only
few ini tial expressions in the anaphase .
3 .3  Expression simi lari ty and time relevance of
the genes associated with the responses to ischemi -
a, hypoxia and starvation during LR

176 genes mentioned above during LR could
be characterized based on thei r similari ty in expres-
sion as following: only up- , predominantly up- ,

only down- , predominantly down- , and up-/ down-
regulated, involved in 63, 26, 63 , 16 and 8 genes,
respectively ( Figure 3) . They could also be classi-
f ied based on time relevance to 14 groups including
0 .5th hour and 168th hour , 1st and 2nd hour , 4th
hour , 6th and 8th hour , 12th and 16th hour, 18th
and 120th hour , 24th and 30th hour , 36th and
48th hour , 42nd hour , 54th hour , 60th and 66th
hour , 72nd and 96th hour , 144th hour , in which
the up- and down-regulated gene numbers were

Figure 2 .The ini tial and total expression profiles of 176 genes associated wi th the responses to ischemia, hypoxia and starvation
at each time point of LR . Grey bars: Up-regulated genes; Whi te bars: Down-regulated genes . Blank bars represent initially
expressed genes, in which up-regulation genes are predominant in the forepart , and the down- in the prophase and metaphase,
whereas only few in the anaphase . Dot ted bars represent the totally expressed genes, in which some genes are up-regulation and
others down-regulation during LR .

Figure 3 .Expression similari ty and time relevance cluster of 176 genes associated wi th the responses to ischemia, hypoxia and
starvation during L R . Detection data of Rat Genome 230 2 .0 Array were analyzed by H-clustering . Red represents up-regula-
tion genes mainly associated with energy metabolism, vascular repair and apoptosis-promoting; Green represents down- ones
mostly associated wi th anticoagulation; Black: No-sense in expression change . The upper and right t rees respectively show ex-
pression similari ty and time series cluster , by which the above genes were classified into 5 and 14 groups separately .
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respectively 50th and 26th, 35th and 3rd, 79th
and 18th, 35th and 6th hour , 32nd and 9th, 30th
and 16th, 75th and 60th, 51th and 32nd, 69th
and 55th, 58th and 33rd, 48th and 38th, 19th and
15th, 27th and 25th, 36th and 36th ( Figure 3) .
The up-regulation genes were mainly associated
with energy metabolism, vascular repair and apop-
tosis-promoting . The down- genes were mostly an-
ticoagulation-associated genes .
3 .4  Expression patterns of the genes associated
with the responses to ischemia, hypoxia and star -
vation during LR

176 genes mentioned above during LR might
be categorized according to the changes in expres-
sion into 24 types of patterns: (1) 11 genes up-reg-
ulated at one time point , i .e . 2nd, 6th, 16th,
30th, 42nd, 48th, 60th, 66th, 96th, 120th hour
af ter PH ( Figure 4A ) ; ( 2) 9 genes up-regulated at
two time points, i .e . 16th and 42nd hour , 16tg
and 96th hour , 24th and 36th hour , 30th and 42nd
hour, 30th and 96th hour , 48th and 120th hour
(Figure 4B ) ; ( 3) 2 genes up-regulated at three
time points (Figure 4B) ; ( 4) 3 genes up-regulated
at one phase, i .e . 1st - 48th hour , 4th - 8th hour,
16th - 96th hour ( Figure4C) ; ( 5) 2 genes up-reg-
ulated at two phases (Figure 4C) ; ( 6) 3 genes up-
regulated at one time point/ one phase ( Figure
4C) ; (7) 6 genes up-regulated at two time points/
one phase ( Figure 4D) ; ( 8) 8 genes up-regulated
at one time point/ two phases ( Figure 4E) ; ( 9) 5
genes up-regulated at two time points/ two phases
(Figure 4D) ; ( 10) 4 genes up-regulated at three
time points/ two phases ( Figure 4E) ; ( 11) 2 genes
up-regulated at one time point/ three phases ( Figure
4F) ; ( 12) 2 genes up at two time points/ three
phases ( Figure 4F) ; ( 13) 3 genes up-regulated at
multiple time points/ mul tiple phases (Figure 4G) ;
( 14) 24 genes down-regulated at one time point , i .
e . 4 , 6, 8 , 12, 18, 30, 36, 42, 48, 54, 60, 72,
96 hours ( Figure 4H) ; ( 15) 11 genes down-regu-
lated at two points in time, i .e . 1 and 168 h, 1
and 72 h, 30 and 96 h, 16 and 30 h, 18 and 48 h,
30 and 48 h, 16 and 30 h, 18 and 54 h, 120 and
168 h, 36 and 48 hours , 48 and 60 hours ( Figure
4I ) ; ( 16 ) 7 genes down-regulated at three time
points ( Figure 4J) ; ( 17) 6 genes down-regulated
at four time points ( Figure 4K ) ; ( 18 ) 2 genes
down-regulated at one time point/ one phase ( Fig-
ure 4L ) ; (19) 2 genes down-regulated at two time
points/ one phase (Figure 4L ) ; (20) 4 genes down-
regulated at two time points/ two phases ( Figure
4L ) ; ( 21) 7 genes down at multiple time points/
multiple phases ( Figure 4M ) ; ( 22) 15 genes f irst
up-regulated and then down-regulated ( Figure
4N) ; ( 23) 8 genes fi rst down-regulated and then
up-regulated (Figure 4O) ; (24) 27 genes up/ down

mixed (Figure 4P) .

4  Discussion

The responses to ischemia, hypoxia and star-
vation are instinctive reaction of self-regulation and
adaptation of the organism . Lots of proteins are as-
sociated wi th them . In the response to ischemia,
three proteins including adrenomedullin (ADM ) in-
hibi t ischemia[ 35 ] . Five proteins including icro-
tubule-associated protein 2 ( M TAP2 ) prevent or
repai r ischemic damnification[ 36 ] . Three proteins
including angiotensinogen serpin inhibi tor clade A
member 8 ( AGT ) regulate blood pressure[ 37 ] . I n-
terleukin 6 ( I L6) relates to maintaining blood bal-
ance[ 38 ] . Poly ADP-ribose glycohydrolase ( PARG)
resists the inflammation caused by ischemia/ reper-
f usion[ 39 ] . Uncoupling protein 3 ( UCP3) enhances
the endurance of cells to local ischemia[ 40 ] . Lectin
galactose binding soluble 3 ( LGALS3 ) relates to
hematopoiesis and regulation of haematocyte num-
ber [ 41 ] . Adrenergic receptor ¦Á 2a ( ADRA2A ) can
restrain noradrenalin excretion[ 42 ] . Endothelin re-
ceptor type A ( EDNRA ) produces noradrenalin and
hypertension ¢ò[ 43 ] . Eight proteins including pro-
tein tyrosine kinase 2 ( PTK2) relate to maintaining
the normal function and development of blood ves-
sel[ 44 ] . Paraoxonase 2 ( PON2) can cause the dis-
ease of coronary ar tery through induction of athero-
sis[ 45 ] . 5, 10-methylenetetrahydrofolate reductase
( M THFR ) inhibi ts coronary artery disease[ 46 ] .
Adenosine monophosphate-activated protein kinase
¦Á2 catalytic subunit ( PRKAA2 ) can sustain the
supply and demand balance of the cell energy[ 47 ] .
Tachykinin 1 ( TAC1) inhibi ts the ischemic trans-
mission of nervous excitement [ 48 ] . 70 kDa heat
shock protein 1B ( HSPA1B) participates in activi-
t ies of cell resisting adversity[ 49 ] . E2F transcription
factor 1 ( E2F1 ) promotes cell growth by gene
transcription and regulating signal conduction path-
way[ 49 ] . Thrombomodulin ( THBD ) resists is-
chemia[ 50 ] . L ipocalin 2 ( LCN2) restrains produc-
tion of red cell[ 51 ] . Three proteins including an-
giopoietin 1 ( ANGPT1) promote coagulation[ 52 ] .
Four proteins including proli ferating cell nuclear
antigen ( PCNA ) protect the cell or tissue under is-
chemia[ 53 ] . Three proteins including histamine re-
ceptor H3 ( HRH3) can prick up damage[ 54 ] . Seven
proteins including diablo homolog (DIABLO) pro-
mote apoptosis[ 55 ] . Ataxia telangiectasia mutated
homolog ( A TM ) induce apoptosis[ 56 ] . Baculovi ral
IAP repeat-containing 4 ( BIRC4) and 70kDa heat
shock protein 1A ( HSPA1A ) suppress apopto-
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sis[ 57 ] . Serine or cysteine peptidase inhibi tor clade
E member 1 ( Serpine 1) rest rains the function of
hepatocyte growth factor[ 58 ] . Five proteins includ-
ing FBJ murine osteosarcoma viral oncogene ho-
molog ( FOS) maintain nerve function[ 59 ] . Three
proteins including intercellular adhesion molecule 1
( Icam1) accelerates inf lammatory response[ 60 ] . So-
lute carrier family 8 member 1 ( SLC8A1) hastens
t ransportation of Ca2 + [ 61 ] . Serum glucocorticoid
regulated kinase ( SGK ) modulates the balance of
Na+ in vivo[ 62 ] . Phospholamban ( PLN) depresses
the activity of Ca2 + A TPase[ 63 ] . The meaningful
expression profiles of these genes are same or simi-
lar at some point while di fferent at others, indicat -
ing that they may co-regulate response to ischemia .
Among them, fos was up- at 0 .5th - 30th, 42nd
- 48th and 120th hour af ter PH , and reached a

peak at 0 .5th hour that was 28 .4 folds of control ,
which was consistent with the results reported by

Kawaguchi K et al [ 64 ] . adm nearly up- in all LR
phase, and reached a peak at 48th and 54th hour
that was 8 folds of control . agt was up- at 1st -
24th and 144th hour af ter PH , and reached a peak
at 8th hour that was 5 folds of control . ptk2 was
up- for many periods of time af ter PH , and reached
a peak at 66th hour that was 8 .9 folds of control .
angpt1 was up- at 12th - 24th, 36th and 48th -
60th hour af ter PH, and reached a peak at 48th
hour that was 9 .2 folds of cont rol . lcn2 was nearly
up- for all the LR, and reached a peak at 24th hour
that is 257 .2 folds of cont rol . e2f1 was up- at 18th
- 30th, 54th - 72nd and 120th hour af ter PH , and

reached a peak at 24th hour that was 21 .2 folds of
cont rol . ser pine1 was up- at 1st - 48th hour af ter
PH, and reached a peak at 6th hour that was 16 .7
folds of control . I t is speculated that the genes
mentioned above genes play crucial roles in ischemia
response during LR .

Figure 4 .Twenty-five expression pat terns of 176 genes associated wi th the responses to ischemia, hypoxia and starvation during
LR . Expression pat terns were obtained by the analysis of detection data of Rat Genome 230 2 .0 array wi th Microsof t Excel . A
- G: 63 up-regulation genes; H - M : 63 down-regulated genes; N - P: 50 up/ down-regulated genes . X-axis represents recov-

ery time after PH (h) ; Y-axis shows logari thm ratio of the signal values of genes at each time point to control .
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  Among the proteins associated wi th response
to hypoxia, four proteins including DNA-damage-
inducible transcript 4 ( DDI T4 ) resist anoxic in-
jury[ 65 ] . EGL nine homolog 1 ( EGLN1) partici -
pates hypoxia stress[ 66 ] . Thymoma viral proto-
oncogene 1 (AK T1) can raise the activi ties of AMP
kinase to keep the heart¡¯ s normal functions[ 66 ] .
Five proteins including t ribbles homolog 3
( TRIB3 ) can accelerate apoptosis under hypoxi -
a[ 67 ] . Aryl hydrocarbon receptor nuclear transloca-
tor 2 (A RNT2) takes part in the removal of dioxins
in vivo produced under hypoxia[ 68 ] . Angiotensin I
conver ting enzyme 1 ( ACE1 ) stimulates vasocon-
st riction[ 69 ] . cAMP responsive element binding
protein 1 ( CREB1) restrains nerve excitation[ 70 ] .
Dopamine receptor 2 (DRD2) relates to spi rit anxi -
ety [ 71 ] . Four proteins including amyloid beta pre-
cursor protein (APP) play the role in nerve protec-
tion[ 72 ] . Four proteins including myelocytomatosis
viral oncogene homolog avian ( MYC) promote cell
proli feration[ 73 ] . Chemokine ligand 2 ( CCL 2) pre-
vents apoptosis[ 74 ] . The meaningful expression pro-
files of these genes show the sameness or similari ty
at some point while different at others, indicating
that they may co-regulate responses to hypoxia . A-
mong them, tr ib3 was up- at 1st , 8th - 24th
hour, 48th and 66th - 72nd hour af ter PH , and
reached a peak at 48th hour that was 4 .9 folds of
control . ar nt2 was up- at 30th - 42nd, 60th,
72nd and 120th hour af ter PH , and reached a peak
at 30th hour that was 6 .8 folds of cont rol . drd2
was up- at 0 .5th - 18th, 48th - 60th and 168th
hour af ter PH, and reached a peak at 2nd hour that
was 8 . 6 folds of cont rol . app was up- at
metaphase and anaphase af ter PH , and reached a
peak at 168th hour that was 6 .4 folds of control .
ccl2 was up- at 0 .5th - 1st , 12th - 24th , 36th,
48th - 72nd and 120th hour af ter PH , and reached
a peak at 48th hour that was 128 folds of control .
myc was nearly up- all the LR, and reached a peak
at 6th hour that was 19 .7 folds of cont rol . I t is
presumed that they play key roles in hypoxia re-
sponse during LR .

Among the proteins associated wi th response
to starvation, caspase 8 ( CASP8) and myeloid cell
leukemia sequence 1 ( MCL1 ) promote apopto-
sis[ 75 ] . Cholecystokinin ( CCK ) and melanocortin 4
receptor ( MC4R) stimulate digestion[ 76 ] . Five pro-
teins including protein kinase AMP-activated¦Á1
catalytic subunit ( PRKAA1 ) participate in the
metabolism of carbohydrates and fats[ 77 ] . Cyclin E
( CCNE1) stimulates t ransi t from G1 into S phase .
Aconitase 1 ( ACO1 ) relates to cholesterolemia

caused by excessive intake[ 78 ] . Solute carrier family
38 member 3 ( SLC38A3) participates in sodium-
dependent transportation of Glu, Asn and His[ 79 ] .
Peroxisome proliferative activated receptor gamma
coactivator 1¦Á (PPARGC1A ) can maintain temper-
ature and stabilize metabolism[ 80 ] . The meaningful
expression prof iles of these genes are same or simi-
lar at some points, whereas different at others,
suggesting that they may co-regulate responses to
starvation . Among them, pr kaa1 was up- at 0 .5th
- 12th, 48th and 144th - 168th hour af ter PH ,

and reached a peak at 4th hour that was 7 .5 folds
of cont rol , which was consistent with the results
reported by Dransfeld et al [ 26 ] . ccne1 was up at
1st - 2nd, 8th - 72nd and 120th hour af ter PH ,
and reached a peak at 24th hour that was 18 .5
folds of control . casp8 was up at 1st , 18th - 24th,
36th, 48th - 72nd and 120th - 168th hour af ter
PH, having a peak at 48th hour that was 10 .6
folds of cont rol . I t is assumed that the genes play
vi tal roles in starvation response during LR .

I n conclusion, the high-throughput gene ex-
pression analysis technique was used to investigate
the expression changes of the genes associated with
the responses to ischemia, hypoxia and starvation
in long time range ( 0 .5th hour - 7 days af ter PH)
and multiple time points ( total 23) . I t was primar-
ily confi rmed that PH can cause various physiologi-
cal responses, such as hypoxia, hypoxia and starva-
tion etc; that Rat Genome 230 2 .0 Array was a
useful tool analyzing the above responses-associated
genes at transcriptional level . However, the pro-
cesses DNA¡ú mRNA¡ú protein were inf luenced by
many factors including protein interaction, we¡¯ ll
fur ther analyze the above-mentioned results by the
techniques, such as Northern blotting, protein
chip, RNA interference, protein-interaction etc .
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Abstract : Selective injury to motor fiber but keeping primary sensory neuron intact also induced behavioral signs of
neuropathic pain . The underlying mechanism, however , is stil l unclear . Accumulating evidenceshowed that TNF-
¦Á plays an impor tant role in the process of injured nerve degeneration and the production of abnormal pain behaviours
after nerve injury .The present study was to examine the role of TNF-¦Á in the development of neuropathic pain in-
duced by lumbar 5 ventral rhizotomy (L5 VR) , a model of selective injury to motor fibre in sciatic nerve, wi th in-
t raperi toneal injection of thal idomide, an inhibitor of TNF-¦Ásynthesis, star ted before and after thesurgery . The re-
sults showed that L5 VR induced robust and long-lasting abnormal pain behaviours in bilateral hind paws of rats .
Compared wi th sham operated group and the pre-operated baseline, the signif icantly decrease of paw wi thdrawal
threshold and paw wi thdrawal latency star ted 1 day after the surgery and persisted more than 4 weeks . I ntraperi-
toneal injection of thalidomide, star ted 2 hours before surgery and once per day thereafter , significantly reduced the
mechanical allodynia and thermal hyperalgesia in bilateral hind paws induced by L5 VR . Whereas, post- treatment
wi th thal idomide as above star ted at the 7th day after operation , the established neuropathic pain induced by L5 VR
was not affected . Taken together , the above data suggested that TNF-¦Á might be playing an impor tant role in the
ini tiation, rather than maintenance, of the neuropathic pain induced by L5 VT .[ LifeScience Journal . 2006; 3(4) :
12 - 16] ( ISSN : 1097 - 8135) .

Keywords: ventral rhizotomy; neuropathic pain; TNF-¦Á; thalidomide

Abbreviat ions:CCI : chronic constraint injury ; DRG: dorsal root ganglia; L5 VR : lumbar 5 ventral rhizotomy;
SIN : sciatic inflammatory neuropathy

1  Int roduct ion

Peripheral nerve injury of ten resul ts in neuro-
pathic pain associated with hyperalgesia and allody-
nia . Although vast studies have been performed in
the past decade, the underlying mechanisms are
still remained largely unknown[ 1 ] . I n clinic, the
injured peripheral nerve, such as the lesion of sciat -
ic nerve by accident , of ten includes afferent and ef-
ferent fibers . Therefore, i t is impor tant that verify
the role of selective injury to efferent fiber in the
development of neuropathic pain . Recently , several
groups repor ted that selective injury to motor f iber
with primary sensory neuron intact by Lumbar 5
vent ral rhizotomy ( L5 V R) also induce abnormal
pain behaviors which last for several weeks af ter the
surgery[ 2 ,3 ] . And the Wallerian degeneration of in-
jured motor fiber contributes to the production of
neuropathic pain af ter L5 VR[ 4 - 6 ] . Several lines of
evidence demonstrated that cytokines and nerve
growth factors play an important role in the process
of injured f ibre degeneration as well as the develop-

ment of neuropathic pain subsequently[ 6 - 8 ] . A-
mong them, TN F-¦Á appears to play a key role for
the initiation of injured nerve degeneration af ter
sciatic nerve or spinal nerve injury[ 9 - 11 ] . Whereas,
whether the TNF-¦Á plays a role in the neuropathic
pain induced by L5 V R is still unclear . So the pre-
sent study was to examine the role of TNF-¦Á in the
induction and maintenance of the neuropathic pain
induced by L5 V R with int raperi toneal injection of
thalidomide, an inhibi tor of TN F-¦Á synthesis,
started 2 hours before and the 7th day af ter L5
V R, respectively .

2  M ater ials and Methods

2 .1  Animals
Male Sprague-Dawley rats weighing 180 - 250

g were used . The rats were housed in separated
cages wi th f ree access to food and water . The room
temperature was kept at 24¡À 1¡æ under a 12¡Ã12
light-dark cycles . All animal experimental proce-
dures were approved by the local animal care com-
mi ttee and were carried out in accordance with the
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guideline of the National Institutes of Health on an-
imal care and the ethical guidelines for investigation
of experimental pain in conscious animal[ 12 ] .
2 .2  Surgical procedures of L 5 VR

All experimental procedures were done on rats
that were deeply anesthetized with sodium pento-
barbi tal ( 50 mg/ kg body weight , i . p .) . Special
care was paid to prevent infection and to minimize
the inf luence of inflammation . The L5 VR was
done following the procedures described by Li et
al [ 2 ] . Brief ly , af ter a midline skin incision in the
L4 - S1 region, the lef t L5 vertebra was f reed of i ts
muscular at tachment .A n L 5 hemilaminectomy was
performed, and the dura matter and arachnoid
membrane were incised . The L5 vent ral root was i -
dentif ied as i t lays at the most lateral side of spinal
canal and just beneath the dorsal root . The vent ral
root was gently pulled out and carefully transected
2 - 3 mm proximal to the dorsal root ganglia
(DRG) . Great care was taken to avoid any damage
to the nearby L5 dorsal root and its DRG . In the
sham group, all procedures of operation were iden-
tical with the experimental group except that the
exposed ventral root was not t ransected . Af ter
surgery, the wound was washed with saline and
closed in layers with 3 - 0 silk thread . A t the end
of each study, animals in L5 V R groups were
deeply anesthetized with int ra-peri toneal 20% ure-
thane and were dissected to verify that the lesions
were done at the correct level . Animals that had a
lesion at wrong level were excluded from the study .
2 .3  Behavioural tests and drug del ivery

The rats were accommodated to the testing en-
vi ronment by exposed to the testing chambers for a
period of 15 - 20 minutes on three separate days
just prior to the pre-operative testing . Mechanical
sensitivity was assessed using von Frey hai rs and
the up-down method following the procedure de-
scribed previously [ 13 ] . Brief ly , three rats were
placed under separate transparent Plexiglas cham-
bers posi tioned on a wire mesh f loor . Five minutes
were allowed for habi tuation . Each stimulus con-
sisted of 2 - 3 seconds application of the von Frey
hai r to the middle of the plantar surface of the foot
with 5 minutes interval between stimuli . Quick
withdrawal or licking of the paw in response to the
stimulus was considered a positive response .

Heat hypersensitivity was tested using the
plantar test ( 7370 , UgoBasile, Comeria, I taly) ac-
cording to the method described by Hargreaves et
al [ 14 ] . Briefly , a radiant heat source beneath a
glass floor was aimed at the plantar surface of the

hind paw . Three measurement of latency were tak-
en for each hind paw in each test session . T he hind
paw was tested alternately wi th greater than 5 min-
utes intervals between consecutive tests . The three
measurements of latency per side were averaged as
the resul t of per test . Two persons performed the
behavioral tests and only one knew the design of
the study .

To investigate the role of TNF-¦Á in neuropath-
ic pain induced by L5 V R, drug delivery was per-
formed as follows . Thalidomide ( Sigma, St .
Louis, USA ) was dissolved in dimethyl sulfoxide
(DMSO) and then diluted in saline to a final con-
cent ration of 20 mg/ ml ( the concentration of DM-
SO was 10% , v/ v ) . I n one group of rats thalido-
mide was injected ( 50 mg/ kg ) int raperi toneally
( i . p .) 2 hours before surgery and once per day
thereaf ter until the 7th day af ter surgery . I n anoth-
er group of rats the same dose of thalidomide as
above was injected at the 7th day af ter surgery, and
once per day thereaf ter for 7 days . The control
group received vehicle injection .
2 .4  Statisti cal analysis

Di fferences in changes of values over time were
tested using Friedman ANOVA followed by
Wilcoxon matched pairs . The data between groups
on a given testing day were analyzed with Mann-
Whi tney U test . Statistical test were performed
wi th SPSS 10 .0 ( SPSS Inc, USA ) . A ll data are
expressed as mean¡À SE . P < 0 .05 was considered
significant .

3  Results

3 .1  L5 VR induced mechanical and heat hypersensi-
tivi ty in bilateral hind paws of rats

I n consistence with a previous work[ 2 ] , we
found that selective transection of L5 vent ral root
produced robust and prolonged bilateral mechanical
allodynia and thermal hyperalgesia . Af ter L5 V R,
the paw wi thdrawal thresholds on the ipsilateral
side were signif icantly decreased compared with
pre-operative baseline ( P < 0 .001) and wi th those
in sham operated group ( P < 0 .001, Figure 1A ) .
The paw withdrawal thresholds of contralateral
hind paw were also signi ficantly decreased af ter L5
V R . In the same group of rats paw withdrawal la-
tencies to radiant heat on both ipsi- and contralater-
al sides were significantly lower compared with
baseline ( P < 0 .05, Figure 1B ) and with those in
sham operated group ( P < 0 .01 , Figure 1B ) .The
behavioural signs of neuropathic pain persisted more
than 4 weeks af ter L5 VR .
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Figure 1 .L5 VR induced pain-related behaviors in bilateral hind paws
A : Show the changes of paw wi thdrawal threshold in bi lateral hind paws following L5 VR . B: Show the changes of paw wi th-
drawal latency in bilateral hind paws following L5 VR . The results revealed that both paw wi thdrawal threshold and paw wi th-
drawal latency exhibi ted asignificantly decrease compared wi th pre-operative baseline as wel l as sham operated group star ting on
day 1 and persistent for more than 4 weeks af ter L5 VR . * : P < 0 .05 , * * : P < 0 .01 vs . thesham operated group, respective-
ly .

3 .2  The effects of pre-t reatment with thalido-
mide intraper toneal injection on L5 VR induced
neuropathi c pain in rats

To evaluate the role of TNF-¦Á in the neuro-
pathic pain induced by L5 V R, thalidomide, a spe-
ci fic inhibitor of TNF-¦Á synthesis, was injected in-
traperitoneally ( 50 mg/ kg) before L5 V R . In eight
rats t reated with the drug, started at 2 hours before
L5 VR and once daily thereaf ter until 7 days af ter
surgery , the paw withdrawal thresholds of bilateral
hind paws displayed an ini ti al decrease at the 1st
day and 3rd day af ter operation, but returned to
normal at the 7th day , and then maintained at the
level up to 13 days af ter operation ( Figure 2A ) .
The paw withdrawal thresholds between thalido-
mide treated group and vehicle t reated group were
not significantly different until the 5th day af ter
operation ( P > 0 .05, Figure 2A ) . I n the same
group of rats the decrease of paw wi thdrawal laten-
cies to radiant heat was completely abolished . I n
contrast, in vehicle treated group the paw with-
drawal latency dropped signi ficantly af ter L5 V R
( Figure 2B) . The difference of bilateral paw with-
drawal latencies between thalidomide treated group
and vehicle t reated group was signif icant from the
1st day to the 13th day af ter surgery ( P < 0 .01,
Figure 2B) .
3 .3  The effects of post-treatment with thalidomide
on the established neuropathic pain following L5 VR
in rats

To evaluate the effect of thalidomide on the estab-
lished neuropathic pain, administration of thalidomide
was designed at the 7th day af ter surgery . Although
the animals received injection of thalidomide once daily
for 7 days, the paw wi thdrawal threshold as well as
paw withdrawal latency between the thalidomide treat-

ed group and vehicle treated group was not different ( P
> 0 .05, Figure 3A - B) . These results suggest that
the abnormal pain behaviours can be abolished or allevi-
ated by inhibition of the TNF-¦Á synthesis at the early
stage of the neuropathic pain rather than when it has
been established .

4  Discussion

In the present study , we found that L5 VR
induced long-lasting abnormal pain behaviours in
bilateral hind paws in rats . Intraperitoneal injection
of thalidomide started before surgery signi ficantly
reduced the mechanical allodynia and completely
blocked the thermal hyperalgesia af ter L5 V R .
Whereas, post- treatment wi th thalidomide started
at the 7th day there is no effect on the established
neuropathic pain . I t suggests that the TNF-¦Ámight
be playing an impor tant role in the initiation, but
not maintenance, of the neuropathic pain induced
by L5 VR .
4 .1  L5 VR induced neuropathic pain in rats

As repor ted by several groups previously[ 2 , 3 ] ,
L5 V R in the present study also induced abnormal
pain behaviours to a similar extent as in rats re-
ceived lumbar 5 spinal nerve ligation . Vent ral root
consist of myelinated efferent f ibers mainly, and
the unmyelinated afferent f ibers less than 4% .
Furthermore, very recent study shows that selec-
tive t ransected L5 dorsal root failed induced pain-
related behaviors[ 15 ] . Therefore, the motor fiber
injury produced by L 5 V R induced the pain related
behaviors in the present study . I t indicates that not
only primary sensory afferents but also motor fibre
injury responsible for the development of neuro-
pathic pain af ter peripheral nerve injury .
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Figure 2 .Pre- treatment wi th thalidomide reduced the pain- related behaviors produced by L5 VR
A - B: Intraperitoneal injection of thalidomide (50 mg/ kg) , applied 2 hours before L5 VRT and once daily thereaf ter until 7 days af ter

surgery , attenuated mechanical allodynia (A ) and thermal hyperalgesia (B) .* P < 0 .05; * * P < 0 .01; * * * P < 0 .001 vs . vehicle group
( thalidomide treated group, n = 8; vehicle treated group, n = 6) .

Figure 3 .Effect of t halidomide on the established neuropathic pain induced by L5 VR
Compared with vehicle t reated group, thalidomide applied at the 7th days af ter operation and once dail y thereaf ter has no effect on the es-
tablished mechanical allodynia ( A) and thermal hyperalgesia (B) .

4 .2  The role of TNF-¦Á in the development of
neuropathi c pain induced by L5 VR

Accumulating evidence shows that Wallerian
degeneration contributes to the development of neu-
ropathic pain af ter nerve injury . TNF-¦Á is the pio-
neer cytokine, which released 4 to 6 hours af ter
nerve injury , and play a key role in the initiation of
the Wallerian degeneration of injured fibers and
neuropathic pain subsequently[ 8 ;16 - 18 ] . L5 V R cre-
ated a selective injury to motor f iber but keeping
sensory neuron intact and induced neuropathic
pain . One possible explanation for the result is that
Wallerian degeneration of the injured fibers in the
peripheral nerve leads to changes in adjacent , unin-
jured primary afferents . Therefore, inhibited the
synthesis of TNF-¦Á, may be delayed the process of
Wallerian degeneration of the injured motor fibers
and prevented the development of neuropathic
pain . Thalidomide reduces TNF-¦Á production in
macrophages by reducing TNF-¦Á mRNA half-
li fe[ 19 ] . Previous studies showed that thalidomide

also exhibits a potent inhibi tion to the production of
TNF-¦Á in injured nerve[ 20 , 21 ] . I n the present
study, pre-treatment with thalidomide intraperi-
toneal injection signi ficantly reduced abnormal pain
behaviours following L5 V R . However , thalido-
mide treatment star ted at 7 days af ter L5 V R there
is no any effect on the established neuropathic pain .
I t indicates that TNF-¦Á plays an important role in
the ini ti ation of the neuropathic pain induced by the
selective motor fibre injury , and therefore our data
provides a therapeutic window for t reatment the
patient of neuropathic pain with the blocker of
TNF-¦Á in clinic .

Previous studies have demonst rated that acute
injection of zymosan around the sciatic nerve pro-
duces bilateral mechanical allodynia[ 22 ] and that
spinal glia and proinflammatory cytokines, includ-
ing TNF-¦Á, play impor tant roles in the so-called
sciatic inf lammatory neuropathy (SI N) , since both
ipsilateral and mirror image allodynia can be attenu-
ated by a glial metabolic inhibitor or by blockage of
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the action of TNF-¦Á[ 23 , 24 ] . Apparently , it is in a-
greement wi th our discovery in the present study .
I t has been shown that intrathecal administration of
low dose carbenoxolone, a gap junction decoupler,
reverses mirror image pain, while leaving ipsilateral
mechanical allodynia unaffected in SIN or chronic
const raiut injury ( CCI ) model [ 25 ] . Accordingly,
we speculate that the communications through gap
junctions bet ween ipsi- and contralateral spinal dor-
sal horn may contribute to L5 VR induced mirror
image pain in contralateral hind paw .
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Abstract :Object ive .To characterize the serum proteomic pattern and i ts relationship wi th surveillance and prognosis
in judgment of patients wi th invasive cervical cancer . Methods . A total of 166 serum samples, including group A of
49 patients wi th invasive cervical cancer and 71 age-matched heal thy women; and group B of 49 invasive cervical
cancer patients, 24 invasive cervical patients wi th radical hysterectomy and pelvic lymphadenectomy and 22 review
patients at the 3rd month after surgery , were tested by SELDI-TOF-MS wi th I MAC-Cu . Group A was to build a
diagnosis model and detect the significant proteins that might be potentially as biomarkers . The significant proteins
from group A were compared with group B . Results . 47 proteins were detected wi th a signif icant level of P < 0 .01
from group A . 6 proteins wi th m/ z value of 8929 .31 ,7930 .52 ,9127 .31,8141 .01,7963 .06 and 9280 .63 had high
score( > 95%) in building a model of decision t ree classif ication algori thm for invasivecervical cancer detection . The
accuracy , sensitivi ty and specificity of m/ z value of 8929 .31 were 98 .33% , 97 .96% and 98 .59% respectively .
The 6 proteins, which appeared to be down-regulated in patients wi th invasive cervical cancer , had gradually re-
t rieved in a level of P < 0 .01 after surgery , except m/ z value of 9280 .63 , and continuously climbed in a level of P
< 0 .01 at the time of 3 months postoperation including 9280 .63 . Conclusions .The six proteins as a novel group of
biomarkers could potentially be used for the t reatment surveillance and prognosis prediction of cervical cancer .[ L ife
Science Journal . 2006;3(4) :17 - 22] ( ISSN : 1097 - 8135) .

Keywords: SELDI -TOF-MS; cervical cancer ; radical hysterectomy; pelvic lymphadenectomy; biomarker

Abbreviat ions: SELDI -TOF-MS:surface-enhanced laser desorption/ ionization time-of-f light mass spect rometry

1  Int roduct ion

Cervical cancer remains an important public
heal th problem, ranking second only to breast can-
cer as the most common malignancy among women
worldwide, especially in developing count ries . Ac-
cording to Global Cancer Statistics published in
2005[ 1 ] , the estimate annual number of new cases
of cervical cancer worldwide is 492 ,000 and the es-
timated number of deaths is 274, 000 in the year of
2002 . However, there are only 83, 000 new cases,
40 , 000 deaths in developed countries while 409,
000 new cases and 234, 000 deaths in developing
count ries . I n general terms, i t is much more com-
mon in developing count ries . Routine screening has
decreased the incidence of invasive cervical cancer,
but invasive cervical cancer is still more common in
women middle aged and older of poor socioeconomic
status, who are less likely to receive regular screen-
ing and early treatment [ 1 ] . The cause of cervical
cancer is not very clear . I nfection with specific sub-
types of human papillomavi rus has been strongly
implicated in cervical carcinogenesis but HPV infec-
tion alone is insuff icient for malignant transforma-
tion[ 2 ,3 ] . The information regarding tumor type,

grade, extent of invasion and metastasis and com-
pleteness of excision, etc were histopathologically
provided . The treatment scheme and assessment of
prognosis at present are based on clinical fea-
tures[ 4 - 10 ] , such as clinical stage, differentiation of
the cancer cells, the metastasis of pelvic lymph
nodes, surgical margin involved, deep stroma inva-
sion and paramet rial extension . And the prognosis
of cervical cancer patients has improved in the past
decade as a result of improvements in screening pro-
grams and early detection[ 1 ,11 - 15 ] , advanced in
surgery[ 4 , 16 ] , radiotherapy and chemothera-
py[ 17 - 20 ] . However , not all early stage patients
wi th cervical cancer are cured . Some cases may be
recurrent or even lead to death[ 21 ] . Cervical cancer
related biomarkers have not been well character-
ized . Protein expression in serum of patients with
invasive cervical cancer should contain information
about cancer development and progression . Utiliza-
tion of this information for discovering biomarkers
that could be used to moni tor the treatment re-
sponse and to predict the prognosis of cervical can-
cer patients could be possible if a tool can be devel-
oped to rapidly analyze and display changes in pro-
tein expression . I n fact , it appears that no single
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biomarker , or few speci fic tumor markers will be
effective in improving detection, t reatment, and
prognosis in cervical cancer . Proteomic technolo-
gies, especially the surface-enhanced laser desorp-
tion/ ionization time-of-f light mass spectromet ry
(SELDI-TOF-MS) technology, are providing the
tools needed to discover a group of disease-associat -
ing biomarkers[ 22 - 24 ] . The SELDI-TOF-MS tech-
nology coupled wi th different protein chips facili -
tates protein profiling of complex biological mix-
tures . Therefore, the present study was undertak-
en to characterize the serum proteomic patterns in
cervical cancer and to correlate these molecules with
cervical cancer prognosis .

2  Materials and Methods

2 .1  Serum samples
A total of 166 serum specimens were obtained

from the department of gynecology and medical ex-
amination center , the First Affiliated Hospital ,
Zhengzhou University ( Zhengzhou, China) f rom
June 1 , 2005 to November 31, 2005 . They were
divided into two groups: group A of 49 patients
with invasive cervical cancer and 71 age-matched
heal thy women; group B of 49 invasive cervical
cancer patients, 24 patients with invasive cervical
cancer whose serum samples were collected on the
10th day af ter radical hysterectomy and pelvic lym-
phadenectomy and 22 review patients at the time of
3 months af ter operation . A ll consenting patients
with invasive cervical cancer were histopatholo-
gically diagnosed by biopsy and reconfi rmed
histopathologically af ter operation . Serum samples
of patients wi th invasive cervical cancer were col -
lected f rom the patients without any treatment such
as chemotherapy, radiotherapy , etc . All blood
samples were taken af ter overnight fasting . The
medial age of patients with invasive cervical cancer
was 47 years old (25 - 75 years old) and the medial
age of the control group was 45 years old ( 22 - 73
years old) . There was no statistically signif icant
difference in the ages between the patients and con-
trols ( P > 0 .05) . The clinical staging was accord-
ing to the criteria of Federation of I nternational
Gynecologists and Obstet rician (FIGO) . T he clini -
cal characteristics of 49 patients with invasive cervi -
cal cancer were listed in Table 1 .

Table 1 .  Patients characteristics ( n = 49)
FIGO stage

  ¢ñb - ¢òa 39 {(79 .59% )
  > ¢òa 10 {(20 .41% )

Histopathology
  Squamous cell 45 {(91 .84% )
  Others 4 {(8 .16%)

2 .2  Preparation of serum samples for SELDI
analysis

3 ml blood sample was obtained and cen-
t rifuged with 2, 000 rpm at 4 ¡æfor 10 minutes
wi thin 30 minutes af ter collection . A ll serum sam-
ples were aliquoted into 100 ¦Ì l and stored at - 80
¡æ until use . Serum samples for SELDI-TOF anal-
ysis were prepared by vor texing 5 ¦Ì l of serum with
10 ¦Ì l (1¡Ã2) U9 ( 9 mol/ L urea, 2% Chaps, 50
mmol/ L Tris-HCl , pH 9 .0 ) at 4 ¡æ for 30 min-
utes, and then diluted to 1¡Ã12 in binding PBS
buffer ( pH 7 .0) , vortexed at 4 ¡æ for 30 minutes .
Eight-spot immobilized metal affinity capture array-
Cu ( I MAC-Cu) chips ( Ciphergen Biosystems, Fre-
mont, CA , USA ) was put onto a bioprocessor , a
device that holds chips . The spots were activated
wi th 50 ¦Ì l of 100 mmol/ L CuSO4 and vor texed for
5 minutes, followed by a deionized water rinse,
then 50 ¦Ì l of 100 mmol/ L sodium acetate buffer
( pH 4 .0) was added to each array and shaken for 5
minutes, followed by a deionized water rinse again .
The activated array surfaces were equilibrated with
150¦Ì l of PBS ( pH 7 .0 ) , agitated for 5 minutes,
twice . 50 ¦Ì l of diluted sample were applied onto
the array surface and shaken at 4 ¡æ for 60 min-
utes . Then the chips were washed twice, wi th 150
¦Ì l of PBS for 5 minutes each wash cycle . The chips
were removed from the bioprocessor, ai r-dried . Be-
fore SELDI-TOF-MS analysis, 0 .5 ¦Ì l of a saturat-
ed EAM solution ( sinapinic acid in 50% aqueous
acetonitrile and 0 .5% t rifluoroacetic acid) was ap-
plied onto each spot twice and air-dried between
each EAM application .
2 .3  SELDI-TOF-MS analysis

The chips were placed in the PBS-¢ò mass
spect rometer reader ( Ciphergen Biosystems, Fre-
mont, CA , USA ) . Time-of-flight mass spectra
were generated by averaging 90 laser shots at a
laser intensity of 180 and a detector sensitivity of
9 . The spect ra were calibrated by using the All-in-
1 protein molecular mass standard ( Ciphergen
Biosystems, Fremont , CA , USA ) . The repro-
ducibility of the SELDI-TOF system was deter-
mined using two representative serum samples: one
from the healthy cont rols and the other from the
cervical invasive cancer patients, according to the
manufacturer¡¯s instructions .
2 .4  Stat ist ical analysis of SELDI-TOF-MS spec-
t ra

A ll spectra were compiled, and the peak inten-
si ties were normalized to the total ion current of
mass to charge ( m/ z ) values from 1, 500 Da to
15, 000 Da using ProteinChip Sof tware 3 .2 .0 ( Ci-
phergen Biosystems, Fremont , CA , USA ) . The
cluster data was analyzed by using Biomarker Pat-

¡¤81¡¤

Li fe Science Jour nal , 3( 4) , 2006, Guo, et al , Serum Proteomic Analysis on Invasive Cer vical Cancer



tern Sof tware 4 .0 .1 and Biomarker Wizard Sof t -
ware ( Ciphergen Biosystems, Fremont , CA ,
USA) . The construction of the decision t ree classi -
fication algorithm wi th ten fold cross validation
were accomplished . I t creates t ree-like st ructured
decision diagrams by splitt ing the original dataset
( parent node) into two nodes ( child nodes) of
highest possible purity, in which splitt ing decision
was defined as the intensity levels of one peak .
Each child node then becomes a parent node at the
time of creation and can be the origin of a new
split . The splitt ing process continued till terminal
nodes . The classif ication of terminal nodes was de-
termined by the group of samples ( i .e . invasive
cervical cancer or control ) representing the majori ty
of samples in the corresponding node . Variable im-
por tance scores ref lect the contribution of each vari -
able to classification . The variable used to spli t the
root node was ranked as the most important . The
variable received a zero score, indicating that i t did
not play any role in the analysis as either primary
splitters or surrogates . Sensitivity was calculated as
the ratio of the number of correctly classif ied cancer
samples to the total number of cancer samples while
specif icity was calculated as the ratio of the number
of non-cancer samples correctly classif ied to the to-
tal number of non-cancer samples . t test and One-
Way ANOVA (SPSS Software 11 .0) were used for
comparison the mass peaks of group B .

3  Results

47 qualified mass peaks were identified wi th a
signif icant level of P < 0 .01 ( Figure 1 ) . 6 mass
peaks of them wi th the m/ z value of 8929 .31,
7930 .52, 9127 .31, 8141 .01, 7963 .06 and 9280 .63
were of importance as decision t ree classi fication al -
gorithm ( classi fication score > 95% ) , which ap-
peared to be down regulated in patients wi th inva-

sive cervical cancer . The score in classi fication, in-
tensity of split and the mean intensity were shown
in Table 2 . The decision t ree model with m/ z value
of 8929 .31 had automatically built wi th the least
nodes and lowest ratio of mis-judged wrong classif i-
cation (Figure 2) . A nd the judgment of cancer or
healthy control was made according to the rules of
the model tree . This model has correct classi fica-
tion ratio of 98 .33% , sensi tivi ty of 97 .96% ,
specifici ty of 98 . 59% . T he mass spectrum and
pseudogel view of m/ z value of 8929 . 31 were
shown in Figure 3 . The intensi ty of this 6 mass
peaks, had gradually ret rieved in a level of P <
0 .01 af ter operation, except m/ z value of 9280 .63
(a lit tle lower than preoperation 0 .6307¡À0 .5789/
0 .4339¡À 0 .2940) , and continuously climbed in a
level of P < 0 .01 at the time of 3 months postoper-
ation including 9280 .63 . Comparison of intensities
of this 6 mass peaks wi thin group B was listed in
Table 3 . Resul ts of t test for the 6 mass peaks of
every variable in group B were shown in Tables 4
and 5 .

4  Discussion

Proteins carry out most of the cellular func-
tions . Therefore, the di rect measurement of pro-
tein levels and activi ty within the cell is the best de-
terminant of overall cellular function . However , as
the range of protein expression and modi fication is
dynamic, i t is a clear need for high-throughput as-
says in proteomics .Here, the novel proteomic ana-
ly tical technique referred to as SELDI technology
becomes a valuable tool in determining the presence
of protein within a sample . This high throughput ,
array-based technology can bring us closer to a bet-
ter understanding of cellular f unctions at the protein
level . I t produces spectra based on the m/ z of com-
plex proteins and on thei r binding aff ini ty to the
chip surface[ 23 - 25 ] .

Figure 1 .Serum proteomic mass peaks from 47 invasive cervical cancer patients and control group . Y axis represents the relative
intensity of protein , X axis is the ratio of mass to charge of protein . Red circle represents cervical cancer patients, and blue
square means the healthy women .
Figure 2 .The decision tree model wi th m/ z value of 8929 .31 . A case goes left if the intensity of 8929 .31¡Ü1 .864 otherwise it
goes right .
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Figure 3 .The mass spectra and gel view of M8929 .31 . Y axis is the relative intensi ty of proteins; X , the ratio of mass to
charge .

Table 2 .  The score and spli t intensi ty in value of classif ication algori thm, mean intensi ty and standard deviation(«…x¡À s) of the
six signif icant proteins in the sera of invasive cervical cancer patients and control group

m/ z Score Spli t Control(«…x¡À s) Cervical cancer(«…x¡À s) P
8929 ê.310 100 £1 u.864 19 Ó.88393¡À13 .34943 0 0.407668¡À0 .307375 0 ‰.0000
7930 ê.527 98 G.25 1 u.427 4 ¥.541067¡À2 .145074 0 0.325958¡À0 .198719 0 ‰.0000
9127 ê.317 98 G.25 0 u.746 4 ¥.884198¡À2 .960881 0 0.137516¡À0 .112587 0 ‰.0000
8141 ê.019 98 G.12 1 u.506 5 ¥.043384¡À1 .486190 0 0.483423¡À0 .317135 0 ‰.0000
7963 ê.060 97 G.35 1 u.406 3 ¥.343155¡À1 .106128 0 0.340217¡À0 .263501 0 ‰.0000
9280 ê.430 97 G.00 2 u.650 7 ¥.370173¡À2 .190772 0 0.630661¡À0 .578872 0 ‰.0000

Table 3 .  Mean intensi ty and standard deviation(«…x¡À s) of the six mass peaks wi thin group B ( One-Way ANOVA)
m/ z Cervical cancer Postoperation 3 |-month review F P

8929 ¤.31 0 a.4077¡À0 .2074 0 `.7062¡À0 .2409 1 _.6468¡À0 .6334 74 \.391 0 s.000
7930 ¤.53 0 a.3256¡À0 .1987 0 `.8375¡À0 .4328 2 _.5177¡À1 .0523 113 s.575 0 s.000
9127 ¤.32 0 a.1357¡À0 .1106 0 `.3419¡À0 .2036 0 _.5446¡À0 .2654 40 \.516 0 s.000
8141 ¤.02 0 a.4834¡À0 .3171 1 `.1481¡À0 .8371 2 _.0022¡À0 .6673 55 \.530 0 s.000
7963 ¤.06 0 a.3402¡À0 .2635 0 `.6518¡À0 .3728 1 _.6923¡À0 .4796 113 s.506 0 s.000
9280 ¤.43 0 a.6307¡À0 .5789 0 `.4339¡À0 .2940 1 _.3837¡À0 .6642 19 \.410 0 s.000

Table 4 .  Changes of the six mass peaks between invasive
cervical cancer and postoperation ( t test )

m/ z Cervical cancer Postoperation
8929 Á.31

«…x¡À s 0 O.4077¡À0 .2074 0 ”.7062¡À0 .2409
t 4 �.0285
P 0 �.0001

7930 Á.52
«…x¡À s 0 O.3256¡À0 .1987 0 ”.8375¡À0 .4328

t 5 �.2984
P 0 �.0000

9127 Á.31
«…x¡À s 0 O.1357¡À0 .1106 0 ”.3419¡À0 .2036

t 4 �.4613
P 0 �.0001

8141 Á.01
«…x¡À s 0 O.4834¡À0 .3171 1 ”.1481¡À0 .8371

t 3 �.6098
P 0 �.0014

7963 Á.06
«…x¡À s 0 O.3402¡À0 .2635 0 ”.6518¡À0 .3728

t 4 �.0342
P 0 �.0001

9280 Á.43
«…x¡À s 0 O.6307¡À0 .5789 0 ”.4339¡À0 .2940

t 1 �.8964
P 0 �.0621

Table 5 .  Comparison intensi ties of the six mass peaks be-
tween postoperation and review ( t test )

m/ z Postoperation Review
8929 V.31

«…x¡À s 0 ä.7062¡À0 .2409 1 ä.6468¡À0 .6333563
t 6 œ.5111
P 0 œ.0000

7930 V.52
«…x¡À s 0 ä.8375¡À0 .4328 2 ).5177¡À1 .0523

P 6 œ.9259
t 0 œ.0000

9127 V.31
«…x¡À s 0 ä.3419¡À0 .2036 0 ).5446¡À0 .2654

P 2 œ.8431
t 0 œ.0069

8141 V.01
«…x¡À s 1 ä.1481¡À0 .8371 2 ).0022¡À0 .6673

P 3 œ.7421
t 0 œ.0005

7963 V.06
«…x¡À s 0 ä.6518¡À0 .3728 1 ).6923¡À0 .4796

P 8 œ.0343
t 0 œ.0000

9280 V.43
«…x¡À s 0 ä.4339¡À0 .2940 1 ).3837¡À0 .6642

t 6 œ.1332
P 0 œ.0000
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  Comparisons of the protein peak patterns ob-
tained from samples representing different status
are expected to provide detailed diagnostic patterns
classif ying cellular or pathological status . I t needs
low amounts of complex biological specimens, no
protein tagging and can be run automatically . Only
the mass values detected both reproducibly and reli -
ably are required to make a correct classif ication or
diagnosis without necessary to know the identi ties
of the masses only for the purpose of di fferential di -
agnosis . SELDI-TOF-MS technology provides a
better and easier tool to identify the complex serum
protein prof iling . This technology has been success-
fully applied for analyzing protein expression in sev-
eral kinds of cancer , such as breast cancer[ 26 ] ,
prostate cancer[ 27 ] , cancer of digestive sys-
tem[ 28 - 30 ] , gynecologic cancer[ 31 - 33 ] , etc . Most of
those studies demonstrated the diagnostic abili ty of
SELDI for protein profiles and its potential utili ty
for cancer detection and diagnosis .

To our best knowledge, cervical cancer has not
been found potential biomarkers, which can be
used for detection, diagnosis, treatment surveil -
lance and prognosis prediction . Treatment surveil -
lance and prognosis prediction has played a pivotal
role in a complete treatment scheme of patients
with cervical cancer . I t could not only rely on the
experiences of gynecologists and oncologists but also
on some objective signs such as biomarkers . I n this
study, 6 peaks were identif ied as the potential
biomarkers with a significant level of P < 0 .01 and
a signif icant score in a decision tree classification al -
gorithm with high sensi tivi ty and specif icity . The 6
mass peaks, down regulated in patients wi th inva-
sive cervical cancer , were slowly retrieved af ter op-
eration except m/ z value of 9280 .43 , a li ttle lower
than preoperation ( P > 0 .05 ) . Af terwards they
were continuously climbed in a level of P < 0 .01
including m/ z of 9280 .43 until 3-month review af-
ter operation . However , they were still more less
than in heal thy women even at the time of 3-month
review . So they would be thought as a group of
protective factors or tumor-suppressor , proteins or
peptides . They are of importance in the ini ti ation,
progression of cervical cancer . Therefore i t would
be possible that the 6 mass peaks could be used as
novel potential biomarkers for monitoring and as-
sessing the t reatment effect , predicting the progno-
sis of invasive cervical cancer . I f one or more of
them is declined or keeps same level af ter treat -
ment , the treatment scheme for patients wi th cer-
vical cancer would not be ideal or the remaining
cancer cells would be proliferating . Based on this,
we may proceed with further studies using this

SELDI-TOF-MS technology in a large population,
particularly in review patients wi th formal treat-
ment for invasive cervical cancer , at least up to the
5-year survival year . A nd the fur ther efforts would
be invested in purifying, identifying and character-
izing these proteins or peptides for better under-
standing what biological role these proteins or pep-
tides may play in the carcinogenesis of cervical can-
cer . So their exact identit ies will be possible to find
a more simple way to test them for clinical uses .
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Expressi ons of P33I NG1 and P53 Protein in

Human L ung Cancer Tissues

Haiyan Dong, Yongjun Wu, Y iming Wu

Col lege of Publ ic Heal th, Zhengzhou Universi ty, Zhengzhou, Henan 450052, Chi na

Abstract :A im . The inhibi tor of growth 1 ( I NG1) gene is a novel candidate tumor suppressor gene and involve in
the regulation of the cell cycle, senescence, and apoptosis . This study aims to evaluate the expression of P33I NG1
protein , the product of ING1 , wi th P53 protein in thesame human lung cancer tissues . Methods . Human lung tis-
sues were col lected and classif ied into three groups, 31 cases of tumor tissues ( A) , 21 and 12 cases of tumor-adja-
cent lung tissues which were 3 cubic cm (B) and 5 cubic cm (C) by volume, respectively . 21 cases from group A
were paired wi th those from group B ( A-B) ; 12 cases from A-B were paired wi th those from group C ( A-B-C) .
Immunoblotting was employed to detect P33ING1 expression in both tumor and tumor-adjacent lung tissues to as-
certain the co-occurrence of P33ING1 wi th P53 protein . Results . The expression level of P53 was elevated of tis-
sues in group A ( 12 of 21 ,57 .1%) . In contrast , the expression level of P33ING1 decreased (14 of 21 ,66 .7% ) of
the tissues from the same group . There was not significant linear relationship between P53 and P33ING1 protein
expression ( P > 0 .05) by correlation analysis and McNemar¡¯s Test .Conclusions . This study first demonstrated
that P33ING1 protein was down-regulated in lung cancer tissues, implying that i t might play a role in carcinogene-
sis of lung cancer . In contrast to previous repor ts, this study didn¡ t̄ find the correlation between P33ING1 and P53
protein expression . Fur ther studies will be conducted on gene polymorphism by larger volume of tissue samples .
[ L ife Science Journal . 2006;3(4) :23 - 26] ( ISSN : 1097 - 8135) .

Keywords: Lung cancer ; P33I NG1 ; P53

Abbreviat ions: I NG1 : inhibi tor of growth 1

1  Int roduct ion

Recently , studies on genes and thei r functional
products have become hot in life science research .
Exploration of interactions among diverse gene
products is a crit ical issue in the f ield of pro-
teomics . ING1 ( inhibi tor of growth 1 ) , a new
candidate tumor suppressor gene, was identif ied in
the subtelomeric region of human chromosome
13q33 - 34 . Suppression of I NG1 expression is asso-
ciated wi th increased proli feration and immortaliza-
tion . This growth inhibi tor participates in cell cycle
regulation . Overexpression of ING1 from t rans-
fected DNA constructs efficiently decreases S-phase
fraction through blocking the entry of cell into S-
phase, fur ther leading to inhibition of normal cell
growth . The repression of I NG1 expression fre-
quently occurs wi th tumor development of breast
cancer , stomach cancer , lymphoma, and so on . I t
has been reported that the growth inhibi tory effect
of P33ING1 directly cooperates wi th P53 protein
in vivo . However, the expression of I NG1 gene
has not been determined yet in lung carcinoma tis-
sue . P53 protein plays a crit ical role in the regula-
tion of cell proliferation, apoptosis and cellular ag-
ing, and is associated wi th tumor development .
The mutation of p53 gene is an early event in the

pathogenesis of lung cancer [ 1 ] , so p53 could be ap-
plied for early lung cancer forecast . However , there
are about 50% cases of lung cancer without p53
gene mutation . I t is shown that p53 suppressing
effect on tumor growth is regulated and modulated
by other genes or proteins . So far , it is very ob-
scure about the network for P53 protein regulation .
A ny efforts on uncovering one of those links will
shed light on understanding of the development of
lung cancer . So Western blot was used to detect
protein expression of P33ING1 in tumor and tu-
mor-adjacent tissues to unveil the correlation be-
tween P33I NG1 and P53 protein .

2  M ater ials and Methods

2 .1  Subjects
The fresh tissues including tumour tissues

(A) , 3 cubic cm ( B ) and 5 cubic cm ( C) by vol-
ume, were harvested f rom the same patient and
frozen in liquid nit rogen immediately af ter surgery
and then stored at - 80 ¡æ until the extraction of
protein . Three groups, 31 cases in group A , 21
cases in group B and 12 cases in group C, were har-
vested from 22 cases with lung squamous cell carci-
noma, 7 cases with lung adenocarcinoma, 1 case
wi th small cell lung cancer, and 1 case of large cell
lung cancer . 21 cases from group A were pai r-
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matched wi th those f rom group B ( A-B ) ; 12 cases
from A-B were pai r-matched wi th those from group
C ( A-B-C) .
2 .2  Western blot

Protein isolation was conducted according to
the published procedure in Molecular Cloni ng: A
Laborator y Manual . Specifically , 0 .1 g - 0 .5 g
lung tissue was washed with ice-cold PBS buffer,
then homogenized immediately in lysis buffer at 0
¡æ( 100 ¦Ì g/ mL PMSF, 1 ¦Ì g/ mL aprotinin, 0 .001
mol/ L EDTA ( pH 8 .0) ,0 .01 mol/ L Tris¡¤HCl( pH
7 .6) , 0 .1 mol/ L NaCl ) . The lysates were fur ther
sonicated to shear DNA prior to centrifugation with
10 ,000 rpm for 10 minutes at room temperature .
The supernatants were collected and stored at - 20
¡æ . Protein contents were measured before use .

The supernatant was mixed with an equal vol -
ume of 2¡ÁSDS sample buffer ( 100 mmol/ L Tris¡¤
HCl , ( pH 6 .8 ) , 200 mmol/ L dithiothrei tol , 4%
SDS, 20% glycerin ) and boiled for 10 minutes .
Af ter normalization for protein content , cell ex-
tracts were subjected to 12% SDS-PAGE . Proteins
were then electroblot ted onto ni trocellulose .

The membrane was blocked with 20% fetal
bovine serum in PBS, then washed and incubated
with goat anti- ING1 antibody ( sc-7566) at room
temperature for 1 hour . Af ter wash, the blots were
incubated with a horseradish peroxidase-conjugated
secondary antibody and counterstained with 3¡ä3 di -
aminobenzidine ( DAB ) . The images were taken
with Bio-I maging System . The horseradish peroxi -
dase-conjugated secondary antibody and Kalerdo-
scope Prestained standards were purchased f rom
Santa Cruz Biotechnology . DAB was obtained f rom
Sigma .
2 .3  Stat ist ic analysis

Experiment data was processed using SAS
sof tware( 6 .12) .Normal distribution was f irst test -
ed . The data of Normal dist ribution was denomi-
nated by «…x¡À s, and the data of abnormal distribu-
tion was denominated by 50% Med . Difference a-
mong three independent groups were determined by
analysis of variance( ANOVA ) and least signif icant
difference t test . Di fferences between independent
ratios were determined by Chi-square test . Signi fi -
cance was set at P < 0 .05 .

3  Results

3 .1  Expression of P53 protein
The expression level of P53 was increased in

57 .1% ( 12 of 21) of tissues from group A , which
was consistent wi th the previous reports (50% -

60% ) ; in A-B-C, there was no signi ficant di ffer-
ence in P53 expression between group A and the
combined group B ( P > 0 .05) ( Tables 1 - 3 ) .
However, the differences of P53 expression of
group A vs . group C, group B vs . C were signif i-
cant ( P < 0 .05) , respectively ( Table 3) .

Table 1 .  The different expression of P53 in different
groups

Group n P53 
(«…x¡À s)

A 31 �33380 ©.1¡À11841 .3*

B 21 �33704 Ê.6¡À12984 .9

C 12 �25000 Ê.1¡À11961 .7

* vs . group C, P < 0 .05 ; group A vs . group B, group A
vs . group C, P > 0 .05

Table 2 .  The different expression of P53 in A-B

Group n P53 
(«…x¡À s)

A 21 �31139 Ê.8¡À13233 .0

B 21 �33704 Ê.6¡À12984 .9

t = - 0 .8325  P = 0 .4149

Table 3 .  The different expression of P53 in A-B-C

Group n P53 
(«…x¡À s)

A 12 �33130 Ê.5¡À11572 .8

B 12 �32254 á.8¡À9703 .9

C 12 �25000 ©.1¡À11961 .7
*

* vs . group A , group B, P < 0 .05; group B vs . group A ,
P > 0 .05 .

From Table 3, it was shown that compared
wi th adjacent tissues which were 5 cubic cm from
the cancer tissue, the expression level of P53 in tu-
mor tissues and tissues which were 3 cubic cm from
the cancer tissue were increased signi ficantly .
3 .2  Expression of P33ING1 protein

The expression level of P33I NG1 was de-
creased in 66 .7% ( 14 of 21) of the tissues from
group A . I n A , B, C and A-B-C, compared with
group C, the expression level of P33ING1 in group
A was decreased signi ficantly ( P < 0 .05) ( Tables 4
- 6) . However , the di fferences in P33ING1 ex-

pression between the group A and group B, group
B and group C were not signif icant ( P > 0 .05) ,
respectively ( Table 4) .

Table 4 .  The different expression level of P33ING1 in dif -
ferent groups

Group n P33  I NG1(«…x¡À s)

A 31 �22156 À.8¡À4654 .2
*

B 21 �23983 á.5¡À5586 .2
C 12 �26021 á.9¡À5079 .8

* vs . group C, P < 0 .05; group A vs .group B, group B
vs .group C, P > 0 .05 .
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Table 5 .  The different expression of P33ING1 in A-B

Group n
P33 ¶ING1

(50% Med)
Signif icance

M(sign)   P

A 21 520654 K¡ª ¡ª
B 21 523412 K10 �.5 0 5.001

Table 6 .  The different expression of P33ING1 in A-B-C

Group n P33 �ING1(«…x¡À s)

A 12 z22528 L.4¡À3716 .4
B 12 z25812 L.8¡À5278 .3
C 12 z26021 L.9¡À5079 .8

Group A vs . group B, group A vs . group C, P < 0 .05 ;
group B vs . group C, P > 0 .05

From Table 6, these results showed that com-
pared wi th tissues which were 3 cubic cm and 5 cu-
bic cm from the cancer tissues, the expression level
of P33ING1 in tumor tissues were decreased signif -
icantly .
3 .3  Correlat ion between P53 and P33ING1 ex-
pression

66 .7% cancer tissues that expressed less
P33I NG1, P53 protein was expressed at a higher
level . Meanwhile, 55 .6% tissues wi th decreased
P33I NG1 levels did not exhibi t an elevated expres-
sion of P53 . However , there was no signif icant lin-
ear relationship between P53 and P33I NG1 protein
by correlation analysis and McNemar¡¯s Test ( P >
0 .05) ( Tables 7 and 8) .

Table 7 .  The different expression level of P53 and
P33I NG1 in A-B

P53 !
P33 XING1

 Decreased   Increased  
Total

Decreased 6 c3 ¿9 §

Increased 8 c4 ¿12 ¾
Total 14 z7 ¿21 ¾

¦Ö2 = 2 .273, P = 0 .132

Table 8 .  Linear correlation analysis

Group n r P

A 31 ©0 ð.0358 0 {.8482
B 21 ©0 ð.2646 0 {.2464
C 12 ©0 ð.2723 0 {.3920

4  Discussion

The normal expression of P53 protein can in-
duce growth suppression and apoptosis . Vicious cy-
cle of abnormal cell proliferation, immor talization,
and malignant tumor may take place i f P53 loses i ts
function or is mutated . Up to now, i t has been ac-
cepted that there exists a close relationship between

p53 mutation and human tumor development . Pre-
vious studies have shown that 50% - 60% of 5,
000 cases of tumor derived from 43 kinds of tissues
produced with mutated p53 gene[ 2 ] . This study
demonst rated an abnormal expression of P53
(57 .1% ) , which was consistent with previous re-
ports . There was no signif icant di fference in P53
expression between lung cancer tissues and the can-
cer-adjacent tissues . The explanation for these phe-
nomena may lie on two aspects . Fi rst , due to the
i rregular infil tration of malignant tumor , abnormal
differentiation cell or cancer cell may exist in can-
cer-adjacent tissues, which may express mutated
P53; second, wild type P53 protein might be com-
bined with other molecular chaperones ( such as
MDM-2) [ 3 ] , thus caused elongation of i ts half life,
which may interfere the detection of mutated P53
protein . Further studies on gene expression need to
be conducted to confi rm these explanations .

The data demonstrated that the expression of
P53 in lung cancer tissues ( A ) was signi ficantly
higher than that in the tissues which were 5 cm
(C) from cancer tissues and the same was true of
A-B-C of 12 patients . These are consistent with
previous repor ts . I n addition, an expression of P53
increased in lung cancer . And also the expression of
P53 in the 3 cubic cm tissues f rom the cancer tissue
was statistically higher than that in 5 cubic cm tis-
sues away in A-B-C . However , analysis on groups
A , B and C that were not paired, there were no
significant di fferences in P53 expression between
tissues that were 3 cubic cm and 5 cubic cm from
the cancer tissue . These might be caused by un-
paired groups A , B and C, since the result of analy-
sis of variance in A-B-C showed that match factors
could interfere the expression level of P53 protein
( P < 0 .05) , and would confound the resul ts while
taking the comparison in unpaired groups A , B and
C .

ING1 gene is located in the subtelomeric re-
gion of human chromosome 13q33 - 34 . Previous
studies showed[ 4 - 8 ] that P33ING1 protein was the
product of ING1 gene, located in nuclear , and par-
ticipated in cell cycle regulation and its suppression
was associated wi th increased cell proli feration and
formation of neoplasm . Recently , i t has been dis-
covered that I NG1 gene products had interaction
wi th P53, and P53 protein took part in the regula-
tion of cell proliferation, apoptosis and cellular ag-
ing[ 4 ] .

Some investigations reported that the expres-
sion of I NG1 gene was decreased in stomach can-
cer[ 9 ] , breast cancer [ 10 ] , and others, which implied
that I NG1 gene was relevant to the occurrence and
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development of carcinoma . P33I NG1 expression
was determined in this study , which showed an in-
crease in its expression in tumor tissues( A) , tissues
which were3 cubic cm( B) and 5 cubic cm( C) f rom
cancer tissue, respectively . I t was assumed that the
decreased expression of P33ING1 could be one of
the mechanisms of abnormal cell growth, and
played an impor tant role in the procession of theoc-
currence and development of pulmonary carcinoma .

I t has been reported that the expression of
P33I NG1 was correlated wi th P53 protein in stom-
ach cancer , breast cancer, and so on; however,
analysis on the correlation between P33I NG1 and
P53 in the study revealed that in 66 .7% of the tis-
sues that down-regulated P33I NG1 the level of P53
protein was up-regulated . I n addi tion, 55 .6% of
the tissues with decreased P33I NG1 expression did
not show altered P53 protein expression . There
was no significant linear relationship between P53
and P33ING1 protein by correlation analysis and
McNemar¡¯s Test ( P > 0 .05) . Further study needs
to be carried out to confi rm this observation based
on the following reasons: I NG1 gene encodes alter-
native t ranscripts of P47I NG1 , P33I NG1 and
P24I NG1 in human cell , three of them exert di f-
ferent function through different channel .

In summary , the decreased expression of
P33I NG1 was determined in lung cancer tissues in
the study; this suggested that it might play a role
in the occurrence and development of lung cancer .
This study provided a new clue for f urther study of
pathogenesis and diagnosis of lung cancer, also gave
a new idea and direction to gene therapy . But we
did not find the correlation between P33I NG1 and
P53 . Future studies on the gene polymorphism will
be conducted . However , the exer tion of tumor
suppressor P53 function is regulated by mul tiple
factors; most of them occur in different temporal
and spatial segments of cell proli feration and inter-
act wi th each other through expression modulation .
Therefore, it is difficult to f igure out thei r interac-
tions by analyzing a single or few factors . Never-
theless, elucidation of certain events may be helpful
in understanding carcinogenesis .
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Abstract :Background . Hyperacute rejection ( HAR) of discordant xenotransplantation is the consequence of binding
of natural antibodies to galactose-¦Á-1 ,3-galactose ( Gal ) of vascular endothelium of the xenograft that activates com-
plement system . Expression of human¦Á-1,2-fucosylt ransferase ( HT) eliminating¦Á-Gal antigen in donor organs has
proven to be a promising approach to dealing with HAR . The aim of the paper was to investigate the effect of ex-
pressing human HT gene in vivo on ¦Á-Gal antigen and the role of human HT in overcoming HAR . Methods .
Transgenic mice were produced by microinjection of gene construct for the enzyme human HT . PCR and Southern
blot were used to screen the positive t ransgenic mice . Real-time PCR analysis was used to detect the level of human
HT mRNA expression in t ransgenic mice . Expressions of H antigen and¦Á-Gal antigen on peripheral blood mononu-
clear cel ls (PBMCs) of t ransgenic mice were detected by Flow Cytometry (FCM) . I n addition, the heartsof t rans-
genic mice were perfused ex vivo with 12% human plasma by using a modified Langendoff apparatus, and the ef -
fect on cardiac function was determined . Results . 1176 injected and surviving zygotes were implanted into the
oviducts of pseudopregnant foster mothers . I ntegration rate of human HT gene was 10 .2% (14/ 137) . Expression
of human HT mRNA was detected in the heart , l iver , kidney and muscle of transgenic mice, and expression rate
was 78 .6% ( 11/ 14) . FCM analysis showed high-level expression of H antigen and wi th reduction of ¦Á-Gal antigen
on PBMCs in t ransgenic mice . When perfused ex vi vo wi th 12% human plasma, hearts from transgenic mice
showed prolongation in survival time, compared to normal cont rols . Conclusion . A transgenic mice model wi th
overexpression of human HT was successfully established . The transgene was integrated and transmi tted into chro-
mosome of transgenic mice . The present study suggests that the expression of human HT gene can reduce expres-
sion of the¦Á- Gal antigen, and be effective in prolonging survival of xenograft and overcoming HAR . [ L ife Science
Journal . 2006 ;3( 4) :27 - 32] ( ISSN : 1097 - 8135) .

Keywords: xenotransplantation; ¦Á-1 ,2-fucosyl t ransferase; hyperacute rejection; transgene

Abbreviat ions: ¦Á-Gal : galactose-¦Á-1 ,3-galatose; HAR: hyperacute rejection; HT :¦Á-1, 2-fucosyl transferase; FCM :
flow cytometry ; PBMCs: peripheral blood mononuclear cells; XNAs: xenoreactive natural antibodies

1  Int roduct ion

Notable improvements in the success of organ
t ransplantation have created a severe imbalance be-
tween organ supply and demand . Xenotransplan-
tation using porcine organs is currently viewed as a
possible solution to overcome the worldwide short -
age of donor organs for t ransplantation[ 1 ,2 ] . How-
ever, hyperacute rejection ( HAR ) must be over-
come before organs can be transplanted between
disxordant species[ 3 ] . HA R is primarily mediated
by the binding of xenoreactive natural antibodies
(XNAs) to the galactose-¦Á-1 ,3-galatose (¦Á-Gal ) on

vascular endothlium of the xenograf t followed by
complement activation, and is init iated wi thin min-
utes of reperf usion[ 3 ] . Therefore, elimination of
this interaction will be highly benef icial to overcom-
ing HA R . The¦Á-Gal antigen is synthesized by the
enzyme ¦Á-1, 3-galactosylt ransferase (¦Á-1, 3-GT ) .
Human¦Á-1, 2- f ucosyl transferase ( HT ) was shown
to eff iciently compete with ¦Á-1, 3-GT for the same
substrate, N-acetyl lactosamine, impeding the
transfer of the temrminal galactose residue that
gives rise to the ¦Á-Gal antigen[ 4 ] . Furthermore,
HT generates fucosylated residues that are univer-
sally tolerated[ 5 ] . So we can utilize the expression
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of HT to down-regulate¦Á-Gal antigen expression .
This study was designed, with a transgenic

mice model , to investigate the effects of expressing
the human HT on ¦Á-Gal antigen . I n addition,
function of human HT expression was studied by
using an ex vivo heart perfusion model .

2  Materials and Methods

2 .1  Animals
K unming mice were purchased from Institute

of Genetics and Development Biology , Chinese A-
cademy of Sciences .
2 .2  Chemicals and reagents

Rest riction endonucleases Not¢ñand Pvu¢ñ, Tri -
zol , and RT-PCR kit were purchased from Invitro-
gen Inc . ( USA ) . DIG-High Prime DNA labeling
and detection starter ki t ¢ñ and nylon membranes
were purchased from Roche ( Swi tzerland) . PCR
kit was purchased from TaKaRa (Japan) . Fluores-
cein isothiocyanate (FI TC) -conjugated UEA¢ñand
GS-IB4 were purchased from Sigma ( USA ) . Red
blood cell lysate was purchased from BD Company
( USA ) . Proteinase K was purchased from Merck
(Germany) .
2 .3  Plasmid

The pRc-CMV plasmid containing full-length
sequences of human H T cDNA was offered by Dr .
Hiroshi Kimura ( Department of Forensic Medicine
and Human Genetics, K urume, Japan ) . The
pCM V-MCS plasmid was purchased from Merck
(Germany) .
2 .4  Product ion of transgenic mi ce

Gene const ruct used to generate transgenic
mice has been described previously[ 6 ] . The pCMV-
MCS-HT recombinent plasmid was indetif ied by
enzyme digests . I t consists of CM V promoter , ¦Â-
globin intron, hH T cDNA and hGH polyadeny-
lation signal ( Figure 1 ) . Transgenic mice were
generated as described by Gordon[ 7 ] . Transgene
const ruct was microinjected into pronuclei of one-
cell embryos wi th dosage of 5 ¦Ì g/ ml . The injected
and surviving zygotes were reimplanted into the
oviducts of pseudopregnant female mice and allowed
to develop to term .

Figure 1 . Schematic diagram of the target transgene construct
2 .5  PCR

Genomic DNA of mice was extracted f rom the
tail[ 8 ,9 ] , and were screened for integration of hu-

man H T gene by PCR wi th the following primers:
up-st ream: 5¡ä-AAC GTG CTG GTC TGT GTG
CG-3¡ä; down-stream: 5¡ä-CTC CGA TGT GGC
ACC TTT CA-3¡ä. PCR cycling parameters were:
init ial denaturation at 95 ¡æ for 10 minutes, 30 cy-
cles ( denaturation at 95 ¡æ for 40 seconds, anneal
at 60 ¡æ for 40 seconds, extension at 72 ¡æ for 50
seconds) , and a final extension at 72 ¡æ for 10
minutes . Posi tive PCR reaction using the primer
generate a 915 bp f ragment . For Southern blot
analysis, mouse genomic DNA was digested with
restriction enzyme EcoRI/ BamHI , product was
subjected to electrophoresis in a 1 .0% agarose gel
and transferred to nylon membrane according to the
manufacturer¡¯s instruction . Hybridization was per-
formed with a DIG labeled human H T cDNA probe
under stringent condi tion according to the protocol
of DIG DNA labeling and detection kit .
2 .6  RT-PCR

Total RNA was isolated by using Trizol
Reagent as described by the manufacturer . Expres-
sion of human H T mRNA was evaluated by RT-
PCR f rom total mRNA samples of heart , liver ,
kidney and spleen . First strand cDNA was pre-
pared by reverse transcription using AM V reverse
transcriptase and used for PCR . The primers de-
signed according to the sequence of cDNA of human
H T gene: up-stream: 5¡ä-GAC T TT CTT CCA
CCA TCT CC-3¡ä; down-stream: 5¡ä-TAA TGC
CCA CCC ACT CG-3¡ä. The expected PCR prod-
ucts is 544 bp . The¦Â-actin primers: up-st ream:5¡ä-
CCA ACT GGG ACG ACA TGG AG-3¡ä; down-
st ream: 5¡ä-AGG TCC AGA CGC AGG A TG GC-
3¡ä. The products is 300 bp . Reaction condition:
denaturation at 96 ¡æ for 2 minutes; then for 30
cycles ( denaturation at 94 ¡æ for 30 seconds, an-
nealing at 65 ¡æ for 60 seconds) , extension at
72 ¡æ for 60 seconds; and a final extension at 72 ¡æ
for 7 minutes .
2 .7  Flow cytometry analysis of ¦Á-Gal and H
antigen

Mice blood was collected by orbi tal eye-bleed
and erythrocytes lysed by incubation in red blood
cell lysate . Peripheral blood leukocytes were col-
lected by centri fugation and washed 3 times in
phosphate-buffered saline, containing 2% heat-in-
activated febovine serum and NaN3 , and then incu-
bated with FI TC-conjugated lectins GS-IB4 and
UEAI for expression of ¦Á-Gal and H antigen respec-
tively on ice for 30 minutes, washed twice in Han-
ks¡¯ balanced sal t solution . The expression on pe-
ripheral blood mononuclear cells (PBMCs) was an-
alyzed by Flow cytomet ry ( FCM ) as described[ 10 ] .
2 .8  Ex vivo isolated per fused hear t model

Mouse hearts were perfused on a Landendorff
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apparatus essentially as repor ted[ 11 ] . Mice were
anethetized with pentobarbi tone sodium, and the
hearts were removed and immersed 20 ml of ice-
cold modified heparin-containing K rebs-Henseleit
buffer to arrest cardiac activity . Hearts were then
attached to a 21-gauge cannula via the aor tic root,
connected to the perf usion apparatus and perfused
in a retrograde manner . Heart rate and force of
contraction were moni tored using PowerLab 4 .0
sof tware at 5 minutes intervals, and heart work
was calculated as the product of heart rate mul tiply
force of contraction . Af ter a 20-minute period of
stabilization perf used wi th K-H buffer , pooled hu-
man plasma was added at 5 minutes intervals to fi -
nal concentration of 12% .
2 .9  Stat ist ical analysis

All data were expressed as mean¡Àstandard de-
viation and analyzed by SPSS 11 .0 sof tware, sta-
tistical significance was determined by Student ¡¯s
test , signif icance was def ined as a P value< 0 .05 .

3  Results

3 .1  I denti f i cat ion of human H T transgene con-
st ruct

The length of the resulting construct pCMV-
MCS-HT plasmid was about 5 .6 kb containing
1 .85 kb human H T cDNA . The electrophoresis
assay showed: 1 .1 kb and 4 .5 kb in the EcoRI/
BamHI digest, and 2 fragments containing 2 .85
kb and 2 .75 kb in the NotI digest , and 3 frag-
ments containing 2 .85 kb, 1 .4 kb and 1 .35 kb in
the Pvu¢ñ/ Not¢ñdigest ( Figure 2) , indicating that
human HT cDNA was correctly inserted and
linked .
3 .2  Sequence data

Sequence data showed that the sequenced frag-
ment was the same as human HT in the Genebank ,
and no ATG was present in the 60 bp vector frag-
ment between CM V promoter and human H T cD-
NA on the recombinment plasmid .
3 .3  Screening of t ransgeni c mice

Tail genomic DNA from G0 mice was screened
by PCR, which amplify a 915 bp f ragment f rom
t ransgenic mice but not f rom non- transgenic mice
li ttermates (Figure 3) . Southern blot revealed the
same resul ts of PCR (Figure 4) .
3 .4  Transgenic ef f iciency of transgenic mi ce

To create transgenic mice, a total 1, 300 fer til -
ized embryos was microinjected wi th purif ied hu-
man H T t ransgene const ruct . 1, 176 surviving in-
jected embryos were reimplanted into 55 pseudo-
pregnant foster mice, and 43 of whom gave birth to
137 mice . Pregnancy rate was 78 .2% ( 43/ 55) ,
and bi rthrate was 11 .6% ( 137/ 1176 ) . Among

137 G0 mice, transgene integration was conf irmed
by PCR and Southern blot in 11 mice . Integration
efficiency was 8 .0% ( 11/ 137) .

Figure 2 . I dentif ication of recombinant pCMV-MCS-HT
plasmid by enzyme digestion
Lane 1 : DL2000 Marker ; Lane 2 : Plasmid digested wi th
EcoR¢ñ/ BamH¢ñ(1 .1 kb and 4 .5 kb) ; Lane 3: Plasmid di-
gested with Not¢ñ( 2 .85 kb and 2 .75 kb) ; Lane 4 : Plasmid
digested wi th Pvu¢ñ/ Not¢ñ ( 2 .85 kb , 1 .4 kb and 1 .35
kb) ; Lane 5: ¦Ë- Hi nd¢ó Marker

Figure 3 . Identification of transgenic mice by PCR
Lane 1: DL2000 Marker ; Lane 2 : pCM V-MCS- HT plasmid
as posi tive control ; Lane 4, 5, 6 : positive mice; Lane 3, 7:
negative mice; Lane 8 : normal mice as negative control

3 .5  Expression of human HT mRNA in trans-
genic mi ce

RT-PCR anslysis was used to determine hHT
RNA expression in various tissues derived from
cont rol and t ransgenic mice . Total RNA was isolat-
ed from hear t, liver , kidney and spleen . Human
H T mRNA expression was detected in 8 mice a-
mong 11 G0 transgenic mice, and expression was
positive in organs of transgenic mice including
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heart, liver , kidney and spleen, no speci fic PCR
products were observed in any of the non- transgenic
li ttermate . Endogenously-expressed ¦Â-actin was
used as a cont rol to confi rm the integri ty of all sam-
ples tested by PCR ( Figure 5) .

Figure 4 . Identification of transgenic mice by Southern blot
Lane 1: pCM V-MCS- HT plasmid; Lane 3 and Lane 4: posi-
tive mice; Lane 2 and Lane 5 : negative mice; Lane 6 : nor-
mal mice as negative control

Figure 5 . The expression of human HT gene in t ransgenic
mice detected by RT-PCR
Lane 1 : DL2000 M arker ; Lane 2: posi tive control ; Lane 3 :
hear t; Lane 4: liver ; Lane 5: kidney; Lane 6 : muscle;
Lane 7 : negative control

3 .6  FCM analysis
H antigen and¦Á-Gal antigen expression was e-

valuated by FCM on PBMCs . Cont rol mice cells
showed only background staining for H antigen,
but cells from transgenic mice expressed high levels
of this antigen . Staining with GS-IB4 for¦Á-Gal re-
vealed a fourfold reduction in mean fluorescence in-
tensity of t ransgenic mice cells relative to cont rols
( Figure 6) .
3 .7  Ex vivo hear t per fusion

Six hearts from cont rol and transgenic mice
were removed quickly respectively .The hearts were
attached to a modified Langendorff perfusion appa-
ratus, then perfused with 12% human plasma[ 11 ] .
Hear t work f rom control mice dropped sharply to
below 20% of maximum wi thin 20 minutes of plas-
ma addi tion . I n contrast , hear ts from transgenic
mice were still functioning at 30% of maximum af-
ter 60 minutes perfusion . 100% work is def ined as
heart work measured immediately before time 0
( Figure 7) .

Figure 6 . Expression of various levels of H and Gal antigen .
A : Gal of normal mice; B: H of normal mice; C: Gal of hu-
man ; D: H of human ; E: Gal of t ransgenic mice; F: H of
t ransgenic mice

Figure 7 . Function of mice hear ts perfused ex vivo wi th hu-
man plasma

4  Discussion

Rapid improvement in the success of organ
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t ransplantation have created an obvious imbalance
between organ supply and demand . The serious
shortage of human organs available for allotrans-
plantation has stimulated people to look at the pos-
sibility of using animals as donors . Xenotransplan-
tation using pig organs is currently regarded as a
feasible approach to solving the problem, but the
immediate barrier to the t ransplantation of vascu-
larized pig organ to primates is HAR[ 12 , 13 ] .

I t is now clear that the binding of XNAs to¦Á-
Gal on vascular endothelium of xenograf t is key me-
diator of HA R[ 14 ] , therefore elimination of this in-
teraction will be highly beneficial to overcoming
HAR . The strategies could be classi fied as recipi -
ents or donors di rected . The disadvantages of the
former are that thei r effect is transient , and impose
an addi tional burden on the recipient . Therefore
genetic engineering of the donor organ has greater
potential for effectively inhibiting xenograf t reject -
ing wi th reduced risk to recipient . Transgenic ex-
pression of human complement regulation proteins
( CRPs) in donor organs has signi ficantly prolonged
the survival of xenograf ts[ 15 ] . However , expression
of CRPs wi thout eliminating xenogeneic natural an-
tibody reactivity may not provide suff icient protec-
tion for clinical application .

¦Á-Gal is a major antigen involved in HAR of
xenotransplantation that is synthesized by the en-
zyme¦Á-1, 3-galactosyl transferase . Removal of ¦Á-Gal
antigen from pigs would prevent HA R, and prolong
survival of xenograf t [ 4 , 16 ] . The production of GT-
KO mice and pigs has been repor ted recently , these
GT-KO animals would, by definit ion, be def icient
in ¦Á-Gal antigen, theoretically leaving no target for
human natural antibodies . Some investigators sug-
gest , however , that eliminating the¦Á-Gal antigen
would expose underlying¡° cryptic¡±oligosaccharide
determinanta against which human may also have
preformed antibody[ 17 ] . So, an alternative t rans-
genic approach was developed that based on the
competi tion bet ween ¦Á-1, 3-GT and human HT for
a common substrate - N-acetyllactosamine, t rans-
genic expression of human HT is currently viewed
as the feasible st rategy to reduce¦Á-Gal expression in
pigs[ 18 ] . The strategy has been to signif icantly re-
duce Gal expression on a variety of cells in t rans-
genic mice and pigs . However its ability at pro-
loging xenograf t survival is yet to be demonstrated .

Thus, we obtained t ransgenic mice by mi-
croinjection of human H T transgene const ruct, and
to investigate the effect of expressing human HT i n
vivo on ¦Á-Gal antigen and the role in overcoming
HAR .¦Á-Gal was expressed in all tissues and organs
of normal mice, so we chosed CM V promoter to

achieve ubiqui tous expression of human HT . The
result suggested that human H T mRNA was ex-
pressed in most organs of t ransgenic mice including
heart, liver , kidney and spleen . According to ex-
pression of H antigen and¦Á-Gal on PBMCs was the
same as on vacular endothelium[ 19 ] , we evaluted
expression of them on PBMCs . FCM analysis
showed that overexpression of human HT could
greatly reduce the amount of ¦Á-Gal antigen on
PBMCs .

I n the study , we tested the abili ty of human
HT expressed in transgenic mice to protect organs
against HAR when perfused ex vivo with human
plasma . As expected, the cardiac function of hearts
from control mice perf used wi th 12% human plas-
ma dropped sharply to 20% of maximum work
wi thin 20 mintutes from plasma addition and
stopped beating at the 35th minute . I n constrast ,
the function of human HT transgenic hearts was
only reduced by 50% - 65% after 20 minutes, and
was maintained approximately 35% after 60 min-
utes . Therefore, as far as HAR concerned, the re-
sults would suggest that the human H T expression
is effective in protecting against XNA s and comple-
ment mediated HAR .

However, FCM analysis showed that there
was still ¦Á-Gal expression on PBMCs of t ransgenic
mice . I t is suggested that overexpression of human
H T gene would be unlikely to totally eradicate¦Á-
Gal . Whether transgenic expression of human HT
is sufficient to avoid HAR and whether residual ¦Á-
Gal is related to subsequent acute vascular rejection
(AV R) of xenot ransplantation is not clear and is
under examination . And xenot ransplantation is re-
lated to many factors[ 20 ] , so a combination of hu-
man HT t ransgene approach, together wi th the
transgenic expression of human complement in-
hibi tory proteins, may lead to murine heart entirely
resistant to HA R . The present study provide a
helpful technique for the fur ther research of trans-
genic pigs .
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Abstract :Administration of fluoroquinolone antibiotics in human has proven to induce prolongation of QT interval ,
which is mainly assumed the blockade of some kind of potassium channel ( s) . This study is to examine the effect of
sparfloxacin on delayed rectifier potassium current of vent ricular myocyte in guinea pig . Single ventricular cells were
dissociated from guinea pig heart and continuously superfused wi th sparfloxacin solution of different concentrations .
Delayed rectifier potassium current ( IK ) was recorded wi th whole-cell patch clamp technique .Resul ts showed that
sparfloxacin decreased the current ampli tude of IK in a concentration dependent manner . When the concentration
was from 0 .1¦Ì M to 1 ,000 ¦Ì M , the inhibi tory capaci ty of drug on IK peak current gradual ly enhanced; and de-
pressed rates of the tail currents increased too . Sparfloxacin displayed an IC50 value of 14 .89¦Ì M . These resul ts in-
dicate that sparfloxacine inhibi ts IK concentration-dependently to the ventricular myocyte .[ Life Science Journal .
2006;3(4) :33 - 36] ( ISSN : 1097 - 8135) .

Keywords: sparfloxacin; ventricular myocyte; delayed rectifier potassium current ; whole-cell patch-clamp

Abbreviat ions .IC5 0 : 50% inhibi tory concentration ; IK : delayed rectif ier potassium current

1  Int roduct ion

There is considerable interest in vent ricular re-
polarization, since prolonged repolarization is asso-
ciated largely with vent ricular tachyarrhythmia,
syncope and sudden death, known as long-QT syn-
drome . I t is the delayed recti fier potassium current
( I K ) that plays a cri tical role in cardiac repolariza-
tion . T herefore any congenial or environmental
variation that interferes with I K might underlie long
QT syndrome . Recently , it has been suggested
that some antibiotics, such as f luoroquinolone an-
tibacterial drugs, are a hint to the occurrence of
long QT syndrome[ 1 , 2 ] . Sparf loxacin belongs to
fluoroquinolone class and has been widely pre-
scribed in clinic since 1993 for the t reatment of in-
fection . The present study was designed to examine
in vi tro the effects of sparfloxacine on I K of isolated
vent ricular myocyte, in order to explore the phar-
macological mechanism of cardiac inhibi tion, and to
provide support for clinical drug application .

2  Materials and Methods

2 .1  Cardiomyocyte isolat ion
Adult guinea-pigs (300¡À50 g) were adopted .

The operation followed previous reports with slight
modif ication[ 3 ] . I n brief , animals were sacrif iced
by blunt trauma to the head . Hear ts were rapidly
excised, rinsed and mounted on a Langendorff sys-
tem . Hearts were perf used for 10 minutes with
Ca2 + -f ree Tyrode solution containing: NaCl 140
mM, KCl 5 .4 mM , M gCl2 1 mM , HEPES 10
mM, and glucose 10 mM ( pH 7 .4) . Then the per-
f usion was switched to normal Tyrode solution ( 25
¦Ì M CaCl2 ) complemented wi th 0 .36 g/ L collage-
nase ( type B, Roche) and 0 .26 g/ L protease ( type
¢ú¢ô, Sigma) . When the f low-out appeared viscous
and the hear t was obviously dilated, digestion pro-
cess was ceased by perfusing solution consisting of :
Glutaminc acid 120 mM , KOH 80 mM , KCl 20
mM, M gCl2 1 mM , EGTA 0 .3 mM , HEPES 10
mM, and glucose 10 mM ( pH 7 .4¡À0 .5) . Vent ric-
ular f ree walls were removed, cut into pieces, gen-
tly agi tated in Ca2 + -f ree Tyrode solution and f il-
t rated through 200 ¦Ì m nylon sieve . Harvested my-
ocytes were placed at room temperature ( 18 -
22¡æ) in Ca2 + -free Tyrode solution .
2 .2  Whole-cell patch clamp recording

Microelectrodes ( hard, thin-wall glass capil-
laries wi th inner diameter of 1 .5 mm) were pulled
wi th the micropipette puller ( Narishige PP-83,
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Japan) . Resistance when filled with inner solution
was 2 - 3 M¦¸ . I nner solution of the pipette con-
tained: KCl 140 mM , Mg-A TP 4 mM, MgCl2 1
mM , HEPES 10 mM , and EGTA 5 ( pH 7 .3) .
Isolated cells were bathed and continuously per-
fused wi th oxygen-saturated Tyrode solution con-
taining: NaCl 140 mM , KCl 5 .4 mM , MgCl2 1
mM , CaCl2 0 .025 mM, HEPES 10 mM , and glu-
cose 10 mM ( pH 7 .4) . Rod-shaped vent ricular cells
with smooth edge and clear st riates were selected
for recording .

IK was recorded using conventional whole cell
clamp protocol at room temperature . Whole-cell
current records were performed wi th an ampli fier
(2300E, A xon Instruments, America) , filtered at
1 kHz and sampled at 0 .25 kHz . Af ter reaching

¡° sealing¡±, series resistance and capacitive resistance
were compensated to minimize the resistance impact
and to ensure the recording stabili ty . Both voltage
pulses delivering and current signals collecting were
processed automatically by pClamp 5 .51 sof tware
(Axon Instruments, America) . Step-voltage depo-
lariztions were fi red from - 10 mV to + 80 mV
with + 10 mV step, maintaining 5 seconds each .
Before recording, 0 .3 mM CdCl2 was added to ex-
ternal solution to block L- type Ca2 + channels .A
pre-stimulating pulse of - 40 mV was applied to
ensure inactivation of Na+ channel and T-type
Ca2 + channels .
2 .3  Group and data analysis

IK recorded in normal Tyrode solution were the
control group . Five test groups included IK record-
ed when the cells were for 20 minutes each im-

mersed in drug of different concent rations from 0 .1
¦Ì M to 1 ,000 ¦Ì M . Data were noted as current den-
si ty ( pA/ pF ) ( that is, current on each unit of
membrane surface, I K/ Cm ) . I K value came from re-
al measurement using pClamp 6 .0 Sof tware ( Axon
Instrument ) ; and Cm , the capacitance of cellular
membrane which represents the superf icial area,
was calculated f rom formula Cm =¦Ó¡Á I/ V , among
which I ( pA ) stands for the ampli tudeof the capaci-
ty current, ¦Ó( ms) is for the attenuation constant of
uncompensated capacitance current, and V ( mV ) is
for a constant of 10 mV depolarization . I n this ex-
periment the mean membrane capacitance obtained
was 61 .12 pF¡À2 .64 pF( n = 30) , which is consis-
tent wi th the published data[ 4 ] .

A ll data were presented as mean¡ÀSD . Differ-
ence signi ficance was statistically determined by
Student¡¯s t test (¦Á= 0 .05) . Statistical analysis was
performed using Origin 6 .0 Sof tware .

3  Results

Sparf loxacine reduced the current amplitude of
I K . A s shown in Figure 1, the comparison of cur-
rent ampli tudes before and af ter drug administ ra-
tion indicated that sparfloxacine had inhibi tory ef-
fect on I K ( both peak current and tail current ) . The
inhibi tion occurred steadily af ter the cells were ex-
posed to drug superf usion more than 20 minutes .
I n the span of testing vol tages the inhibi tory capaci-
ty increased wi th the vol tage steps, which can be
observed f rom the I-V ( current-voltage) curves
(Figure 2 ) . The compounds couldn¡¯ t be easily
washed-out .

Figure 1 .I nhibi tory effect of sparfloxacine on IK . Whole-cell IK were elici ted by a 5-second depolarizing pulse to+ 50 mV f rom
a holding potential of - 80 mV . Then potential was returned to - 40 mV to generate a large outward tail current . The effect
of 100 ¦Ì M sparfloxacine was displayed to reduce the IK signif icantly ( P < 0 .05) .
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Figure 2 .I -V curves of IK

Cel ls were held at - 80 mV and depolarized for 5 seconds to potentials ranging from - 10 mV to + 80 mV wi th + 10 mV in-
crements, and then returned to - 40 mV to generate outward tail currents . Currents influenced wi th and wi thout 100 ¦Ì M
sparfloxacine were measured and pictured . I t showed that the inhibi tory capaci ty increased wi th the vol tagesteps ( P< 0 .05) .

At + 50 mV , I K reduction ( depressed rate) was calculated by dividing the depressed current value
with the current ampli tude of the control group . As listed in Table 1, in the concent ration of 0 .1 ¦Ì M , the
depressed rate of sparfloxacine on I K peak current was ( 12 .94¡À3 .09) % , and that of tail current was ( 7 .
66¡À2 .72) % . While the concent ration increased to 104 t imes, depressed rates of I K peak and tail currents
reached to (38 .40¡À5 .13) % and (60 .64¡À6 .53) % separately, which were obviously different with those
in low dose .

So concentration/ response relationship was calculated by a non-linear squares fi t of equation: f = 1/ ( 1
+ ( x/ IC50 ) nH ) to the data ( Figure 3) . Sparf loxacine inhibited I K with an IC50 of 14 .89 ¦Ì M .

Table 1 .  Depressed rates of IK impacted by different doses of sparfloxacine solutions( % ) ( n = 25)

0 ÇConcentration (¦Ì M) IK , step ( % ) IK , tail ( % )

0 F.1
1
10
100
1000

12 ¤.94¡À3 .09
16 .26¡À2 .21
24 .70¡À2 .78
32 .23¡À3 .19
38 .40¡À5 .13

7 �.66¡À2 .72
10 .03¡À1 .48
17 .78¡À3 .21
32 .90¡À3 .91
60 .64¡À6 .53

4  Discussion

The results indicated that sparfloxacine did inhibi t ionic current of I K in even a relatively low concen-
tration . I K is a current conducted by two types of potassium channels-one is rapid activating channel ; the
other slow activating channel .I n this study , t wo kinds of potassium channels had not been fur ther identi-
fied, but surely one or both of them might be blocked by sparfloxacine, which led di rectly to abatement of
IK . Fur thermore, sparf loxacine blocked I K in a dose ( concent ration) dependent manner . The inhibitory
impact occurred slightly in lower dose; with the raiseof concent ration, depressed effect could be greatly en-
hanced .

The QT interval is an elect rocardiographic measurement of the period between ventricular depolariza-
tion and the completion of repolarization . The acquired form of the long QT interval syndromes is caused
by various agents that reduce the magnitude of outward repolarizing K + currents, enhance inward depolar-
izing Na+ or Ca2 + currents, thereby triggering the arrhythmia . The electrophysiological action of I K block-
ade observed in this study , may t ranslate into prolongation of the QT interval and then may predispose to
development of torsades de pointes in clinic . According to the available repor ts, the f luoroquinolones in the
market present a low risk of drug-induced QT prolongation, with a frequency approximately 0 .2 - 2 .7 per
million prescriptions[ 5 ] . The safest member of the class appears to be ciprofloxacin[ 6 ] . Sparfloxacine repre-
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sents comparably less secure one .

Figure 3 .Concentration-response relationship of sparfloxacine response of peak currents at + 50 mV was used to generate the
concentration-response curve . The points represented the rates of remained currents to non-pressed ones . The slopes of the
curves ranged f rom 87 .06%for 0 .1 ¦Ì M to 61 .60% for 1 ,000¦Ì M .

For tunately , judged f rom the relationship between
drug concentration and inhibi tion response, the
IC50 value of sparfloxacine was 14 .89 ¦Ì M , which
fell far above the therapeutic peak concentration in
patient blood (1 .8 ¦Ì M ) [ 7 ] . So sparfloxacine is still
reliable in clinical treatment of infection, except
that extra attention should be paid to the monitor-
ing of elect rocardiograph, especially when heavy
dose is applied or excessive accumulation happens
because of liver or kidney damage .
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A Survey of Human M yocar di t is Cases Diagnosed Using

A lexa I mmunof luorescence Dyes and Confocal M icroscopy
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Abstract : Sudden death as a result of viral myocardi tis is a rare but distressing event because i t usually occurs in
young heal thy individuals . Myocardi tis is a relatively common complication of viral infections .Specif ically , en-
teroviruses, influenza viruses and adenoviruses have been associated wi th this disease . I n many cases the etiology re-
mains unknown when routine methods are used for diagnosis . With the advent of new molecular techniques such as
RT-PCR , st ronger amplification techniques such as Alexa dyes for immunofluorescence, and confocal microscopy for
reduction of background staining, some of these viruses can be identif ied . The incidence, cl inical history , grosses
and microscopic pathology were examined in 22 myocarditis cases that died suddenly . Viral identif ication was per-
formed on sections from all 22 hear ts by Alexa immunofluorescence wi th confocal microscopy . Influenza A , Cox-
sackie 3 , and Coxsackie 5 were evaluated on all 22 hear ts . Cell cul turecontrols transfected with the virus were used
as posi tive controls . One of 22 patients was posi tive for I nfluenza A . Six cases were posi tive for Coxsackie B5, two
of which were also posi tive for Coxsackie B3 .Fifteen cases were negative for all antibodies examined . [ Life Science
Journal . 2006 ;3( 4) :37 - 41] ( ISSN : 1097 - 8135) .

Keywords: myocardi tis; viral ; sudden death

1  Int roduct ion

For the past two centuries, myocardi tis has
been classif ied as an inf lammatory disease of the
myocardium ( Carthy , 1997; Feldman, 2000;
Bergler-K lein, 2001; Calabrese, 2003) . The natu-
ral history and pathogenesis is largely still unknown
( Hyypia, 1993; Feldman, 2000; Noutsias,
2003) . The disease is of ten fatal and diagnosed on
post mortem autopsy ( Waller , 1992; Lopes,
2001 ; Mounts, 2001; Weissel , 2001) . The com-
mon etiologies are idiopathic, autoimmune and in-
fectious ( Furukawa, 2001; Hill , 2001; Leonard,
2004 ; Pauschinger , 2004; Whitton, 2004) . V i ral
agents, especially the Coxsackie B vi ruses, are
commonly associated with fatal myocarditis ( Hyyp-
ia, 1993; Carthy , 1997; Feldman, 2000) . Other
viruses less commonly associated with fatal my-
ocarditis have been Parvovi rus ( M urry , 2001) , I n-
fluenza A ( Nol te, 2000) and B ( Engblom, 1983) ,
Hepati tis C ( Matsumori , 2001 ) , HI V , Mumps
virus, Cytomegalovirus, Adenovi rus ( Lozinski ,
1994 ) , Echovi rus, Poliovi rus, and Infectious
mononucleosis ( Fournier , 2001; Weissel , 2001;
Leonard, 2004) .I n most of the reported studies,
only about 20% to 37% of the cases have a defini -
tive viral diagnosis .

M yocarditis has been viewed as the acute stage
in the progression of disease leading to heart failure
and cardiomyopathy ( D ¡¯ Ambrosio, 2001; Fu-

rukawa, 2001; Calabrese, 2003; Mason, 2003;
Noutsias, 2003 ; Whit ton, 2004) . Generally , my-
ocardi tis is viewed histologically as sparse, focal , or
diffuse inflammation of the hear t associated with
focal to multifocal cardiac myocyte necrosis .In end-
stage idiopathic cardiomyopathy , the histologic pat-
tern is focal to di ff use myocyte hypert rophy and
mul ti focal to diffuse interstit ial fibrosis ( Vasiljevic,
2001) . I n one study using PCR techniques, Hep-
ati tis C was found in a few cases of idiopathic car-
diomyopathy ( Pauschinger , 2004) .

I n this study , we repor t the immunofluo-
rescence analysis using Alexa immunofluorescence
amplification of 22 individual cases of fatal my-
ocardi tis over a period of 1985 to 2001 . As with
previous studies, we found a definit ive viral etiolo-
gy in 31% of the cases examined .

2  M ater ials and Methods

2 .1  Tissue specimens
A ll t issue specimens were retrieved f rom the

Tissue Bank of I ndiana University Medical Center
Depar tment of Forensic Pathology . A ll heart speci-
mens were collected from autopsy cases obtained
during the period extending from 1985 to 2001 .
Nine of these cases were collected in the winter of
1997 - 1998 . Three normal cases were used as neg-
ative cont rol samples . The samples were selected
based on the presence of inf lammation af ter a re-
view by t wo pathologists using Hematoxylin and
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Eosin stained slides . For each of the hearts, two to
three histological sections of the lef t ventricle were
examined and at least one section involved a lef t
vent ricular papillary muscle .
2 .2  Antibodies

The following antibodies were used for im-
munohistochemist ry :
Coxsackie B5 ( Chemicon Temecula, Ca)
Coxsackie B3 ( Chemicon Temecula, Ca)
Influenza A monoclonal ( Chemicon, Temecula,
Ca)
2 .3  Tissue preparat ion

Tissues were f ixed overnight in 10% neut ral
buffered formalin and then t ransferred to 70%
ethanol prior to processing through paraffin . Five-
micron sections were microtomed, and the sections
were placed on posi tive charged slides . The slides
were then baked overnight at 60 ¡æ in an oven .
2 .4  Immunostaining

The slides were then deparaff inized in xylene
and rehydrated through graded alcohols to water .
Antigen ret rieval was performed by immersing the
slides in target ret rieval solution ( Dako) for 20
minutes at 90 ¡æ in a water bath, cooling at room
temperature for 10 minutes, washing in water and
then proceeding wi th immunostaining . A ll subse-
quent staining steps were performed on the Dako
immunostainer . I ncubations were done at room
temperature . Tris buffered saline plus 0 . 05%
Tween 20, pH 7 .4 ( TBS - Dako Corp .) was used
for all washes and diluents . Thorough washing was
performed af ter each incubation . Slides were
blocked with protein blocking solution ( Dako) for
45 minutes . Af ter washing, 5 ¦Ì g/ ml of the prima-
ry antibodies were added to the slides, and then in-
cubated overnight at room temperature . The sec-
ondary antibody , A lexa anti-mouse or anti-rabbit
fluorescent dye ( Molecular Probes, Eugene OR )
was added for 1 hour (Panchuk-Voloshina, 1999) .
The slides were washed, coverslipped and exam-
ined .
2 .5  Confocal mi croscopy

A Bio-Rad MRC-1024ES confocal microscope
equipped with a krypton/ argon laser and a 60¡Á1 .4
numerical aperture objective was used to examine
the hearts and obtain images . For each heart , the
negative control was used to establish a pixel inten-
sity that eliminated 99% of the background signal .
Background f luorescence was then subt racted by
applying this threshold to all images, and the per-
cent pixels with the remaining signal and average

signal intensi ty were recorded for each image .
2 .6  Sl ide evaluat ion

Two investigators using a fluorescence micro-
scope to evaluate the intensi ty and localization of
the staining reviewed the slides . Staining was de-
f ined as negative ( total absence of staining) , 1 +
(weak staining) , 2 + ( moderate) , or 3 + (strong,
intense staining) .

3  Results

Histologic examination showed the inf lamma-
tory infilt rate to consist of macrophages and plasma
cells without neut rophils . No acute inf lammation
was observed in any case . The inf lammatory lesions
were focal in the majority of cases and multifocal to
diffuse in a few cases . Some cases were severe and
diffuse, going t ransmural from the endocardium to
the epicardial surface such as case number 18 ( Fig-
ure 1) . I n this case all multiple histologic sections
of the lef t ventricular myocardium were involved
(six sections from different LV areas) , and there
was severe myodegeneration and myocytolysis .
Most cases showed evidence of myofiber degenera-
tion . See Table 1 for histologic scoring of the le-
sions .

I mmunofluorescence revealed strong staining
wi th Coxsackie B5 antibody in 6 of the 22 cases,
two of which also stained with the Coxsackie B3
antibody . One case out of the 22 stained wi th the
Inf luenza A antibody . Table 2 summarizes the im-
munofluorescence in the myocardi tis cases with the
three antibodies examined . T he cell cul ture speci-
mens used as posi tive controls were positive with
the specific antibodies and did not cross-react to dif-
ferent antibodies against other viruses . The normal
human myocardial cases did not stain wi th any of
the viral antibodies .

The immunolocalization of the Coxsackie anti-
bodies were generally conf ined to degenerating my-
ocardial cells f rom sections in the lef t vent ricle
(Figure 2) . There was no antibody staining with
any of the antibodies in normal human heart tis-
sues . Degenerating myocardial cell cytoplasm was
distinctly stained wi th the three antibodies in the
myocarditis cases . Occasionally the nucleus was
stained with some of the antibodies .

I n the one inf luenza myocarditis case, there
was staining of lymphocytes and monocytes in the
blood vessels within the myocardium in addition to
the degenerating myocytes (Figure 3) .
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Table 1 .  Histological assessment of myocardium

Case # Tissue
Inflammatory

infil trate
Myocyte
necrosis

Fibrosis Diagnosis

1 ÒHear t 2 £0 Myocardi tis
2 ÒHear t 3 £1 Acute viral myocardi tis

3 ÒHear t 3 £0 V iral myocardi tis
4 ÒHear t 1 £0 Myocardi tis
5 ÒHear t 0 £2 Myocardi tis
6 ÒHear t 1 £1 Ñ2 Myocardi tis
7 ÒHear t 3 £2 Ñ0 Acute myocardi tis

8 ÒHear t 2 £1 Ñ0 Acute myocardi tis
9 ÒHear t 3 £1 V iral myocardi tis (childe sexual abuse)

10 éHear t 2 £0 V iral myocardi tis
11 éHear t 0 £1 V iral myocardi tis

12 éHear t 0 £0 Myocardi tis
13 éHear t 3 £2 Myocardi tis ( lymphocytic, plasmacytic)
14 éHear t 1 £1 Myocardi tis
15 éHear t 1 £0 Viral myocardi tis and viral encephalitis
16 éHear t 1 £0 Resolving viral myocardi tis

17 éHear t 1 £1 Ñ.5 Eonsinophi lic myocardi tis
18 éHear t 4 £4 Ñ0 Myocardi tis
19 éHear t 1 £0 Myocardi tis
20 éHear t 2 £0 Ñ0 Acute myocardi tis

21 éHear t 3 xF 0 Ñ3 ÔF Giant cell myocardi tis
22 éHear t 2 £0 Myocardi tis

Table 2 .  Immunofluorescence of viral antigens in heart

Case # Tissue Coxsackie B3 &Coxsackie B5 %Influenza A mono

1 �Heart Negative 2 ]+ myocytes Negative

2 �Heart Negative Negative Negative

3 �Heart Negative 2 ]+ myocytes Negative

4 �Heart Negative Negative Negative

5 �Heart Negative Negative Negative

6 �Heart Negative Negative endothelial

7 �Heart 1 ^+ myocytes 1 ]+ myocytes endothelial

8 �Heart Negative Negative Negative

9 �Heart Negative 3 ]+ myocytes Negative

10 �Heart 1 ^+ myocytes 2 ]+ myocytes 1 ®.5 + lymphocytes

11 �Heart Negative 2 ]+ myocytes Negative

12 �Heart Negative Negative Negative

13 �Heart Negative Negative 2 	+ endothelial/ macrophage

14 �Heart Negative Negative Negative

15 �Heart Negative Negative Negative

16 �Heart Negative Negative Negative

17 �Heart Negative Negative Negative

18 �Heart Negative Negative 2 �+ myocytes

19 �Heart Negative Negative Negative

20 �Heart Negative Negative Negative

21 �Heart Negative Negative Negative

22 �Heart Negative 1 @+ endothelial 1 ¸.5 + macrophage
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Figure 1 . Hematoxylin and Eosin stain on case 18

Figure 2 . Coxsackie B5 antibody on case 9 ( right ) . Negative control wi thout antibody on case 9 ( left ) .

Figure 3 . Influenza A antibody on case 18 ( right ) . Negative control wi thout antibody on case 18 ( left ) .
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  Generally , the surrounding connective tissue
stroma, blood vessel smooth muscle, endothelial
cells, and associated inf lammatory cells in and
around the areas of active myocarditis lesions were
not stained with any of the antibodies examined .
However, staining was seen in elastic tissue in
small ar teriole muscular arteries wi thin the my-
ocardium in most cases .

4  Discussion

In this survey we found that about 31% of the
cases were positive for viral etiology . This is similar
to previous review studies and studies involving col -
lections of human viral myocardi tis cases ( Hyypia,
1993 ; Feldman, 2000) . Just a few case reports on
Influenza A have been reported ( Engblom, 1983;
Nolte, 2000 ) . This acute case in our survey was
very severe, wi th a severe t ransmural myocyte de-
generation, necrosis, and inflammation .

In this study we used confocal microscopy to
evaluate the myocarditis with the new Alexa dyes .
These antibodies required long antigen ret rieval
pret reatment with the Dako antigen retrieval solu-
tion in a 90-degree water bath for 25 minutes to ob-
tain reasonable immunofluorescence staining .

The procedure involved long overnight incuba-
tion with the Alexa amplif ication technique to be
able to visualize any staining . The confocal micro-
scope allowed us to remove any background scatter
fluorescence to see a strong positive signal .

In summary , this survey was similar to previ -
ous studies reported in the literatures . This is the
fi rst repor t using confocal microscopy to evaluate
human cases of myocarditis .
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Abstract :Object ive . To clone the adhesion gene hpaA of Hel icobacter pylor i st rain M EL- Hp27 isolated f rom a pa-
tient in Zhengzhou Ci ty , and analyze the hpaA gene nucleotide and putative amino acid sequences . Methods . hpaA
gene of the Hel icobacter pylor i M EL- Hp27 was amplif ied by PCR . Af ter purif ied, the target fragment was cloned
into plasmid pBluescriptb¢ò and subject to nucleotide sequenced . The homologies of the nucleotide and putative
amino acid sequences of hpaA were respectively analyzed .Results . hpaA gene of 783 bp, encoding the polypeptides
of 260 amino acids, was obtained from the Hel icobacter pylor i st rain M EL-HP27 genomic DNA . The homologies
of the nucleotide and putative amino acid sequences compared with the publ ished hpaA gene sequences were
94 .76% - 97 .19% and 95 .38% - 98 .46% , respectively . Conclusions .The recombined plasmid carring hpaA
gene has been successfully const ructed, and sequence analysis indicates that hpaA is a highly conserved prokaryotic
gene and might be a potential candidate for Hel icobacter pylor i vaccine development .[ Life Science Journal . 2006 ;3
(4) :42 - 48] ( ISSN: 1097 - 8135) .

Keywords: Hel icobacter pylor i ; hpaA gene; cloning; sequence analysis

Abbreviat ions: HpaA : Hel icobacter pylor i adhesion; MAL T : mucosa associated lymphoid tissue

1  Int roduct ion

Hel icobacter pylori is one of the common
gram-negative bacteria causing chronic infection,
which infects more than 50% of the human popula-
tion . I nfection of the gastric mucosa wi th Hel i -
cobacter pylor i resul ts in a number of disease out -
comes including gast rit is, which precedes the de-
velopment of peptic ulcer disease, gastric cancer
and lymphomas of the mucosa associated lymphoid
tissue( MAL T ) [ 1 , 2 ] . Although signi ficant progress
has been made in t reating Heli cobacter pylori in-
fection wi th current triple or quadruple therapy
based on antibiotics, given in conjunction wi th bis-
muth compounds and proton pump inhibi tor , the
limitations of pharmacological therapy such as side
effects, poor compliance, high cost , and most im-
por tantly , rapid emergence of antibiotic resistance
have set the stage for the development of less costly
and more eff icient means to prevent and control
Hel icobacter pylori infections[ 3 ,4 ] . Immunization
against the bacterium represents a cost-effective

st rategy to prevent Heli cobacter pylor i infection,
the selection of antigenic targets is crit ical in the
design of Hel icobacter pylor i vaccine[ 5 ] .Hel icobac-
ter pylor i adhesion( HpaA ) is a flagellar sheath pro-
tein with approximately 29 kDa located in the bac-
terial outer membrane[ 6 ] .So in this study , the re-
combinant plasmid inserted with hpaA of Hel i -
cobacter pylori was constructed and the homologies
of the nucleotide and putative amino acid sequences
were respectively analyzed, which will be helpful
for determining whether the HpaA becomes one of
the good candidates as an antigen in Hel icobacter
pylor i vaccine .

2  M ater ials and Methods

2 .1  M ater ials
The strain MEL-HP27 of Hel icobacter pylori

and cloning pBluescriptb¢ò were preserved by our
laboratory, E .col i st rains JM109 were purchased
from New England Biolabs (Beijing) L TD ( Beijing
China) . Pyrobest DNA polymerase, restriction en-
donuclease enzymes ( BamHI , Hind¢ó) , T4 DNA
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ligase, DNA gel extraction kit and 100 bp DNA
marker were provided by TaKaRa Company
(Dalian, China) .
2 .2  Bacter ial cul ture and preparat ion of DNA
template

Hel icobacter pylori M EL-HP27 st rains were
grown on solid Columbia agar with 100 ml/ L
frozen-melting sheep blood, 50 ml/ L fetal bovine
serum, and antibiotic supplement ( vancomycin 10
mg/ L , polymyxin B 0 .33 mg/ L , amphotericin A 5
mg/ L , trimethoprim 5 mg/ L ) in a microaerophilic
atmosphere for 3 days to 4 days at 37 ¡ãC .

The Hel icobacter pylor i st rains were harvested
and suspended in 1 ml sterile normal saline and pel-
leted by centrifugation at 10, 000 g for 5 minutes .
The precipitate was resuspended in lysis buffer ( 10
mM Tris-HCl , pH 8 .0, 0 .1 M EDTA , pH 8 .0,
0 .5 % ( w/ v) SDS, 20 ¦Ì g/ ml RNase) , and then,
protease K was added in to a f inal concent ration of
100 ¦Ì g/ ml , the lysate was incubated in a water
bath at 42 ¡ãC for 2 hours . The solution was cooled
to room temperature, and mixed wi th an equal vol -
ume of phenol equilibrated . T he two phases were
separated by centrif ugation at 10, 000 g for 10 min-
utes at room temperature, and the aqueous phase
was ext racted with phenol twice again . Af ter-
wards, 0 .1 volume of 2 .5 M ammonium acetate
and 2 volume of ethanol were added to the aqueous
phase . The precipitate was collected by centrif uga-
tion at 10 ,000 g for 2 minutes, washed twice with
70% ethanol , and dissolved in an appropriate vol -
ume of TE buffer ( pH 8 .0) [ 7 , 8 ] . The DNA con-
centration was measured by ult raviolet spectropho-
tometry .
2 .3  Synthet ic primers and PCR

Oligonucleotide primers were designed to am-
plify hpaA gene from Hel icobacter pylor i strain
M EL-HP27 based on the published corresponding
genome sequence of 26695 and J99 . The sequence
of sense primer wi th a rest riction endonuclease site
of Bam HI was: 5¡ä-CGGGA TCCA TGAAAGCAA
A T A A T C-3¡ä. The sequence of antisense primer
with a rest riction endonuclease site of Hind¢ó was:
5¡ä-CGCAAGCTTT TATCGGTT TCT-3¡ä. PCR was
performed in a 50 ¦Ì l reaction mixture in 0 .6 ml
tube in an automatic thermal cycler . The PCR
mixture contained 5 ¦Ì l of 10¡Á PCR buffer , 2 .5 ¦Ì l
of sample DNA , 4 ¦Ì l of 2 .5 mmol/ L deoxynucleo-
side triphoshpate, 2 ¦Ì l of 0 .25 ¦Ì mol/ L oligonu-
cleotide primers, 0 .5 ¦Ì l Pyrbest DNA polymerase
(1 .25 U) , 34 ¦Ì l of MilliQ H2O . The parameters
for PCR were as follows: 95 ¡ãC for 5 minutes, 1
cycle; 94 ¡ãC for 60 seconds, 45 ¡ãC for 50 seconds,
72 ¡ãC for 50 seconds, 30 cycles; 72 ¡ãC for 10 min-
utes, 1 cycle . The amplif ied products (3 ¦Ì l ) were

observed by elect rophoresis on 10 g/ L agarose gel
containing 0 .1 ¦Ì g of ethidium bromide per ml in
TBE buffer . The PCR product was visualized un-
der UV light and photographed .
2 .4  Const ruct ion of recombinant plasmids

PCR products were digested by restriction en-
donucleases BamHI and Hind ¢ó, meanwhile
pBluescriptb¢ò plasmid was digested by BamHI
and Hind¢ó, too . The target f ragments of hpaA
and pBluescriptb¢ò were recovered by DNA gel ex-
t raction kit , and then these two f ragments were lig-
ated by using T4 DNA ligase at a molar ratio of 6¡Ã
1 at 16 ¡ãC for 12 hours . The recombinant plasmid
was t ransformed into E .col i JM109 . The E .col i
JM109 containing the recombinant plasmid was
amplified in LB solid medium containing ampicillin
(100 mg/ L ) . Clones were picked out randomly
through blue/ whi te screening and cultivated in 4 ml
LB medium containing 100 mg/ L of ampicillin, at
200 r/ min at 37¡ãC overnight . Finally the recombi-
nant plasmids were extracted by Sambrook ¡¯ s
method and identif ied by PCR and restriction endo-
muclease enzyme digestion .
2 .5  Sequence determinat ion and homology analy-
sis

The sequence determination of hpaA gene of
recombinant plasmid was carried out by Shanghai
DNA Biotechnologies Company ( China ) , in the
meantime, the sequence of hpaA gene and amino
acid were analyzed by sof t ware Omiga .2 .0 and
DNAmen, and compared the homology based on
the GenBank ( No .NC000915, strain 26695 ; No .
NC000921, strain J99; No . X92502 , st rain
11637; No . AF479028, st rain CH-TX1; No .
U35455 , strain CCUG 17874 ; No . X61574,
st rain 8826; No . DQ115385, strain K51; No .
AY714223 , st rain Y06) .

3  Results

3 .1  PCR ampl i f ication of hpaA encoding se-
quence

The hpaA of M EL-HP27 st rain was amplif ied
by PCR from the above primers . The PCR product
was electrophoresed and visualized by 10 g/ L a-
garose gel ( Figure 1) . I t revealed that the size of
hpaA DNA fragment amplif ied by PCR was 783
bp, and was compatible wi th the expectant size .
3 .2  Const ruct ion and identi f i cat ion of recombi-
nant plasmids

Recombinant plasmid pBluescriptb ¢ò-hpaA
was digested with BamHI and Hi nd¢ó and con-
f irmed by PCR, then digestive product and PCR
product were visualized on 10 g/ L agarose gel ( Fig-
ure 2) . I t demonstrated that recombinant plasmid
was digested to 3, 000 bp and 783 bp DNA frag-
ment , which contained the objective gene, and
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hpaA gene was amplified from the recombinant
plasmid by PCR .
3 .3  Sequence analysis

Sequencing resul ts showed that the hpaA gene
consists of 783 base pairs and encodes the polypep-
tides of 260 amino acids . The sequencing results of
hpaA from strain MEB-HP27 are published in the

Figure 1 . The result of hpaA gene amplif ication using PCR
Lane 1 :100 bp DNA ladder ; Lane 2 and Lane 3: PCR prod-
uct of hpaA gene .

GenBank , the accession number is DQ353891 . The
homologies of the nucleotide and putative amino
acid sequences compared wi th eight published
hpaA gene sequences were 94 .76% - 97 .19% and
95 .38% - 98 .46% , respectively ( Figures 3 , 4) .
The strain MEL-HP27 was qui te identical to
NCTC11637 than the others with nucleotide ho-
mologies of 97 .19% , and the amino acid identi ty
was 97 .31% against NCTC11637 .There are only
22 base pairs di fferent between MEL-HP27 and
NCTC11637, at 62nd si te codon AAG/ N¡ú AGG/
R, at 100th site codon AA T/ N¡ú AGC/ S, at 112th
si te codon GCG/ A ¡ú TCG/ S, at 124th site codon
AGT/ S¡ú AAT/ N at 137th site codon ACA/ T ¡ú
ATA/ I , at 164th si te codon ATC/ I ¡ú GCT/ V , at
256th si te codon AAC/ N ¡ú GGC/ G( codon/ amnio
acid) .These analysis indicated that the hpaA gene
sequence and the putative amino acid sequence were
qui te conservative and might be a potential antigen
candidate for Hel icobacter pylori vaccine develop-
ment .

4  Discussion

Hel icobacter pylor i adhesion is a flagellar
sheath potein located in the bacterial outer membrane .

The outer membrane is a continuous structure on
the surface of gram-negative bacteria, which have
bilateral par ticular signif icance as a potential target
for protective immuni ty and bacterial
pathogens[ 9 ,10 ] . I n other studies, outer membrane
vaccines have been used wi th considerable success
to induce protection against a number of organ-
isms[ 4 , 11 ] . The hpaA gene is located in genome
DNA of Hel icobacter pylor i and considerably con-
servative for i ts nucleotide and amino acid se-
quences . HpaA is one of the major structural outer
membrane proteins of Hel icobacter pylor i and plays
an important role in adhesion of the microbe[ 12 , 13 ] .
Furthermore, antibody against HpaA almost could
be found in all Hel icobacter pylori infected patients
sera, which will be an ideal antigen candidate for
Hel icobacter pylor i vaccine . I n this study , the
hpaA gene was cloned f rom strain M EL-HP27,
which consists of 783 base pairs and encodes the
polypeptides of 260 amino acids . The homologies of
the nucleotide and putative amino acid sequences of
hpaA gene f rom Hel icobacter pylori st rain MEL-
HP27 compared with the 8 published hpaA gene
sequences were as high as 94 .25% - 97 .32% and
95 .38% - 98 .46% , respectively . These data indi-
cate that the mutation level of the hpaA gene of
Hel icobacter pylor i strain MEL-HP27 is wi thin the
range repor ted by GenBank , and suggest that
HpaA is an excellent and ideal antigen for develop-
ing Hel icobacter pylor i vaccine .

Figure 2 . I dentif ication of recombinant plasmid pBluescript-
hpaA by restriction enzyme digestion
Lane 1 : 15000bp DNA ladder ; Lane 2 : pBluescriptb¢ò di-
gested by BamHI and Hind¢ó; Lane 3 : pBluescript-hpaA
digested by Hi nd¢ó; Lane 4: pBluescript-hpaA digested by
BamH I and Hind¢ó; Lane 5: hpaA gene amplif ied by PCR
f rom recombinant plasmid pBluescript-hpaA .
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Figure 3 . Homology comparison of hpaA gene nucleotide sequences
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Figure 4 . Homology comparison of the putative amino acid sequences of hpaA gene
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Expressi on of Recombinant Human M T1G Gene

with C Term inal of H is-t ag in EC9706 Cel ls
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Abstract :Object ive . To construct a recombinant eukaryotic expression plasmid of M T1G and express it in human
esophageal cancer cell line EC9706 . Methods . The target sequence was ampl if ied by PCR from pACT2-M T1G
plasmid containing human MT1 G cDNA and cloned into eukaryotic expression vector pcDNA3 .1/ Myc-His( - )
wi th C terminal of myc epi tope and 6¡ÁHis- tag . After restriction endonuclease digestion and DNA sequencing con-
firmation, the recombinant plasmid was tranfected into EC9706 cell by lipofectamine 2000 . The posi tive monoclone
was screened by G418 . RT-PCR and Western blot ting were used to detect the expression of mRNA and fusion pro-
tein of MT1 G gene respectively . Results . The eukaryotic expression vector pcDNA3 .1/ Myc- His( - ) -M T1G was
successfully const ructed and M T1G fused protein with His- tag was expressed in t ranfected EC9706 cell . Conclu-
sion . The human M T1G recombinant plasmid and the EC9706 cell strain stably expressing M T1G fused protein
wi th His- tag were obtained, which provide the basis for further study on biology functions of M T1G .[ Life Science
Journal . 2006 ;3( 4) :49 - 53] ( ISSN : 1097 - 8135) .

Keywords: metallothionein 1G; esophageal cancer ; eukaryotic expression

Abbreviat ions: M Ts: Metallothioneins

1  Int roduct ion

Metallothioneins ( MTs) are a cystein-rich,
low molecular weight proteins, which can bind to
heavy metals such as zinc and copper and is in-
volved in thei r intracellular homeostasis[ 1 ] . I n hu-
mans, M Ts are encoded by a family of genes con-
sisting of 10 functional M Ts isoforms and the en-
coded proteins are conventionally subdivided into
four groups viz, M T-1, M T-2, M T-3 and M T-4
proteins[ 2 - 5 ] . While a single M T-2A gene encodes
M T-2 protein, M T-1 protein comprises many sub-
types encoded by a set of M T-1 genes ( M T-1A ,
M T-1B, M T-1E, M T-1F, M T-1G, M T-1H and
M T-1X) accounting for the microheterogenei ty of
the M T-1 protein[ 6 ] . A lthough M Ts have been
linked with tumorigenesis and progression, there is
not much information available in the literature on
the functional roles of the different M T isoforms .
To investigate the biological roles of M T1G in hu-
man esophageal cancer cell line, we const ructed the
recombinant eukaryotic expression vector pcDNA3 .
1/ M yc-His (-)-M T1G and expressed it in EC9706
cells .

2  Materials and Methods

2 .1  Materials

Esophageal cancer cell EC9706, eukaryotic ex-
pression vector pcDNA3 .1/ M yc-His(-) , E . col i .
st rain DH5a and strain DH5a containing pACT2-
M T1G were from department of Etiology and Car-
cinogenesis, Cancer I nsti tute , Chinese Academy of
Medical Sciences . Taq DNA polymerase, T4 DNA
ligase, XbaI and BamHI restriction enzyme, 100
bp Ladder marker , RT-PCR kit were Takara .
L ipofectamineT M 2000, TRIZOL reagents were In-
vit rogen . Rabbit polyclonal His antibody, peroxi-
dase-conjugated secondary antibody were purchased
from Beijing Zhongshan Biotechnology Company .
2 .2  Methods
2 .2 .1  Design of primers and amplication of target
gene

According to M T1G gene sequences published
in GenBank , the primers were designed to ampli fy
the full length of the human M T1G cDNA with an
enzyme digest site of XbaI added to the 5¡äend of
the forward primer and an enzyme digest si te of the
BamHI added to the 5¡äend of the reverse primer .
The forward primer was 5¡ä-TAG TCT AGA A TG
GAC CCC AAC TGC TCC -3¡ä and the reverse
primer was 5¡ä-TA T GGA TCC GGC GCA GCA
GCT GCA CT -3¡ä. M T1G cDNA was amplif ied us-
ing plasmid pACT2-M T1G as template . PCR con-
di tions were as follows: 1 cycle at 94 ¡æ for 2 min-
utes, 35 cycles with 30 seconds at 94 ¡æ for denat-
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uration, 45 seconds at 56 ¡æ for annealing, 1
minute at 72 ¡æ for extension and a final extension
at 72 ¡æfor 10 minutes . PCR products were identi -
fied with 1 .5% agarose gel elect rophoresis .
2 .2 .2  Const ruction and identif ication of recombi-
nant eukaryotic expression vector pcDNA3 .1( - )-
M T1G

PCR products were purif ied by PCR purif ica-
tion kit and digested by XbaI and BamHI . At the
same time the plasmid pcDNA3 .1( - ) was also di -

gested by XbaI and BamHI . Later , the digested
products of the 2 above mentioned were ligated by
T4 DNA ligase for overnight at 16 ¡æ .The ligation
products were transferred into competent cells of
E . col i DH5a . Amp-resistant clones were selected
and posi tive clones were verif ied by PCR . The pos-
it ive clone containing M T1G cDNA f ragment was
named pcDNA3 .1 ( - ) -M T1G . The construction
procedure of recombinant vector is shown in Figure
1 .

Figure 1 .The construction procedure of recombinant vector pcDNA3 .1( - )/ Myc-His-M T1G

2 .2 .3  Cell t ranfection and positive clone screen-
ing

According to the protocol of LipofectamineTM

2000 , plasmids pcDNA3 .1( - ) -M T1G were t rans-
fected into esophageal cancer cell EC9706 . A nd
pcDNA3 .1( - ) also was transfected transfected in-
to EC9706 cells as negative cont rol . Two groups
cells were screened in the medium containing ge-
neticin (G418) of 400 mg/ mL for 48 hours . Af ter
two weeks¡¯selection, positive clones were isolated

and further expanded which were named EC9706-
M T1G and EC9706-null cells respectively .
2 .2 .4  Identif ication of t ransfection

RT-PCR: Total RNA were extracted with
T RIZOL reagent according to the manufacturer¡¯s
instructions . Concentration and purity of RNA
were measured by ul traviolet spectrophotometer .
0 .5 ¦Ì g RNA was used to synthesize cDNA , and
PCR was performed as follows: 94 ¡æ for 2 min-
utes; 35 cycles of 94 ¡æ for 30 seconds, 54 ¡æ for
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30 seconds, 72 ¡æ for 1 minute; 72 ¡æ for 5 min-
utes . The primers for M T1G were : 5¡ä-TCG CT T
GGG AAC TCT AGT CTC-3¡ä(forward) , and 5¡ä-
GCA AAG GGG TCA AGA TTG TAG -3¡ä( re-
verse) , ampli fication fragment lengths were 309
bp .¦Â-actin primers were 5¡ä-CAT CCT GCG TCT
GGA CCT-3¡ä ( forward) , and 5¡ä-TCA GGA GGA
GCA ATG A TC TTG-3¡ä ( reverse) , amplif ication
fragment lengths were 480 bp . RT-PCR products
were visualized by ethidium bromide-stained 1 .5%
agarose gel .

Westem blot : Cells were washed for 3 times
with PBS and lysed in RI PA lysis buffer . Protein
concentration in each lysate was detected by Brad-
ford method . The protein were mixed with 5 ¡Á
loading buffer and boiled for 5 minutes . Protein
samples were resolved by SDS-PAGE by the same
volume and t ransferred to 0 .2 ¦Ì m PVDF mem-
brane . Af ter blocking wi th 5% skim milk , proteins
were incubated wi th rabbit anti-human His anti -
body for overnight at 4 ¡æ and then wi th peroxi -
dase-conjugaated secondary antibody for 1 hour .

Af ter washed for 5 times wi th PBST , the mem-
brane was then stained using DAB ki t .

3  Results

3 .1  Identi f i cat ion of recombinant plasmid pcD-
NA3 .1( - )-MT1G

Target gene fragment was obtained by PCR
amplification f rom plasmid pACT2-M T1G contain-
ing human M T1G cDNA and inserted into pcD-
NA3 .1 ( - ) eukaryotic expression vector to con-
struct pcDNA3 .1 ( - )-M T1G recombinant plas-
mid . Af ter digesting with double rest riction en-
donuclease XbaI and BamHI , around 5 .4 kb and
192 bp fragments were obtained . The former is
plasmid fragment digested and the latter was target
gene fragment digested ( Figure 2) . Recombinant
plasmid was sequenced, and the resul t was the
same as M T1G cDNA sequence published in
Genebank (Figure 3) . This confi rmed that eukary-
otic expression vector pcDNA3 .1( - ) -M T1G was
constructed successfully .

Figure 2 .RCR analysis of recombinant plasmid pcDNA3 .1( - )-M T1G
Lane 1 : 100 bp ladder marker ; Lane 2 : pcDNA3 .1( - ) -M T1G; Lane 3 : pcDNA3 .1( - ) -M T1G digested by XbaI and
BamHI ; Lane 4: pcDNA3 .1( - ) ; Lane 5 : pcDNA3 .1( - ) digested by XbaI and BamHI ; Lane 6: PCR product of M T1G
Lane 7 : ¦ËDNA/ Hind¢ó + EcoRI marker

3 .2  Expression of MT1G mRNA
RT-PCR products of the cell EC9706-M T1G

yielded two expected fragments of 480 bp and 309
bp, corresponding to RT-PCR products of ¦Â-action
and MT1G respectively . While RT-PCR products
of the cell EC9706-null only yielded one f ragment
of 480 bp ¦Â-action and no target gene f ragment of
309 bp( Figure 4) .
3 .3  Expression of M T1G fusion protein with his-
tag

M T1G fusion protein wi th his-tag was detect -
ed in the cells EC9706-M T1G and not in cells
EC9706-null ( Figure 5) .This showed stable t rans-
fection of M T1 G gene in EC9706 cells was suc-
cessful .
4  Discussion

At fi rst , M Ts were recognized to involved

metal ion homeostasis and detoxif ication, protec-
tion against DNA damage, oxidative st ress[ 7 ] . I n
the postgenomic era, it is becoming increasingly
clear that M T fulf ils different f unctions[ 8 ] . I n re-
cent years, more and more data have showed that
M Ts are associated with tumour cell proliferation
and apoptosis, resistance to radiation or chemother-
apy , patient survival and prognosis[ 9 , 10 ] . Although
metallothionein expression has been implicated in
carcinogenic evolution, current knowledge on the
potential biological roles of i ts di fferent isoforms in
the various human cancers remains unclear . So far ,
researchers only found that di fferent M T isoforms
in humans possibly play di fferent functional roles
during development or under various physiological
condi tions[ 11 ] . I ndividual isoforms have unique
functions[ 12 ] . Therefore, detailed studies focused
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Figure 3 .Recombinant eukaryotic expression vector pcDNA3 .1( - )-M T1G sequence

Figure 4 .Expression of M T1G mRNA detected by RT-PCR
Lane 1 : 100 bp ladder marker ; Lane 2 : EC9706-null ; Lane
3: EC9706-M T1G

Figure 5 .Expression of M T1G fusion protein wi th His-tag
deteced by Western blot . Lane 1 : EC9706-null ; Lane 2 :
EC9706-M T1G

on the functional roles of di fferent metallothionein
isoforms could elucidate the role of this group of
proteins in the carcinogenic process, delineating i ts

possible clinical signif icance for the management of
patients .I n this study , we constructed the eukary-
otic expression vector of M T1G and expressd it in
human esophageal cancer cell EC9706 f i rst .

Due to the high sequence homology of the MT
isoforms, the generation of isoform-speci fic anti-
bodies for M T was hindered[ 12 ] . The commercially
available E9 antibody , which is used routinely for
M T immunohistochemical studies, cannot distin-
guish different M T isoforms[ 13 ] . So, the eukaryotic
expression plasmid pcDNA3 .1/ M yc-His( - ) was
chosen to encode two tag gene of myc and 6¡Á His .
The full M T1G cDNA was inserted into the multi
clone site of the eukaryotic expression plasmid pcD-
NA3 .1/ Myc-His( - ) and located closely at the up-
stream of two tag gene of myc and 6¡Á Poly-his-
tidines so as to construct recombinant eukaryotic
expression vector of M T1G gene: pcDNA3 .1/ M yc-
His( - )-M T1G . Recombinant plasmid was t ran-
fected in esophageal cancer cell EC9706 . Then ex-
pression of the M T1G fusion protein wi th 6¡Á His
tag was detected with speci fic anti -6 ¡Á His anti-
body which could reflect expression level of M T1G
protein indi rectly . Al though fusion protein was ob-
tained, 6 ¡Á His tag was very small and stable in
physiological pH, folded structure and chemical
properties of recombinant protein were not changed
and the tag of ten has lit tle effect on the function of
the protein . I n addition, pcDNA3 .1/ Myc-His( - )
contains CMV promoter and SV40 ori reproduce
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component and provides efficient , high-level ex-
pression in a wide range of mammalian cells .
Neomycin resistance gene was used to selection of
stable transfectants in mammalian cells .

In this study , eukaryotic expression plasmid of
M T1G gene was constructed and transfected into
human esophageal cancer cells EC9706 successful -
ly . This layed a foundation for further study on the
function and mechanism of M T1G in tumorenesis .
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Msp I Polymor phism of the Coagulat i on Factor ¢÷ Gene

in Pat i ents wi t h I schemic Cerebrovascular Disease

in Han Populat i on of Henan , China

Haidong Yu, Hua Qi , Jianhua Lian, Ying He, Hong Zheng
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Abstract :Object ive . To determine whether there is any relationship between polymorphisms in gene of coagulation
factor ¢÷ and ischemic cerebrovascular disease in Han population of Henan in China . Methods . Coagulation factor
¢÷( R353Q) genotypes were screened in 512 patients wi th ischemic cerebrovascular disease by PCR and restriction
fragment length polymorphisms ( PCR-RFLP) assay . Results . The R353Q genotypes of factor ¢÷ dist ribution was
in accordance wi th Hardy-Weinberg equilibrium . The dist ribution of allele and genotype in R353Q had signif icant
difference between the control group and CVD group . Conclusion . The Q al lele of the R353Q polymorphism of the
factor ¢÷ gene may be a protective genetic factor against ischemic cerebrovascular disease in Han population of
Henan, China . [ L ife Science Journal . 2006 ;3( 4) :54 - 56] ( ISSN : 1097 - 8135) .

Keywords: coagulation factor ¢÷; ischemic cerebrovascular disease; polymorphism; R353Q

Abbreviat ions: CAD:coronary ar tery disease; ICVD: ischemic cerebrovascular disease; IHD: ischemic heart dis-
ease; F¢÷: coagulation factor ¢÷

1  Int roduct ion

Coagulation factor ¢÷ ( F¢÷) is the initial fac-
tor in the ext rinsic pathway of the coagulation cas-
cade and F¢÷ levels in plasma are usually related to
ischemic hear t disease( I HD) . The updated result
of the NPH study showed that F¢÷c was strongly
related to fatal events of ischemic heart disease[ 1 ] .
In two Japanese reports, F¢÷c was also proposed to
be the independent risk factor for coronary artery
disease( CAD) [ 2 ,3 ] .I schemic cerebrovascular disease
( ICVD) shares many risk factors related to I HD .
ICVD has a complex etiology and pathophysiology
generated by the combined effects of genes and the
environment . Genetic variation played an important
role in the determination of plasma F¢÷ levels . I n
the previous study , the polymorphism at exon 8 of
the F¢÷ gene ( designated R353Q polymorphism)
was consistently reported to have a genotype effect
on plasma F¢÷c levels . Our main purpose was to
determine whether there is any relationship be-
tween R353Q polymorphism in gene of coagulation
F¢÷ and ischemic cerebrovascular disease in Han
population of Henan, China .

2  Materials and Methods

2 .1  Subjects
A total of 512 patients with ischemic cere-

brovascular disease were admi tted to the First Aff il-
iated Hospital of Zhengzhou University . T here
were two groups in the study ( 1) CVD group: 512
subjects( 310 males and 202 females, aged 60 ¡À
10 .2 years) ; ( 2) cont rol group: 560 subjects ( 294
males and 266 females, aged 56¡À9 .8 years) .The
cont rol group were healthy subjects clinically free of
vascular disease . All of them were unrelated, and
were the Chinese Han population .
2 .2  Gene polymorphism

Genomic DNA were extracted from peripheral-
blood lymphocytes by the standard phenol-chloro-
form method . Primers for PCR amplif ication were
made according to the sequence repor ted by Green
et al [ 4 ] , and the condi tions of the PCR reaction
were 94 ¡æ for 5 minutes, followed by 35 cycles of
1 minute at 94 ¡æ, 1 minute at 56 ¡æ, 1 minute at
72 ¡æ, and the final cycle was at 72 ¡æ for 5 min-
utes . PCR reaction mixture of 25 ¦Ì l contains 100
ng genomic DNA , 10 ¦Ì mol of the primer , 1 .5
mol/ L MgCl2 , 50 mol/ L KCl , 10 mol/ L Tris-HCl
(PH 8 .3) , 0 .2 mol/ L of dNTP each and 2 .0 U
DNA polymerase . Following ampli fication, a re-
striction digestion was performed to detect the F¢÷
sequence polymorphism wi th the enzyme MspI at
37 ¡æ for 12 hours . These products and PCR prod-
ucts were separated using electrophoresis through
2% agarose gel and stained with ethidium bromide
and visualized under UV light .
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2 .3  Stat ist ical analysis
The f requencies of the alleles and genotypes

were counted and compared by the Chi-square test .
Odds Ratios( OR) and thei r 95% confidence inter-
vals (95%CI ) were used to estimate the risk asso-
ciation to the genotype . All statistical procedures
were performed wi th SPSS 10 .0 sof tware package .
P < 0 .05 was set statistically signif icant .

3  Results

Three genotypes of R353Q( RR, RQ and QQ)
were found in our study ( Figure 1) .The genotype

distribution for both males and females was in ac-
cordance wi th Hardy-Weinberg equilibrium by Chi-
square test ( P > 0 .05) . Due to low number of the
subjects homozygous for the Q allele, we concen-
t rated our analysis on the combined group( RQ +
QQ) . The frequencies of the Q allele and ( RQ +
QQ) genotype were signif icantly higher in control
group than those in CVD group ( P = 0 .025 , Odds
ratios= 0 .657, 95%CI , 0 .454 - 0 .951 for the Q
allele and P = 0 .016, Odds ratios = 0 .625 , 95%
CI , 0 .426 - 0 .917) . This group of Q carriers had
a 35% reduction of the risk of CVD as compared
wi th carrier of R allele ( Table 1) .

Figure 1 . PCR products from amplif ication of the polymorphic region of the R353Q gene
Lane M : 100 bp DNA M arker ; Lanes 1 and 5 : RR homozygote wi th a fragment of 205 bp ; Lanes 2 and 4: RQ heterzygote
wi th a fragment of 205 bp and 272 bp; Lane 3 : QQ homozygote wi th fragments of 272 bp; Lane 6: PCR product .

Table 1 .  Distribution frequency of R353Q genotype and allele in patients wi th CVD and controls

Genotype CVD( n = 512 	) Control( n = 560 Ö) P value OR(95 ƒ%CI )

RR 465 Ó( 90 .8) 482 u( 86 .4) 1 D.00

RQ 46 Ó( 9 .0) 76 ^( 13 .2) 0 ‹.018 0 ë.627( 0 .426 - 0 .924)

QQ 1 ¼(0 .2) 2 ^( 0 .4)

RQ + QQ 47 Ó( 9 .2) 78 ^( 13 .6) 0 ‹.016 0 ë.625( 0 .426 - 0 .917)

Al leles

R 976 Ó( 95 .3) 1042 Œ(93 .0) 1 D.00

Q 48 Ó( 4 .7) 78 u( 7 .0) 0 ‹.025 0 ë.657( 0 .454 - 0 .951)

4  Discussion

F¢÷ is a vi tamine K-dependent protease and it
is the ini ti al factor in the extrinsic pathway of the
coagulation cascade . The prospective Northwick
Park Heart Study ( NPHS) found that raised F¢÷
coagulant activi ty ( F¢÷c) was an independent risk
factor for CAD[ 1 ] . Epidemiological evidence sug-

gested that ICVD shared many risk factors with
I HD , such as age, hypertension, and smoking,
etc . I t is also possible that the features of the
hemostastic system may influence the development
of ICVD, as has been suggested for I HD .Genetic
variations play a role in the determination of plasma
F¢÷ levels . In the previous study , the polymor-
phism at exon 8 of the F¢÷gene ( designated R353Q
polymorphism) was consistently reported to have a
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genotype effect on plasma F¢÷c levels . These poly-
morphisms arised from a basic substi tution of A to
G in the second position of the codon 353, leading
to substitution of arginine with glutamine ( alleles
were designated as R and Q, respectively ) .
Green[ 4 ] fi rst reported that heterozygous European
subjects were 22% lower on F¢÷c levels than those
in group mean . I n some of these studies, the Q al-
lele was also found to be associated with lower F¢÷c
levels[ 5 ,6 ] .Gi relli[ 7 ] repor ted that Q allele had a
protective effect against MI . Differences in allelic
frequencies had been reported in different ethnic
groups . I n our study, the f requency of Q allele was
7 .0% . The Q allele f requency of the R353Q poly-
morphism in Chinese was signi ficantly lower than
that of the Dravidian Indians (0 .29) .

I t was also lower than f requencies of the Euro-
peans(0 .14 - 0 .28) [ 4 , 6 ] , but higher than that of
the Japanese(0 .034) [ 5 ] and i t was similar to that of
Korean(0 .060) [ 8 ] , which suggested that the preva-
lences of gene mutation of R353Q vary wi th differ-
ent ethnic groups or geographic regions . The mech-
anism of R353Q¡¯s effect on plasma F¢÷ levels is
unknown, and several possible explanations have
been discussed . Lower plasma levels of the F ¢÷
protein seen with the Q allele might be due to a
conformational change produced by the Arg¡ú Gln
substitution that affected the processing of F¢÷ in
the hepatocytes, resul ting in reduced secretion of
the protein[ 9 ] . I n line wi th this hypothesis, the Q
variant was shown i n vi tro to be associated with
reduced secretion of F¢÷ compared wi th the R vari -
ant, thus accounting for the reduction on plasma
F¢÷ levels[ 10 ] .Our result was similar to the resul ts
reported by Girelli[ 7 ] .Our study has shown that Q
allele of the R353Q polymorphism in the F¢÷ gene
may play a protective role against ICVD in Han
population of Henan, China .
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