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Alteration of protein profiles in human esophageal multistage
carcinogenesis: highlight on promising biomarker and challenges
for high-risk subject screening and early diagnosis*

Lidong Wang”®, Aiqun Wu, Yupei Qin, Xiaoshan Feng, Mei Zhang, Baochi Liu, Guolan Xing
Henan Key Laboratory for Esophageal Cancer ; Basic Medical College, Zhengzhou University, Zhengzhou, Henan 450052, China
Received December 13, 2006

Abstract

Human esophageal carcinogenesis has been well-recognized as a multistage progressive process. The early indica-
tor for the subject predisposed to esophageal cancer (EC) is the esophageal epithelial cell hyperproliferation, morpho-
logically manifested as basal cell hyperplasia (BCH) dysphasia (DYS) and carcinoma in situ (CIS), which could be
considered as esophageal precancerous lesions. Follow-up studies on the subjects at high incidence area for EC have
demonstrated that these precancerous lesions are unstable, i.e. these lesions could develop to cancer, or remain at the
same stage for long time, and even return to normal. The molecular mechanism underlying is largely unknown. It
has been demonstrated that multiple proteins with aberrant expression are involved in esophageal carcinogenesis. In
this review, evidences for protein profiles in human esophageal precancerous and cancerous lesions were summarized
to highlight the promising biomarkers and challenges for high-risk subject screening and early diagnosis for EC. [ Life
Science Journal. 2007;4(1):1—5] (ISSN: 1097 —8135).

Keywords: esophageal carcinoma; carcinogenesis; protein profile; biomarker

1 Introduction

Esophageal carcinoma (EC) is one of the sixth most
common malignant tumors worldwide. Linzhou ( for-
merly Linxian) and nearby counties have been well-doc-
umented as the highest incidence area for EC, and EC
remains the leading cause of cancer related death in these
areas. Moreover, EC in late stage has a very poor prog-
nosis, with a five year survival rate of less than 10% .
However, the 5-year survival rate for EC in the early
stage could be as high as 90% . Obviously, early diagno-
sis is the crucial factor in reducing mortality. But, more
than 80% of the EC patients are diagnosed at the ad-
vanced stage clinically for the first time at present. One
leading cause for this poor diagnosis is lack of specific
biomarkers for the early EC patients who have not obvi-
ous special symptom in early stage and for large-scale
high-risk subject screening. So far, endoscopic biopsy
and histopathological examination in mass survey and
follow-up at high incidence area remain the most effec-
tive method to the identify early cancer and precancerous
lesions. It is rather difficult to apply these methods for
high-risk subject screening and early diagnosis in large-

*Supported in part by Henan Education Committee Foundation
and National Natural Science Foundation of China ( No.
30670956).

*Corresponding author. Tel and Fax: 86-371-6665-8335; Email:
ldwang(@zzu. edu. cn

scale mass survey for symptom-free subjects from high
incidence area. Thus, it becomes critically important to
identify promising biomarker for high-risk subject
screening and early diagnosis through charactering the
morphological and molecular changes in multistage car-
cinogenesis of EC'.

Esophageal carcinogenesis has been well-recognized
as a multistage and progressive process. The early indi-
cator for the subject predisposed at EC is the aberrant
hyper-proliferation of epithelial cells, morphologically
manifested as basal cell hyperplasia (BCH), dysphasia
(DYS) and carcinoma in situ (CIS), which could be
regarded as esophageal precancerous lesions. High risk
subject screening and follow-up studies in high-incidence
area for EC have indicated that about the natural history
for esophageal carcinogenesis from these precancerous le-
sions to cancer could be 5 — 10 years[] ~41 But, the
molecular mechanism underlying is still largely un-
known. In this review, the progress for aberrant protein
expression in human esophageal multistage carcinogene-
sis and the challenges in this area were summarized to
highlight the promising biomarker for high-risk subject
screening and early diagnosis.

2 Challenges in Studying the Mechanisms of Human
Esophageal Multistage Carcinogenesis

The obvious clinical characteristic of human
esophageal precancerous lesions is its instability, i.e., it
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could constantly develop to the direction of cancer or re-
main at the same slage for many years, or even return to
normal. It is difficult to interpret the phenomenon only
based on morphological changes. The underlying molec-
ular changes may be of importance in elucidating the
mechanism of human esophageal multistage carcinogene-
sis and establishing the promising biomarkers for high-
risk subject screening and early diagnosis. The chal-
lenges in these areas include: (1) To establish a large
scale follow-up design on symptom-free subjects from
high-risk area with repeated esophageal biopsies. This
case-control study is crucial in identifing the promising
biomarkers for high-risk subject screening and early di-
agnosis; (2) Through large scale mass survey with the
promising biomarkers and esophageal biopsies to confirm
the consistence in diagnosis of precancerous and cancer-
ous lesions; (3) To establish “one drop of blood test”
method for large scale high-risk subject screening and
early diagnosis. Recent studies have indicated that
through one drop of blood to test the autoantibodies a-
gainst tumor suppressor and monogenic proteins could
predict the subjects with esophageal precancerous and
cancerous lesions in a small group'SJ. Obviously, this
“one drop of blood test” would be more easier, economic
and acceptable for the large scale mass survey. It could
narrow down the number of subjects for endoscopic ex-
amination. The key scientific questions to be addressed
in the mechanisms of human esophageal multistage car-
cinogenesis include: What are the key molecular events
occurred in multistage carcinogenesis? Which of these
molecular events are key factor to drive the mild
esophageal precancerous lesions to severe or cancer?
Would the subjects with these molecular changes during
the follow-up develop to esophageal cancer earlier or
more quickly than those without these molecular
changes? Based on these studies, could the promising
biomarkers be identified for high-risk subject screening
and early diagnosis? Apparently, to answer these ques-
tions, it is very important to establish the follow-up sub-
jects in high-risk area with repeated esophageal biopsies.

3  Nomenclature and Protein Profiles for Human
Esophageal Multistage Carcinogenesis

3.1 Nomenclature of human esophageal multistage
carcinogenesis

The concept of esophageal precancerous lesions
comes from the histopathological observation and follow-
up studies on the large-scale mass survey in high-risk
area, on surgical specimen adjacent to carcinoma and on
animal experiment model. Morphologically, the precan-
cerous lesions of the esophageal epithelium are quite sim-
ilar in symptom-free subjects, tissues adjacent to EC and
the rat EC models induced by nitrosamine'®7. It is

noteworthy that the patterns of molecular changes are
not the same in morphologically similar precancerous le-
sions. The typical sample is that, the positive p33 im-
munostaining rate in human esophageal precancerous le-
sions is much higher than in rat model induced by ni-
troamine. In contrast, ras mutations are frequently ob-
served in rat model induced by nitrosamine, not in hu-
man esophageal precancerous and cancerous lesions'®’ .
Even in the same subject with similar morphological type
of precancerous lesions at the different parts of the
esophagus, p53 mutation pattern is different™® . These
results indicate the discordance of “tissue phenotype”
and “genetic phenotype” in esophageal multistage car-
cinogenesis. Thus, it becomes important to nominate
these morphohgical changes based on molecular events,
which may predict the development of these lesions ei-
ther to cancer or not.
3.2 Histogenesis model of human esophageal multi-
stage carcinogenesis' "’

Based on the literature and recent works of our lab,
the histogenesis model for the human esophageal multi-
stage carcinogenesis is summarized as in Figure 1.
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Figure 1. Histogenesis model for human esophageal multistage car-
cinogenesis

What needs to be emphasized is that the histological
pattern of EC is quite different in western countries and
in China. Primary esophageal adenocarcinoma almost
takes up 50% in western countries. The histogenesis
model from reflux esophagitis ( gastroesophageal reflux
disease, GERD) to Barrett’s esophagus to DYS to CIS
to esophageal adenocarcinoma is the most common type
of esophageal carcinogenesis in the western countries.

. D .
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However, squamous cell carcinoma almost takes up 95%
in China, the incidence for primary esophageal adeno-
carcinoma is very low. The incidence of the reflux
esophagitis in high-risk area in China is about 6%
(14%-16% in the western countries). Barrett’s esoph-
agus occurrence is also very low in China (0. 5% —
29%). The mechanisms for these differences are not
clear. The histogenesis model from normal to BCH to
DYS to CIS is the most common type of esophageal car-
cinogenesis in China.
3.3 Protein profiles for human esophageal multistage
carcinogenesis

Figure 2 and Table 1 summarized the alterations of
57 proteins aberrant expression in human esophageal
normal, precancerous and cancerous lesions 11 %8 All
these subjects were from Linzhou, Henan province, the
highest incidence area for EC. Most of the precancerous
and normal tissues were from high-risk subject screening
in this area with endoscopic examination. These primary
results demonstrated that multiple proteins changed in
the multistage carcinogenesis of EC with a different de-
gree of severities. It is noteworthy that with the lesions

fication of the key genetic biomarkers for high-risk sub-
ject screening and early diagnosis.

Although the accumulated data have indicated that
esophageal carcinogenesis is a multistage and progressive
process involved by multiple genetic changes, the key
genetic changes to drive the mild lesions to severe and
cancer in EC is largely unknown. To establish the infor-
mative sample bank is crucial in illustrating the mecha-
nism of human esophageal multistage carcinogenesis and
identifying the biomarkers for high-risk subject screen-
ing and early diagnosis. Actually, these genetic changes
at the same time could provide important clues in design-
ing new target for treatment and prevention. It could
not be overemphasized to perform systemic studies on
pedigree of EC to identify the key genetic changes.

luumlﬂililh;‘gli ml

progressed from normal to mild and severe stage, most
of proteins from p53-Rb pathway (including pS3, Rb,
pl6, pl5, pl4, CyclinD1, wafl-p21, PCNA, etc.),
shows apparent aberrant expression, especially the p33,
and PCNA proteins. These data suggest that these
molecular changes will be one of mechanisms to drive the
mild lesions to severe and cancer. Further characteriza-
tion is needed to verify the significance of these biomark-
ers in high-risk subject screening and early diagnosis.

4 Perspectives

4.1

Establish the sample and information bank for
human esophageal multistage carcinogenesis and identi-
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Figure 2. Alterations of 57 proteins in human esophageal multi-

Table 1. Frequency of 57 proteins expression in human esophageal multistage carcinogenesis

Positive immunostaining rate (%)
50% — 80%
PCNA, COX-2, Ll-cadherin

MGMT, P33, NF-xBp50, PCNA,
E-cadherin, MGMT, P53, NF-«kB
P50, PCNA, NF-xBp65

ER, Id-1, PCNA, NF-kBp65

E-cadherin, BRCA2, POL-B3, Id-1,
NF-kBp50, COX-2, P21 — WAF1,

Histological
types <50%
TGF-R2, ER, POLB, Id-1, P53,
Normal NF-kBp50, MUCI1, IMP1
BCH POLB, Id1, TGFf, ER,
MUCI, IMPI, NF-gBpb5 COX-2
DYS ER, POL-B, Id-1, MUCI, Ll-cad-
S herin
CIS E-cadherin
TGF-f2, ER, Pl6, MGMT, LI-
¢ cadherin, P21 — WAF1, Annexin

I, cycin-DI, P62, MET,

GSTMI, FHIT

NF-xBp65, VEGF, MDM2, NF-
kBp49, BAX, KOC, ANp63,
RARB, Rb, c-myc, SCCAL, c-erb-
2, c-met

>80%

TGF-B1, E-cadherin, MGMT, cy-
clin-B1, P21 - WAF1

TGF-Bl, E-cadherin,
P21 - WAFI

TGE-R, TGF-p1, COX-2, P21 -
WAF1, P21 - WAF1

TGF-82, P53

cyclin-Bl,

TGF-81, P53, MUC1, PCNA,
IMP1, Bel-2, Prxl, Survivin
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4.2 Basic-clinic translation

“One drop of blood test” for high-risk subject

screening and early diagnosis has been dreamed by gen-
erations of esophageal cancer researchers. Although the
key molecular events involved in esophageal multistage
carcinogenesis is not clear, the present accumulated data
have showed that multiple autoantibody assay could pre-
dict the high-risk subjects and even identify the early EC
patient. Basic-clinic translation should be emphasized to
narrow down the scale for high-risk subject screening
with endoscopic examination.
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Abstract

Ribulose-1, 5-bisphosphate carboxylase/oxygenase (Rubisco) is a key enzyme in photosynthesis, and its large
subunit gene, from the chloroplast genome, encodes the enzyme’s catalytic site. The present study was aimed to de-
termine the nucleotide sequence of the large subunit of Rubisco (rbcl.) from Dunaliella salina (D. salina). A pair
of degenerate primer was designed according to the highly conserved amino acids of the known rbeL and was used to
amplify the rbel gene from D. salina by touch-down PCR (TD-PCR) and rapid amplification of cDNA ends
(RACE). The resulting TD-PCR product was 1,347 bp in size, encoding a polypeptide of 449 amino acids. Accord-
ing to this result, 5" RACE and 3° RACE were performed to obtain the 5"-end and 3’-end of the rbcl. gene. The
complete open reading frame of D. salina rbcL was long 1,416 bp encoding a polypeptide of 472 amino acids, which
shared high similarity of amino acid sequences with those of other species. It can be concluded that the full-length rb-
cL. gene is potential isolated from the chloroplast genomic DNA of D. salina . [ Life Science Journal. 2007;4(1):6 —

12] (ISSN: 1097 —8135).

Keywords: Dunaliella salina ; Rubisco; rbel; degenerate primer; RACE

1 Introduction

Genetic engineering of microalgae has been greatly
developed, including prokaryotic microalgae Cyanobac-
terium, and eukaryotic microalgae Chlamydomonas
reinhardtii, chlorella, etc. Dunaliella salina, a uni-
cellular green alga, which was one of the most halotoler-
ant eukaryotes, originally described by Dunal in
1938, has a thin cellular membrane, and a single,
large cup-shaped chloroplast with its photosynthetic thy-
lakoid membranes, pyreniod, and abundance [-carotene
globules, but without rigid cell wall. Studies on the ge-
netics of Dunaliella have been conducted for decades at
a few laboratories' 2.

Ribulose-1, 5-bisphosphate carboxylase/oxygenase
(Rubisco) is a bi-functional enzyme that catalyzes the
initial step of photosynthetic carbonic reduction and pho-
to-respiratory carbon oxidation cycles by combining CO,
and O, respect.ivclyi‘l]. Rubisco occurs as a hecadecamer
containing of eight large subunits (rbcl.) and eight small
subunits (rbcS) that assemble into a L.8S8 holoenzyme

*Supported by National Natural Science Foundation of China (No.
30540067 and 30270031). The work was finished in Henan Key
Laboratory for Molecular Medicine, Zhengzhou, China.
*Corresponding author. Tel: 86-371-6665-8332; Email: Ixxue @
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in many eubacteria, cyanobacteria, algae, and higher
plants. The rbcl. gene encodes the enzyme’ s catalytic
site, and it is conserved in evolution of photosynthetic
plants'®. The nucleotide sequence analysis of the rbel
can promote the studies of the function and structure,
expression and regulation of the Rubisco as - well as the
phylogenetic relationship of D. salina. In the present
report the gene coding for the large subunit of Rubisco
was cloned from the chloroplast DNA (cpDNA) of D.
salina and compared with other species.

2 Materials and Methods

2.1 Materials

Dunaliella salina strain: UTEX-LB-1644 was
purchased from Marine Plant Collection, Texas Univer-
sity (Texas, USA). It was grown in batch cultures of
liquid PKS medium at 25 C under continuous irradiance
of 150 pmol potons/m? /st®).

E. coli JM109 was from our laboratory. Plasmid
pMDIS8-T vector, PCR purification kit, DNA gel ex-
traction kit, Taq polymerase and restriction enzymes
were purchased from the TaKaRa Co. Ltd (Dalian,

China) . Trizol was from Invitrogen (California, USA).

AMYV First strand cDNA synthesis kit was {rom Shang-
hai Sangon Co. Ltd(Shanghai, China), and FirstChoice
RLM-RACE kit was from Ambion ( Texas, USA).
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2.2 Methods

2.2.1 Primers. A pair of degenerate primers described
below was synthesized based on the conservative re-
gions: GFKAGV and ACEVWK of the rbel. amino
acids sequence according to the GenBank data. The for-
ward primer was 5-GGN TTY AAR GCN GGN GT-3’
and the reverse primer was 5-YTT CCA NAC YTC
RCA NGC -3" (where N was random base, Y stood for
Tor Cand R was A or G).

2.2.2 Chloroplast DNA extraction and touch-down
PCR (TD-PCR) amplification. The chloroplast DNA
was isolated from D. salina according to Pan'”'. The
cells of about 1 % 10% were harvested by centrifugation
for 5 minutes at 4 T, 5,000 r/min, suspended by 350
pl NET solution (0.1 M NaCl, 50 mM EDTA, 20 mM
Tris-HCI, pH 8.0), added 25 pl proteinase K (10 mg/
ml) and 25 pl SDS (20 mg/ml), and incubated at 55 C

for 2 hours, cooled on ice. Then added 200 pl of 5 M
KAc, on ice incubation for 30 minutes, centrifugated for
5 minutes at 4 T, 12,000 r/min. The aqueous was ex-
tracted three times with phenol and chloroform (1/1
volume), precipitated with ethanol, washed the pellet
two times with 70% ethanol, and finally the pellet was
resuspended in 30 pl of TE buffer (10 mM Tris-HCI, 1
mM EDTA, pH 8.0).

To get better amplification, a modified TD-PCR was
performed using about 500 ng cpDNA of D. salina as tem-
plated®’. PCR amplification was performed using a Pekin
Elmer DNA Thermal Cycler 480 (Pekin Elmer Biosystems,
California, USA). PCR reaction system contained: template
2 pl, dNTP (each 2.5 mM) 2.5 pl, primers (20 pM)1pl,
10X buffer 5 pl, Taq polymerase (5 u/pl) 0.5 pl, ddHhO
39 pd, with a final volume of 50 pl. PCR program was car-
ried out as following:;

e 94°C 305 |5 oyeles | 94T 305 | 5 peres | 94T
95T —p

© 60°C 30s 59°C 30s 58°C
s 72°C 90s 72°C 90s 72°C

30s | - 94°C 30s

2 cycles o 30 eycles T2°7C 4°C
30s ' 50C 30s |——> g pin — " stop
90s 72°C 90s

2.2.3 Cloning and analyzing of TD-PCR product. The
PCR product was [ractioned in 1% agarose gel elec-
trophoresis and then the investigated band was purified
according to manufacturer’s instruction of the DNA gel
extraction kit and ligated to the pMDI18-T vector. Com-
petent E. coli JM109 cells were transformed with the
ligation product, then grown on LB-agar plates contain-
ing 100 pg/ml ampicillin, 80 pg/ml X-gal and 80 pg/ml
IPTG. White colonies were cultured in a 3 ml LB liquid
medium containing 100 pg/ml ampicillin. Plasmid DNA
mini-extraction, purification and enzyme digestion were
referred to Sambrook!® .

The positive recombinant plasmid DNA was se-
quenced by the Shanghai Sangon Co. Ltd (Shanghai,
China). The amino acid sequence was deduced from the
above DNA data with DNAClub program. Sequence
analysis was performed using GENTYX (Genetic Infor-
mation Processing Software, Version5.0) program.
2.2.4 Amplification of rbelL 5'- and 3'-ends. To ob-
tain the rbel. 5'- and 3'-ends of D. salina, the total
RNA of D. salina was extracted with Trizol reagent
and rapid amplification of ¢cDNA ends (RACE) was per-
formed by FirstChoice RLM-RACE kit as the protocol
described. According to the sequencing result of TD-
PCR, gene specific primers (GSP) were designed for 5’
RACE and 3'RACE. The 5 end of rbcl. was amplified
with GSP1 ( 5-CTGGTGGTACACCAGGTTGTGG-
3") and the 3’end of rbcL. was amplified with GSP2 (5'-
GCACCAGGTGCCGTAGCTAAC-3"). The RACE
products were separated by electrophoresis; the target

bands were purified by PCR purification kit and ligated
to the pMDI18-T vector for sequence analysis.

3 Results

3.1 PCR and cloning of the rbcL gene

The agarose gel electrophoresis result of the TD-PCR
from cpDNA of D. salina was shown in Figure 1. The
fragment size of the resulting product was about 1,300 bp,
then the PCR product was purified and subcloned into the
pMDI8-T vector. The recombinant plasmids were identified
by EcwRI and Hind [ll, which included in the multiple
cloning sites (MCS) of pMDI8-T vector and the correct one
was shown in Figure 2. The candidate plasmid was se-
quenced and named pDS-rbel..

1 M

— 2000bp

— 1000bp
— 760bp

Figure 1. Agarcse gel electrophoresis analysis of the PCR product
Lane M: marker, TaKaRa DI2000bp; Lane 1: 1.3 kb PCR product
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To obtain the full length DNA sequence of rbel.,
RACE was performed to isolate it’s 5'end and 3'end. A
350 bp fragment corresponding to the 5'end of the gene
was obtained using GSP1 and 5'RACE primer. A frag-
ment about 400 bp was obtained by 3'RACE. The two
fragments were then subcloned into the pMDI18-T vec-
tor, respectively (Figure 3), named pDS-rbcl5, pDS-
rbelL3, and sequenced.

. 3000bp
—2500bp
2000bp
. 1500bp

— 1031bp

Figure 2. Identification of the recombinant plasmid containing the
rhell fragment

Lane M: marker, Sangon GeneRuler™ DNA Ladder mix; Lane
1: pDS-rbeL/EcoRI+ Hind |ll

400bp
= R

Figure 3. Identification of the recombinant plasmid containing the
5’end and 3 end of rbel.

Lane M: marker, Sangon GeneRuler™ DNA Ladder mix; Lane
1: pDS-rhel.5/EcoRI + Hind Il ; Lane 2: pDS-rbel3/EcoR] +
Hind 11l .

3.2 The nucleotide sequences and the deduced amino
acid sequences of rhcL

Sequencing result showed that the TD-PCR product
from cpDNA of D. salina was 1,347 bp long, encoding
449 amino acids residues. Putting the TD-PCR product
and 5'end and 3’end fragments together, it was indicat-
ed that a complete open reading frame (ORF) of 1,416
bp was obtained. The full length of rbcL has an ORF
encoding a putative polypeptide of 472 amino acids

residues ( Figure 4 ). The multiple alignments and
BLAST analysis revealed that it shared high identities
with rbel. gene of other species in nucleotide sequences,
and the highest degree of identification was found with
Dunaliella parva of 97% .
3.3 Comparison of the amino acid sequences

The amino acid sequences of the rbel. from D.
salina were aligned in Figure 5. A high degree of simi-
larity to other rbel. was obtained, 99% to Dunaliella
parva, 93% to Chlamydomonas reinhardtii, 85% to
Spinacia oleralea and 82% to Zea mays, respectively.
In rbel. of D. salina, there are three amino acids dele-
tion mutation between K-Lys and Y-Tyr. Besides, the
amino acid sequences of rbcl. from D. salina are totally
identified with the published data of rbel. from D. par-
wa, which contained 376 amino acids. Other amino
acids like D, M, L, S, Q, I, C, etc. , Marked by gray
boxes in Figure 5 were identical with those in a green al-
ga Chlamydomonas reinhardtii but not in higher plants
such as spinach and maize, which was consistent to the
phylogenetic relationship of the organisms. Sequences
I,0,1, N were completely identical with those in
Chlamydomonas reinhardtii, in which 1-Al (12
amino acids), [[-A2 (20 amino acids), IV-A3 (13
amino acids), determined the sequences of the catalytic
sites and [[-C (17 amino acids) determined the se-
quences of the CO, activator peptide in rbel. of Chlamy-
domonas reinhardtii*'"*’.

Table 1 showed the codon usage in the rbel. gene of
D. salina. It can be seen that T and A were used more
{requently in codons ending than C and G. The prefer-
ence for T and A as a third base had also been found pre-
viously in the rbcl. genes of Chlamydomonas rein-
hardtii and Euglena Gracilis''*'" and other chloroplast
rbell gene.

Based on the rbell alignment from different species,
a pair of degenerate PCR primes was designed to clone
the gene of rbell from D. silina . Because of the shorter
degenerate primers of only 18 base pairs and the expect-
ed PCR product of about 1.3 kb in length, it is difficult
to clone so long gene fragment of rbel. from the complex
chloroplast genomic DNA, just as what we did in previ-
ous experiments. However, TD-PCR can avoid mis-
priming of the shorter primers and improve the specifici-
ty of the PCR''?). In this study, the annealing tempera-
ture of first cycle was designed at 60 C to increase the
specificity of PCR reaction.

4 Conclusion

In the present study we determined the full length nu-
cleotide sequences of rhel. using TD-PCR and RACE technique
from the chloroplast DNA of D. salina, a unicellular green
alga which can live under the environments with salinity rang-
ing from 0.05 M to 5 M of NaCl. For its unique character,
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D. salina would be a promising host of bioreactor and will
potentially be a novel system to produce biologically active ma-
terials, for example oral vaccine, at lower cost. However, as a
stress-tolerance living organism, relative slowly growth rate of
D. salina made it non-convenient to be genetic modified and

there is less known about the mechanism involved in the lower
growth rate of it. One possible reason may lie in the photosyn-
thesis. So it is critical to study the genes associated with the
mechanism of photosynthesis of D. salina and improve the
photosynthetic rate.

GCTGATGGCGATGAATGAACACTGCGTTTGCTGGCTTTGATGAAAAACTCCACCGACTACT
GCATTGAGGAGCTCTGTGGGCTACTAGTAGTAGTAAGAACTCTTGGACTTCCTTGAATACC
TAGGCATGCCAGCAACTCTGCTGAGGAAGTCATCTCTTTCGTCTGTTTCTCCTGCATGCTC
AACCATGAGAGTTGTCAACAACAAG
GTA CCA CAA ACT GAA ACT AAA GCT GGT ACT GGA TTT AAG GCT GGT GTA AAAGAT
MYV P QT E T XK A G T G F K A G V KD
TAC CGT TTA ACA TAT TAC ACT CCA GAC TAC GTA GTT AGC GAA ACT GAT ATT TTA GCA
Yy R L T Y Y TP D Y V V $ E T D I L A
GCT TTC CGT ATG ACT CCA CAA CCT GGT GTA CCA CCA GAA GAG TGT GGT GCA GCC GTA
A F R M T P Q P G V P P E E C G A AV
GCA GCT GAG TCA TCA ACA GGT ACA TGG ACT ACA GTA TGG ACT GAC GGT CTA ACA AGT
A A E S S T G T wW T T Vv W T D G L T S
TTA GAC CGT TAC AAA GGT CGT TGT TAC GAT TTA GAA CCT GTA CCA GGG GAA GAA AAT
L b R Y K ¢6 R ¢ Y DL E P VY P G- E E N
CAG TAC ATC GCT TAC GTT GCG TAC CCA ATC GAC CTT TTT GAA GAA GGT TCA GTA ACA

Q Y I A Y V A Y P 1 D L F E E G S v T
AAC TTA TTC ACT TCA ATT GTA GGT AAC GTA TTC GGT TTC AAA GCG TTA CGT GCA TTA
N L F T S 1 Vv G N V F G F K A L R A L
CGT TTA GAA GAC CTT CGT ATT TCA CCA GCT TAC GTT AAA ACA TTC GTT GGA CCA CCT
R L E D L R 1 S P A Y V K T F v G P P
CAC GGT ATC CAA GTT GAA CGT GAC AAA TAT GGT CGT GGT TTA TTA GGT TGT ACA ATT
H G 1 Q 'V E R D K Y G R G L L G € T [

AAA CCA AAA TTA GGT TTA TCA GCT AAA AAC TAC GGT CGT GCT GTT TAC GAA TGT TTA
K P K L G L S A K N Y G R A V Y E C L
CGT GGT GGT TTA GAC TTT ACG AAG GAT GAC GAA AAC GTA AAC TCT CAA CCATTC ATG
R G G L D F T K D D E NV N S Q P F M
CGT TGG AGA GAC CGT TTC TTA TTC GTA GCT GAA GCT ATT TAC AAA GCA CAA ACA GAA
R W R DR F L F V A E A 1 Y K A Q T E
ACA GGT GAA ATT AAA GGT CAC TAC TTA AAC TGT ACA GCT GGT ACG TCT GAA GGT ATG
T G E I K G H Y L N €C T A G T 8§ E G M
CTT CAA CGT GCA CAA TGT GCT AAA GAA TTA GGT GTA CCA ATT GTA ATG CAT GAC TAC
L Q R AQ C A K E L GV P I VvV M H D Y
CTA ACT GGT GGT TTC ACA GCA AAC ACT TCA TTA GCA CAT TTC TGT CGT GAC CAC GGT
L T G G F T A N T S L A H F C R D H G
CTT TTA TTA CAC ATT CAC CGT GCG ATG CAC GCT GTA ATT GAC CGT CAA CGT AAC CAC

L L .L H I H R A M H A V | D R Q@ R N H
GGT ATT CAC TTC CGT GTT TTA GCT AAA ACT TTA CGT ATG TCA GGT GGT GAC CACCTT
G I H F R VvV L A K T L R M § G G D H L

CAC TCA GGT ACT GTA GTA GGT AAA CTA GAA GGT GAA CGT GAA GTA ACT TTAGGT TTC
-9 .
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H $ G T VvV VvV GG K L E G E R E YV T L G F
GTA GAC TTA ATG CGT GAT AAC TTC GTA GAA AAA GAC CGT AGC CGT GGT ATC TAC TTC
V b L M R DNF V E K DR S R G I Y F
ACT CAA GAC TGG TGT TCA ATG CCA GGT GTA ATG CCA GTA GCT TCT GGT GGT ATT CAC

T Q D w C S M P G v M PV A § G G I H
GTA TGG CAC ATG CCA GCT CTA GTT GAA ATT GTC GGT GAT GAC GCT TGT TTA CAATTC
vV W H M P A L V E 1 v G D D A C L Q F

GGT GGT GGT ACT TTA GGT CAC CCT TGG GGT AAC GCA CCA GGT GCC GTA GCT AAC CGT
G G G T L G H P W G N A P G A V A N R
GTT GCT TTA GAA GCT TGT ACA CAA GCT CGT AAC GAA GGA CGT GAC CTT GCT CGT GAA
V A L E A C T Q A R N E G R D L A R E
GGT GGT AAC GTA ATT CGT TCA GCT TGT AAA TGG TCT CCT GAA TTA GCA GCT GCA TGC
G G N V1 R 8 A C K W S P E L A A A C
GAA GTC TGG AAG GAA ATT AAA TTC GAA TTC GAT ACA GTT GAC AAA TTA

E v W K E I K F E F D T vV D K L stop
TATTTCTTTTTTCGTCGGAAAAAACATTTATCAAAGAAAATCTGGGATTTTCTTTGAGAAA
TCTCGAAGATTTCGAATATCCTTTAAGGATATTCGAAACTTCGACATTTAGTTTTTTCCCAA
GGGTCCCCTTCAGAGGCCCGCGTATATTAGAATTTCTTTTCTAATAGGTTAATCCCTACCT
AAAAAAAAAAACCTATAGTGAGTCGTATTAATTCGGATCCGCG

Figure 4. Nucleotide sequences and the deduced amino acids of rbel. from D. salina (GenBank Accession No: AY331529)
The primers of TD-PCR were wave-lined. Primers of GSPland GSP2 were double-lined. The primers of 5'RACE and 3'RACE in the kit
were underlined. Start codon and termination codon were boxed.

D.salina MVPQTETKAGTGFKAGVKDYRLTYYTPHYVVSETDILAAFRMTPQPGVPPEECGAAVAAESSTGTWTTVWT
D.parva GFKAGVKDYRLTYYTPDYVVSETDILAAFRMTPQPGVPPEECGAAVAAESSTGTWTTVWT

C.reinhardtii MVPQTETKAGAGFKAGVKDYRLTYYTPDYVVRDTDILAAFRMTPQLGVPPEECGAAVAAESSTGTWTTVWT

S.oleralea MSPQTETKASYGFKAGVKDYKLTY YTPEYETLDTDILAAFRVSPQPGVPPEEAGAAVAAESSTGTWTTVWT
Z.mays MSPQTETKASVGFKAGVKDYKLTYYTPEYETKDTDILAAFRVTPQLGVPPEEAGAAVAAESSTGTWTTVWT
Ds DGLTSLDRYKGRCYDLEPVPGEENQYIAYVAY PIDLFEEGSVTNLFTSIVGNVFGFKALRALRLEDLRISP

D.p DGLTSLDRYKGRCYDLEPYPGEENQYIAYVAYPIDLFEEGSVTNLFTSIVGNVFGFKALRALRLEDLRISP

Cr DGLTSLDRYKGRCYDIEPVPGEDNQYIAY VAY PIDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRISC

S.o DGLTNLDRYKGRCYHIEPVAGEENQYICYVAYPLDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPV
Z.m DGLTSLDRYKGRCYHIEPVPGDPDQYICY VAYPLDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPP

1-Al I-c

510 ¢
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D.p
Cr

S.o

D.s
D.p
Cr
S0

Zm

Ds
D.p
Cr

S.o

AYVKTFVGPPHGIQVERDK .- YGRGLLGCTIKPKLGLSAKNYGRAVY ECLRGGLDFTKDDENVNSQPFMR
AYVKTFVGPPHGIQVERDKLNKYGRGLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMR
AYVKTFAGPPHGIQVERDK[LNKYGRGLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENYNSQPFMR
AYVKTFQGPPHGIQVERDKLNKYGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMR

AYSKTFQGPPHGIQVERDKLNKYGRPLLGCTIKPKLGLSAKNYGRACYECLRGGLDFTKDDENVNSQPFMR

WRDRFLFYAEAIYK AQTETGEIKGHYLNCTAGTSEGMLQRAQCAKELGVPIVMHDYLTGGFTANTSLAHFC
WRDRFLFVAEAIYKAQTETGEIKGHYLNCTAGTSEGMLQRAQCAKELGVPIVMHDYLTGGFTANTSLAHFC
WRDRFLFVAEAIYKAQAETGEVKGHYLNATAGTCEEMMKRAVCAKELGVPIIMHDYLTGGFTANTSLALYC
WRDRFLFCAEALYKAQAETGEIKGHYLNATAGTCEDMMKRAVFARELGVPIVMHDYLTGGFTANTTLSHYC

WRDRFVFCAEATYKAQAETGEIKGHYLNATAGTCEEMIKRAVFARELGVPIVMHDYLTGGFTANTTLSHYC

-A2

RDHGLLLHIHRAMHAVIDRQRNHGIHFRVLAK TLRMSGGDHEHSGTVVGKLEGEREVTLGFVDLMRDNFVE
RDHGLLLHIHRAMHAVIDRQRNHGIHFRVLAK TLRMSGGDHLHSGTYVGKLEGEREVTLGFVDLMRDNFVE
RDNGLLU{IHRAMHAWDRQRNH&HFRVLAKALRMsgﬁgHngcwVE‘.KLEGEREVTLGFVDLMRDDWE
RDNGLLLHIHRAMHAVIDRQKNHGMHFRVLAKALRLSGGDHIHSGTVVGKLEGERDITLGFVDLLRDDYTE

RDNGLLLHIHRAMHAVIDRQKNHGMHFRVLAKALRMSGGDHIHSGTYVGKLEGEREITLGFVDLLRDDFIE

KDRSRGIYFTQDWESMPGVRPVASGGIHVWHMPALYVEIVGDDAELQFGGGTLGHPWGNAPGAVANRVALEA
KDRSRGIYFTQDWCSMPGVMPVASGGIHVWH
KDRSRGIYFTQDWCSMPGVMPVASGGIHVWHMPALVEIFGDDACLQFGGGTLGHPWGNAPGAAANRVALEA
KDRSRGIYFTQSWVSTPGVLPVASGGIHVWHMPALTEIFGDDSVLQFGGGTLGHPWGNAPGAVANRVALEA

KDRSRGIFFTQDWVSMPGVIPVASGGIHV WHMPALTEIFGDDSVLQFGGGTLGHPWGNAPGAAANRVALEA

IV-A3

CQARNEGRDLAREGGNVIRSACKWSPELAAACEVWKEIKFEFDTVDKL

CTQARNEGRDLAREGGDVIRSACKWSPELAAACEVWKEIKFEFDTIDKL
CVQARNEGRDLAREGNTIIREATKWSPELAAACEVWKEIKFEFPAMDTV

CVQARNEGRDLAREGNEINKAACKWSAELAAACEIWKEIKFDGFKAMDTI

Figure 5. Comparison of the rbel. amino acid sequences from D. salina with that from other species.

D.s: D.salina; D.p: D. parva with 376 amino acids; C.r: Chlamydomonas reinhardtii with 475 amino acids; S.o: Spinaci oleralea
with 475 amino acids; Z.m: Zea mays with 476 amino acids. The active sites Al, A2, A3, and the C(, activation region were under-
lined. The nucleotides in gray boxes were fully identified with those from Chlamydomonas reinhardtii . The deletion mutation between K

(Lys) and Y (Tyr) were boxed.
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Table 1. Codon usage in the rbel. gene of Dunaliella salina

TTT-Phe 3(0.6) TCT-Ser 4(0.8)
TTC-Phe 15 (3.2) TCC-Ser
TTA-Leu 2757 TCA-Ser 11.42:5)
TTG-Leu TCG-Ser
CTT-Leu 7 (1.5) CCT-Pro 5(1.1)
CTC-Leu CCC-Pro
CTA-Leu 4 (0.8) CCA-Pro 16 (3.4)
CTG-Leu CCG-Pro
ATT-Ile 13 (2.8) ACT-Thr 16 (3.4)
ATC-Ile 4(0.8) ACC-Thr
ATA-Ile AAC-Asn 13 (2.8)
ATG-Met 10 (2.1) AGC-Ser 2(0.4)
GTT-Val 9(1.9) GCT-Ala 24(5.1)
GTC-Val 2(0.4) GCC-Ala 2(0.4)
GTA-Val 25 (5.3) GCA-Ala THZ:3)
GTG-Val GGA-Gly 3(0.6)

TAT-Tyr 2(0.4) TGT-Cys 11 (2.3)
TAC-Tyr 15 (3.2) TGC-Cys 1(0.2)
TAA TGA

TAG TGG-Trp 8(1.7)
CAT-His 2(0.4) CGT-Arg 29 (6.1)
CAC-His 13 (2.8) CGC-Arg

CAA-Gln E1(2.:3) CGA-Arg

CAG-Gln 1(0.2) CGG-Arg

AAT-Asn 1(0.2) AGT-Ser 1(0.2)
ACA-Thr 13 (2.8) ACG-Thr 2(0.4)
AAA-Lys 16 (3.4) AGA-Arg 1(0.2)
AAG-Lys 3(0.6) AGG-Arg

GAT-Asp 6(1.3) GGT-Gly 47(10.0)
GAC-Asp 18(3.8) GGC-Gly

GAA-Glu 26(5.5) GCG-Ala 3(0.6)
GAG-Glu 2(0.4) GGG-Gly 1(0.2)

Numbers in parenthesis indicated per cent of polypeptide (472 amino acids) having this codon.
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Abstract

Objective. Many discoveries of multidrug resistance (MDR) have resulted from studies with drug-resistant tu-
mor cell lines as their models. Till now, there has been no report on the detailed characterization of such a cell line
from lung adenocarcinoma (ILA). By long-term exposure of an established LA cell (A549 cell) to increase concentra-
tions of paclitaxel, we established a series of subcultures that were considerably more resistant to this drug. Meth-
ods . Paclitaxel-resistant sublines (A549/TXL) were established in witro by exposing to stepwise increased concen-
trations of the drug in a cell culture medium. Biological morphology was analyzed by morphometry and flow cytome-
try. The chemoresistance indexes of cells were measured by methyl tetrazolium assay. Evaluation of growth, in wvit-
ro drug sensitivity, and a pharmacokinetic study were performed. Results. Compared with parent cells, the resistant
sublines were smaller and mixed with giant cells in different sizes and with different numbers of nuclei. The resistant
cells, A549/TXL.20 were 19.3 times more resistant to paclitaxel and 67.4 times more resistant to cisplatin than the
parent cells. The resistant cells also demonstrated cross-resistance to mitomycin, vinblastine, hydroxycamptothecine,
and 5-fluouracil (5-FU). Compared with the A549 cell line, an unreasonably higher level of drug-resistance and low-
er drug concentration was detected in A549/TXL20 cells after exposure to the drug in the culture medium. Conclu-
ston . The paclitaxel-induced MDR sublines may be used as an experimental system for the search of a means to over-
come drug resistance and elucidate possible mechanisms of acquired MDR involved in human lung adenocarcinoma.

[ Life Science Journal. 2007;4(1):13—16] (ISSN: 1097 —8135).
Keywords: lung adenocarcinoma; multidrug resistance; paclitaxel
Taxus brevifolia , has been shown to demonstrate clini-

cal efficacy in LA/, This agent binds to and stabilizes
microtubules, and consequently, induces mitotic arrest

1 Introduction

Chemotherapy has proven effective in the therapy

or palliation of many human tumors such as testicular ~and  apoptotic  cell death™ %", Paclitaxel-based
cancer and leukemia; however, drug resistance remains chemotherapy produced high response rates and satisfied
a major obstacle in the treatment of other carcinomas. ~ Prognosis, and is considered to be the international stan-
Human lung adenocarcinoma (LA) displays a character- ~ dard regimen against LA, However, acquired-resis-

istically high degree of chemoresistance toward a broad  tance to paclitaxel has bccomc_ a serious clinical issue
spectrum of natural cytotoxic compounds that do not  with the increasing prescription'®’. With the recent de-
possess obvious functional or structural similarities 2. mand to analyze the biological behavior of paclitaxel-re-
This phenomenon is termed multidrug resistance  sistant tumors and uncover the paclitaxel-resistance
(MDR ). Since reliable therapeutic alternatives to mechanism to improve the therapeutic efficacy against
chemotherapy are still lack, this resistance contributes  recurrent LA, it has become necessary to establish and

considerably to the poor prognosis of patients with dis- analyze paclitaxel-resistant LA cell lines which properly
seminated LAs. and faithfully simulate the clinical situation.
Paclitaxel, an anti-microtubule agent isolated from I'he aim of this study is to establish MDR cell lines

of human LA against the clinically important chemother-
apeutic compound paclitaxel, to trace the underlying re-

*Supported by the National Natural Science Foundation of China sistance mechanisms of acquired MDR

(No. 30471952).
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2 Materials and Methods

2.1 Establishment of LA MDR cell lines
Culture medium RPMI-1640 containing 300 mg/L
glutamine, fetal calf serum (FCS), and antibiotics were
purchased from Gibco (Gaithersburg). A human LA cell
line, A549, was used in this study. It was maintained
in a RPMI-1640 culture medium supplemented with
10% heat-inactivated FCS, 100 U/mL penicillin, 100
mg/mL streptomycin at 37 C in an atmosphere of 5%
CO, and 100% humidity. A549 cells were first incubat-
ed in 0.5 nM paclitaxel for 4 weeks. These cells were
then periodically treated with 1.0 nM paclitaxel for 2
hours followed by incubation in 0.5 nM paclitaxel until
the cells were again almost 100% confluent. This cyclic
treatment was repeated five times over a period of 18
weeks. The cells were then cultured in 5 nM paclitaxel,
thus generating the paclitaxel-resistant subline A549/
TXLS. On stable growth, the paclitaxel concentration
was increased every 6 weeks. Stable sublines were ac-
quired from 5 nM to 20 nM paclitaxel and named as
AS549/TXLS5, A5S49/TXL10 and A549/TXL20. Before
experimental use, A549/TXL cells were maintained in a
paclitaxel-free culture medium and subcultured at least
three times.
2.2  Growth morphometry

The growth rate, saturation density, size, and nu-
cleus to cytoplasm (N/C) ratio were analyzed individu-
ally. HE stained, and measured for size and N/C ratio
under image analyzer (L2 system, Yen-Hau, Taiwan).
2.3 MTT cytotoxicity assay

Cell number was counted on a hemocytometer and
2,000 cells were pipetted into each well of a 96-well mi-
crotiter plate in 100 pl RPMI-1640 medium. The cells
were left to adhere overnight and paclitaxel was then
added at increasing concentrations in a volume of 100 pl
medium. After a 10-day incubation period, 20 ul of
MTT stock solution (0.05 mg/100 mL) were added to
each well. 4 hours later, the liquid was removed, the
formazan crystals released and then solubilized by the
addition of 150 pl DMSO (Merck). The extinction of
the purple color, which is directly proportional to the
number of viable cells, was measured at a wave-length
of 540 nm in the ELISA photometer ( Titertek Multi-
scan Plus MK [l ). The percentage of viable cells was
calculated by the following formula: living cells= (sam-
ple ext. — blank ext.)/( control ext. — blank ext.) X
100% . The ICsy value is defined as the dosage of drugs
in which 50% of cellular death (50% reduction of ab-
sorbance at 540 nm) occurred after 48-hour treatment.
2.4 Evaluation of drug sensitivity by a colonyforming
assay

Cells were suspended in 6-well culture plates at var-
ious cell concentrations (10°, 5 X 10%, 10%, and 50

cells/well for untreated controls; 5x10%, 10%, 5x 102,
and 10? cells/well for the 5 nM paclitaxel-treated group;
10%, 5x10%, 10°, and 5% 10? cells/well for the 50 nM
drug-treated group; and 5% 10%, 10*, 5x10°, and 10°
cells/well for the 500 nM drug-treated group). After
overnight incubation, cultures were exposed to various
concentrations of paclitaxel (0 nM, 10 nM, 100 nM,
and 1000 nM) for 24 hours at 37 C, and thereafter the
drug was removed and each well was washed with cold
PBS and re-incubated by a complete medium. 10 days
later, the plates were fixed with Carnoy’ s fixative
(ethanol: chloroform: glacial acetic acid=6:3:1) and
stained with crystal violet. The numbers of visible
colonies, consisting approximately of more than 50
cells, were counted and the plating efficiency (P. E.)
was calculated as (number of the colonies) / (number of
the seeded cells). The surviving fraction was calculated
as (P.E. in treated well)/ (P. E. in untreated well).
The mean value + SE was calculated in triplicate.
2.5 Intracellular drug concentration

The subconfluently cultured cells of A549 and
A549/TXL20 were exposed to 100 nM paclitaxel for 2
hours. After rinsing twice with cold PBS, cells were
harvested into tubes and cell pellets were collected after
centrifugation (2,700 rpm, 5 minutes), and were ana-
lyzed by solid-phase extraction high performance liquid
chromatography (SBS, Sagamihara, Japan). Intracellu-
lar paclitaxel concentration of cultured cells was indicat-
ed as the total amount of paclitaxel per 10° cultured
cells. The detection wavelength was 227 nm, and the
limit of detection for paclitaxel was 5.0 ng. The intra-
day and inter-day coefficients of variation of paclitaxel
were 3. 5% and 4.1% over the concentration range
from 70 ng to 5.0 ng.
2.6 Statistical analysis

The data were collected and analyzed by origin 7.0
software. The results were expressed as mean * SE.
Comparisons between groups of data were carried out us-
ing Student’s paired or unpaired ¢- test. Comparisons in
one group of data were carried out using One-way ANO-
VA. P-value less than 0.05 was considered statistically
significant. ICs; values were determined by non-linear
regression by GraphPad Prism software.

3 Results

3.1 Changes of cellular morphology and Kinetics

A series of MDR sublines, from A549/TXLS5 to
A549/TX1.20, were established after culturing for more
than 1 year, with paclitaxel concentration in the medi-
um increased from 5 nM to 20 nM. Cells adapted to
clonal growth, smaller in size and with a lobulated giant
nuclei after the drug challenge. They showed increased
N/C ratio (Table 1). However, they didn’t show any
significant changes in growth, saturation density, cell
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area and cell perimeter (Table 1 and Figure 1).
3.2 Drug-resistant strength of MDR sublines

The drug resistance of MDR subline A549/TX1.20
to paclitaxel was 19. 3-fold stronger than the native line
at the 1Csy level (Table 2). The resistance against cis-
platin was increased 67.4 fold. The resistance index re-
mained stable for several weeks even after paclitaxel was
withdrawn from the culture medium. Cross-resistance to
mitomycin, vinblastine, hydroxycamptothecine, and 5-
fluouracil (5-FU) was also observed in LA MDR sub-
lines (Table 3).

Table 1. The biological characteristics of the A549 cell line and pa-
clitaxel-induced multidrug resistance sublines.

Cell line A549  AS49/TXLS AS49/TXL10 A549/TXL20
Doubling time (h) 72.4 74.7 75.5 77.3
A i 4.28 4.15 4.03
Cell areal(pm?) 352 261 242 214
N/C ratio 0.4840.1 0.76+0.12 0.75+0.16 0.69+017"
Cell perimeter(pm) 76 75 72 68

*P< 0.05, compared with native cell line.
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Figure 1. Growth curve of A549 cell line and A549/TXL20 cell

line

3.3 Drug sensitivity evaluated by a colony-forming assay
Using the colony-forming assay, the in vitro drug
sensitivity was evaluated by the surviving fraction of
colony formation, after 24-hour exposure to paclitaxel
(Figure 2). A549 cell line curves showed the colony
forming ability was impaired after exposure to 0 — 1000
nM paclitaxel. On the other hand, the A549/TXIL.20
subline showed higher drug resistance, characterized by
a much shallower slope in the curve of the surviving
fraction versus drug dose, and its colony-forming ability
was not impaired, even against 100 nM paclitaxel.
Compared with the surviving fractions of A549, the re-
sistance of A549/TX1.20 was approximately 6,300 fold
higher the resistance of against 1,000 nM paclitaxel.

Table 2. ICs and resistance index of cell lines to paclitaxel and cis-
platin. :

Paclitaxel Cisplatin
Cell line ICso Resistance ICsp Resistance
(nM) index (pg/ml) index
A549 81 0.065
A549/TXL5 308 3.8 0.494 7.6
A549/TXL10 102 12.6 0.637 9.8
A549/TXL20 1560 19.3 4.381 67.4

Table 3. ICs; and resistance index of A5S49/TXL.20 and A549 to

nonrelated anticancer drugs

Anticancer drugs Cso (p.g/'ml) Resistance
A549 A549/TX120  index
Mitomycin 0.039 0.298 7.64
Vinblastine 0.091 0.692 7.06
Hydroxy-
campiotiseing 0.072 0.096 1:33
5-FU 0.194 2.896 14.93
—— AS49

2 10 T == AS49/TX1.20
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Figure 2. In vitro drug sensitivity of A549 and A549/TXL20 evalu-
ated by a colonyforming assay. 10 days after 24-hour exposure to dif-
ferent concentrations of paclitaxel, the plating efficiency was determined
by counting the colony number.

3.4 Intracellular drug concentration

Figure 3 showed intracellular paclitaxel concentra-
tions in the cultured cells of A549 and A549/TXL20.
At the 2nd hour and the 4th hour of paclitaxel exposure,
A549/TXL.20 cells contained about 5.6 ng, 0.91 ng pa-
clitaxel respectively, which were much lower than that of
A549 cells (64.1 ng and 63. 8 ng respectively, P <
0.05).

4 Discussion

Clinical multidrug resistance to chemotherapeutic a-
gents is a major obstacle to potentially curative treatment
for LAIY. Therefore, one approach to improve treat-
ment is to study the biologic character of the multidrug
resistance (MDR) to find ways to reverse it. MDR is
characterized by cross-resistance to structurally and
functionally unrelated drugs 1%, Although it has been
reported that there are different kinds of mechanisms
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which are responsible for MDR[11-13 -l, the mechanism
for MDR of LA is not fully elucidated™ ). In this
study, we established the pacitexal - resistant human
lung adenocarcinoma cell lines (A549/TXL) by expos-
ing the stepwise increased concentration of pacitaxal in
cell media to trace the underlying resistance mechanisms
of acquired MDR.

100

| =i
| =l 543/ TIL 29

Intraceliular paciitaxel concentration ng'1 O'cells )

Time (hour?)

Figure 3. Intracellular paclitaxel concentration of cultured tumor
cells. Paclitaxel concentration was measured by solid-phase extrac-
tion high performance liquid chromatography. Intracellular concen-
tration of paclitaxel after 2-hour exposure of 100 nM paclitaxel.

As shown by tumor growth curves (Figure 1) and
Table 1, the growth property of A549/TXL20 didn’t
change significantly compared with A549. In addition,
compared with A549, decreased cellular size, and in-
creased N/C ratio were shown in the A549/TXL20
(Table 1).

The paclitaxel-induced LA MDR sublines, A549/
TXL20, demonstrated cross-resistance to various anti-
cancer drugs, including mitomycin, vinblastine, hy-
droxycamptothecine and 5-FU, in addition to paclitaxel
and cisplatin which are in the same family. The resis-
tance of A549/TXL20 to cisplatin is much higher than
to the original MDR-inducing drug, paclitaxel. The un-
derlying mechanisms are not yet defined. These anti-
cancer drugs have difference in structure and anticancer
mechanisms. That means some common pathways may
participate in the antidrug function of acquired MDR LA
cells at the same time.

A549/TX1.20 showed a higher level of paclitaxel-
resistance which could be evaluated by drug sensitivity
assays (Figure 2). Meanwhile, there was a significant
difference in pharmacokinetics between A549 and A549/
TXL20 after paclitaxel administration. The intracellular
paclitaxel concentration in A549/TXL20 was signifi-
cantly lower than in A549. These results suggested that
the decreased influx and/or the increased efflux of the
drug was into the A549/TXL20 cells.

In conclusion, morphological adaptation and intra-
cellular changes could be evoked by drug challenge on
LA cancer cells with acquired high drug resistance. The
well-characterized MDR sublines may be used as an ex-
perimental system for the search of a nieans to overcome
drug resistance and elucidate possible mechanisms of ac-
quired MDR involved in human lung adenocarcinoma.
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Thymidine phosphorylase induced by IFN-alpha2b enhances
S-fluorouracil antitumor activity in vitro and in vivo
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Abstract

Objective. To explore the effect of thymidine phosphorylase expression induced by interferon- alpha on
chemosensitivity of 5-fluorouracil(5-FU) in renal clear cell carcinoma. Methods. Renal clear cell carcinoma cell line
786-0 was treated by various concentration of interferon (IFN)-alpha2b in witro, and semi-quantitative RT-PCR
was used to determine TP mRNA expression. Western blot was used to determine TP protein expression. 50% in-
hibitory concentration of growth (ICsy) of 5-FU in different groups of treated 786-0 cell line was evaluated by MTT
assay. The athymic mouse model of xenograft renal clear cell carcinoma were established, and effect of chemotherapy
of IFN-alpha2b combined with 5-FU was examined on the growth of xenograft tumor. Results. IFN-alpha2b has
promoted TP mRNA expression in a dose dependent manner and increased TP protein expression( P <0.01). ICsq of
5-FU to 786-0 cell line was obviously decreased with IFN-alpha2b( P<0.01). Effect of chemotherapy of 5-FU was
obviously enhanced in vivo after IFN-alpha2b combined with 5-FU(P<0.05). Conclusion . Up-regulating expres-
sion of TP induced by IFN-alpha2b has involved in enhanced cytotoxicity of chemotherapy. [ Life Science Journal.
2007;4(1):17-20] (ISSN: 1097 —8135).

Keywords: thymidine phosphorylase; interferon; renal clear cell carcinoma; S-fluorouracil

o by Schering-Plough (China) Ltd. 5-FU were purchased
1 Introduction from Sunrise(Shanghai, China). 786-0 cells, human re-
nal clear carcinoma cell line, were obtained from the cell
Bank of Chinese Academy of Science (Shanghai, China)
and the culture medium was RPMI1640 supplemented
with fetal serum (10% ) and antibiotics. Female BALB/
¢ Mice 4-6 weeks old weighting approximate 20 g (In-

(IFN-alpha) have applied in clinical treatment. In some b}ltg = o lai&o}:gto;y Amn;al S(t:ile.:ncr:, (.:hm?f © Ace;;:!emy
cases combination of 5-FU and IFN-alpha have syner- 2 d(:lence,.f‘ lnah Weref LR Clﬁ[.ammar gLl
gized but the underlying mechanism is still unclear. ;nzer ]S)I;i;:;:;:oﬁa;f?[g;nl;ﬂr::] ;OS ll;f;r_lSP'CR

Thymidine phosphorylase ( TP ) is a nucleoside ' Y
metabolism enzyme. Compared with adjacent non-neo-
plastic tissues, higher TP expression is observed in a

Most renal carcinoma patients are insensitive to
chemotherapy. Several clinical studies proved certain cy-
tokines combined with chemotherapy can greatly in-
crease chemosensitivity to renal carcinoma cells' . At
present S5-fluorouracil ( 5-FU ) and interferon-alpha

786-0 cells were plated on six-well plates with 1%
10° in each well and cultured overnight before treated
wide variety of solid tumors including renal cell carcino- w1tthFN—a;lpha2b. d(,ells “;iere. thvided it f“{;] gro[l].lgg
ma. It is the rate-limiting enzyme of 5-FU activation in numbered 1 to 5 and treate Iw ith 0, 1000, .30 » 6
; onilassodinted with ciibolin S 5T G556 and 12000 IU/ml of IFN-alpha2b respectively 'for 72

1.11[121?1" A : hours. Total RNA of each group was extracted using the

vo ™. In present study, renal clear cell line 786-0 was  Trjz0] according to the manufacturer’s instructions (In-
treated by various concentrations of [FN-alpha2b to ex- vitrogen Corp, England). Complementary DNA ( cD-
plore the mechanism of synergistic effect its through de- N A) was synthesized using AMV RT system (Sangon,
tecting TP expression and its sensitivity to 5-FU. China) with 2 pg of total RNA from each of group with
2 Materials and Methods the final volume of 20 pl. The expression of TP mRNA
was semi-quantitatively evaluated by PCR amplification
2.1 Materials using primer: TP: forward ’5'—CATCCAGAGCCCA—
IFN-alpha2b (1.8 X107 IU/1.5 ml) were provided ~GAGCAGA-3",  reverse  5-CCGAACTTAACGTC-

) CACCACC-3’. glyceraldehyde-3-phosphate dehydroge-

nase (GAPDH) was as an internal standard. GAPDH:
forward: 5'-GCACCGTCAAGGCTGAGAA-3', reverse:

*Corresponding author. Email: baopinggiao(@163. com
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5'-AGGTCCACCACTGACACGTTG-3’. PCR reactions
for two genes were carried out together by TaKaRa
’I“aq-[M(Takara, China). Each cycle consisted of denatu-
ration at 94 C for 40 seconds, annealing at 54 C for 45
seconds, and extension at 72 T for 50 seconds. Nega-
tive-control PCR was conducted using an aliquot from
control RT reaction (in the absence of reverse transcrip-
tase) as a template, and showed no PCR product. PCR
products were separated by electrophoresis on 1.5% a-
garose gels and stained with ethidium bromide. Band in-
tensity was determined with SYN GENE Image picture
analyzing software. Expression of TP mRNA was nor-
malized to that of GAPDH.
2.3 Detection of TP protein expression by Western
blot

Treated cells were harvested and lysed in lysis
buffer. Protein concentrations were measured using the
Bradford method. 50 pg protein was loaded per lane and
separated by 10% SDS-PAGE gel and electroblotted on-
to nitrocellulose membranes. The membranes were
blocked in 5% skimmed milk powder diluted in TBST.
The membrane was then incubated with anti-TP anti-
body ( Santa Cruz, American.) at 1 ! 500 dilution
overnight. Subsequently, membranes were incubated
with a secondary horseradish peroxidase (HRP)-conju-
gated antibody in wash buffer (0.2% skimmed milk
powder diluted in TBST) at 1: 5000 dilution for 2
hours. Finally immunolabeled proteins were visualized
using DAB according to the manufacturer’s instructions
(Zsbio, China). As a loading control, the blot was in-
cubated and reprobed with anti-B-actin antibody (Santa
Cruz, American).
2.4 Drug sensitivity in vitro

Rapidly growing cells were seeded in 96-well plates
with density of 5% 10* cells/well. After 24 hours, cells
were divided into 5-FU group, combination group and
control group. In 5-FU group and combination group, a
RPMI 1640 medium containing 5-FU from 1 to 10°
pmol/L was added to appropriate wells. Simultaneously
IFN-alpha2b was added into each well in combination
group at 6000 TU/ml concentration. 8 wells that were
added RPMI 1640 medium without any drugs were tak-
en as control group. The plates were incubated at 37 °C
ina 5% CO, incubator for 72 hours. 50 pl MTT (5
mg/L) were added into each well and after incubation
for another 4 hours, supernatant medium were replaced
by 150 gl DMSO. The plates shaken for 10 minutes be-
fore absorbance at 492 nm were measured with a mi-
croplate reader. The inhibition rate was calculated with
the formula: % inhibition=[1 — (absorbance of experi-
mental wells/average absorbance of control wells)] X
100% . Dose-response curves were plotted, and the
50% inhibitory concentration (ICsy) was determined
graphically.

2.5 Antitumor effect in vivo

The antitumor effect of 5-FU alone or combined
with IFN-alpha2b was investigated in 15 xenograft-
bearing BALB/c mice. Each animal was subcutaneously
transplanted with 2 % 10° 786-0 cells suspended in 200 pl
PBS. 15 days after tumor graft, animals in 5-FU group
were received 5-FU (25 mg/kg, q.o0.d, i.p.). Ani-
mals in combination group were received the same
dosage of 5-FU and IFN-alpha2b (3 X 10°> IU/mouse,
daily, 7. m.). Animals in control group were received
saline (7. p.). Injections were performed for 4 weeks
and all animal were executed and tumor weights were
scaled with a digital balance.
2.6 Statistical analysis

The results were expressed as the mean + SD. Dif-
ferences between groups were analyzed using either one-
way ANOVA or one-way ANOVA on ranks with the
least significant difference(L.SD) tests. P value of 0.05
was regarded as significant. All analysis were performed
using SPSS10. 0 software.

3 Results

3.1 Effect of IFN-alpha2b on the expression of TP
mRNA

The results of RT-PCR were shown in Figure 1.
Expression quantification of group 1 to 5 were 0.5133 +
0.0152, 0.5667 £0.0115, 0.5733 £0.0231, 0.8233
+0.0404, 0.8366 £0.0451, respectively. There were
significantly statistical differences between these groups
(F=78.493, P<0.01). LSD analysis showed TP
mRNA expression increased significantly when treated
concentration of IFN-alpha2b is more than 6000 [U/ml.
The expression of TP mRNA was significantly increased
in a dose-dependent manner with the IFN-alpha2b con-
centration(» =0.901, P<0.05).

M 1 2 3

«~— 570bp
400bp —

100bp —

«— 213bp

Figure 1. Results of [FN-alpha2b on the expression of TP mRNA
Concentration of IFN-alpha2b (IU/ ml): Lane 1: 0; Lane 2:
1,000; Lane 3:3,000; Lane 4:6,000; Lane 5:12,000; Lane M:
Marker

3.2 Effect of IFN-alpha2b on the expression of TP
protein
Expression levels of TP protein were shown in Fig-
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ure 2 by Western blot. A band at approximate 45 kDa
was detected on the immunoblots, which corresponds to
TP protein. Compared with control group, group 2 with
3,000 IU/ml IFN-alpha2b and group 3 with 6,000 UI/
ml IFN-alpha2b were indicated stronger expression of
TP protein. Quantification were 0. 6167 = 0. 0611, 0.
6347+0.0719, 0.8735+0.0640 in 1, 2 and 3 group
respectively with software Totallab 2.0. Increase of TP
protein expression in group 3 was significant comparied
with control group( F =14.232,P<0.01).

TP

f-actin

1 2

Figure 2. Results of [FN-alpha2b on the expression of TP protein
Concentration of IFN-alpha2b (IU/ml). Lane 1: 0; Lane 2:
3,000; Lane 3: 6,000

3.3 ICs of 5-FU in different treated group

In both 5-FU group and combination group, inhibi-
tion rate of treated 786-0 was calculated and is directly
related with the concentration of 5-FU (Table 1). 1Csy
in 5-FU group is remarkably higher than that in combi-
nation group. The sensitivity of 786-0 cells to 5-FU was
significantly enhanced in combination group(P<0.05).

Table 1. Inhibition rate and ICsy in 5-FU and combination group

5-FU 5-FU IFN+5-FU
(pmol /L) OD Value ICsp(pM)  OD Value  ICso(pM)
. 0.1748+ 0.1580 +
110 0.0056 0.0014
. 0.2523% 0.1898 +
1x10 0.0182 0.0046
xqgp  0.3203% 13.9467+ 0.2283+ 5.3200+
0.0221 3.7140  0.2165  0.1039
0.5000 + 0.3708 +
1X10° 570048 0.0118
i 1.1158 + 0.9930 +
0.0400 0.4429
] 1.2623 + 1.1878 +
0.0405 0.4461

3.4 Antitumor effect of different group in vivo

The weight of tumor were 1. 1820 + 0. 4874 g in
control group, 0.6900 + 0. 1517 g in 5-FU group and
0.2500 + 0. 1490 g in combination group. Treatment
with 5-FU or 5-FU combined with IFN-alpha2b induced
significant shrinkage of tumors compared with control
group (F =11.533, P<0.01). Furthermore, combi-
nation treatment showed more effective than mere 5-FU
treatment (P < 0. 05). These results indicated that
combination with IFN- alpha2b enhanced the sensitivity

to 5-FU in wvivo.
4 Discussion

5-FU is widely used in the treatment of cancers.
However the response rate is only 5% — 20% in the
treatment of renal cell carcinoma. Strategies have been
explored to modulate the anticancer activity of 5-FU.

5-FU can be metabolized by two ways. One is
DNA pathway, and the other is RNA pathway. Com-
pared with RNA pathway, DNA pathway is more effi-
cient in synthesizing fluorodeoxyuridine monophosphate
(FAUMP) which is one of active metabolites. FAUMP,
a critical metabolite of 5-FU, binds to the nucleotide-
binding site of thymidylate synthase (TS). The combi-
nation inhibits TS, subsequently blocks forming thymine
which tumors need to build their nucleic acids and leads
to tumor cells apoptosis. TP proved to be the rate-limit-
ing step of the straight activation of 5-FU to FAUMP.
Increasing TP expression appeared to be the appropriate
way to trigger the DNA pathway'®'. In our research it
was observed that chemosensitivity of 786-0 cells to 5-
FU was dramatically increased by combination IFN-al-
pha2b. The value of 1Csy of 5-FU is 13.9467 pmol/L in
sole use, while in combination the value decreased to
5.3200 pmol/L. In xenograft models better antitumor
results were shown in combination group. Weight of tu-
mor was merely 0.25 g in average under the treatment
of combination, and under sole 5-FU treatment weight
of tumor had reached 0. 69 g. Those results proved com-

" bination can achieve better therapy effect. To clarify this

result, our research detected the expression of TP and
found expression of both TP mRNA and TP protein
were up-regulated in 786-0 cells treated by IFN-al-
pha2b, which showed a dose-dependent manner with
the IFN-alpha2b concentration. This finding indicated
TP involved in enhanced chemosensitivity which was
caused by combination use of 5-FU and IFN-alpha2b.
Although some pathological studies indicate TP had
involved in angiogenic and antiapoptotic activities and
correlated with unfavorable prognosist*>!, it was high-
lighted that those studies had not accompanied with flu-
oropyrimidine drugs. In our study, no matter in witro
or in vivo, enhanced sensitivity to 5-FU was observed
in 786-0 cells by upregulating TP which induced
through combination therapy. Several studies discovered
that other eytokines such as TNF- alpha or interleukin-1
increased TP expression in tumor cells and increased
sensitivity to 5-FU. In xenograft models fluoropyrimi-
dine drugs can be more efficient in inhibiting tumor
growth by transfecting tumor cells with TP gene. Those
experiments suggested fluoropyrimidine drugs can be
particularly activated by TP and TP is an important
molecular marker for reference when chemotherapy was

adopted with {luoropyrimidine drugs'®!. In renal carci-
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noma therapy, TP could be a candidate index to
chemotherapy with fluoropyrimidine.
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Abstract

Z-Line is the boundary at esophageal and gastric cardia junction. Upgrowth of Z-line has been regarded as a
manifestation of reflux esophagitis, which may induce Barrett’s esophagus in western countries. The present study
was undertaken to characterize the appearance changes of Z-line and its correlation with esophageal and gastric cardia
precancerous lesions on symptom-free subjects from the high-incidence area for esophageal cancer in Henan. En-
doscopy and mucosal biopsy histopathological examination were performed on 1, 217 symptom-free subjects (=30
years old ) from the high-incidence area for esophageal cancer in Linzhou, Henan. Z-line appearance was recorded as
upgrowth, irregular, and indistinct. All the biopsies were fixed with 85% alcohol and processed for routine HE
staining and histopathology. The endoscopic observtion was correlated with histopathological results. The detection
rates for the upgrowth (=3 cm), irregular and indistinct Z-line were 12%, 10% and 1% , respectively. The inci-
dence for Z-line upgrowth and irregular in male at different age groups was apparently higher than that in female (P
<0.05). The incidence for irregular Z-line in young female was higher than in other age groups (P <0.05). With
the age increasing, a decreasing tendency for Z-line upgrowth was observed both in male and female. The subjects
with Z-line upgrowth had a higher incidence for esophageal basal cell hyperplasia and dysplasia in lower esophageal
segment than in those without Z-line upgrowth (P<0.05). The incidence for chronic superficial gastritis, -atrophic
gastritis with intestinal metaplasia was higher in the subjects with Z-line upgrowth than in those without Z-line up-
growth. The present results demonstrate that there is an apparent change of Z-line upgrowth in symptom-free sub-
jects from the high-incidence area for esophageal cancer in Henan. Z-line upgrowth is related with both esophageal
and gastric cardia lesions, suggesting that Z-line upgrowth may be one of the early indicators for esophageal and gas-
tric cardia carcinogenesis. The present observations provide new insight for understanding of esophageal and gastric
cardia carcinogenesis. [ Life Science Journal. 2007;4(1):21 —23] (ISSN: 1097 —8135).

Keywords: esophageal neoplasm; high-incidence area; precancerous lesion; Z-line; esophagus; gastric cardia

. : nated as “Z-line”. The description of normal conforma-

1 Introduction tion of Z-line is not unanimous. Abnormal appearance of
Z-line, especially upgrowth, has been known as one of
manifestation of reflux esophagitis, which may induce
Barrett’s esophagus in western countries' !>}, Barrett’s
esophagus has been regarded as one of precancerous le-
sions for esophageal adenocarcinomal®’. However, both
— ' reflux esophagitis and Barrett’ s esophagus are uncom-
*Supported in part by National Outstanding Young Scientit — mon in Chinese population at high risk for esophageal

Award of China (No. 30025016) and National Natural Science canced®. TIn China, squamous cell carcinoma(SCC) is

Foundation of China (No. 30670956). 3 : :
*Corresponding author. Lidong Wang, M. D., Ph.D., Tel and  the predominant histological type of esophageal cancer

Fax:86-371-6665-8335; Email: ldwang(@zzu. edu. cn (95% )5). In contrast, in western countries, more than

The boundary of the transitional zone from
esophageal squamous epithelium to gastric cardia colum-
nar epithelium, which is collapsed by mucosa of the
junction between esophagus and cardia, has been nomi-
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half of the esophageal cancer is adenocarcinoma®. We
have found the different abnormal appearance changes of
Z-line under endoscopic examination on the symptom-
free subjects from the high-incidence area for esophageal
cancer in Henan, China. These changes become clear af-
ter esophageal mucosa stained with iodine, including up-
growth, irregular, and indistinct. Biological significance
of the conformation changes is not clear. We hypothe-
sized that Z-line upgrowth, resulted in prolongation of
gastric columnar epithelium into the lower esophagus,
might be one of the important early indicators in car-
cinogenesis of adenocarcinoma at the gastroesophageal
junction. The present study was thus undertaken to
characterize the appearance changes of Z-line in symp-
tom-free subjects from the high incidence area for
esophageal cancer in Linzhou, northern China and to
correlate these changes with occurrence of esophageal
and gastric cardia precancerous lesions.

2 Materials and Methods

2.1 Subjects

1,217 symptom-free subjects (26 — 65 years old)
from Linzhou, the high-incidence area for esophageal
cancer in Henan Province were enrolled for the screening
of early esophageal and gastric cardia cancers. All the
subjects were examined by endoscopy, mucosal biopsy
and histopathological examinations, and the appearance
changes of Z-line were recorded under endoscopy.
2.2 Endoscopic biopsy and classification of Z-line ap-
pearance changes

Biopsies were taken from each subject at middle esopha-
gus (30 — 32 em to Z-line), lower esophagus (3 em above
gastroesophageal junction) and gastric cardia. All the biopsies
were immediately fixed with 85% alcohol. The appearance
of Z-line changes were classified into four different types,
i.e., normal: Z-line was regular and clear; upgrowth: Z-
line presents finger or ligulate-like prolongation into lower
esophagus (==3cm) ; irregular: Z-line presents clear, irregu-
lar boundary, without apparent prolongation; indistinct: the
boundary of esophageal and gastric cardia transitional zone is
not clear.
2.3 Histopathological examination

Histopathological diagnosis for esophageal epithelia
was made based on the changes in cell morphology and
tissue architecture using previously established criteri-
a'%. In brief, the normal esophageal epithelium con-
tained one to three proliferating basal cell layers; the
papillae were confined to the lower half of the whole ep-
ithelium thickness. In basal cell hyperplasia(BCH), the
proliferating basal cells surpassed 15% of the total ep-
ithelial thickness. Dysplasia was characterized by nuclear
atypia (enlargement, pleomorphism, and hyperchroma-
sia), loss of normal cell polarity, and abnormal tissue
maturation. SCC was characterized by confluent and in-

vasive sheets of cohesive, polymorphous cells with hy-
perchromatic nuclei. The following histopathological
classification was used for the gastric cardia epithelia:
chronic superficial gastritis (CSG), inflammation mani-
fested by mild lymphocyte and plasma cell infiltration;
chronic atrophic gastritis (CAG), glandular morphology
disappeared partially or completely absent in the mucosa
and replaced by connective tissue, interglandular space
infiltrated mainly by plasma cells and lymphocytes; gas-
tric cardia dysplasia ( GDYS), neoplastic features in-
cluding nuclear atypia and /or architectural abnormalities
confined to the gastric cardia epithelium, without inva-
sion; gastric cardia adenocarcinoma (GCA), invasion of
neoplastic gastric cells through the basement mem-
branel® .
2.4 Statistical analysis

The 1 test was used for the percentage of lesions with
different types of Z-line appearance changes. Spearman corre-
lation test and linear tendency test were used for the correlation
between different Z-line types and epithelial lesions (P <
0.05) was considered significant.

3 Results

Of the 1,217 symptom-free subjects examined the
detection rates for the Z-line appearance of upgrowth,
irregular, indistinct and normal types were 12% (141/
1,217), 10% (122/1,217), 1% (14/1,217) and 77%
(940/1,217), respectively.

The distribution of appearance changes of Z-line by age
and gender was summarized in Table 1. The incidence for Z-
line upgrowth and irregular in male at different age groups
was apparently higher than that in female (P<0.05). With
the age increasing, a decreasing tendency for Z-line up-
growth was observed both in male and female. The incidence
for irregular Z-line in young female (40 —49) was higher
than in other age groups (P<0.05). The incidence for in-
distinet type of Z-line in male and female at different age
groups was apparently lower than that for upgrowth and ir-
regular types of Z-line.

Table 1. Distribution of Z-line appearance changes by age and gender
Appearance changes of Z-line

Cases examined

(n) Upgrowth Irregular Indistinet
S . n(%) n (%) n (%)
Male
30— 53 31 (22.0)* 21 (15.0)* 1(0.7)
40 - 57 28 (20.0) 26 (18.0) 3i62-1)
50 56 23 (16.0) 32 (23.0) 1(0.7)
ol = 22 12 (8.5) 9(6.0) 1(0.7)
Female
30— 19 14 (10.0) 5(4.0) 0(0.0)
40 36 18 (13.0) 15 (10.0)** 3 (2.0)
M)~ 26 13 (11.0) 10 (7.0) 3(2.0)
60 — 7 2 (1.0) 4 (3.0) 1(0.7)

*Male vs. female, P<<0.05 (y*test). * " 40-age group vs. other
age group in female, P<C0.05 (Xz test) .
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Table 2 showed the correlation between Z-line ap-
pearance changes and gastric cardia pathological lesions
on the symptom-free subjects. Cardia pathological
changes progressed from normal appearance to upgrowth
Z-line (P<0.05). However, the cardia pathological le-
sions were similar in irregular and indistinct Z-line

groups (P >0.05).

Table 2. Correlation between Z-line appearance changes and gastric
cardia epithelial lesions

Tindls Clases Gastric cardia epithelial lesions
appearance  examined  Ngrmal CSG CAG+ IM GDYS
changes (n) n (%) n(%) n(%) n(%)
Upgrowth 106 45 (42) 39 (37)°19 (18)* 3 (3)
Irregular 76 37 (49) 29 (38) 8 (11) 2(3)
Indistinct 6 4(67) 1(17) 1(17) 0(0)
Normal 586 303 (52) 182 (31) 13 (12) 28 (5)

*Upgrowth vs. normal, P<0.05 (Xz test).

Table 3 showed the correlation between Z-line ap-
pearance changes and lower esophageal lesions on the
symptom-free subjects. The subjects with Z-line up-
growth had a higher incidence for esophageal basal cell
hyperplasia and esophageal dysplasia (EDYS) in lower
esophageal segment than in those without Z-line up-
growth (P <0.05). However, the detection rate for
lower esophageal lesions was similar in the irregular and
indistinct types of Z-line appearance changes (P >
0:057

Table 3. Correlation between Z-line appearance changes and
esophageal epithelial lesions at lower esophagus

Z-line Cases Lower esophageal epithelial lesions
appearance  examined Normal BCH EDYS
changes (n) n (%) n (%) n (%)
Upgrowth 98 35 (36) 58 (59)° SHEI"
Irregular 85 56 (66) 29 (34) 0 (0)
Indistinct T 6 (86) 1(14) 0(0)
Normal 707 425 (60) 263 (37) 19 (3)

*Upgrowth vs. normal, P<0.05 (y* test).

Table 4 showed the correlation between Z-line appearance
changes and the middle esophageal lesions on the symptom-free
subjects. The subjects with Z-line upgrowth had a higher inci-
dence for esophageal basal cell hyperplasia and EDYS in middle
esophageal segment than in those without Z-line upgrowth (P
<0.05). The similar results were observed in the middle
esophageal lesions and the Z-line appearance changes of irregu-
lar and indistinct types as in the lower esophagus (P>0.03).

4 Discussion

The present studies demonstrate that there is an ap-
parent change (23% ) of Z-line in symptom-free subjects
from the high-incidence area for esophageal cancer in
Henan, including upgrowth (12%), irregular (10% ),

indistinct (1% ). The incidence of esophageal and gas-
tric cardia epithelial lesions, especially in the lower seg- -
ment from the subjects with Z-line upgrowth was higher
than in those without Z-line upgrowth. These results in-
dicate that upgrowth of Z-line may be an early indicator
for both esophageal and gastric cardia carcinogenesis in
high-risk area. Z-line upgrowth might alternate both
lower esophageal and gastric cardia epithelial environ-
ment and make these people prone to occurrence of pre-
cancerous lesions. QOur hypothesis is that the primary
esophageal and gastric cardia adenocarcinoma, adenocar-
cinoma at the junction of esophagus and cardia and Bar-
rett’ s esophagus related esophageal adenocarcinoma
might be a group of related diseases.

Table 4. Correlation between Z-line appearance changes and
esophageal epithelial lesions at middle esophagus

Zline  Cases _ Middle esophageal epithelial lesions
appearance examined  Ngrmal BCH FDYS
changes  (n) (%) (%) n (%)
Upgrowth 115 63 (55) 41(36)* 11 (10)°
Irregular 84 61 (73) 21 (25) 2 (2)
Indistinct 7 5(71) 2(29) 0 (0)
Normal 749 444 (59) 267 (36) 38 (5)

*Upgrowth »s. normal, P<<0.05 (](2 test).

The mechanism of Z-line upgrowth is not clear.
Reflux esophagitis may be one of the key factors in Z-
line upgrowth development in western countries. Bar-
rett’ s esophagus may develop after reflux esophagitis.
However, the incidence of both reflux esophagitis and
Barrett’ s esophagus in Chinese population, especially in
high-risk area for esophageal and gastric cardia cancers,
is much lower than in western countries. Z-line up-
growth in Chinese people may not be a result of reflux
esophagitis. Further studies are needed to illustrate the
mechanism and significance of Z-line upgrowth in Chi-
nese people.
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Abstract

To examine the expression of vascular endothelial growth factor C (VEGF-C) in human esophageal squamous
cell carcinoma (ESCC) and to clarify its role in lymphatic metastasis in ESCC. Esophageal carcinoma EC9706 cells
and samples of 49 patients with primary ESCC were investigated by using S-P immunohistochemistry (IHC), semi-
quantitative RT-PCR in situ and hybridization (ISH) technology for VEGF-C expression, respectively. VEGF-C
positive expressions were found in EC9706 cells through ICH, ISH and RT-PCR, respectively. Positive IHC for
VEGF-C was observed in 36 of 49 cases of ESCC. The brown staining granules for VEGF-C were identified in the
cytoplasm of carcinoma cells. There was significantly difference between the expression of VEGF-C in the group with
lymph node metastasia and the group without lymph node metastasis (y*=4.7, P<0.05). Positive ISH for VEGF-
C was observed in 23 of 49 cases of ESCC. The blue-purple staining granules for VEGF-C were identified in the cy-
toplasm of carcinoma cells. There was a significant difference between the expression of VEGF-C in lymph node
group and group without lymph node metastasis (¢ =31.3, P<0.01). The expression of VEGF-C protein level
was significantly higher in group with lymph node metastasia than in group without lymph node metastasis. Of 49
ESCC, VEGF-C gene expression was observed by RT-PCR in 29 cases. There was a significant difference between
the expression of VEGF-C in group with lymph node metastasia and group without lymph node metastasis (¥ =
23.3, P<0.01). VEGF-C mRNA expression was significantly higher in group with lymph node metastasia than in
group without lymph node metastasis. The expression of VEGF-C mRNA level was not significantly associated with
age, gender, or pathological grade. There was a correlation between VEGF-C mRNA expressions by RT-PCR and
ISH (](_2 =18.5,P<0.01) in ESCC, but no significant difference between the two methods. VEGF-C expression
may induce lymphangiogenesis in human ESCC. There must be a close correlation between VEGF-C expression and
lymph node metastasis. VEGF-C may be serve as a useful prognostic factor in ESCC. [ Life Science Journal. 2007;4
(1):24-28] (ISSN: 1097 —8135).

Keywords: esophageal squamous cell carcinoma; EC9706 cells; VEGF-C; lymphatic metastasis

) vessels, is a relatively new area of clinical investigations.
1 Introduction Recent studies show that vascular endothelial growth
factor C (VEGF-C) has been identified as a new mem-
ber of the VEGF family, and is believed to be the only
lymphangiogenesis factor in that gene family'"). Tt acti-
vates both vascular endothelial growth factor receptor 2
(VEGFR-2) and VEGFR-3!2!. However, little investi-
gation was on VEGF-C expression in ESCC. The pur-

Esophageal carcinoma is a common cause of death
throughout the world including China especially in the
Taithang mountain range. The lymphatic system is the
primary pathway of metastasis for esophageal squamous
cell carcinoma(ESCC) and the extent of lymph node in-

volvement is a key prognostic factor for the outcome of ; :
patients. However, the mechanism of lymphatic metas-  Pose of this study was to detect the expression of VEGF-
Y O — C and its association with lymph node metastasis in ES-

Lymphangiogenesis, the development of new lymph CC with immunohistochemistry (IHC), in situ hy-
- . - bridization(ISH) and RT-PCR technique. The relation-

“Corresponding author. Tel; 86-371-6665-8175 ( Office) ; Email : Sh]p_ of VEGF-C 1o CI]mOOpathOIOglcal features was in-
yhzhang@zzu. edu. cn vestigated furthermore.

.24.




Zhang , et al , Expression of vascular endothelial growth factor C in esophageal carcinoma

2 Materials and Methods

2.1 Materials

2.1.1 Reagents. Trizol reagent, TaKaRa One Step
RNA PCR Kit (AMV), PCR primers for VEGF-C and
B-actin, probe for VEGF-C, VEGF-C rabbit anti-hu-
man polyclonal antibody, and S-P immunohistochemical
staining kit (SP9001) were purchased from Invitrogen
Corporation (USA); TaKaRa Biotechnology (Dalian)
Co. Ltd Beijing AuGCT Biotechnology Co. Ltd (Bei-
jing, China ); Beijing Zhongshan Golden Bridge
Biotechnology Co. Ltd, respectively.

2.1.2 Clinical data. The resected specimens from 49
cases of ESCC were obtained from the Anyang Tumor
Hospital, Henan, China, between September to
November 2004. The carcinoma tissues and normal tis-
sues were immediately placed in liquid nitrogen and
pooled at —80 T until use for RT-PCR. Of 49 cases of
ESCC, 25 were male, 24 were female, with a mean age
of 58. 3 years old, arranging from 44 to 76 years. All
had not received any radiotherapy or chemotherapy. All
the specimens were clearly identified by experienced
pathologists. Routine pathological diagnosis showed that
grade [, Il and [l were 14, 23 and 12 cases respec-
tively. Among them, 20 cases presented lymph node
metastasis, and 29 cases had no lymph node metastasis.
2.1.3 Cell culture. Human esophageal carcinoma
EC9706 cell line was kindly provided by the Chinese A-
cademy of Medical Sciences. The cell line was grown in
monolayer culture containing humidified 50 ml/L. CO,
and 950 ml/L air at 37 T . It was cultured in RPMI-
1640 medium supplemented with 10% fetal calf serum,
100 pg/ml streptomycin, and 100 U/ml penicillin (pH
T7.2=7.4).

2.2 Methods

2.2.1 RNA isolation and RT-PCR. The total RNA
was extracted from ESCC tissue samples stored at
-80C and EC9706 cell line by using Trizol reagent ac-
cording to the procedures described in the kit. The qual-
ity of the isolated RNA was determined by gel elec-
trophoresis, and the concentration and purity of RNA
were determined by A260/280 ratios. Amplification of
VEGF-C and B-actin as an internal control in each reac-
tion was carried out by PCR with the following primer
described prcviously[-3 !, The primers of VEGF-C that
yield 229bp and the sequences are 5'-AAG GAG GCT
GGC AAC ATA AC-3" (forward) and 5'-CCA CAT
CTG TAG ACG GAC AC -3 (reverse). The primers of
B-actin that yield a 302 bp product as follows: 5 -TCC
TCC CTG GAG AAG AGC TA-3" (forward), 5-TCA
GGA GGA GCA ATG ATC TTG-3'(reverse).

2.2.2 In situ hybridization (ISH). Sections (6 pm)
of the tissue and the prepared cell slides for hybridization
were stained according to Chen et al'*. The probe

oligonucleotide for VEGF-C sequence was 5'-GTC ATG
GAA TCC ATC TGT TGA GT-3" as described previ-
ously®). Biotin-labeled VEGF-C ¢DNA anti-sense probe
was modified by sulphur.

2.2.3 Immunohistochemistry (IHC). ESCC tissues
were sectioned at the thickness of 4 pm. After deparaf-
finization with xylene and dehydration with graded
ethanol, the tissue section and cell slides were incubated

- in PBS containing 30 ml/L. H,(, to remove endogenous

peroxidases and then in PBS containing 0. 1 mol/L cit-
rate to saturate the nonspecific binding sites. After incu-
bation with VEGF-C rabbit anti-human polyclonal anti-
bodies at 1:150 dilution, the sections were treated with
instant S-P immunohistochemical reagents and then in-
cubated in a buffer solution containing 3, 3-diaminoben-
zidine tetrahydrochloride (DAB) and H,0, for visualiza-
tion, followed by dehydration and mounting procedures.
Microscopic examination of the sections was then per-
formed. Omission of primary antibodies was used as a
negative control.

2.2.4 Statistical analysis. All statistical calculations
were carried out using SPSS 10.0 (SPSS Inc., Chica-
go, USA). Each data is presented as mean + SD. The
Chi-square test or Student’s ¢ test was used to analyze
data. P value of 0.05 or less were considered statistical-
ly significant.

3 Results

3.1 Expression of VEGF-C in EC9706 cell line

EC9706 cells expressed VEGF-C by immunohisto-
chemical staining, ISH, and RT-PCR, respectively.
The brown staining granules for VEGF-C were identi-
fied in the cytoplasm of EC9706 cells by IHC. VEGF-C
mRNA (blue-purple granule) was located in cytoplasm

of EC9706 cells by ISH (Figure 1).

Figure 1. Expression of VEGF-C mRNA in EC9706 cells. There
were blue-purple granules in cytoplasm. (ISH, > 1000)
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3.2 Relationship between the expression of VEGF-C
and pathological features of ESCC

Positive staining was defined as the presence of
VEGF-C immunoreactivity in at least 30% of tumor
cells'®) . Positive IHC for VEGF-C was observed in 36 of
49 cases of ESCC (Figure 2). Most of the metastatic
lymph nodes showed positive staining for VEGF-C 18 of
20 (90.0% ), compared with the cases of non-metastat-
ic lymph node 18 of 29 (62.1% ). There was a signifi-
cant difference between the expression of VEGF-C in
group with lymph node metastasis and group without
lymph node metastasis (y>=4.7, P<0.05). The ex-
pression of VEGF-C in ESCC was significantly higher in
lymph node metastasis group than in group without
lymph node metastasis by [HC.
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Figure 2. Expression of VEGF-C in ESCC. The brown stained
granules for VEGF-C were identified in the cytoplasm of carcinoma
cell (IHC, x200).

29 out of 49 cases of ESCC, VEGF-C mRNA was
detected in tumor tissues by RT-PCR (Figure 3). There
was a significant difference between the expression of
VEGF-C in lymph node metastasis group and without
lymph node metastasis group (y* =23.3, P <0.01).
The expression of VEGF-C mRNA was significantly
higher in lymph node metastasis group than in group
without lymph node metastasis by RT-PCR.

Of 49 ESCC, 23 cases were detected VEGF-C mR-
NA by ISH(Figure 4). Most cases with the metastatic
lymph node showed positively staining of VEGF-C by 19
of 20 (95. 0% ), compared with the non-metastatic
lymph node group, 4 of 29 (13.8% ). It was signifi-
cantly higher in lymph node metastasis group than in no
lymph node metastasis group (yx* =31.3, P <0.01).
The expression of VEGF-C mRNA was significantly
higher in lymph node metastasis group than in non-
metastasis lymph node group by ISH method. The ex-
pressions of VEGF-C were not significantly associated
with age, gender, and pathological grade. Comparison

of VEGF-C positive expression levels in ESCC between
clinicopathological features is shown in Table 1.
3.3 Correlation between the expression of VEGF-C by
RT-PCR and ISH in ESCC

In present study, the detection results of VEGF-C
mRNA by RT-PCR and by ISH were correlated (7(2 =
18.5,P<0.01), but not different with each other (Xz
=2.5,P>0.05)(Table 2).

N

N M T P T

302bp
229bp

Figure 3. Expression of VEGF-C mRNA in ESCC tissues by RT-
PCR. T: tumor; N: normal tissue; P: tissue adjacent to tumor;
M: 100bp DNA marker.

4 Discussion

VEGF gene family is the only growth factor that is
specific for vascular endothelial cells, and consists of
VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E
and PIGF. Among them, VEGF-C is a potent stimula-
tor of lymphangiogenesis (the growth of lymphatic ves-
sels) both in witro and in vivo. Recently, it has been
reported that VEGF-C is expressed in several solid tu-
mors including gastric cancer’®, lung cancer'®, breast
cancer, thyroid carcinoma, prostate cancer, cervical
cancer and colorectal carcinomal”). The over-expression
of VEGF-C was relevant to lymphatic spread.

VEGF-C has been implicated in the regulation of
tumor lymphangiogenesis and enhancement of lymphatic
invasion. It was initially identified as a ligand of VEGF
receptor-3 (VEGFR-3), which at the time was an “or-
phan” receptor that showed sequence similarity to VEG-
FR-2 and VEGFR-3. Because expression of VEGFR-3
is largely restricted to lymphatic endothelium, the major
function of VEGF-C appears to be the regulation of lym-
phatic vessel growth!". It is thought that VEGF-C
plays a role in the maintenance of lymphatic endotheli-
um, and over-expression of VEGF-C has been found to
induce lymphatic endothelial proliferation in the skin of
transgenic mice'®' . These results indicate that VEGF-C
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is a lymphangiogenic factor. Over-expression of VEGEF-
C transgenes in lab revealed a direct correlation between
lymphangiogenesis and lymph-node metastasis'®). The
majority of clinical studies showed a strong positive rela-
tionship between the expression of VEGF-C and lymph
node metastasis. VEGF-C could promote growth of tu-
mor cells, which was correlated with the growth of lym-
phatic vessels around tumors and the intralymphatic
spread of cancer. The expression of VEGF-C in tumor
cell is closely associated with lymph node metastasis' '’

In the current study, VEGF-C could be positively
detected by IHC, ISH and RT-PCR. The results corre-
lated with highly metastatic EC9706 cell line’ s invasive
character''). In addition, the result demonstrated a
positive correlation of VEGF-C expression with lymph
node metastasis in ESCC. A strong correlation was
found between VEGF-C protein and mRNA expression
and metastasis in ESCC by IHC, ISH, and RT-PCR.
The result was consistent with the previous re-
ports'® 1) The expressions of VEGF-C were not sig-
nificantly associated with age, gender, or pathological
grade, which was different from Onogawa’s research''?’
in gastric carcinoma and Hanrahan’s report'”! on col-

orectal cancer. It may be that VEGF-C expresses differ-
ently in different tissues. The cases that express VEGF-
C are possibly a pre-clinical status. In contrast, cases
with lymph node metastasis without VEGF-C expression
are likely to belong to selective expressing of VEGF-C.

Figure 4. Expression of VEGF-C mRNA in ESCC. There were blue-
purple granules in cytoplasm of carcinoma cells. (ISH, > 100)

Table 1. Correlation between clinicopathological factors and the VEGF-C expression by 3 methods in ESCC

Characteristics n LS, RT-PCR T ISH N
(+) (=) P (+) (-) P (+) (-) P
Age (years) 64.5+4.4 61.8+4.6 >0.057 61.4+3.8 60.6+5.6 >0.057 60.8+4.4 59.6+5.7 >0.05°
Gender >0.05% 0.05% - >0.05%
M 25 20 5 16 9 13 12
F 24 16 8 13 11 10 14
Histological grade >0.05*% >0.05% >0.05%
I 14 10 4 10 4 8 6
1l 23 17 6 12 11 10 13
11 12 9 3 7 5 5 7
Lymph node metastasis <0.05% <0.01*% <0.01%
Positive 20 18 2 20 0 19 1
Negative 29 18 11 9 20 4 25

Student’s ¢-test; #Chi-square test

Table 2. Relationship between the expression of VEGF-C by RT-
PCR and ISH

Variable ISH(+) ISH(-)  Total
RT-PCR( + ) 21 8 29
RT-PCR( - ) 2 18 20

Total (n) 23 26 49

Tumor tissues consist of multiple cell types includ-
ing tumor cells and host, stromal, endothelial and infil-

trating cells. mRNA isolated by RT-PCR from bulk tis-
sues represents the average amount of mRNA for all the
cells in the sample and cannot determine if a specific
mRNA is derived from normal or tumor cells. RNA
from a few contaminating cells may be amplified during
RT-PCR and obscure tumor specific alterations. RT-
PCR analysis cannot reveal any site-dependent differen-
tial expression of VEGF-C. In contrast, ISH and IHC
can identify the cellular source as well as reveal intratu-
mor heterogenity in expression. Comparison with the

- 27 -




Life Science Journal, Vol 4, No 1, 2007

http://life. zzu. edu.cn

two ways detecting VEGF-C mRNA, there was a cor-
relation between RT-PCR and ISH, but no statistically
difference between the two methods. So our finding
suggests that the best way for detecting VEGF-C mR-
NA expression in ESCC tissue might be ISH.

In conclusion, this study has demonstrated that
vascular endothelial growth factor-C may play a key role
in tumor cell lymphatic metastasis. There is an associa-
tion with expression of VEGF-C and lymph node metas-
tasis in ESCC. VEGF-C may become a target for the
treatment of ESCC by many methods' ', Furthermore
the examination of VEGF-C may be useful in predicting
lymph node metastasis of ESCC.
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Abstract

Objective . To investigate the expression of P53 and Bel-2, their relationship, and their roles in the pathogenesis
and development of laryngeal squamous cell carcinoma. Methods. Immunohistochemistry was used to study 110 cases
of laryngeal carcinoma and 20 cases of normal laryngeal tissues to detect the expression of P53 and Bel-2. Results. A-
mong 110 cases of laryngeal squamous cell carcinoma, the rate of expression of P53 and Bel-2 were 62. 7% and
47.3% respectively; the expression of P53 was closely correlated with lymph node metastasis and Bel-2 correlated
with pathological grade, lymph node metastasis. P53 expression was related to Bel-2 expression. Conclusion. P53 is
correlated to Bel-2. They play important roles in tumor matestasis and progression and will be the target of gene

therapy in laryngeal carcinoma. [ Life Science Journal. 2007;4(1):29 —31] (ISSN: 1097 - 8135).

Keywords: laryngeal squamous cell carcinoma; p53; bel-2; immunohistochemistry

ferentiated squamous cell carcinoma, 51 cases of moder-
1 Introduction ate differentiated squamous cell carcinoma, and 16 cases
of poorly differentiated squamous cell carcinoma. In re-
gard to the lymphatic metastasis, 48 cases were cervical
lymph node metastasis and 63 cases without cervical
lymph node metastasis. In adddition, 20 cases of normal
mucosa were collected in the operation as control.
2.2 Immunohistochemistry
All reagents were purchased from the Wuhan
Boster Biology Engineering Corportion ( Wuhan, Chi-
na). Paraffin sections were dewaxed and dehydrated.
Followed the first antibody and the second antibody
core-streptavidin-peroxidases was added. After dripping

It is generally accepted that malignant tumor is
caused by hyperproliferation. p53 is a type of tumor
suppressor gene, whose mutation is the most common
genetic aberration which has been identified as closely
related to cancer so far. The apoptosis inhibition molec-
ular of Bel-2 family is an important component of the
miscellaneous apoptosis inhibition moleculars'!) . This re-
search is to detect the expression of P53 and Bel-2 in la-
ryngeal squamous carcinoma, and try to illuminate the
underlying pathogenesis of laryngeal carcinoma.

2 Materials and Methods by the newly confected diaminobenzidine (DAB) solu-
tion, it was observed under microscope. It was stained
2.1 Clinical data with hematoxylin. Grade alecohol was used for dehydra-
Samples of 110 cases of laryngeal squamous cell car-  tion and dryness. Dimethylbenzene was used for clarity,
cinoma in the First Affliated Hospital of Zhengzhou Uni-  and neutral balata was used for seal.
versity and Henan Tumor Hospital from June 1998 to 2.3 Results judgement
June 2001 were collected, among which 102 cases were The positive signals of Bel-2 showed as brown yel-

male and 8 cases were female. The age ranges from 42  low granule or diffusing shape distribution. P53 was
to 70, with the average age of 58.8. According to the  mainly expressed in cell nucleus, and positive cells were
Union International Contre Le Cancer(UICC) standard ~ brown yellow. In the samples, less than 10% of positive
of 1997, 47 cases of them were glotticcarcinoma, 58  cells were regarded as negative, and the cases of more

cases were supraglottic carcinoma,and 5 cases were sub-  than 10% positive cells were regarded as positive.

glottic carcinoma. In terms of clinical stage, there were 2.4 Statistical method

5 cases of stage 0, 29 cases of stage | , 33 cases of stage > test was operated to show the correlation be-

I, 25 cases of stage [l , and 18 cases were stage IV . tween P53 and Bel-2 expression and clinical data. Spear-

As to the differentiation, there were 43 cases of well dif-  man correlation test conducted for the correlation be-
tween P53 and Bel-2. The statistic software sas 9.0 was

“Corresponding author. Email: liushanting@163. com used and the significance level was set at 0.05.
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3 Results

There was almost no expression of P53 and Bel-2 in
normal laryngeal mucosa. Weak positive expression in
basal layer cells was in few samples. The expression
rates of P53 and Bel-2 in laryngeal carcinoma were
62.7% and 47. 3% respectively. P53 was mainly ex-
pressed in cell nucleus, and positive cells were brown yel-
low(Figure 1). Bel-2 signal was brown yellow granules
and was mainly expressed in cytoplasm and nuclear
membrane (Figure 2).

Figure 1. Expression of P33 in laryngeal squamous carcinoma by
THC. (HEx200)

Figure 2. Expression of Bel-2 in laryngeal squamous carcinoma by
[HC. (HE < 400)

Correlation analysis revealed: P53 was related to
lymphatic metastasis but not to clinical stage, age, gen-
der, type and differentiantion (Table 1); Becl-2 was re-
lated to differentiation and lymphatic metastasis, but not
to age, gender, clinical stage and type (Table 2); P53
expression and Bel-2 expression were positively correlat-

ed (Table 3).

http://life. zzu. edu. cn

4 Discussion

It is generally accepted that malignant tumor is
caused by gene mutation under outside stimulation. The
accumulation of this mutation will activate oncogenes
and inactivate tumor suppressor genes.

p53 is an important tumor suppressor gene, located
at 17P13. 1, with the length of 16 — 20kb, comprising
11 exons, with the transeription of 2. 8 kb of mRNA
recorded. The encoded protein is P53. So far, p53 has
been identified as a gene that is most closely related to
human tumor. Its major function is to regulate cells’ re-
sponse to DNA damage and inhibit the growth of cells
by bringing about cell cycle retardance and/or apoptosis.
It plays an important role in maintaining the stability of
nucleus or promoting the cell apoptosis>'. Mutant p33
has some new characteristics, such as prolonged half life
and altered conformation, and loses the function of
maintaining the stability of nucleus. The half life of wild
type p5S3 in normal tissues is short and is easily hy-
drolyzed. It can not be tested in cells. In this study, no
positive expression of pS3 was detected in the 20 cases of
normal mucosa. In the 110 cases of laryngeal carcino-
ma, 69 cases were positively detected. The positive rate
was 62.7% , which is close to most reports. Its expres-
sion is related to cervical lymph node metastasis, but not
to age, gender, clinical stage, type and differentiation,
which is in accordance with the reports abroad'’. It can
be established that p53 is closely related to the occur-
rence and development of laryngeal carcinoma and lym-
phatic metastasis. Mutant p53 not only directly inhibits
apoptosis and stimulates cell proliferation, but also accumu-
lates themselves in cells. The highly positive rate of 62.7%
in this study confirmed this. In addition, the high expression
rate can lead to the instability of hereditary substance subse-
quently and the imbalance of caner-related genes, which will
cause oncogenesis and metastasis.

Table 1. Correlation between P53 expression and clinical pathologi-
cal features of the patients

T - P53 i

Clmlc‘a% pathological ey £ Pale
B eature Negative Positive

Age =60 years 48 18 30
60 vens. 2 23 39 0.0019 0.9654

Gender Male 102 38 64
Feiala 8 3 5 0. 0002 0. 9890

Clinical 0+ 1 +11 67 25 42
stage M+ v 43 16 27 0.0001 0.9912

Type Glottic 47 17 30
Supraglottic 58 22 36 0.0511 0.9748

Infraglottic 5 2 3

Differentiation ~ Well 43 18 25
Moderate 51 19 32 1.4179 0.4922

Poor 16 4 12
Lymph node Negative 62 27 33 x

metastasis _ Positive 48 12 36 46232 0.0315

"P<0.05, expression of P33 was closely correlated with lymph node
metastasis.
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Table 2. Correlation between Bel-2 expression and clinic-
pathological features of the patients

Clinical pathological Bel-2 expression

: z = 'X'z P value
feature Negative Positive

Age =60 years 48 25 23
So0yers 62 23 29 9% 0.0

Gender Male 102 55 47
Female g 3 5 0.8026 0.3703

Clinical 0+ 1 +1 67 36 31
asge N+N 43 22 21 00609 0.1B

Type Glottic 47 25 22
Supraglottic 58 30 28 0.1336 0.9354

Infraglottic 5 3 2

Differentiation ~ Well 43 29 14
Moderate 51 27 24 8.5708 0.0138"

Poor 16 4 12
Lymph node Negative 62 38 24 *
meosteis DPomaiye 48 220 228 +IPE0.0400

*P<0.05, expression of Bel-2 was closely correlated with diflerentiation
and lymph node metastasis.

Table 3. Correlation of Bel-2 and P53

. Bel-2
P53 expression n o : r P value
Positive  Negative
P53 (+) 69 40 29 0.2780 0.0036
P33 (-) 41 12 29

From the aspect of cell apoptosis, the mechanism of
tumor can be explained as the result of inhibiting apop-
tosis and hindering the decrease of tumor cells™. Bel-2
family plays an important role in controlling cell apopto-
sist!*3) bel-2 is a type of proto-oncogenes found in B cell
lymphoma. The B cell lymphoma is often of characteris-
tic t translocation (14:18). In most cases, bcl-2 gene
on 1821 is translocated to 14¢32 which is adjacent to Ig
heavy chain genes. Ig heavy chain gene has powerful
promoter and enhancer, which can lead to unusually
high bcl-2 expression and thus inhibits cell apoptosis and
cause cancer. The data in this research suggest that
there was almost no Bel-2 expression in normal laryngeal
mucosa. Bel-2 expression rate in laryngeal carcinoma
was 47. 3% . A research about 176 cases of laryngeal
carcinoma has found that Bel-2 expression is related to
differentiation and lymph node metastasis'®’. The pre-
sent research obtained the similar result. The data of
this research also showed that Bel-2 expression was not

!

correlated to age, gender, clinical stage and type. The
high expression of Bel-2 in the tissue of laryngeal carci-
noma plays a vital role inhibiting cell apoptosis and onco-
genesis. It is proposed that different Bel-2 expression
level may inhibit cell apoptosis differently and thus lead
to different accumulation degree of damaged cells. As a
result, different malignant phenotypes, such as different
pathology grades, are observed.

The encoded protein of wile type pS3 can be com-
bined with the segments of 5 non-coded zone of bcl-2
genes, and inhibit the expression of bel-2. The mutant
p53 will lose the function of inhibiting bel-2, which may
lead to the increase of Bel-2 expression. This research
results showed p53 and bcl-2 were correlated, which
further confirmed the hypothesis that oncogenesis is the
cooperation of various factors.

To damaged normal cells, apoptosis is the ultimate
event, whereas to mutant cells, apoptosis inhibition is
the early event and runs through the whole process of
oncogenesis. Based on this, some scholars proposed that
p53 and bcl-2 be used as therapeutic targets for the
treatment of malignant tumor'”}. It is also suggested by
the authors of this paper that the unique expression of
p53 and bcl-2 in cancer tissues be hopefully used as an

‘index for early treatment.
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Inhibitory effect of SB203580 on neuropathic pain behaviors
induced by lumbar 5 ventral rhizotomy in rats™
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Abstract

Previous studies have shown that selective injury to motor fiber, but keeps primary sensory afferents intact, in-
duced abnormal pain behaviors to a similar extent as the rat received lumbar 5 spinal nerve ligation (L5 SNL). Sever-
al lines of evidence suggest that the p38 activation in the nociceptive pathway contributes to the development of in-
flammatory and nerve injury induced neuropathic pain. Whereas, the role of p38 activation in the pain facilitation in-
duced by the motor fiber injury is still unclear. In the present study, the lumbar 5 ventral rhizotomy (L5 VR) was
performed in rats, and the animals were treated with SB203580, an inhibitor of activated p38, intrathecal injection
started at before and after the surgery. The pain-related behaviors were tested to elucidate the effect of SB203580.
The results showed that L3 VR induced a robust and long-lasting mechanical allodynia and thermal hyprogesia in bi-
lateral hind paws in rats started on day 1 and persisted for more than 4 weeks. Intrathecal injection of SB203580 10
minutes before L5 VR and once daily thereafter until 14th day significantly reduced the mechanical allodynia and
blocked the development of thermal hyperalgesia in bilateral hind paws. Post-treatment with SB203580 performed at
the first day and 8th day also clearly alleviated the established neuropathic pain following .S VR. Taken together,
the above data indicate that p38 activation might be playing an important role in the induction and maintenance of the
neuropathic pain induced by the selective motor fiber injury. [ Life Science Journal. 2007;4(1):32 —36] (ISSN:
1097 — 8135).

Keywords: ventral rhizotomy; neuropathic pain; p38; mitogen-activated protein kinase; SB203580

) rons intact, produces behavioral signs of neuropathic
1 Introduction pain to a similar extent as in rats with L5 SNLI7 7%/,
While, the underlying mechanisms of L5 VR induced
neuropathic pain is still remained largely unknown.
Therefore, it was hypothesized that p38 activation may
be also play a role in the generation of pain-related be-
haviors induced by the model of selective motor fiber in-
jury. To testify this hypothesis, in present study the L5
VR was performed in rats and the role of p38 activation
in the production of mechanical allodynia and thermal
hyperalgesia was evaluated by intrathecal injection of

p38 inhibitor SB203580.
2 Materials and Methods

Damage to peripheral nerve very often results in
neuropathic pain. Current treatments for this pain are
only partially effective, and additional development is
hindered by our incomplete knowledge of how neuro-
pathic pain is induced and maintained'" . Increasing evi-
dence shows that mitogen-activated protein kinases
(MAPKs) play important roles in the induction and
maintenance of chronic pain'?*’. The MAPK family has
three major members, extracellular signal-regulated ki-
nase (ERK ), p38, and c-Jun N-terminal kinase
(JNK), representing three different signal transduction
pathways. It has been reported that p38 activation in
dorsal root ganglia (DRG) and spinal cord plays an im-
portant role in the pain hypersensitivity state induced by
L5 spinal nerve ligation (L5 SNL)M 6! Recently, sev-
eral groups show that selective lesion to motor fibers by
L5 ventral rhizotomy (L5 VR), but keeps sensory neu-

2.1 Animals

Male Sprague-Dawley rats weighing 180 — 250 g
were used. The rats were housed in separated cages with
free access to food and water. The room temperature
was kept at 23+ 2 C under a 12:12 light-dark cycles.
All animal experimental procedures were approved by

. : : y i the local animal care committee and were carried out in
“Supported by the National Natural Science Foundation of China

(No. 30570599). )
*Corresponding author. Tel: 86-371-6136-6390; Email : jtxu(@ zzu.

edu. cn

accordance with the guideline of the National Institutes
of Health of America on animal care and the ethical
guidelines for investigation of experimental pain in con-
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scious animalt'?’.
2.2 Surgical procedures and drug delivery

All experimental procedures were done on rats that
were deeply anesthetized with sodium pentobarbital (50
mgl/kg body weight, 7. p.). Special care was paid to
prevent infection and to minimize the influence of in-
flammation. The L5 VR was done [ollowing the proce-
dures described by Li et al'”. Briefly, after a midline
skin incision in the L4-S1 region, the left L5 vertebra
was freed of its muscular attachment. An LS5 hemil-
aminectomy was performed, and the dura matter and
arachnoid membrane were incised. The LS5 ventral root
was identified as it lays at the most lateral side of spinal
canal and just beneath the dorsal root. The ventral root
was gently pulled out and carefully transected 2 =3 mm
proximal to the DRG. Great care was taken to avoid any
damage to the nearby L5 dorsal root and it’s DRG. In
the sham group, all procedures of operation were identi-
cal with the experimental group except that the exposed
ventral root was not transected. After surgery, the
wound was washed with saline and closed in layers with
3 — 0 silk thread. At the end of each study, animals in
L5 VR groups were deeply anesthetized with intra-peri-
toneal 20% urethane 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.

For intrathecal injection, a method described by Jin
et al'®) was followed. In brief, a polyethylene-10 (PE-
10) catheter was inserted into the rat’ s subarachnoid
space through the incision of L5 VR, and the tip of the
catheter was implanted at the L5 spinal segmental level.
In one group of the rats, the p38 inhibitor SB203580
(Sigma-Aldrich Co., St. Louis, MO, USA) was in-
jected intrathecally (10 pg/10 pl) and flushed with 10
pl of saline started 10 minutes before L5 VR and once
daily thereafter for 14 days. In another group of the
rats, a single injection of SB203580 (10 pg/10 pl) was
performed on day 1 and day 8 after surgery. The control
group received same volume of vehicle (saline contained
2% DMSO) injection at same time as above. The
SB203580 was dissolved in 100% DMSO and diluted by
saline. The final concentration of DMSO was 2% . Be-
havioral test was done after the injection of SB203580
according to the experimental design.

2.3 Behavioral test

The rats were accommodated to the testing envi-
ronment by exposing the rats 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 hairs and the up-down
method following the procedure as described previous-
ly[“]. Briefly, three rats were placed under separate
transparent plexiglas chambers positioned on a wire

mesh f{loor. Five minutes were allowed for habituation.
Each stimulus consisted of applicating for 2 — 3 seconds
of the von Frey hair to the middle of the plantar surface
of the foot with 5-minute 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 a plantar test
(7370, UgoBasile, Comeria, Italy) according to the
method described by Hargreaves ez al''>. Briefly, a ra-
diant heat source beneath a glass floor was aimed at the
plantar surface of the hind paw. Three measurements of
latency were taken for each hind paw in each test ses-
sion. The hind paw was tested alternately with greater
than 3-minute intervals between consecutive tests. The
three measurements of latency per side were averaged as
the result per test. Two persons performed the behav-
joral tests and only one knew the design of the study.
2.4 Statistical analysis

Differences in changes of values over time were
tested using Friedman ANOVA followed by Wilcoxon
matched pairs test. The data between groups on a given
testing day were analyzed with Mann-Whitney U test.
Statistical tests were performed with SPSS 10.0 (SPSS
Ine, USA). All data are expressed as mean* SE. P <
0.05 was considered significant.

3 Results

3.1 L5 VR induced mechanical allodynia and thermal
hyperalgesia in bilateral hind paws in rats

In consistent with a previous work!”!, we found
that selective transection of L5 ventral root produced ro-
bust and prolonged bilateral mechanical allodynia and
thermal hyperalgesia. Compared with sham group and
pre-operative baseline, the 50% paw withdrawal thresh-
old (Figure 1A) and paw withdrawal latency (Figure
1B) significantly decreased 1 day after L5 VR (P <
0.05), and persisted more than 4 weeks after surgery in
bilateral hind paws.
3.2 Pre-treatment with SB203580 attenuated the ab-
normal pain behaviors following L5 VR

To elucidate whether the activation of p38 plays a
role in the behavioral signs of neuropathic pain produced
by L5 VR, a p38 inhibitor SB203580 was injected in-
trathecally 10 minutes before LS VR and once daily
therealter lasting for 14 days after surgery. The results
showed that the magnitude of mechanical allodynia in ip-
silateral hind paw was significantly reduced and duration
was shortened (Figure 2A). While mechanical allodynia
in contralateral side and the thermal hyperalgesia in bi-
lateral sides were blocked completely (Figure 2A and
B). Intrathecal injection of SB203580 as above had no
effect on the basal behavioral test in naive rats (data not
shown).
3.3 The effect of post-treatment with SB203580 on
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the established neuropathic pain induced by LS VR

To evaluate the role of p38 activation on the estab-
lished neuropathic pain, a single injection of SB203580
was designed at the first and 8th day after L5 VR, and
the behavioral tests were done at 1, 3, 6 and 12 hours
after the treatment. The results showed that the me-
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chanical allodynia and thermal hyperalgesia were signifi-
cantly reduced at both day 1 and day 8 in treatment
groups. But, the effect of SB203580 only lasted for sev-
eral hours (Figure 3). These results suggest that p38
activation may involve in the development and mainte-
nance of the neuropathic pain induced by LS VR.
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Figure 1. Lumbar 5 ventral rhizotomy (L5 VR) induced pain-related behaviors in bilateral hind paws. A: showed the changes of paw
withdrawal threshold in bilateral hind paws following L5 VR. B: showed the changes of paw withdrawal latency in bilateral hind paws fol-
lowing L5 VR. The results revealed that both paw withdrawal threshold and paw withdrawal latency decreased significantly compared with
pre-operative baseline as well as sham operation group starting on day 1 and persistent for more than 4 weeks after L5 VR. T
0.05;" " : P<0.01 compared with the sham operation group, respectively.
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Figure 2. Intrathecal injection of p38 inhibitor SB203580 started before surgery significantly reduced the abnormal pain behaviors induced
by L5 VR. A-B: Intrathecal injection of SB203580 applied 10 minutes before L5 VR and once daily thereafter until day 14 after surgery
significantly attenuated mechanical allodynia (A) and thermal hyperalgesia (B). *: P<0.05;* " : P<0.01 versus vehicle treated group

(SB203580 treated group, n =8; vehicle treated group, n=6).

4 Discussion .

In the present study, we found that selective injury
to myelinated efferent fibers by L5 VR induced abnor-
mal pain behaviors in bilateral hind paws of rats. In-
trathecal injection of SB203580, started before L5 VR,
prevented the development of the mechanical allodynia
and thermal hyperalgesia.  Post-treatment  with
SB203580 also significantly reduced the pain related be-
haviors. It suggests that p38 activation may play an im-
portant role in the induction and maintenance of the
neuropathic pain induced by L5 VR.

4.1 Neuropathic pain induced by LS VR

As reported by several groups previouslyl”-8:13:14] |

L5 VR, performed in the present study, created a selec-
tive injury to motor fibers in L5 spinal nerve and induced
a robust and long-lasting neuropathic pain in animals.
Ventral root is predominantly consisting of myelinated
efferent fiber, and the unmyelinated afferent fiber is less
than 4%157 17! Recent study shows that selective tran-
sected LS dorsal root failed to induce abnormal pain be-
haviors!"]. Whereas, selective injury to myelinated ef-
ferent fibers after ventral rhizotomy induced an increased
spontaneous activity in uninjured C-fiber nociceptive af-

ferents and this injury also induced hyperalgesic behav-
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ior'3!. It indicates that the motor fiber injury after L5
VR is responsible for the development of neuropathic
pain.

4.2 Inhibition of p38 activation reduced the thermal
hyperalgesia and mechanical allodynia induced by L5
VR

The p38 inhibitor SB203580 does not inhibit the
phosphorylation of p38 but binds to the ATP pocket in
the enzyme, thereby inhibiting its activity!'®). There is
increasing evidence showing that neuropathic pain in-
duced by peripheral nerve injury can be prevented by
block p38 activation!>® . In the present study we found
that intrathecal injection of SB203580 before L5 VR,
the pain related behaviors in bilateral hind paws were
clearly alleviated. Post-treatment with SB203580 started
on day 1 and day 8 after L5 VR also reduced the neuro-
pathic pain. Several lines of evidence shows that Walle-
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rian degeneration of injured motor fiber contributes to
the development of pain hypersensitivity after LS5
VR3] TNF-q is the pioneer cytokine, which re-
leased 4 to 6 hours after nerve injury, and play a key
role in the initiation of the Wallerian degeneration of in-
jured fibers and neuropathic pain subsequently!20-2!].
Our recent works showed that L5 VR induced a signifi-
cant upregulation of TNF-a and TNF receptor 1 (p55 )
in ipsilateral L4, L5 DRG and in bilateral L5 spinal dor-
sal horn'®!. It has been reported that exogenous TNF-a
activated p38 activation in cultured DRG neurons 2.
The p38 activation in injured DRG neurons induced by
L5 SNL can be blocked by intraperitoneal injection of
TNF-a anti-agonist etanercept[m. Therefore we specu-
lated that p38 activation in the present study might be
one of results of TNF-a, which is released in sciatic
nerve after L5 VR.
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Figure 3. Effect of post-treatment with SB203380 intrathecal injection on the established neuropathic pain induced by L5 VR. A-B:
SB203580 applied at Lst day after operation significantly reduced the mechanical allodynia (A) and thermal hyperalgesia (B). C-D:
SB203580 applied at 8th day after operation also clearly alleviated the mechanical allodynia (C) and thermal hyperalgesia (D). P<<0.05;
versus L5 VR base (the value of 1st day after LS VR in Figure A and B; the value of 7th day after LS VR in Figure C and D) (n =8).

Previous study showed that acute injection of zy-
mosan around the sciatic nerve produced bilateral me-
chanical allodynia'®’ and that spinal glia as well as p38
activation played important roles in the so-called sciatic
inflammatory neuropathy (SIN), since both ipsilateral
and mirror image allodynia can be attenuated by a glial
metabolic inhibitor or by CNI-1493, a potent inhibitor

of p38(2:2]  Recently, it had been reported that in-
trathecal administration of low dose carbenoxolone, a
gap junction decoupler, reverses mirror image pain,
while leaving ipsilateral mechanical allodynia unaffected
in SIN or chronic constriction injury model'?”’. There-
fore, it is likely that the communication between ipsilat-
eral and contralateral spinal cord through glial gap junc-
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tion may contribute to L5 VR induced p38 activation in
contralateral spinal cord, and to mirror image pain.
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Abstract

SK2 channel in the atrioventricular node (AVN) was examined by using SK2 channel-deficient (SK2 + /A)
mice. In the present study, results showed that the PR and RR intervals were prolonged in SK2 + /A mice. The
spontaneous action potentials(APs) recorded from the AVN exhibited a significant decrease in the beating frequency
and a prolongation of AP duration in the SK2 + /A mice compared with the WT littermates, suggesting that the
deficit causes sinus bradycardia and slower atrioventricular conduction without affecting the excitability of the sinoa-
trial node. Immunofluorescence confocal investigation showed further that the Ca?* -activated K* channel is not only
expressed in the working myocytes, and also in the AV conduction system. The findings demonstrate that the SK2
channel expressed in the heart contributes to AVN autorhythmicity and atrioventricular conduction. [ Life Science

Journal. 2007;4(1):37—39] (ISSN: 1097 - 8135).

Keywords: automatic activity; Ca? " —activated K' channel; atrioventricular node; conduction; gene knockout

1 Introduction

The atrioventricular node (AVN) plays an critical
role in generating the correct timing between atrial and
ventricular contraction. Abnormality in atrioventricular
(AV) conduction can give rise to arrhythmias[']‘ Small
conductance Ca’" -activated K' (SK) are present in
most neurons and mediate the afterhyperpolarizations
following action potential (AP)"?3). Evidence indicated
that the presence of SK2 channel, a subtype of SK
channel, in cardiac myocytes plays a crucial role in car-
diac AP profile and is involved in many physiological
processest¥ 3. The functional significance of different
ionic channels in the generation and regulation of cardiac
automaticity is currently subject of an extensive research
effort.

2 Materials and Methods

2.1 Animals

All animal care and procedures were approved by
the University of California, Davis Institutional Animal
Care and Use Committee. Creation of SK2 knockout
mice have been recently described'®. The transgenic
line was backcrossed onto C37Bl/6] mice [or greater
than 7 generations before they were used. SK2-deficient

*Corresponding author. Email ; ziming-dong(@163. com

mice(SK2 + /A) and corresponding wild type(WT) ani-
mals from either sex were used. The age of two groups
ranged from 12 — 18 weeks. Transgene presence was
confirmed using PCR of tail tip and expression was as-
sessed by immunoblotting of cardiac homogenates as de-
scribed previously'® . All chemicals were purchased from
Sigma Chemical Co.

2.2 Electrocardiographic (ECG) recordings -

ECG recordings were obtained using Bioamplifier
(BMAS31, CWE, Incorporated, Ardmore, PA). The
animals were placed on a temperature-controlled warm-
ing blanket at 37 C . Four consecutive 2-minute epochs
of ECG data were obtained from each animal. The rate-
corrected QT interval (QTc) was calculated using modi-
fied Bazett’s formula as previously described'”’ .

2.3 AV node tissue preparation and recording

~ Preparations were performed according to Han-
cox' ¥ . In Brief, the different transgenic mice were anes-
thetized with pentobarbital (60 mg/kg). The heart was
excised rapidly and the right atrium was opened under a
dissecting microscope to expose the coronary sinus, the
triangle of Koch. The final preparation included the en-
tire AV node region and surrounding atrial. The strip of
the tissue was continuously superfused with Tyrode’ s
solution contained (mmol/L) NaCl 138, KCl 4, MgCl,
1, CaCl, 2, NaH,PO, 0. 33, glucose 10, and HEPES
10, pH7.4.

For electrophysiological recording, spontaneous
APs were recorded from isolated AVN preparations by
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using microelectrode techniques with 3 mol/L. KCI mi-
croelectrodes at 33 C.
2.4 Immunohistochemistry

Immunofluorescence labeling was performed on iso-
lated single AVN cells from WT and SK2 + /A mice as
described previously®) . Cells fixed with 4% formalde-
hyde and then permeabilized using 0.2% Triton X-100.
After they were blocked with 1% BSA in PBS, the cells
were incubated overnight at 4 C with the primary anti-
body. The following primary antibodies were used: (1)
anti-SK2 (Sigma, 1:100), a polyclonal antibody raised
in rabbit; (2) anti-neurofilament 160 kD (NF 160,
Chemicon, 1:100), a monclonal antibody raised in
mouse; immunofluorescence labeling for confocal mi-
croscopy was performed by treatment with FITC-conju-
gated goat anti-rabbit antibody (Sigma, 1:250 ) and
Texas red-conjugated donkey anti-mouse antibody (Cal-

biochem, 1:250 ). Control experiments performed by .

incubation with secondary antibody only under the same
experimental condition.  Immunofluorescence-labeled
samples were examined with a Pascal Zeiss confocal laser
scanning microscope.
2.5 Statistics

Data are expressed as means + SE. Statistical com-
parison was performed by Student ¢ test, with a value of
P<0.05 considered significant.

3 Results

3.1 SK2+ / mice prolonged AV conduction

To estimate the influence of the SK2 channel on
electrophysiological characteristics of the heart action,
we performed surface ECG recordings from anesthetized
WT and SK2 + /A mice. The RR interval was signifi-
cantly increased from 134.97 +7.8 ms in the WT mice
to 153.8+6.1 ms in SK2+ /A (P<0.05). The PR in-
terval was prolonged from 35.1+3.42 ms in WT mice
to42.50 + 2. 30 ms in SK2 + /A mice( P <0.05),

pointing to a sinus bradycardia (R-R interval ) with a sig-
nificant prolongation of AV conduction (PR interval ).
The QTc interval(54.1+5.95 and 58.4 +3.52 for WT
and SK2 + /A mice )was not significantly modified. The
other ECG parameters were not significantly modified
(data not shown).
3.2 AVN preparation from SK2 + /A mice showed
slower automaticticity :
The spontaneous activity of the AVN preparation
was studied to test whether the slowing P-R interval ob-
served in the ECG from the SK2 + /A mice was associat-
ed with dysfunction of AVN. Figure 1 showed the char-
acteristic spontaneous APs recorded from the regions
within and around the AVN at 33C. APs recorded
from the regions within the AV node can be identified
by the presence of slow diastolic depolarization and a
very slow upstroke of phase 0. The SK2 + /A mice
showed a significant slow spontaneous activities of the
AVN compared with WT mice (Figure 1). Analysis of
the AP (Table 1) displayed a significant prolongation of
the cycle length in SK2 + /A mice compared with WT
mice (P < 0. 05), and significant wider APDs, and
APDy in SK2 + /A mice compared with WT mice( P <
0.05, respectively). The DDR decreased in the AVN
cells, but no significant difference between WT and SK2
+ /A groups. The findings indicated that the present of
the AV node was dysfunction and the automaticticity of
AVN cells decreased.
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Figure 1. AVN spontaneous APs recording

Table 1. Action potential parameters measured in AVN cells from WT and SK2 + /A mice

MDP CL APDs; APDy, DDR Vi

L (mV) (ms) (ms) (ms) (mV/s) (V/s)
; WT 9 49.18+2.09 365.64+£27.62 33.82+1.40 T, 72+2.56 26.98 +2.98 4.17+0.53
SK2+/A 9 48.11+1.84  441.50+25.94" 40.00+2.14 * 85.80+4.17 * 19.74+3.41 3.72X0:75

*P<0.05, compared with WT. Cycle length, CL; the maximum diastolic potential, MDP; the maximum upstroke velocity, V,,; the
rate of diastolic depolarization, DDR; AP duration at 50% and 80% repolarization, APDsy and APDy, respectively.

3.3 Expression of SK2 channel protein in AV node
At the mouse AV node, immunohistochemistry was
used to investigate the expression of SK2 channel in the
WT and SK2 + /A mice. To help distinguish different
myocytes, NF160 was immunolabeled as marker which
is expressed in the AV conduction system' %) Figure 2
showed SK2 (green) protein was strongly expressed in

the WT AVN cell(a). A reduced level of the SK2 label-
ing was detected in the SK2 + /A mouse(b). The con-
trol experiment eliminated the positive labeling further
confirming that the labeling seen in AV nodal cell (c)
was epitope-specific. In addition, the mouse atrial my-
ocytes were more intensely labeled compared with ven-
tricular myocytes. '
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4 Discussion

The present study shows for the first time the role
and distribution of the SK2 channel at the AV node.
The major phenotypic effects of the lack of SK2 in AVN
were prolonged the PR and RR intervals. Electrophysi-
ological study indicated a slow autorhythmicity through
a prolongation of the APD and dysfunction of the AVN.

SK2 NF160

Merge

Figure 2. Confocal photomicrographs of double staining with anti-
SK2 (green) and anti-NF 160 (red)antibodies in single AVN cell.
The scale bar is 20 pm.

The small-conductance K¢, channels are encoded by
at least three genes, SK1, SK2, SK3[!"'2]. Electro-
physiological studies and molecular cloning techniques
have documented the expression of multiple types of
voltage-gated K* channels in cardiac myocytes isolated
from different species and from different regions of the
heart'’®!. The importance of the channel is proved by
the fact that the late phase of the cardiac AP is suscepti-
ble to abnormal excitation, e. g. early after depolariza-
tion and arrhythmias[5]. In the previous, we document-
ed that lack of SK2 channel prolonged the membrane re-
polarization, particularly in atria. In wvivo electro-
physiological studies showed evidence of AVN dysfunc-
tion and atrial arrhythmias (data didn’t show).

In the present study, ECGs and electrophysiological
recordings document both bradycardia and slowing of the
atrioventricular conduction in SK2 + /A mice, whereas
the lack of SK2 channels did not significantly modify the
function of the SAN cells. The electrophysiological re-
sults indicated further that the loss of the SK2 channel
slowed down the beating rate of AVN cell because of the
prolonged APD through a delayed AP repolarization.
The slowing of the AV conduction in the SK2 +/ A
mice is also caused by dysfunction in the excitability of
the AVN. We could not completely reject the damage of

AVN cell during the surgery. The exact reasons for this
finding have to be further accessed.

In this study, the expression of SK2 channel is not
only detected in the mouse working myocytes, but also
in the conduction system. Application of immunchisto-
chemical imaging has shown that the expression of ion
channels can provided new insights into how the AV
node works at the celluar level.
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Abstract

Objective. The capillary gas chromatographic method was introduced for determining organochlorine pesticide
residues (OCPs) in traditional Chinese medicines: Gastrodia Tuber, Fructus Corni and Spica Prunellae. Methods .
The organochlorine pesticides were extracted from herbs with mixed solvents (petroleum ether) , cleaned up by con-
centrated H,SOy, and separated by capillary column with electron capture detection. Results. The method is linear
over the range 6 — 300 pg/L for four pesticides. Correlation coefficients varied between 0.9963 and 0. 9992. Limits of
detection (LODs) ranged from 3.91 X 1078 t0 9.05 X 10™® pg/L. The average recoveries were within 77.13% —
102.33% and RSD was 0.94% —2.84% . Conclusion . This method is accurate and reliable for OCPs determination
in the three herbs. [ Life Science Journal. 2007;4(1):40—42] (ISSN: 1097 —8135).

Keywords: capillary gas chromatography; organochlorine pesticide; herbs

istics of herbal medicine preparation in traditional sys-
1 Introduction tems is that the herbal substrates are extracted with hot
water during decoction process. Thus it would be toxi-
cological interest to determine the actual amount of pes-
ticides that is transferred from herbal substrates to infu-
sion during its preparation, so that how much pesticide
human intake may be measured. Many research workers
have studied the pesticides residues in herbal material
which are mainly based on surveying and monitoring the
market samples. The objective of the present work is to
investigate the transfer of pesticides from a range of
herbal substrates, commonly used in traditional system
of medicine, to their respective decoctions. This kind of
data is useful as a pattern of reference in the manage-
ment of pesticide residue problems and would help to
formulate regulatory guidelines and recommendation for
fixing of maximum residue limits on these products for
quality assurance and control in herbal preparation. At-
tention is usually focused on contamination by
organochlorine pesticides (OCPs) due to their toxicity
and persistence in environment and contamination by
common pesticides'®*!. There are extensively reported
methods for monitoring pesticide residues in herb, food
and feedstuff® 7). They are based on either liquid-lig-
uid extraction (LLE) or solid-phase extraction (SPE),
followed by gas chromatography (GC) or HPLC separa-
tions employing wide range of detectors. For GC separa-
- - tions, electron capture detector (ECD) are popular for
*Corresponding author. Tel: 86-371-6776-2588; Email: dubin(@ detection of OCPs residues. Although the use of
zzu. edu. cn organochlorine pesticides has been restricted or forbidden

Herbal medicines have been used in medical practice
for thousands of years and recognized especially as a
valuable and readily available resource for health care. A
World Health Organization report indicated that about
70% — 80% of the world populations rely on non-con-
ventional medicine mainly of herbal sources in their pri-
mary health care. Traditional herbs and herbal products
have been considered to be mild, non-toxic and even
harmless because of their natural origin. Like other
crops, medicinal plants are susceptible to insects and dis-
eases both in the field and the storage, so pesticides are
widely used for their protection. In fact, contamination
of crude medicinal plants as well as their products has in-
creasingly been reported'"2). This has brought concerns
and fears regarding practitioner’ s professionalism and
quality, efficacy and safety of their treatment methods
and products from herbal and natural sources available in
market. Because of the high cost of pesticide*free culti-
vation, organic cultivation is only possible on a small
scale and wild raw material is of insufficient quantity to
meet the needs to the herbal drug market. The ever in-
creasing consumption of medicinal plants necessitates
large scale cultivation of medicinal plants which is not
possible without use of pesticides. One of the character-
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by legislation, these compounds are still under investiga-
tion and they are included in the method adopted by the
ChP-Chinese Pharmacopoeia. This paper describes an
analytical method for the determination of organochlo-
rine pesticide residues in three herbs. The extraction and
clean-up procedures are carried out in a single step by
concentrated H,SO,. The pesticide compounds are quan-
titatively eluted with petroleumether and analised by
GC-ECD.

2 Materials and Methods

2.1 Reagents and apparatus

Selected pesticides and working solutions: The four
stereoisomer of benzenehexachloride («-BHC, 3-BHC, ¥-
BHC, 38-BHC) 2, 4-dichloronitrobenzene (internal stan-
dard) were obtained from the National Center of Stan-
dard Substance Research, with purity higher than
98.5% . Organic solvents are petroleum ether, standard
stock solution (3000 pg/L) of each pesticide was pre-
pared in petroleumether and the solutions required for
preparing a standard curve (6,18,30,60,120,180,240
pg/L) and standard addition 1ml(180 pg/L) were pre-
pared from the standard stock solution. All the solvents
and chemicals used were of analytical grade and deion-
ized water.

Apparatus: A varian 6890N gas-liquid chromato-
graph equipped with a 230 m X 0. 32 mm, i.d. glass
column packed with SE-52, a constant current 63Ni
electron capture detector. The operating conditions were
as follows: Injection volume was 2 pl; injector tempera-
ture, 200 C ; oven temperature, 160 C ; detector tem-
perature 210 C and the flow rate of the carrier gas (ni-
trogen) was maintained to 4 ml/min.

2.2 preparation of the samples

Dry herbal substrate in 60 C for 4 hours, sieved
and weighed 2 g sample was immersed in 10ml
petroleum ether for 24 hours. The ultrasonic extract was
filtered into a clean screwcap glass tube and then cen-
trifuged at 100 rpm for 5 minutes. The supernatant was
decanted into a 50 ml round-bottomed flask and then
concentrated to about 1 ml at 40 C using vaccum rotary
evaporator. The solution was cleaned by H,SO,. Addi-
tionally, the acid layer was discarded and ether layer
was dehydrated by anhydrous sodium sulphate, trans-
fered to 50 ml flask and concentrated to be nearly dry at
40 T. Last the remnant was dissolved by petroleum
ether to 10 ml measuring flask and added 1 ml internal
standard solution.

2.3 Determination of response factors

The response factor of the standard pesticides rela-
tive to the internal standard, penta-chloronitrobenzene
were carried out by injecting 2 pl into the GC-ECD sys-
tem of a mixture consisted of the OCPs together with
the I.S. at a concentration range of 6 —300 pg/L. The

response factor wiscalaalated. based wiiithie equation be-
low:

) . _ Peak area of the pesticide standard
Response factor < Peak area of the internal standard

3 Results and Discussion

The gas chromatograph of a mixture of the ben-
zenehexachloride standards plus the dichloronitrobenzene
is shown in Figure 1. All the four enantiomeric forms
are well resolved and eluted within a very reasonable
time of about 10 minutes under the optimized GC condi-
tions. Table 1 showed the retention times and the re-
sponse factors for the OCPs and the linear regression e-
quation of the calibration curve of each standard pesti-
cide. Figure 2 showed samples and Table 2 gave results:
the quantification were achieved in the three samples.

Table 1. Retention times, the linear regression equation and linear-
ity range

BHC ~Regression equation  r  Linearity range
a- BHC  y=0.0106x-0.1034 0.9963 6—300pg/L
B- BHC y=0.0032x—-0.0134 0.9992 6—~300pg/L
v- BHC  y=0.0100x-0.0894 0.9967 6—~300pg/L
8- BHC  y=0.0087x-0.0762 0.9971 6—~300pg/L

Table 2. The detection results of the three samples

BHC Gastrodia FI'UCU.]S Spica
- tuber corni prunellae

o- BHC(ng/g) 40.31 44.04 not detected
B- BHC(ng/g) 27.88 32.04 not detected
v- BHC(ng/g) 38.74 44.13 not detected
8- BHC(ng/g) 40.49 42.31 not detected
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Figure 1. Gas chromatograph of OCP standards
1.solvent 2. internal standard dichloronitrobenzene 3. a-BHC 4. 3-
BHC 5. y-BHC 6. 3-BHC

In order to evaluate the efficiency of the method,
additional recovery analysis were carried out using
petroleum ether. Table 3 showed the recovery and preci-
sion expressed as relative standarddeviation (RSD).
Mean recoveries from samples fortified with o-BHC, -
BHC, y-BHC, 8-BHC at levels from 6 to 300 pg/L,
ranged from 77.13% to 102.33% with RSD values be-
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tween 0.94% and 2.84% . These data have demon-
strated the efficiency of the proposed method.
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Figure 2. Gas chromatograph of the sample
l.solvent 2. internal standard dichloronitrobenzene 3. a-BHC
4.p-BHC 5.7y-BHC 6.8-BHC

Table 3. Recovery and precision of the proposed method
Mean recovery £ RSD

o Retention time
Pesticides )

(minute) (range) (%)
& BHC 4.75 91+ 8.2
B- BHC 5.69 91+10.8
v- BHC 5.92 88+13.4 -
& BHC 7.02 [ e
4 Conclusion

The apparent current explosion of interest in com-
mercial activity in the area of herbal products should be
followed by accurate quality control. This could be as-

http://life. zzu . edu . cn

certained by imposing regulatory standards on these
products that should be manufactured using good prac-
tices.. The present study demonstrated transfer in decoc-
tions of pesticides varied depending on their leaching po-
tential. The actual amount of pesticides contributing to
the dietary intake therefore may be quantified. This
study showed an accurate and reliable method for OCPs
determination in traditional Chinese medicines. It also
showed that despite the numerous claims by both manu-
facturers and research groups on the usefulness of MAE
for sample preparation. GC could be a more accurate al-
ternative method for OCP determination in herbs.
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Abstract

Objective. The aim is to investigate the responses to drugs, toxins, oxidation and unfolded proteins after partial
hepatectomy (PH) at transcriptional level. Methods. The genes associated with the responses to drugs, toxins, oxi-
dation and unfolded proteins were obtained by collecting the data and thesis. Their expression changes in regenerat-
ing liver were checked by Rat Genome 230 2.0 Array. Results. It was found that 35, 14, 91 and 25 genes in se-
quence involved in the responses to drugs, toxins, oxidation, unfolded proteins were associated with liver regenera-
tion (LR). The initial and total expressing gene numbers at four phases of LR, i.e., the initiation (0.5 —4 hours
after PH), the transition from GO to G1 (4 — 6 hours after PH), the cell proliferation (6 —66 hours after PH), the
cell differentiation and structure-function reorganization (66 — 168 hours after PH) were 78, 21, 65, 2 and 78, 61,
137, 89, respectively, demonstrating the genes associated with LR were mainly triggered at the early phase, and
worked at different phases. Based on their expression similarity, the genes were classified into 5 groups including on-
ly up, predominantly up, only down, predominantly down, and up/down regulation, involving in 55, 27, 40, 16
and 7 genes, respectively. The total times of their up and down-regulated expression were respectively 667 and 283,
and the expression of the most genes was increased, whereas the minority decreased. According to the time rele-
vance, they were classified into 13 groups, displaying that the cellular physiological and biochemical activities were
staggered during LR. Their expression patterns were classified into 24 types, showing that the activities mentioned
above were diverse and complicated during LR. Conclusion. The responses to drugs and oxidation were increased
mainly in the early phase, prophase and late phases during LR, and the responses to toxins and unfolded proteins
predominantly in the middle and late phases. 145 genes associated with LR played an important role. [ Life Science
Journal. 2007;4(1):43—51] (ISSN: 1097 —8135).

Keywords : partial hepatectomy; Rat Genome 230 2.0 Array; responses to drugs, toxins, oxidation and unfolded pro-
teins; genes; liver regeneration

) the cellular physiological activities, the regeneration process is
1 Introduction ' usually categorized into four stages including initiation phase
: e L . 0.5—4 hours after PH), transition from G0 to G1 (4—6
Whe ANISMS st cl ( £ :

: [1?2] mg']mw.b ug;.c}egz]«go d{stznct[l(: nlrEUh T u.dl "8 hours after PH), cell proliferation (6 —66 hours after PH),
phr%‘;lfslg~ » chemistry>", biclogy o 1phy siolo- cell differentiation and reorganization of the structure-func-
&y N and 0 on, the relgvant S (SP) 8ENES  on (66 — 168 hours after PH)?!. According to time
a activated fo;profect organiams agamst these hmmﬁﬂ SUM- urse, it was classified into four phases including forepart
uli. The stress response to one stimulus can usually increase (0.5 <14 b st LY, peohinees: (6.~ 10, hows after
cell tolerance to another stimulus. It implies stress proteins Pl‘i) st ( 1666 ’] it pftes PELY,, ani snwpliose
induced by different stimuli have functional cross ). After (72168 1 after PH)™! . In addition, I,)H, 5 e
paI:tial hepatectorpy (PH)™", the remnant hepatocytes were rious stimulus, can induce many stress responses including
activated to proliferate to compensate the lpst liver mass, . responses to drugs, toxins, oxidation and unfolded pro-
which is called liver regeneration (LR)™* %), According to teins. The above responses involved numerous genes and pro-
teins, hence, it is almost impossible to clarify the action of
*Supported by the National Natural Science Foundation of China  genes associated with the above responses during LR at tran-

(No. 30270673). S level unless high- hput i .
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containing 65 genes associated with drugs response, 23 genes
to toxins, 179 genes to oxidation and 50 genes to unfolded
proteins to detect gene expressions changes after PH?"2
And 145 genes among them were found to be associated with
LR, Moreover, their expression character, patterns and
actions in regenerating liver were further analyzed.

2 Materials and Methods

2.1 Regenerating liver
Healthy Sprague-Dawley rats weighing 200 — 250 g
were from the Animal Center of Henan Normal University.
The rats were separated into two groups randomly, hepatec-
tomized group and sham-operation (SO) group. Each group
included 6 rats (male; female=1:1). PH was performed
acoording to Higgins and Anderson®", by which the left
and middle lobes of liver were removed. Rats were killed by
cervical vertebra dislocation at 0.5, 1, 2, 4, 6, 8, 12, 24,
36, 54, 66, 72, 120, 144 and 168 hours after PH and the
regenerating livers were observed at corresponding time
point. The livers were rinsed three times in PBS at 4 C,
and then 100 — 200 mg livers from middle parts of right lobe
of each group (total 1 -2 g livers, 0.1-0.2 g X 6 sam-
ples, per group) were gathered and mixed together, then
stored at — 80 C. SO group was the same as hepatec-
tomized group except the liver lobes unremoved. The laws of
animal protection of China were enforced strictly.
2.2 RNA isolation and purification

Total RNA was isolated from frozen livers according to
the manual of Trizol kit (Invitrogen Corporation, Carlsbad,
California, USA)™®! and then purified base on the guide of
RNeasy mini kit (Qiagen, Inc, Valencia, CA, USA)BY. To-
tal RNA samples were checked to exhibit a 2:1 ratio of 288
TRNA to 185 rRNA intensities by agarose electrophoresis (180
V, 0.5 hour). Total RNA concentration and purity were esti-
mated by optical density measurements at 260/280 nm %,
2.3 cDNA, cRNA synthesis and purification

As template, 1—8 pg total RNA was used for cD-
NA synthesis. ¢cDNA purification was based on the way
established by Affymetrixm]. cRNA labeled with biotin
was synthesized using cDNA as the template, and cDNA
and ¢cRNA were purified according to the GeneChip
Analysis[-m. Measurement of ¢cDNA, ¢RNA concentra-
tion and purity were the same as above.
2.4 cRNA fragmentation and microarray detection

15 pd (1 pg/pl) cRNA incubated with 5 X fragmenta-
tion buffer was digested into 35 — 200 bp fragments at 94 C
for 35 minutes. Rat Genome 230 2.0 microarray produced
by Affymetrix was prehybridized, then the hybridization
buffer was added at 45 C, 60 rpm for 16 hours. The mi-
croarray was washed and stained by GeneChip fluidics station
450 (Affymetrix Inc, Santa Clara, CA, USA). The chips
were scanned by GeneChip Scan 3000 ( Affymetrix Inc,
Santa Clara, CA, USA), and the signal values of gene ex-

- [
pression were observed /.

2.5 Microarray data analysis

The normalized signal values, signal detections (P, A,
M) and experiment/control (Ri) were obtained by quan-
tifing and normalizing the signal values using GCOS
(GeneChip operating software) 1.2,
2.6 Normalization of the microarray data

To minimize error from the microarray analysis,
each sample at each time point during LR was measured
three times with Rat Genome 230 2.0 microarray. A to-
tal ratio was maximal (R™) and the average of three
housekeeping genes B-actin, hexokinase and glyseralde-
hyde-3-phosphate dehydrogenase approached 1.0 (R")
was taken as a reference. The modified data were gener-
ated by applying a correction factor (R™/R") multiply-
ing the ratio of every gene in R at each time point. To
remove spurious gene expression changes resulting from
errors in the microarray analysis, the gene expression
profiles at 0 — 4 hours, 6 — 12 hours and 12 — 24 hours
after PH were reorganized by normalization analysis pro-
gram (NAP) software according to the cell cycle pro-
gression of the regenerating hepatocytes. Data statistics
and cluster analysis were done using GeneMath, Gene-
Spring, Microsoft Excel software!28: 33+ 341
2.7 Identification of genes associated with LR

Firstly, the nomenclature of four physiological responses
mentioned above was adopted from the GENEONTOLOGY
database ( www. geneontology. org) and input into the
databases of NCBI (www. ncbi. nlm. nih. gov) and RGD
(rgd. mew. edu) to identify the rat, mouse and human genes
associated with the responses to drugs, toxins, oxidation and
unfolded proteins. In addition, according to maps of biologi-
cal pathways embodied by GENMAPP ( www. genmapp.
org), KEGG (www. genome. jp/kegg/pathway. html #
amino) and BIOCARTA (www. biocarta. com/genes/index.
asp), the genes associated with the biological process were
collated. The results of these analysis were codified, and
compared with the results obtained from mouse and human
searches to identify human and mouse genes which are differ-
ent from those of rat. These genes (human and mouse genes
differed from those of rat) were compared with the analysis
output of the Rat Genome 230 2. 0 Array. Those genes
which showed more than twofold changes at expression lev-
el, observed as meaningful expression changes®!, were re-
ferred to as rat homologous or rat specific genes associated
with the responses to drugs, toxins, oxidation and unfold
proteins under evaluation. Genes, which displayed repro-
ducible results with three independent analysis with the chip
and which showed more than twofold changes at expression
level in at least one time point in LR with significant differ-
ence (0.01=<P<0.05) or extremely significant difference
(P=20.01) between PH and SO, were referred to as associ-
ated with LR.
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3 Results

3.1 Expression changes of the genes associated with
the responses to drugs, toxins, oxidation and unfolded
proteins during LR

According to the data of NCBI, GENEMAP,
KEGG, BIOCARTA and RGD, the responses to drugs,
toxins, oxidation and unfolded proteins involved 74,
25, 195 and 58 genes respectively, in which 65, 23,
179 and 50 genes were contained in Rat Genome 230
2.0 Array separately. Among them, 35, 14, 91 and 25
genes displayed meaningful changes in expression at least
at one time point after PH, showed significant or ex-
tremely significant differences in expression when com-
paring PH with SO, and were repeatable in three times
of detection by Rat Genome 230 2.0 Array. The results

suggested that the genes were associated with LR. Up-
regulation was 2 —59.7 folds of control, and down-reg-
ulation 2 — 33.3 (Table 1). 55 genes were up-regulat-
ed, 40 genes down, 50 genes up/down during LR. The
total up and down-regulated times were 667 and 283,
respectively (Figure 1A). At the initiation stage (0.5 —
4 hours after PH), 52 genes were up-regulated, 26
genes down; at the transition phase from GO to G1 (4 -
6 hours after PH), 42 genes revealed up-regulated, 19
genes down-regulated; at cell proliferation phase (6 — 66
hours after PH), 62 genes showed up-regulated, 41
genes down-regulated, 34 genes up/down-regulated; at
cell differentiation and reorganization of the structure-
function stage (66 — 168 hours after PH), 56 genes
were up-regulated, 21 genes down-regulated, 12 genes
up/down-regulated (Figure 1B).

Table 1. Expression abundance of 145 genes associated with responses to drugs, toxins, oxidation and unfolded proteins during rat LR

Gene Accosiated Fold Gene Accosiated Fold

Gene Accosiated Fold Gene Accosiated Fold

Abbr. toothers difference Abbr. toothers difference Abbr. toothers difference Abbr. toothers difference
1 Drug Ephx1 1.3 04,28 Hnfda 0.1,45 *Tp53 29
Abcad 3 98 Gsta2 3 0.2,7.0 Hepb1 4 1.0 Trpm?2 04,40
Abcb1 4.6 GucylZe 0.4,9.8 Htatip 0.4 Txnip 29
Abcb4 04 Mpst 01,28 *Idh1 02,24 Txnrd2 0.3
Abccl 3 0.2 Pon1 0.4 *Ifng 8.5 Uep3 05,22
AbccB 0.4 3 Oxidation Igfir 0.4 Ugnn? 2.1
Abp1 26 Aass 38 “Jak2 6.5 Vegfa 01,45
Ahr 22 Abca3 1 98 Jun 6.9 Xpa 0.2
Ahrr 0.1 Abeel 1 0.2 Kdr 04,24 Xrce5 47
Akric12 022722 Alg2 05 Lpl 20 *Plgs2 01,21
Akr1ch 0.03,4.0 Apoe 0.1 Mafic 0.3,2.1 Gsta2 2 02,70
Arnt 2 0230 Atm 03 Mepit 27 4 Unfolded protein

Amt2 2 04,68 Atox1 2.8 Mapk8 0.5,19.7 Cebpb 31
Blmh 2 a7 Bel2 03 Matk 03,49 Dnajb5 0.4
Bphl 2 0.4 Bel2al 03,53 *Mbi2 02 Dnajb® 0.3
Cat 3 28 Big1 27 *Mgst1 05 Dnajc3 0.4
Ces2 2 32 Bigl 53 Mmp9 05,95 *Hspaia - 0.2
Cyp2c 52.6 Ca3 14.0 Msra 1 05 Hspailb 92
Cyp2d6 0.3 Casp8 10.6 Muct 0.2,6.8 Hspa2 1.0
Drdla 14.0 Cat 1 28 Nfkb1 04,23 Hspa5 01,57
Drd2 8.6 Cav 10.6 Nos3 03,21 Hspab 0.4,98
Ebp 0.4 Chek1 0.3,53 Nox1 0.3,86 Hspb1 3 34
Ephx1 2,3 04,28 Creb1 05 Parg 48 Hspb2 47
Fpgs 0.5,3.75 Crisp2 0.2 Pdlim1 05,3.2 Hspb3 05,26
Gabrg3 0.4 *Crp 05 Plaur 138 Hspb7? 0.2
Gpri5 03,81 Ctsb 36 Pled1 02,55 Hspb8 05,68
Gsta5 56 Cycs 22 Ppp1riSh 01,32 Hspeca 20
Gstm?2 3 45 Cyplal 597 Prdx3 05,26 Hspe1 05,28
Msra 3 05 Ddit3 05,27 Prdx5 058 Hyou1 0.4,35
Nat8 52 Dhcr24 01 Prdx8 23 *Lmani 0.3,43
Oprs1 03 Drd2 86 Prkaa2 02,53 Npm1 04,386
Pbp 3T Dusp1 0.4,6.0 Prkea 48 Osp94 05,46
Sle18al 04,78 Edn1 04,26 *Prkeb1 8.2 Park2 29
Snca 3 02 *Egri 186 Pten 05 Perl 2.4
Sultial 0222 Ephx1 1.2 0.4,2.8 Pigs1 34 Serpinh1 21

2 Toxin Falz 01 Rps6ka5 58 “Tph3 28
Ace 0.5 Fbp1 3.0 Snca 1 0.2 Xbp1 0.4
Armt 1 02,30 Faxm1 139 Sod2 56

Amt2 1 0.4.68 Ggtlal 40 Tap1 29

Asimt 0.5 Gsim2 1 45 Tert 03,5.3

Bimh 1 37 Hépd 28 “Tgfb1 4.0

Bph! 1 0.4 Haol 05,23 Tafb1il 05,20

Ces2 1 32 Hmox2 0.4 *Tnf 3.2

* Reported genes associated with LR; Associated to others: involved in other responses
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Figure 1. Expression frequency, abundance and changes of 145 genes associated with responses to drugs, toxins, oxidation and unfolded
proteins during rat LR. Detection data of Rat Genome 230 2.0 Array were analyzed and graphed by Microsoft Excel. A. Gene expression
frequency. The dots above bias represented the genes up-regulated more than twofold, and total times of up-regulation were 667; those un-
der bias represented the genes down-regulated more than twofold, and down-regulation were 283 times; and the ones between biases repre-
sented the genes insignificantly changed. B. Gene expression abundance and changes. 105 genes were 2 — 59. 7 folds up-regulated, and 90

genes 2 —33. 3 folds down-regulated.

3.2 Initiation expression time of the genes associated
with the responses to drugs, toxins, oxidation and un-
folded proteins during LR

At each time point of LR, the numbers of initial
up, down and total up, down-regulated genes were in
sequence: both 25 and 9 at 0.5 hour; 16, 6 and 38, 11
at 1 hour; 8, 1 and 36, 5 at 2 hours; 3, 10 and 36, 14
at 4 hours; 4, 4 and 33, 11 at 6 hours; 2, 2 and 32, 11
at 8 hours; 0, 4 and 24, 15 at 12 hours; 11, 7 and 36,
15 at 16 hours; 5, 7 and 36, 18 at 18 hours; 2, 4 and
34, 12 at 24 hours; 3, 2 and 22, 16 at 30 hours; 0, 3
and 30, 19 at 36 hours; 0, 1 and 29, 8 at 42 hours; 1,

6 8 12 16

1 and 37, 17 at 48 hours; 0, 2 and 29, 20 at 54 hours;
0, 0 and 30, 22 at 60 hours; 0, 0 and 30, 10 at 66
hours; 0, 0 and 31, 7 at 72 hours; 0, 0 and 21, 12 at
96 hours; 2, 0 and 32, 10 at 120 hours; 0, 0 and 24,
11 at 144 hours; 0, 0 and 22, 6 at 168 hours (Figure
2). Generally, gene expression changes occurred during
the whole LR, and the up and down-regulation were re-
spectively 667 and 283 times. The initially up-regulated
genes were predominantly expressed in the forepart, and
the down- in the prophase, pre-metaphase and mid-
metaphase, whereas only few genes were initially up-ex-
pressed in the late metaphase and anaphase.

18 24 30 36 42 48 54 60 66 72 96 120 144 168
Recovery time after partial hepatectomy (h)

Figure 2. The initial and total expression profiles of 145 genes associated with responses to drugs, toxins, oxidation and unfolded proteins
at each time point of LR. Grey bars: Up-regulated genes; White bars: Down-regulated genes. Blank bars represent initial expressing
genes, in which up-regulation genes are predominant in the forepart, and the down- prophase, pre-metaghase and mid-metaphase, whereas
almost none in the late metaphase and anaphase. Dotted bars represent the total expressing genes, in which some genes are up-regulation

and others down-regulation during LR.
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3.3 Expression similarity and time relevance of the
genes associated with the responses to drugs, toxins,
oxidation and unfolded proteins during LR

145 genes mentioned above during LR could be
characterized based on their similarity in expression as
following: only up, predominantly up, only down, pre-
dominantly down, and up/down-regulated, involving
55, 27, 40, 16 and 7 genes, respectively (Figure 3).
145 genes could also be classified based on time relevance
into 13 groups including 0.5 and 144 hours, 1 and 2
hours, 4 and 6 hours, 8 and 12 hours, 16 hours, 18

hours, 24 and 30 hours, 36 and 48 hours, 42 and 54
hours, 60 and 66 hours, 72 and 96 hours, 120 hours,
168 hours, in which the up and down-regulated gene
numbers were 49 and 20; 74 and 16; 69 and 25; 56 and
26; 36 and 15; 36 and 18; 56 and 32; 67 and 36; 58
and 38; 60 and 32; 52 and 19; 32 and 10; 22 and 6,
respectively (Figure 3). The up-regulation genes were
mainly associated with oxidative stress, drug metabolism
and transport, folding and transport of peptide. The
down-regulation genes were mostly those associated with
anti-apoptosis and oxidative injury.

mm%m

e
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(=]

3 08 00 E0 P

AP ok e D bk L

Figure 3. Expression similarity and time relevance cluster of 145 genes associated with responses to drugs, toxins, oxidation and unfolded
proteins during LR. Detection data of Rat Genome 230 2. 0 Array were analyzed by H-clustering. Red represents up-regulation genes
mainly associated with oxidative stress, drug metabolism and transport, folding and transport of peptide; Green represents the down- ones
mostly with anti-apoptosis and oxidative injury; Black indicates the genes with nonsense change in expression. The upper and right trees
respectively show expression similarity and time series clusters, by which the above genes were classified into 5 and 13 groups separately.

3.4 Expression patterns of the genes associated with
the responses to drugs, toxins, oxidation and unfolded
proteins during LR

145 genes mentioned above during LR might be
categorized into 24 clusters according to the changes in
expression changes: (1) up-regulation at one time
point, at 0.5, 6, 16, 30, 36, 48, 120 hours after PH
(Figure 4A), involved in 9 genes; (2) up at two time
points, at 16 and 42 hours, 16 and 96 hours, 30 and 42
hours (Figure 4B), in 4 genes; (3) up at three time
points (Figure 4C), in 2 genes; (4) up at four time
points (Figure 4C), in 3 genes; (5) up at one phase,
0.5—6 hours, 0.5— 8 hours (Figure 4D), in 2 genes;
(6) up at three phases (Figure 4D), in 2 genes; (7) up
at one time point/one phase, at 8 and 1 —4 hours, 120
and 1—24 hours, 120 and 6 — 8 hours (Figure 4D), in
3 genes; (8) up at two time points/one phase (Figure
4E), in 5 genes ; (9) up at one time point/two phases
(Figure 4F), in 5 genes; (10) up at two time points/
two phases (Figure 4G), in 4 genes ; (11) up at three
time points/two phases (Figure 4H), in 4 genes; (12)

up at two time points/three phases (Figure 41), in 6
genes ; (13) at more time points or phases (Figure 4]),
in 6 genes ; (14) down at one time point, at0.5, 4, 6,
12, 16, 24, 30, 36, 42, 54 hours (Figure 4K), in 11
genes; (15) down at two time points, at 1 and 66
hours, 1 and 168 hours, 2 and 12 hours, 12 and 36
hours, 16 and 30 hours, 24 and 54, 48 and 60 (Figure
4L), in 7 genes; (16) down at three time points (Fig-
ure 4M), in 2 genes; (17) down at four time points
(Figure 4M), in 4 genes; (18) down at one phase, at
0.5—2 hours, 4 — 6 hours, 54 — 60 hours (Figure 4N),
in 3 genes; (19) down at one time point/one phase, at
1 and 144 — 168 hours, 8 and 120 — 144 hours, 36 and
54 — 60 hours, 48 and 12 — 24 hours (Figure 4N), in 5
genes; (20) down at one time point/two phases (Figure
4N), in 2 genes; (21) down at more time points or
phases (Figure 40), in 6 genes; (22) first up and then
down (Figure 4P), in 12 genes; (23) first down and
then up (Figure 4Q), in 10 genes; (24) up/down
mixed (Figure 4R), in 28 genes.
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Figure 4. Twenty-four expression patterns of 145 genes associated with responses to drugs, toxins, oxidation and unfolded proteins during

LR. Expression patterns were obtained by the analysis of detection data of Rat Genome 230 2.0 Array with Microsoft Excel.

A—-1: 55 up-

regulated genes; | — O: 40 down-regulated genes; P—R: 50 up/down-regulated genes. X-axis represents recovery time after PH (h); Y-
axis shows logarithm ratio of the signal values of genes at each time point to control.

4 Discussion

Liver is an important organ metabolizing drugs and
toxins®*!. It can also respond to stress including oxida-
tion and unfolded protein. In which, 15 kinds of pro-
teins associated with drug metabolism, such as cy-
tochrome P450 subfamily [ C (CYP2C) etc., partici-
pate in transportation and catabolism of drugs®’.
Dopamine receptor 1A, 2 (DRDIA,DRD2) are involved
in drug addiction. Aryl hydrocarbon receptor repressor
(AHRR) suppresses activation of aryl hydrocarbon re-
ceptor*7) . Aryl hydrocarbon receptor nuclear transloca-
tor (ARNT) promotes secretion of trypsin'>®’. Aldo-ke-
to reductase family 1 member C6 (AKR1C6) accelerates
bile acid synthesis'®’. Catalase (CAT) can protect cells
against oxidation damage by decomposing HyO,!4

Folylpolyglutamate synthase (FPGS) plays an important
role in synthesis of nucleic acid'*"!. G protein-coupled

receptor kinase 5 (GPRKS) can raise blood pressure-#2/.

Phosphatidylethanolamine binding protein (PBP) is con-
cerned with biomembrane formation'*'. Amiloride-
binding protein 1 (ABP1) can open Na* channel of ep-
ithelia * . Gamma-aminobutyric acid A receptor subunit
gamma 3 (GABRG3) is associated with liver diseases
depended on ethanol'*’). N-acetyltransferase 8 (NATS)
debases cell conglutination'*®’. The meaningful expres-
sion changes of these genes showing the sameness or the
similarity in some time points, then difference in other
during LR perhaps co-regulate the response to drug. Es-
pecially, cyp2c¢ displayed significant up-regulation dur-
ing almost the LR, and had the highest abundance at 16
hours that was 9. 1-fold of control. drd1l a was up at
16, 30, 42 and 96 hours post PH, and had peak expres-
sion showing 14-fold of control at 30 hours. It is specu-
lated that the two play crucial roles in the drugs re-
sponse.

Among proteins associated with response to toxin,
uanylate cyclase 2¢ (GUCY2c) mediates acute secretory
diarrhea induced by heat-stable enterotoxins'47). Arsenic
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+ 3 oxidation state methyltransferase (AS3MT) pre-
vents regenerating liver from toxicity of arsenic +3 by
catalyzing transfer of a methyl group to trivalent arseni-
cals'®!. Mercaptopyruvate sulfurtransferase ( MPST )
plays a role in catabolism of cysteine and cyanide?-“g].
Glutathione-S-transferase alpha type 2 (Gsta2) is con-
cerned with detoxification by binding to hepatocyte nu-
clear factor 1 (HNF1)P% . Paraoxonase 1 (PON1) is
involved in decomposition of lipid peroxides and
organophosphorus  compounds™®').  UDP  glycosyl-
transferase 1 family A7 (UGT1A7) is concerned with e-
limination of multifold toxin*2’. Angiotensin I convert-
ing enzyme (ACE) protects tissues from chronic hypoxia
to maintain the stabilization of cardiopulmonary function
by converting angiotensin I into angiotensin Il °3). The
sameness or the similarity in some time points, then dif-
ference in others of meaningful expression changes of
these genes during LR perhaps regulate the response to
toxin in regenerating liver together. Remarkably,
gucy2c was up during almost the whole LR, having a
peak that was 9.8 folds of the control. gsta2 was up at
30,42 and 96 hours after PH, and reached a peak at 42
hours showing 7 times higher than control. It was pre-
sumed that the two play key roles in the response to tox-
in in regenerating liver.

Among proteins associated with response to oxida-
tion, 18 kinds of proteins including cytochrome P450
subfamily 1 member Al (CYP1Al) regulate oxidation
reaction during LLR and protect cells from oxidative dam-
age™. 3 kinds of proteins including lipoprotein lipase
(LPL) participate in decomposing lipid through oxida-
tion'>. Poly ADP-ribose glycohydrolase (PARG) re-
sists inflammation!®®!. Adenosine monophosphate-acti-
vated protein kinase o2 catalytic subunit (PRKAo2) reg-
ulates the balance between energy supply and de-
mand™”). Dual specificity phosphatase 1 (DUSP1) is
relative to the release of endotoxin'®'. The meaningful
expression changes of these genes showing the sameness
or the similarity in some time points, and difference in
others during LR perhaps co-regulate the response to ox-
idation. Among them, cyplal was up during almost
the whole LR, showing peak expression at 12 hours that
was 59. 7 folds of control, presuming that it plays a crit-
ical role in the oxidative stress.

Among the proteins associated with the response to
unfolded protein, eleven kinds of proteins including 10
kDa heat shock protein 1 (HSPE1) play the role in the
folding of proteins and the degradation of wrong folded
proteins . 27 kDa heat shock protein 2 (HSPB2) re-
strains apoptosis by maintaining functions of mitochon-
drion!®). 27 kDa heat shock protein 3 (HSPB3) is in-
volved in cells survival and differentiation'®"!. Hspd0
homolog subfamily C member 3 (DNAJC3) accelerates

the expression of p58 (a protein kinase) and depresses
eukaryote translation initiation factor 2 (elF2)62),
Hsp40 homolog subfamily B member 9 (DNAJB9) re-
sists cell apoptosis'®!. 70 kDa heat shock protein 1B
(HSPAIB) can protect cell depending on CO and regu-
late immunoreaction'®!. 70 kDa heat shock protein 2
(HSPA2) promotes the transition from Gl to S, 70
kDa heat shock protein 4-like (HSPA4L /OSP94) accel-
erates the secretion of CDld and sends antigen to T
cells'%) . Nucleophosmin (NPM1) hastens the assembly
of ribosome and maintains the manifold enzymatic activi-
ty in liver'®). That the meaningful expression changes
of these genes are same or similar in some points, then
different in others during LR perhaps presumably regu-
late the response to unfolded protein together. Among
them, hspa8 was up during almost the whole LR, and
had a peak at 12 hours that was 9. 8 folds of control.
hspalb showed up-regulation at multiple time points af-
ter PH, and had the highest abundance having 8. 2-fold
increase at 60 hours. hspa2 was up-regulated at
metaphase, anaphase, and reached a peak having a 10-
fold increase at 30 hours. It was supposed that the three
have key roles in the response to unfolded protein in re-
generating liver.

In conclusion, the responses to drugs, toxins, oxi-
dation and unfolded proteins were investigated using
high-throughput gene expression profiles commencing
from long time (0.5 hour — 7 days after PH) and multi-
ple time points (total 23). It was primarily proved that
the regenerating liver had an increase in the responses to
drugs, toxins, oxidation and unfolded proteins, that Rat
Genome 230 2.0 Array was a useful tool analyzing the
above responses at transcriptional level. However, the
processes, namely, DNA—> mRNA— protein, were in-
fluenced by many factors including protein interaction.
Therefore, later the above results will be further ana-
lyzed by the techniques, such as Northern blotting, pro-
tein chip, RNA interference, protein-interaction etc.
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Abstract

Objective . This project is to study the responses to physical stimuli in regenerating liver at transcriptional level.
Methods . The genes associated with the responses to physical stimuli were obtained by collecting the data of databas-
es and referring to thesis, and the gene expression changes during LR were checked by the Rat Genome 230 2.0 Ar-
ray. Results. It was found that 120 genes were associated with liver regeneration. The initial and total expressing
gene numbers occurring in initiation phase of liver regeneration (0.5 — 4 hours after PH), G0/G1 transition (4 —6
hours after PH), cell proliferation (6 — 66 hours after PH), cell differentiation and structure-function reconstruction
(66 — 168 hours alter PH) were 52, 11, 66, 2 and 52, 37, 115, 78, respectively, illustrating that the associated
genes were mainly triggered in the early phase of LR, and worked at different phases. According to their expression
similarity, these genes were classified into 5 groups: only up-, predominantly up-, only down-, predominantly
down-, up- and down-regulation, involving in 41, 20, 33, 19 and 7 genes, respectively, and the total times of their
up- and down-regulation expression were 431 and 296, respectively, demonstrating that the expression of the major
genes were increased, and that of the minutes ority decreased. According to time relevance, they were classified into
15 groups, showing that the cellular physiological and biochemical activities were staggered during liver regeneration.
According to gene expression patterns, they were classified into 31 types, displaying that the cellular physiological
and biochemical activities were diverse and intricate during liver regeneration. Conclusion . The responses to physical
stimuli including visible light, ultraviolet, X-ray, sonic wave, osmotic pressure and proton gradient are enhanced
mainly in the forepart and prophase of liver regeneration, in which 120 genes associated with liver regeneration play
important roles. [ Life Science Journal. 200734(1):52-60] (ISSN: 1097 —8135).

Keywords: partial hepatectomy; Rat Genome 230 2.0 Array; responses to physical stimuli; genes; liver regeneration

tissue, gene mutation, cell transformation and so

1 Introduction on 197121 And the stimuli, such as visible light, ultra-

When organism is stimulated by -various physical violet (UV) and X-ray are mainly converted into electric
: cL ; g [8]

factors, such as squeezing, press, sonic wave, radia- O Cchemical signal by ligand-receptor binding'®’ or
tion, osmotic pressure, potential difference and so on, rhodopsin-mediated phototransduction, then regulate

the cells can transmit these extracellular stimuli into in-  the above activities!'.

tracellular signal by ligand-receptor binding or special Partial hepatectomy (PH)M, a violent physical
channel in the cell membrane!' 2, and trigger the re-  stimuli resulting in tissue injury, can cause the responses
sponses to the stimuli in organism and cells?®*). Usual-  t© physical stimuli and induce liver regeneration
ly, these responses contain three phases'! *': perception (LR)!'316]. Generally, based on the physiological ac-
of stimuli, signal transduction and reaction. In brief,  tivities of cell, the regeneration process is classified into

4 phases: the initiation (0.5 — 4 hours after PH), the
transition from GO to G1 (4 — 6 hours after PH), the
cell proliferation (6 — 66 hours after PH), the cell dif-
ferentiation and structure-function reorganization (66 —

the sonic wave, osmotic pressure and electrochemical
proton gradient are converted by mechanosensitive ion
channels into electric or chemical signal' 8,9] , then stim-

ulate many of physiological and biochemical changes in- e : : il
cluding cell proliferation, the regeneration of damaged 168 hours after PH)"™®'. According to time course, it is
divided into 4 phases including forepart (0.5 — 4 hours
after PH), prophase (6 — 12 hours after PH),

?il.;eu;at;?ulgg;)}? National Natural Science Foundation of China metaphase (16— 66 hours after PH), and anaphase (66

*Corresponding _author. Tel: 86-373-3326001; Fax: 86-373-  — 168 hours after PH)!'"!, which are regulated by
3326524; Email: xues(@x263. net
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many factors including the physical factors''®’. Previ-
ously, the relationship between the response to chemical
stimuli and the LR had been studied'™®’. In order to
study the response to physical stimuli during LR at tran-
scriptional level®® 2) | the expression changes of genes
in regenerating liver after PH were detected by Rat
Genome 230 2.0 Array'? containing 227 physical stim-
uli-associated genes, and it was identified that 120 genes
were associated with LRI/, And expression changes,
patterns and action of them were primarily analyzed.

2 Materials and Methods

2.1 Regenerating liver preparation

Healthy Sprague-Dawley rats weighing 200 — 250 g
were obtained {rom the Animal Center of Henan Normal
University (Xinxiang, China). The rats were separated
into two groups at random and each group included 6
rats (male:female=1:1). PH was performed according
to Higgins and Anderson!™’, the left and middle lobes
of liver were removed. Rats were killed by cervical ver-
tebra dislocation at 0.5, 1, 2, 4, 6, 8, 12, 24, 36,
54, 66, 72, 120, 144 and 168 hours after PH and the
regenerating liver tissues were observed at corresponding
time point. The livers were rinsed three times in PBS at
4 C, then 100 — 200 mg livers from middle parts of
right lobe, and six samples of each group were gathered
and mixed together to 1 -2 g (0.1-0.2 g X 6) total
liver tissue, then stored at — 80 C. The sham-opera-
tion (SO) group was the same as PH ones except the
liver lobes unremoved. The laws of animal protection of
China were enforced strictly.
2.2 RNA isolation and purification

Total RNA was isolated from frozen liver tissue ac-
cording to the manual of Trizol kit (Invitrogen Corpora-
tion, Carlsbad, California, USA)?" and then purified
base on the guide of RNeasy mini kit (Qiagen, Inc, Va-
lencia, CA, USA)). Total RNA samples were
checked to exhibit a 2:1 ratio of 28S to 18S rRNA in-
tensities by agarose electrophoresis (180 V, 0.5 hour).
Total RNA concentration and purity were estimated by
optical density measurements at 260/280 nm!20),
2.3 c¢DNA, cRNA synthesis and purification

As template, 1—8 pg total RNA was used for cD-
NA synthesis. ¢cDNA purification was proceeded based
on the way established by Affymetrix[mA cRNA labeled
with biotin was synthesized using ¢cDNA as the template
and then purified?”’. Measurement of ¢cDNA, cRNA
concentration and purity were the same as above.
2.4 cRNA fragmentation and microarray detection

15 pl (1 pg/pl) cRNA incubated with 5 X frag-
mentation buffer was digested into 35 — 200 bp frag-
ments at 94 C for 35 minutes. Rat Genome 230 2.0
Array produced by Affymetrix was prehybridized, then

the hybridization buffer was added at 45 C, 60 rpm for
16 hours. The microarray was washed and stained by
GeneChip fluidics station 450 (Affymetrix Inc., Santa
Clara, CA , USA). The chips were scanned by
GeneChip Scan 3000 ( Affymetrix Inc., Santa Clara,
CA , USA), and the signal values of gene expression
were observed 2.
2.5 Microarray data analysis

The normalized signal values, signal detections (P,
A,M) and experiment/control (Ri) were obtained by
quantifying and normalizing the signal values using
GOOS (GeneChip operating software) 1.2022
2.6 Normalization of the microarray data

To minimize error from the microarray analysis,
each analysis was performed three times. Results with a
total ratio were maximal (R™) and that whose average
of three housekeeping genes B-actin, hexokinase and gl-
yseraldehyde-3-phosphate  dehydrogenase  approached
1.0 (R") were taken as a reference. The modified data
were generated by applying a correction factor (R™/R")
multiplying the ratio of every gene in R" at each time
point. To remove spurious gene expression changes re-
sulting from errors in the microarray analysis, the gene
expression profiles at 0 —4 hours, 6 — 12 hours and 12 —
24 hours after PH were reorganized by normalization
analysis program (NAP) software according to the cell
cycle progression of the regenerating hepatocytes. Data
statistics and cluster analysis were done using Gene-
Math, GeneSpring, Microsoft Excel softwarel 2 28 291
2.7 Identification of genes associated with LR

Firstly, the nomenclature of six kinds of physical stim-
uli mentioned ahove were adopted from the GENEONTOL-
OGY database (www. geneontology. org) , and input into the
databases at NCBI (www. ncbi. nlm. nih. gov) and RGD
(rgd. mew. edu) to identify the rat, mouse and human genes
associated with the responses to physical stimuli. According
to maps of biological pathways embodied by GENMAPP
(www. genmapp. org), KEGG (www. genome. jp/kegg/
pathway. html) and BIOCARTA (www. biocarta. com /
genes /index. asp), the genes associated with the biological
process were collated. The results of this analysis were codi-
fied and compared with the results obtained for human and
mouse searches in order 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 more than twofold change in ex-
pression level, observed as meaningful expression
changes®! | were referred to as rat homologous or rat specific
genes associated with the responses to physical stimuli under
evaluation. Genes, which displayed reproducible resuylts with
three independent analysis with the chip and which showed
more than twofold change in expression level in at least one
time point during LR with significant difference (0.01=<P
<0.05) or extremely significant difference (P=20.01) be-
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tween PH and SO, were referred to as associated with LR.
3 Results

3.1 Expression changes of the genes associated with
the responses to physical stimuli during LR

According to the data of databases at NCBI, GEN-
MAPP, KEGG, BIOCARTA and RGD, 316 genes
were associated with blood coagulation. In which, 226
genes were contained in the Rat Genome 230 2.0 Ar-
ray. Among them, the expression of 120 genes dis-
played meaningful changes at least at one time point af-
ter PH, showed significant or extremely significant dif-
ferences in expression when comparing PH with SO,
and displayed reproducible results with three detections
with Rat Genome 230 2.0 Array, suggesting that the
genes were associated with LR. Range of up-regulation

was 2 — 60 times higher than control, and down-regula-
tion was 2 — 16 (Table 1). The analysis indicated that
41 genes were up-regulated, 33 genes down-, and 46
genes up/down- during LR. The total up- and down-
regulated times were 431 and 296, respectively (Figure
1A). According to the gene expression changes during
liver regeneration, at the initiation phase (0.5 —4 hours
after PH), 33 genes displayed up-regulation, 18 genes
down, and 2 genes up/down; at the transition phase
from GO to G1 (4 — 6 hours after PH), 28 genes up,
and 11 genes down; at the cell proliferation phase (6 —
66 hours after PH), 49 genes up, 39 genes down, and
28 genes up/down; at cell differentiation and structure-
function reorganization phase (66 — 168 hours after
PH), 37 genes up, and 31 genes down, and 12 genes
up/down (Figure 1B).

Table 1. Expression abundance of 120 response to physical stimuli-associated genes during rat LR

Gene associated Fold Gene associated Fold Gene associated Fold Gene associated Fold
Abbr. to difference Abbr. to difference Abbr. to difference Abbr. to difference
Adcyapirt 1 04,23 Kit 1,2:3 0.4 Vax2 1,2,3 03 Pres 4 01,22
Bhihb2 1 41 Lum 1,2,3 01,103 Cd151 1,2,3,4 02,43 Pipn11 4 05
Bhihb3 1 01,25 Mapk12 1,23 02,24 Emi2 1,2,3,4 37 Rad54| 4 03,23
GngB 1 0.1 Mertk 1,23 04 Fech 2 22 Rpgr 4 01,28
Rho 1 02,20 Myc 1,23 19.7 Fent 2 0227 Slc19a2 4 02,25
Rhob i 8.1 Myoc 1,2,3 05 Hmgn1 2 K] Snai2 4 01,32
Zowec? 1 46 Nnmt 1,2,3 03,94 Msh6 2 27 Sox21 4 05,121
*Abcch 1,23 04 Nphp1 1,23 052 Revil 2 22 Thrb 4 02
Adralb 1,2,3 04 Qat 1,23 52 Tpb3 2,3 29 TimmBa 4 33
Aiplt 1.2.3 01,20 Opnisw 1,2,3 04,53 Atp6V1b1 4 4 Timm8b 4 0424
App 1,28 6.4 Opnd 1,23 02,25 Cdkn2d 4 33 Timm9 4 03,27
Arrd 1,2,3 7 Paxf 1,2,3 01,21 Chrna8 4 01 Tnfrsf11a 4 86
Bel2l1 .24 04,21 Pdc 1,23 04,171 Cldn14 4 03 Tub 4 04,21
Cdsi 1,23 03 Pde6g 1,2,3 02 Cntnd 4 0470 Ush2a 4 03,49
Chm 1.2.3 01 Pitpn 1,2,3 34 Coch 4 0223 Vit 4 03
Clnsta 1,2,3 48 Ppm1d 1,2,3 6.8 Col11at 4 03,31 Wis1 4 0.2
Col18a1 1243 31 Ppt 1,23 05 Col1a2 4 3 Acent 45,6 03,101
Crybb1 1.2:3 32 Prom1 1,2,3 04 Col2a1 4 0338 Acend 4,586 405
Crybb3 1,2,3 0.2 Rax 1,2,3 48 Diap1 4 04 Cel? 4586 226
Crygd 1,23 8 Revrn 1,2,3 211 Dspp 4 34 Dnaht 4,56 0.1
Cyp1bi 1,2,3 35 Rgr 1,2,3 61 Erceh 4 24 Etvi 4,58 03,39
Fbn1 1,23 28 Rp1H 1,2,3 02,597 Gatad 4 04 Gfi1 4586 02,24
Fyn 1.2:3 0.4 Slc24at 1,2,3 04,324 Jag2 4 02 Itgb2 4,586 05
Gnat1 1,23 18.5 Slc24a2 1,2,3 0.2 Kenet 4 0598 Mpz 456 8,04
Gngt2 1,2,3 28 Sord .23 33 Kenetl 4 02 Nos3d 456 03,21
Grk1 1,2,3 52 Syngapl 1,23 0421 Mg 4 23 P!t 456 01,25
Grm8 1,2,3 0.4 *Timp3 1,2,3 05 Mtapta 4 05 Prx 4,56 2.1
Gucala 1,23 04,5 Trpe3 1,2,3 03,286 Nog 4 03,33 Ptk2 4,586 89
Gucy2d 1,23 04,53 Tulp1 1,2,3 04,29 Phyh 4 23 Sic14a2 5 0.4
impg? 1,23 0440  UncMs 1,23 03 Pmp22 ¢ 22 Trpvt 5,6 03

*Reported genes associated with LR; 1. Response to visible light; 2. Response to UV; 3. Response to X-ray; 4. Response to sonic wave;
5. Response to osmotic pressure; 6. Response to the electrochemical proton gradient.
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Figure 1. Expression frequency, abundance and changes of 120 physical stimuli-associated genes during rat LR. Detection data of Rat
Genorne 230 2.0 Array were analyzed and graphed by Microsoft Excel. A. Gene expression frequency. The dots above bias represent the
genes up-regulated more than two folds, and total times of up-regulation were 4313 those under bias down-regulated more than two folds,
and that of down-regulation were 296; and the ones between biases no-sense alterative; B. Gene expression abundance and changes, in
which 87 genes were 2.0 — 60 folds up-regulated, and 79 genes 2 — 16 folds down-.

3.2 Initiation expression time of the genes associated
with the responses to physical stimuli during LR

At each time point of liver regeneration, the num-
bers of initial up-, down-regulated and total up-, down-
regulated genes were in sequence: both 10 and 6 at 0.5
hour; 10, 11 and 17, 14 at 1 hours; 9, 1 and 23, 3 at
2 hours; 4, 1 and 23, 4 at 4 hours; 3, 3 and 16, 9 at 6
hours; 1, 0 and 20, 5 at 8 hours; 2, 1 and 22, 7 at 12
hours; 7, 5 and 18, 11 at 16 hours; 9, 12 and 23, 25
at 18 hours; 3, 3 and 25, 28 at 24 hours; 5, 3 and 16,
12 at 30 hours; 1, 1 and 16, 14 at 36 hours; 2, 2 and
20, 10 at 42 hours; 0, 1 and 24, 22 at 48 hours; 1, 0

and 27, 10 at 54 hours; 1, 0 and 25, 16 at 60 hours;
0, 0 and 26, 15 at 66 hours; 0, 0 and 19, 19 at 72
hours; 1, 0 and 21, 11 at 96 hours; 0, 1 and 15, 20 at
120 hours; 0, 0 and 13, 17 at 144 hours; 0, 0 and 12,
18 at 168 hours (Figure 2). Generally, gene expression
changes occurred during the whole liver regeneration,
and the up- and down-regulation times were 431 and
296, respectively. The initially up-regulated genes were
predominantly expressed in the forepart, and the num-
ber of the initially up- and down- genes were similar in
the prophase and metaphase, while few genes were ini-
tially expressed in the anaphase.

2 ssp )
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Figure 2. The initial and total expression profiles of 120 physical stimuli-associated genes at each time point of LR. Grey bars: Up-regulated
gene; White bars: Down-regulated. Blank bars represent initial expressing genes, in which up-regulation genes are predominant in the
forepart, and the up- and down- are similar in the prophase and metaphase, and very few in the anaphase. Dotted bars represent the total
expressing genes, in which some genes are up-regulation, and the others down- during LR.

3.3 Expression similarity and time revelance of the
genes associated with the responses to physical stimuli
during LR

120 genes mentioned above could be characterized

based on their similarity in expression as following: only
up-, predominantly up-, only down-, predominantly
down-, up/down-regulated, involved in 41, 20, 33, 19
and 7 genes, respectively (Figure 3). According to time

55.




Life Science Jouwrnal , Vol 4, No 1, 2007

hitp://life. zzu. edu. cn

relevance, they were classified inte 15 groups, including
0.5 and 1 hour, 2 hours, 4 and 8 hours, 6 hours, 12
hours, 16 hours, 18 hours, 24 and 48 hours, 30 and 42
hours, 36 hours, 54 and 60 hours, 66 and 72 hours, 96
hours, 120 hours, 144 and 168 hours, and the up- and
down-regulated times were 37 and 20, 23 and 3, 43 and
9,16 and 9, 22 and 7, 18 and 11, 23 and 25, 49 and

50, 36 and 22, 16 and 14, 52 and 26, 45 and 34, 21
and 11, 15 and 20, 25 and 35, respectively (Figure 3).
The up-regulation expression genes were chiefly associ-
ated with the responses to visible light and sonic wave,
and the down- mostly with conduction of the physical
stimuli.

Figure 3. Expression similarity and time relevance clusters of 120 physical stimuli-associated genes during LR. Detection data of Rat
Genome 230 2.0 Array were analyzed by H-clustering. Red represents up-regulation genes chiefly associated with promoting blood coagula-
tion; Green represents down-regulation ones mainly associated with inhibiting blood coagulation; Black: No-sense in expression change.
The upper and right trees respectively show function and time series clusters, by which the ahove genes were classified into 5 and 15 groups

sepa ralciy,

3.4 Expression patterns of the genes associated with
the responses to physical stimuli during LR

120 genes mentioned above were categorized into 31
patterns, according to the changes in their expression.
(1) up-regulation at one time point, i.e. 1, 12, 24,
30, 42, 60, 96 hours after PH (Figure 4A), 8 genes
involved; (2) up at two time points, i.e. 0.5 and 4
hours (Figure 4B), 1 gene involved; (3) up at three
time points (Figure 4B), 2 genes involved; (4) up at
multiple time points (Figure 4B), 1 gene involved; (5)
up at one phase, i.e. 0.5 — 12 hours or 6 — 12 hours
(Figure 4C), 2 genes involved; (6) up at two phases,
i.e. 3042 and 60 — 96 hours (Figure 4C), 1 gene in-
volved; (7) up at multiple time phases (Figure 4C), 1
gene involved; (8)up at one time point/phase, i.e. 24
and 66 — 72 hours, 66 and 18 —24 hours, 18 and 48 —
60 hours (Figure 4D), 3 genes involved; (9) up at one
time point/two phases (Figure 4D), 4 genes involved;
(10) up at one time point/three phases (Figure 4E), 5
genes involved; (11) up at one time point/multiple
phases (Figure 4E), 1 gene involved; (12) up at two
time points/one phase (Figure 4F), 3 genes involved;
(13) up at two time points/phases (Figure 4F), 1 gene

involved; (14) up at three time points/one phase (Fig-
ure 4F), 1 gene involved; (15) up at three time points/
two phases (Figure 4G), 3 genes involved; (16) up at
multiple time points/phases (Figure 4G), 4 genes in-
volved; (17) down at one time point, i.e. 6, 16, 18,
30, 36, 42, 48 hours (Figure 4H1-H2), 10 genes in-
volved; (18) down at two time points, i.e. 24 and 36
hours (Figure 41), 1 gene involved; (19) down at three
time points (Figure 41), 2 genes involved; (20) down
at multiple’ time points (Figure 41), 2 genes involved;
(21) down at one phase, i.e. 4 — 18 hours, 6 — 12
hours, 18 — 24 hours, 24 — 30 hours (Figure 4]), 4
gene involved; (22) down at two phases, i.e. 16 —48
and 60 — 120 hours, 18 —24 and 48 — 60 hours (Figure
4J), 2 genes involved; (23) down at one time point/
phase, i.e. 48 and 18 — 24 hours (Figure 4K), 2 genes
involved; (24) down at one time point/two phases
(Figure 4K), 3 genes involved; (25) down at two time
points/one phase (Figure 4L), 3 genes involved; (26)
down at two time points/phases (Figure 4L.), 2 genes
involved; (27) down at three time points/one phase
(Figure 4L), 1 gene involved; (28) down at three time
points/two phases (Figure 4L.), 1 gene involved; (29)
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predominantly up (Figure 4M1 — 4M3), 20 genes in-
volved; (30) predominantly down ( Figure 4N1 —
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4N3), 19 genes involved; (31) similarly up/down
(Figure 40), 7 genes involved.
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Figure 4. Thirty-one expression patterns of 120 physical stimuli-associated genes during LR. Expression patterns were obtained in the anal-
ysis of detection data of Rat Genome 230 2.0 Array with Microsoft Excel. A — G. 27 up-regulated genes; H— L. 22 down-regulated
genes; M— 0. 21 up/down-regulated genes. X-axis represents recovery time after PH; Y-axis shows logarithm ratio of the signal values of

genes at each time point to control.

4 Discussion

Organisms can response to all kinds of environmen-
tal stimuli including physical stimuli in instinct, which is
closely linked with organisms’ survival '), The proteins
associated with the response to visible light are stated as
follows. Nine proteins including guanine nucleotide
binding protein ( G protein ) ¥ transducing activity
polypeptide 2 (GNGT2) are associated with visual signal
transduction by G-protein coupled receptor protein sig-
naling pathway'®”'. Eight proteins including retinitis
pigmentosa 1 homolog ( RP1H ) accelerate the
rhodopsin- mediated phototransduction by conducting
signal cascade®. Six proteins including myelocy-
tomatosis viral oncogene homolog (MYC) have an anti-
radiation effect by accelerating the cell’s stress response

to radiation'®'. Twelve proteins including ornithine

aminotransferase (OAT) promote the signal conduction
of retinitis and maintain normal visual perception, and
the mutation of the corresponding genes can cause retini-
tis pigmentosa and other eye diseases!®*!. Opsin 1 short-
wave-sensitive  ( OPN1SW ), an component of
rhodopsin, is involved in transduction of the visual sig-
nal®!. Solute carrier family 24 member 1 (SLC24A1)
can transmit the visual signal by transporting sodium,
kalium, calcium ion'*’. Guanylate cyclase activator la
(GUCAILA) relates to the rods-mediated conduction of
the visual signal®’. Rhodopsin (RHO) is response for
perception of light stimuli®®”). Basic helix-loop-helix do-
main containing class B2 (BHLHB2) adjusts photoperi-
od by light perception®. Crystallin y D (CRYGD) is
related to the formation of lens'*'. Transient receptor
potential cation channel subfamily C member 3
(TRPC3) can convert light stimuli into electric sig-
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nal®), Arrestin 3 retinal (ARR3) may bind to phos-
phorylated receptors to deactivate the phototransduction
cascade'®!). ATP-binding cassette sub-family C member
6 (ABCC6), coupling with ATPase, accelerates the
conduction of the visual signal'®?'. Tissue inhibitor of
metalloproteinase 3 (TIMP3) may play a role in light
signal-transduction by receptor tyrosine protein kinase-
mediated signal transduction pathway'**. The meaning-
ful expression profiles of genes mentioned above are same
or similar at some points while different at others, indi-
cating that they may co-regulate the responses to physi-
cal stimuli. Among them, abcc6 was down-regulated
2.3 times at 6 hours during LR, which is generally con-
sistent with Dransfelds’ result®). timp3 was down-
regulated 2. 1 times at 18 — 24 hours, which wasn’t
consistent with Dransfelds’, and it needed to be further
analyzed by Northern blotting®!. gnat1 was up-regu-
lated at 1 — 4, 8 — 24, 48 — 72 and 144 hours, and
reached a peak at 24 hours that is 18. 5 times higher
than the control. rplh was up at 0.5 —24, 36, 48 —
72, 120 and 168 hours, having a peak at 60 hours that
is 59.7 times higher than the control. crygd was up at
1-4, 18, 36 — 66, 120 and 168 hours, and reached a
peak at 4 hours that is 8 fold of control. It is presumed
that they play a key role in the response to visual light
during LR.

The proteins associated with the responses to UV
and X-ray are stated as follows. Five proteins including
ferrochelatase (FECH), which can prevent and repair
DNA damage caused by UV, may take a role in antira-
diation'*!. Tumor protein p53 (TP53) prevents the
DNA damage resulting from UV and X-ray irradiation
by base-excision repairt®’. The meaningful expression
profiles of genes mentioned above are same or similar at
some points while different at others, indicating that
they may co-regulate the responses to UV and X-ray.
Among them, the highest expression abundance of fech
at 1 hour after PH was 2.7 folds of control. ¢p53 was
upregulated at 18 — 24, 48 — 60 and 96 hours, and
reached a peak at 24 hours that was 2.9 times higher
than the control. It is presumed that they are of impor-
tance in the response to visual light stimuli during liver
regeneration.

The proteins associated with the response to sonic
wave are stated as following. Seven proteins including
neuronal amiloride-sensitive cation channel 1 (ACCN1),
serving as ion channel, transmit the signal of sound,
light and other stimuli'*. Five proteins including nog-
gin (NOG) can perceive sonic wave, and their mutation
can cause hearing loss etc!*’’. Three proteins including
procollagen type XI al (COL11Al) are the components
of system of sound transduction'*”!. Translocase of inner
mitochondrial membrane 8 homolog a (TIMMSA) en-

codes a small protein known as deafness/dystonia pep-
tide involved in perception of sound stimulus™®®) . Tumor
necrosis factor receptor superfamily member 11a (TN-
FRSF11A) promotes the transduction of sound stimu-
lus"®! . Ets variant gene 1 (ETV1) is involved in the re-
sponse to mechanical stimulus®?. The meaningful ex-
pression profiles of genes mentioned above are same or
similar at some points while different at others, indicat-
ing that they may co-regulate the response to sonic
wave. Among them, acenl was up-regulated at 30 and
42 hours after PH, having the highest abundance of
10.1 folds at 30 hours. tnfrsflla was up at multiple
phases, reaching a peak at 8 hours that is 8.2 times
higher than the control. etvl was up at 0.5 — 12 and
144 hours, and reached a peak at 12 hours that is 4-fold
of control. It is supposed that they play crucial roles in
the response to visual light stimuli during liver regenera-
tion.

The proteins associated with the responses to os-
motic pressure and electrochemical proton gradient are
stated as follows. Solute carrier family 14 member 2
(SLC14A2) regulates the osmotic pressure of cell by
transporting urea' P! slc14a2 was down-regulated at
the metaphase during liver regeneration. Transient re-
ceptor potential cation channel subfamily V member 1
(TRPV1), a cation channel, participates in the stress
responses to osmotic pressure and the electrochemical
proton gradient*!, and it was down only at one time
point (120 hours after PH) after PH. It is speculated
that the capacity of anti-osmotic pressure and the re-
sponse to electrochemical proton gradient decrease in the
anaphase of liver regeneration. ,

In conclusion, based on the experimental methods
of longer time and multiple time points being adopted,
the expression changes of the genes associated with the
response to six kinds of physical stimuli during liver re-
generation were investigated by high-throughput gene
expression analysis. It was primarily proved that the re-
generating liver response to physical stimuli was differ-
ent in different phase; that Rat Genome 230 2.0 Array
was a useful tool analyzing the above responses at tran-
scriptional level. Whereas these processes DNA— mR-
NA—protein were influenced by many factors including
proteins interaction. Therefore, the above results need
to be further analyzed by the techniques, such as North-
ern blotting, protein chip, RNA interference, protein-
interaction etc.
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Abstract

Objective . The aim of this investigation was to study the responses to fear, wound and pain after partial hepatec-
tomy (PH) at transcriptional level. Methods. The genes associated with the responses to fear, wound and pain were
obtained by collecting the data of databases and referring to thesis. Their expression changes during liver regeneration
(LR) were checked by Rat Genome 230 2.0 Array. Results. It was found that the mRNA level of 22, 117 and 14
genes involved in the responses to fear, wound and pain respectively were significantly changed during LR. The ini-
tial and total expressed gene numbers at the four phases of LR, i.e. the initiation (0.5 —4 hours after PH), the
transition from GO to G1 (4 — 6 hours after PH), the cell proliferation (6 — 66 hours after PH), the cell differentia-
tion and structure-function reorganization (66 — 168 hours after PH) were 70, 15, 65, 6 and 70, 51, 133, 99, re-
spectively, demonstrating the associated genes were mainly triggered at the early phase, and worked at different
phases. Based on their expression similarity, the genes were classified into 5 groups: only up-, predominantly up-,
only down-, predominantly down-, up- and down-regulation, involving in 55, 19, 44, 18 and 5 genes, respectively,
and the total times of their up- and down-regulation expression were 600 and 343 respectively, demonstrating that
the expression of most genes was increased, whereas the few was declined. Time relevance and expression patterns of
the genes were respectively sorted into 13 and 25 groups, displaying that the cellular physiological and biochemical
activities were staggered, diverse and complex during LR. Conclusion. The responses to fear and pain were in-
creased mainly in the early phase and prophase during LR, and wound in the early phase, prophase and later phase,
and 141 genes associated with LR play an important role in these responses. [ Life Science Journal. 2007;4(1):61—
707 (ISSN: 1097 —8135).

Keywords: partial hepatectomy; Rat Genome 230 2.0 Array; responses to fear, wound and pain; genes; liver regeneration
Moreover, phenomenon that the stress response activat-

ed by one stimulus can increase cellular tolerance to an-
other stimulus implies functional cross of SPs induced by

1 Introduction

When prokaryote and eukaryote undergo distinet

: strsnal i20]
stimuli such as heat'!'?!, cold®!, change of osmotic At b“li_muh ' o
pressurel !, water deprivation®, drug'®’, toxicant'”’, ) ;f‘d;z “ief has strong capacity for regenera-
(8] (9] tion'*"" #*!. The remnant hepatocytes compensate the

oxidation™', unfolded protein*”, pathogen infec- st | : b liferati ! 1
[10, “], fear12] , wound!13] ’ pain[H-l , hypoxia[lﬂ . ost liver tissue by prolilerating alter partial hepatectomy
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ischemia™, nutritional deficiency™, hormonprivi- (PH) =3 which is called lwgr regeneration (LR)".
According to the cellular physiological activities, the re-

al™®) | starvation!"’ and so on, the relevant stress protein : i usuall e
(SP) genes are activated to protect organisms against generation process 15 usually categorized into lour stages:
' : ; initiation phase (0.5 — 4 hours after PH), transition

these harmful f’“’imU“' Highly conservarivg ofs i SUUC from GO to G1 (4 — 6 hours after PH) , cell proliferation
ture and funct!on (e.g. heat &fhock protein 70 family) (6 — 66 hours after PH), cell differentiation and reorga-
can be nearly mt_ju{ﬂi by all stimuli although olher Sk nization of the structure-function (66 — 168 hours after
gnergred gy ditferene woress weponses e (e PH)?*). According to time course, it is classified into

four phases including forepart (0.5 — 4 hours after PH) ,
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duce the responses to fear, wound and pain that involve
" more than 300 genes. Moreover, there exist gene-gene
interactions. It is almost impossible to clarify the action
of genes associated with the responses to fear, wound
and pain during LR at transcriptional level unless high-
throughput gene expression arrays are used >0 So,
we used the Rat Genome 230 2.0 Array containing 38
genes involved in fear response, 217 genes in wound and
26 genes in pain to detect the gene expression changes
after PH. 141 genes were found to be associated with
LR. Meanwhile, their expression character, patterns
and actions in regenerating liver were further analyzed.

2 Materials and Methods

2.1 Regenerating liver preparation

Healthy Sprague-Dawley rats weighing 200 — 250 g
were obtained from the Animal Center of Henan Normal
University. The rats were separated into two groups at
random and each group included 6 rats (male: female=
1:1). Partial hepatectomy (PH) was performed accord-
ing to Higgins and Anderson'?'!, the left and middle
lobes of liver were removed. Rats were killed by cervical
vertebra dislocation at 0.5, 1, 2, 4, 6, 8, 12, 24, 36,
54, 66, 72, 120, 144 and 168 hours after PH and the
regenerating livers were observed at corresponding time
point. The livers were rinsed three times in PBS at 4
C. Then 100 — 200 mg of liver tissues from the middle
regions of the right lobe ( 0.1-0.2 g X 6 samples, per
group) were gathered and stored at — 80 T. The
sham-operation (SO) group was the same as PH ones
except the liver lobes unremoved. The laws of animal
protection of China were enforced strictly.
2.2 RNA isolation and purification

Total RNA was isolated from frozen livers accord-
ing to the manual of Trizol kit (Invitrogen Corporation,
Carlsbad, California, USA)'®) and then purified base
on the guide of RNeasy mini kit (Qiagen, Inc, Valenci-
a, CA, USA)PY. Total RNA samples were checked to
exhibit a 2:1 ratio of 285 rRNA to 18S rRNA intensities
by agarose electrophoresis (180 V, 0.5 hour). Total
RNA concentration and purity were estimated by optical
density measurements at 260/280 nm!®'.
2.3 c¢DNA, cRNA synthesis and purification

As template, 1—8 pg total RNA was used for cD-
NA synthesis. ¢DNA purification was proceeded based
on the way established by Affymetrix'?”). ¢cRNA labeled
with biotin was synthesized using cDNA as the tem-
plate, and ¢cDNA and cRNA were purified followed by
the GeneChip analysis purification procedure?”). Mea-
surement of cDNA, c¢RNA concentration and purity
were the same as above.
2.4 cRNA fragmentation and microarray detection

15 pl (1 pg/pl) cRNA incubated with 5 X frag-
mentation buffer was digested into 35 — 200 bp frag-

ments at 94 T for 35 minutes. Rat Genome 230 2.0
microarray produced by Affymetrix was prehybridized,
then the hybridization buffer was added at 45 C, 60
rpm for 16 hours. The microarray was washed and
stained by GeneChip fluidics station 450 ( Affymetrix
Inc., USA). The chips were scanned by GeneChip
Scan 3000 (Affymetrix Inc. , USA), and the signal val-
ues of gene expression were observed %%,
2.5 Microarray data analysis

The normalized signal values, signal detections (P,
A, M) and experiment/control (Ri) were obtained by
quantifying and normalizing the signal values using
GCOS (GeneChip operating software) 1.2/28)
2.6 Normalization of the microarray data

To minimize error, each sample at each time point during
LR was analyzed three times by Rat Genome 230 2.0 microar-
ray. Results with a total ratio were maximal (R™) and the av-
erage of three housekeeping genes (B-actin, hexokinase and gl-
yseraldehyde-3-phosphate  dehydrogenase ) approached 1.0
(R") was taken as a reference. The modified data were gener-
ated by applying a correction factor (R™/R") multiplying the
ratio of every gene in R" at each time point. To remove spuri-
ous gene expression changes resulting from errors in the mi-
croarray analysis, the gene expression profiles at 0 —4 hours, 6
—12 hours and 12 — 24 hours after PH were reorganized by
normalization analysis program (NAP) software according to
the cell cycle progression of the regenerating hepatocytes. Data
statistics and cluster analysis were done using GeneMath,
GeneSpring, Microsoft Excel softwarel® 3 3,
2.7 Identification of genes associated with LR

Firstly, the nomenclature of the above three physi-
ological responses obtained from the GENEONTOLO-
GY database (www. geneontology. org) was input into
the databases at NCBI (www. ncbi. nlm. nih. gov) and
RGD (rgd. mew. edu) to identify the rat, mouse and
human genes associated with the physiological respons-
es. And the genes associated with the above responses
were collated according to maps of biological pathways
embodied by GENMAPP ( www. genmapp. org ),
KEGG (www. genome. jp/keg/pathway. html # amino)
and BIOCARTA (www. biocart a. com/genes/index.
asp). Secondly, the results of these analysis were codi-
fied, and then compared with the results from mouse
and human searches to identify human and mouse genes
which are different {rom those of rat. These genes (hu-
man and mouse genes differed from those of rat) were
compared with the analysis output of the Rat Genome
230 2.0 Array. Those genes which showed more than
twofold changes in expression level, observed as mean-
ingful expression changes'®’ | were referred to as rat ho-
mologous or rat specific genes associated with the re-
sponses to fear, wound and pain under evaluation.
Genes, which displayed reproducible results with three
independent analysis with the chip and which showed
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more than twolold change in expression level in at least
one time point during LR with significant difference (0.
01==P<0.05) or extremely significant difference (P<=
0.01) between PH and SO, were referred to as associat-
ed with LR.

3 Results

3.1 [Expression changes of the genes associated with
the responses to fear, wound and pain during LR
According to the NCBI, GENMAPP, KEGG,
BIOCARTA and RGD databases, the responses to fear,
wound and pain involved in 40, 251 and 26 genes re-
spectively, with separately 38, 217 and 26 genes con-
tained in Rat Genome 230 2.0 Array. Among them,
22, 117 and 14 genes displayed meaningful changes in
expression at least at one time point after PH, showed
significant or extremely significant differences in expres-
sion when PH was compared with SO, and were repeat-
able in three Rat Genome 230 2.0 Array. The results

Table 1. Expression abundance of 141 genes associated

suggested that the genes were associated with LR.
Abundance change in up-regulation ranged from 2 to 128
folds of control, and down-regulation from 2 to 10
(Table 1). The analysis indicated that 55 genes were
up-regulated, 44 genes down-, 42 genes up/down- dur-
ing LR. Total up- and down-regulated frequencies were
600 and 343, respectively (Figure 1A). At the initia-
tion stage of LR (0.5 — 4 hours after PH), 42 genes
displayed up-regulation, 26 genes down-regulation, 2
genes up/down- regulation; at the transition phase from
GO to G1 (4 —6 hours after PH), 36 genes revealed up-
regulation, 14 genes down- regulation, 1 gene up/
down-regulation; at cell proliferation phase (6 — 66
hours after PH), 60 genes showed up-regulation, 43
genes down-regulation, 30 genes up/down-regulation;
at cell differentiation and reorganization of the structure-
function stage (66 — 168 hours after PH), 52 genes
were up-regulated, 33 genes down-regulated, 14 genes
up/down-regulated (Figure 1B).

with the responses to fear, wound and pain during rat LR

Gene Accosiated Fold Gene Accosiated Fold Gene Accosiated Fold Gene Accosiated Fold
Abbr. to others difference Abbr. toothers difference Abbr. to others difference Abbr. toothers difference
1 Fear *Cel2 128.0 Irfd 0.3 Scnla 0528
Als2 05 *Cal20 8.0 Itgh3 0.2 Scubel 32
Bdnf 3 04,26 Cel4 0230 Kire2 04,23 Sele 12.9
Camkk2 0576 Ceri 0.4,278 *Kng1 21 Serpinab 01,78
Cnrl 0.1 *Cd36 0.1 Ltb4r 0587 *Serpind1 0.1
Creb1 3 05 Cd3d 04,40 *Lyz 04,37 Serpinel 16.7
Drd2 3 8.6 Cklf1 83 Mbp 0.4 Sod? 56
*Egri 2.3 18.6 Coch 0223 Maopt6 02 *Spn 0.2,40
Fmril 04,25 Copeb 106 Mif 32 Tac1 3 0.2
*Fos 3 28 4 *Cramp 04,28 Msn 50 Tap1 22
Gap43 2 03 Crep 03 Mug1 0.1,35 “Terb 0.2
Grik2 04,24 *Crp 0.5 *Nefi 02,37 Terg 03
Mapk 1 3 27 “Cef2 03 Nfkb1 1 04,23 TH ‘01
Neurod2 32 Cigi 13.9 Ninj1 53 TH3 ) 03
Nfkb 1 2 04,23 Ctsb 36 Ninj2 26 Tpi 4.4
Nr3ct 47 Cise 0.4 Cil 0.1,94 Thpi2 0.4
Reln 03 Cybb 25 Oldir1 03,85 Thid 9.6
Sgk 65 Cysltr1 01,21 P2ry12 01 Trndsf11 04,43
Siat8b 0.1 Dad1 0225 P2y12 02 Trmdef3 36
SlcBad 0.0 Ddt 4.4 Pap 66.2 *Tmdsi4 20
Snca 02 Edg3 4.0 Pawr 03 *Tnf 3 32
Stmn1 02,158 *Egr1 1.3 18.6 Pecam1 3.5 Tnfrsf4 03,23
Vdae3 6.0 F10 05 Plat 04,48 Umed 0.4,30
2 Wound ‘F2 0.3 Pig 21 Zni148 36
“A2m 0.4, 46.2 “E2r|2 0.2 Plp 0.1 3 Pain

Abhd2 0.4 F5 05 “Plscri 7.5 Bdnf 1 04,26
Adam15 14.0 Gap43 1 03 *Ppbp 01,21 Creb1 1 0.5
Ager 0.4 Gdnf 04 Prdx5 05 Cyp18a1 02,65
Alox5 0225 Gfap 03,26 Prkca 4.6 Drd2 1 86
AloxBap 4.9 Ggtlal 4.0 Proc 03 Edn1 04,26
Anxa2 45 Hdac7a 0.5,4.3 Procr 6.5 *Egr1 1,2 18.6
Art2o 03 Hnfda 01,45 Pros1 21 *Fos 1 28.4
Atrn 4.4 Hoxb13 05,35 Prrx2 36 Gjad s
Bagalt1 31 Hrh1 05,989 Ptafr 7.1 I1b 0.4
Beli0 23 *ling 6.5 Ptgerd 0.2 Mapk 1 1 27
Clarl 55 Ighe 02,25 *Ptpre 01,30 Pigs2 0.1,21
c3 0.2 “lr 05 Rab27a 34 Tac1 2 02
*C5r1 04,26 l12ra 03,43 51008 65 *Tnf 2 32
Cel17 01 14 01,286 5100a89 4.9 Trpvi 03

"Reported genes associated with LR; Associated to others: involved in other responses
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Figure 1. Expression frequency, abundance and changes of 141 genes associated with the responses to fear, wound and pain during rat LR.
Detection data of Rat Genome 230 2.0 Array were analyzed and graphed by Microsoft Excel. A. Gene expression frequency. The dots
ahove bias represent the genes up-regulated more than two folds, and total times of up-regulation were 600; those under bias down-regulat-
ed more than two folds, and that of down-regulation were 343; and the ones between biases no-sense alterative; B. Gene expression abun-
dance and changes. 97 genes were 2 — 128 folds up-regulated, and 86 genes 2 — 10 folds down-regulated.

3.2 Initiation expression time of the genes associated
with the responses to fear, wound and pain during LR

At each time point of LR, the numbers of initial
up, down and total up, down-regulated genes were in
sequence: both 17 and 7 at 0.5 hour; 10, 14 and 26,
19 at 1 hour; 9, 2 and 30, 6 at 2 hours; 6, 5 and 34, 9
at 4 hours; 3, 1 and 30, 11 at 6 hours; 0, 0 and 30, 7
at 8 hours; 2, 3 and 31, 11 at 12 hours; 11, 8 and 37,
14 at 16 hours; 8, 12 and 32, 27 at 18 hours; 1, 2 and
31, 22 at 24 hours; 2, 3 and 19, 16 at 30 hours; 0, 2
and 30, 21 at 36 hours; 0, 2 and 19, 12 at 42 hours;
2, 2 and 42, 29 at 48 hours; 1, 0 and 27, 21 at 54

hours; 0, 0 and 27, 16 at 60 hours; 0, 0 and 24, 16 at
66 hours; 0, 0 and 20, 11 at 72 hours; 2, 1 and 23, 18
at 96 hours; 1, 2 and 31, 23 at 120 hours; 0, 0 and
22, 12 at' 144 hours; 0, 0 and 18, 15 at 168 hours
(Figure 2). On the whole, gene expression changes
span the whole LR, with 600 times in up-regulation and
343 times in down-regulation, respectively. The initially
up-regulated genes were predominant in the forepart and
prophase, and the down-regulated in the metaphase,
whereas there was almost no initial expression in the
anaphase.
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Figure 2. The initial and total expression profiles of 141 genes associated with the responses to fear, wound and pain at each time point of
LR. Grey bars: Up-regulated genes; White bars: Down-regulated genes. Blank bars indicate initially expressed genes, in which up-regula-
tion genes are predominant in the forepart and prophase, and the down-regulation in the metaphase, whereas very few in the anaphase.
Dotted bars indicate the totally expressed genes, in which some genes are up regulation and others down during LR.

3.3 Expression similarity and time relevance of the
genes associated with -the responses to fear, wound and
pain during LR

141 genes mentioned above during LR could be

characterized based on their similarity in expression as
following: only up-, predominantly up-, only down-,
predominantly down-, and up-/down-regulated, in-
volved in 55, 19, 44, 18 and 5 genes, respectively
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(Figure 3). 141 genes could also be classified based on
time relevance into 13 groups including 0.5 and 168h, 1
and 2 hours, 4 hours, 6 and 8 hours, 12 and 16 hours,
18 and 120 hours, 24 and 30 hours, 36 and 48 hours,
42 hours, 54 hours, 60 and 66 hours, 72 and 96 hours,
144 hours, in which the up- and down-regulated gene
numbers were 35 and 22; 56 and 25; 34 and 9; 64 and
20; 68 and 25; 62 and 45; 49 and 37; 72 and 50; 19

and 12; 27 and 21; 44 and 27; 45 and 30; 22 and 12,
respectively (Figure 3). The up-regulation genes were
mainly associated with inflammation response, struc-
ture-function reconstruction of nervous tissue, oxidation
resisting, revascularization and anti-coagulation. The
down genes were mostly with immune response and pro-
coagulation.

N@ml\)@g
=1

PR CIO0 ks

Figure 3. Expression similarity and time relevance cluster of 141 genes associated with the responses to fear, wound and pain during LR.
Detection data of Rat Genome 230 2.0 Array were analyzed by H-clustering. Red represents up-regulation genes mainly associated with in-
flarnmation response, structure-function reconstruction of nervous tissue, oxidation resisting, revascularization and anti-coagulation; Green
represents the down ones mostly associated with alcohol degradation; Black: No-sense change in expression. The upper and right trees re-
spectively show expression similarity and time series clusters, by which the above genes were classified into 5 and 13 groups separately.

3.4 [Expression patterns of the genes associated with
the responses to fear, wound and pain during LR
Above 141 genes during LR might be categorized
according to the expression changes into 25 patterns:
(1) up-regulation at one time point, at 6, 16, 30, 48,
54, 66, 96, 120 hours after PH (Figure 4A), 10 genes
involved; (2) up at two time points, at 16 and 42
hours, 16 and 96 hours, 48 and 120 hours (Figure 4B),
3 genes involved; (3) up at three time points (Figure
4B), 3 genes involved; (4) up at four time points (Fig-
ure 4C), 5 genes involved; (5) up at one phase, at 1 —
48 hours, 18 — 24 hours (Figure 4D), 2 genes involved;
(6) up at two time points/one phase (Figure 4D), 4
genes involved; (7) up at three time points/one phase
(Figure 4E), 3 genes involved; (8) up at one time
point/two phases (Figure 4E), 3 genes involved; (9)
up at two time points/two phases (Figure 4F), 4 genes
involved; (10) up at three time points/two phases (Fig-
ure 4G), 5 genes involved; (11) up at two time points/
three phases (Figure 4H), 5 genes involved; (12) up at
one time point/four phases (Figure 4H), 3 genes in-
volved; (13) at more time points/phases (Figure 41), 5

genes involved; (14) down at one time point, at 6,16,
24, 36, 42, 48, 96, 120 hours (Figure 4]),10 genes
involved; (15) down at two time points, at 0.5 and 18
hours, 6 and 12 hours, 16 and 30 hours, 18 and 48
hours, 18 and 54 hours, 24 and 54 hours, 30 and 42
hours, 30 and 48 hours, 30 and 96 hours, 36 and 48
hours, 48 and 60 hours (Figure 4K), 11 genes in-
volved; (16) down at three time points (Figure 4L), 2
genes involved; (17) down at four time points (Figure
41.), 4 genes involved; (18) down at one phase, at 6 —
12 hours, 120 — 168 hours (Figure 4M), 2 genes in-
volved; (19) down at one time point/one phase, at 1
and 120 — 144 hours, 36 and 12 — 24 hours, 48 and 18
— 24 hours, 120 and 18 — 24 hours (Figure 4M), 4
genes involved; (20) down at one time point/two phas-
es (Figure 4N), 2 genes involved; (21) down at two
time points/two phases (Figure 4N), 2 genes involved;
(22) down at more time points or phases (Figure 40),
7 genes involved; (23) first up and then down (Figure
4P), 9 genes involved; (24) first down and then up
(Figure 4Q), 6 genes involved; (25) up/down mixed
(Figure 4R), 27 genes involved.
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Figure 4. Twenty-live expression patterns of 141 genes associated with the responses to fear, wound and pain during LR. Expression pat-
terns were obtained by the analysis of detection data of Rat Genome 230 2.0 Array with Microsoft Excel. A—1. 55 up-regulated genes; J
—0. 44 down-regulated genes; P— R. 42 up/down-regulated genes. X-axis represents recovery time after PH (h); Y-axis shows loga-

rithm ratio of the signal values of genes at each time point to control.

4 Discussion

PH serves as an inducement to physiological re-
sponses, such as fear, wound and pain and so on, which
result from direct or indirect interaction between various
proteins. Among the proteins associated with fear re-
sponse, five kinds of proteins including calcium/calmod-
ulin-dependent protein kinase kinase 2 (CAMKK2) are
associated with emotion, memory and fear' ). Six
kinds of proteins including dopamine receptor 2 (DRD2)
are related to regulation of neurotransmission and anxi-
etyl 3] Four kinds of proteins includir_lg early growth
response 1 (EGR1) regulate apoptosis®®!. Four kinds of
proteins including cannabinoid receptor 1 (CNR1) par-
ticipate in neuron activation and nerve regeneration, and
prevent the neurodegenerative process from occur-
ring'®). The meaningful expression changes of these
genes are same or similar at some time points, then dif-
ferent at other points during LR, speculating that they

co-regulate the response to fear. Among them, egrl
was up-regulated during almost the whole LR, especially
significantly in the forepart, and reached a peak at 1
hour that is 18.6 folds of control, which was consistent
with the results reported by Mueller ez al'*). camkk?2
was up at 18 — 24, 36 and 48 hours after PH, and
reached a peak at 18 hours that was 7.6 folds of control.
drd2 was mainly up at 0.5 — 18 and 48 — 60 hours, and
reached a peak at 2 hours that was 8.6 folds of control.
[t is assumed that the genes mentioned above play im-
portant roles in fear response during LR.

Among the proteins associated with response to
wound, six kinds of proteins including thrombomodulin
(THBD) restrain coagulation'®'’. Five proteins includ-
ing coagulation factor 5 (F3) are concerned with coagu-
lation'*?!. Seven proteins including selectin E (SELE)
3] Fourteen proteins including

alpha-2-macroglobulin (a2M ) are concerned with in-
44]

accelerate inflammation

flammation* Four proteins including pancreatitis-as-

sociated protein (PAP) suppress inflammation ). Fif-
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teen proteins including leukotriene B4  receptor
(LTB4R) regulate immunoreactions to protect cells a-
gainst damnification'*®'.  Gamma-glutamyltransferase-
like activity 1 (GGTLAl) and peroxiredoxin 5
(PRDXS) can protect cells from oxidation damage'*".
Nine proteins including core promoter element binding
protein ( COPEB) hasten cell growth and prolifera-
tion*®). Three kinds of proteins including serine or cys-
teine peptidase inhibitor clade E  member 1
(SERPINE1) suppress cell proliferation'*®’. Eight pro-
teins including glial cell line derived neurotrophic factor
(GDNF) can protect nervel ™). Four proteins including
nerve injury-induced protein 1 (NINJ1) can facilitate
nerve regeneration>'). Four proteins including a disinte-
grin and metallopeptidase domain 15 (ADAMIS) play a
role in angiogenesis'®*). Defender against cell death 1
(DAD1) and interleukin 4 (IL-4) prevent cells from
apoptosis™®). Four proteins including early growth re-
sponse 1 (EGRI1) can induce and accelerate cell apopto-
sist 3], Lymphocyte antigen 68 (C1QR1) can promote
cell-cell interaction and prevent cells impaired by
pathogen or harmful cell fragment'™*). Coagulation fac-
tor C homolog (COCH) induces cells aggregation and
mucopolysaccharide deposition’® . Transmembrane 4
superfamily member 11 (TM4SF11) relates to forma-
tion of myelin sheath'*®/. Fatty acid binding protein 5
(FABPS5) concerns lipid metabolism'®" . Hepatocyte nu-
clear factor 4 alpha (HNF4a) is involved in embryonal
liver development and regulation of gene expression in
adult liver'™®) . Annexin A2 (ANXA2) is associated with
movement of endocytic vesicles'®' . Histamine receptor
H 1 (HRH1) stimulates nitric oxide synthesis to facili-
tate vasodilatation'®!. Moesin ( MSN) is associated
with lipopolysaccharide-mediated secretion of tumor
necrosis factor'®’. Cathepsin E (CTSE) restrains com-
munion of substance between cytoplasm and lyso-
somel®! . Superoxide dismutase 2 (SOD2) is involved in
elimination of [ree radicals and degradation of ma-
trix %!, Cytochrome b-245 beta polypeptide (CYBB)
can induce reactive oxygen species produced by endothe-

lial cells®4! Trefoil factor 1 (TFF1) can hasten mucosal
regeneration' ®> . Overexpression of trefoil factor 3

(TFF3) can result in hepatoma®!. Glial fibrillary

acidic protein (GFAP) can accelerate astrocyte produc-
ing laminin'®”’. Complement component 3 (C3) acceler-
ates formation of fatty liver'®®'. Tissue plasminogen ac-
tivator (PLAT) is associated with toxicosis of neural ex-
citability!®’!. Homeo box B13 (HOXBI13) promotes cell
differentiation and repair of injury!”"". The sameness or
similarity in some time points, then dissimilarity in oth-
ers of meaningful expression changes of these genes dur-
ing LR perhaps regulate the response to wound togeth-

al™

er. Notably, thbd showed up-regulation during almost
the whole LR, and had the highest abundance of 9.6
times higher than control at 6 hours, which was gener-
ally in line with the result reported by Takatori et
. pap was up-regulated at multiple phages after
PH, especially significantly at the middle phase, and
had the highest abundance of 68. 6-fold at 12 hours,
which was on the whole agree with the result reported
by Simon et al'™!. serpinel was up at 1 —48 hours af-
ter PH, and reach a peak with 16.7 folds of control at
66 hours, which was in conformity with the result re-
ported by Mueller ez al'*. sele and c1qrl were up at
multiple time points and multiple phages respectively,
and showed the highest abundances of 13 folds at 66
hours and 5. 5 folds at 8 hours in sequence. a2m was up
significantly at metaphase, and had the highest abun-
dance at 8 hours that was 46. 2 folds of control. [thdr
was up at 0.5~ 14 hours post PH, and had the highest
abundance at 8 hours that was 8.7 folds of control.
copeb showed up-regulation during the whole LR, and
had the highest abundance at 6 hours that was 10. 6
folds of control. ninjl was up-regulated at 15, 30, 42
and 96 hours after PH, and reached a peak at 96 hours,
that was 5. 3 folds than control. adam 15 was mainly up
in the metaphase, and had the highest abundance at 60
hours that was 14 folds of control. It is speculated that
the genes mentioned above play crucial roles in the re-
sponse to wound during LR.

Among the proteins associated with response to
pain, FBJ murine osteosarcoma viral oncogene homolog
(FOS) is response for the activation of neuron 3.
Tachykinin 1 (TACL) has a role of acesodyne by re-
pressing excitatory synaptic transmission' "*'. Transient
receptor potential cation channel subfamily V member 1
(TRPV1) can assuage pain and counteract inflamma-
tion'™.  Prostaglandin-endoperoxide  synthase 2
(PTGS2), associating with neuron damage related to
epilepsy, prevents toxic shock occurring'’®'. Endothelin
1 (EDN1) and gap junction membrane channel protein
alpha 4 (GJa4) are involved in conduction of impuls-
est’3!. The sameness or similarity in some time points,
then dissimilarity in others of meaningful expression
changes of these genes during LR perhaps co-regulate
the response to pain. Among them, fos was up at 0.5~
30 and 42 — 48 hours post PH, especially significantly in
the early phase, and had the highest abundance at 0.5
hour that was 28. 4 folds of control, which was basically
consistent with the result reported by Coni et all”'. It
is supposed that it play a key role in the response to
pain.

In summary, commencing from long times (0.5
hour — 7 days after PH) and multiple time points ( total
23), high-throughput gene expression analysis was used
to investigate the expression changes of the genes associ-
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ated with the responses to fear, wound and pain. It was
orimarily proved that PH can cause various physiological
responses including responses to fear, wound and pain
etc; that Rat Genome 230 2.0 Array was a useful tool
analyzing the above responses at transcriptional level.
Whereas, these processes DNA — mRNA — protein
were influenced by many factors including interaction

between proteins.

Therefore, the expression changes

and actions of genes in regenerating liver need to be fur-
ther analyzed with the techniques, such as Northern
blotting, protein chip, RNA interference, protein-inter-
action etc.
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Abstract

Conditional mapping method was used to analyze QTLs for rice yield and its components: number of productive
panicles, number of full-filled grains, and kilo-grain weight. By unconditional mapping, some pleiotropic or closely
linked QTLs were detected; by conditional mapping, QTL number of yield decreased greatly after excluding the ef-
fect from full grain, which indicated that full grain gave the most contribution to yield. The phenomenon was dis-
cussed that small number of QTLs for vield seems not to fit too much the very complex trait that is generally believed
controlled by many genes. [Life Science Journal. 2007;4(1):71—-76] (ISSN: 1097 —8135).

Keywords: quantitative trait locus; conditional genetics; rice yield; yield components

1 Introduction

Yield is a very important trait in rice breeding, and
as a complex quantitative trait can be dissected into a
number of causal components such as number of produc-
tive panicles per plant, number of full-filled grains per
panicle and kilo-grain weight. A number of studies have
been made to locate QTLs for vield and its compo-
nents ! 3. However, in these studies, the contribution
of each component to yield has not been analyzed in de-
tail. Conditional QTL mapping approach provides a use-
ful tool for understanding contributions of the causal
components in multi-component traits. Therefore, the
present studies used the unconditional and conditional
QTL mapping for yield and its components to reveal the
contribution of each component to yield.

2  Materials and Methods

2.1 Materials

A population of 123 double haploid (DH) lines de-
rived from a cross between an irrigated indica variety
IR64 and an upland japonica variety Azucena*! were
used in the experiments. The genetic map of this popu-
lation containing 175 markers distributed among 12
chromosomes covering 2005 cm with an average distance
of 11.5 em between markers'®! was used for QTL map-
ping.

*Supported by the National Natural Science Foundation of China
(No. 39893350) .
*Corresponding author. Email: caogg@zzu. edu. cn
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2.2 Field experiment

The 123 DH lines and their parents, IR64 and
Azucena, were grown in a randomized complete design
with two replications at Hainan in 1995 and Hangzhou
of China in 1996, 1998. Hainan and Hangzhou show
great difference in climate, soil conditions, day length,
and even rice growing seasons. The experiment was
conducted from early December 1995 to late April 1996
at Hainan where rice can grow well all year round. At
Hangzhou, experiments were carried out from late May
to early November in 1996, and middle May to middle
October in 1998. In all environments, the germinated
seeds were sown in a seedling bed and the seedlings were
transplanted to a paddy field 30 days later, with a single
plant per hill spaced at 15X 20 cm. Each plot included
four lines with eight plants per line. At the maturity
stage, 6 central plants of each plot were measured.
2.3 Phenotipic measurement

Observations were taken on the six central plants of
each plot at Hainan in 1995 and Hangzhou in 1996 and
1998 for the productive panicle number per plant ( pani-
cle number, PN), full grain number per panicle (full
grain, FG), and the weight of 1000 grains (kilo-grain
weight, KW). The yield per plant (YD) was calculated
as the formula of YD=PN X FG X KW /1000.
2.4 Phenotypic and genotypic correlations

Phenotypic and genotypic correlation coefficients a-
mortg] different traits were calculated using MINQUE
(L)
2.5 QTL analysis for yield and yield components

With the unconditional and conditional QTL map-
ping procedures'”, QTLs with additive and additive X
additive epistatic effects as well as their environmental
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interaction effects in DH population could be searched
for multi-component quantitative traits such as yield and
its components. The conditional genetic effects of the
yield given its component will indicate the net effects of
gene expression excluding those of the given component,
revealing the contribution of the left components on the
formation of yield. The conditional phenotypic value
was obtained by the mixed model approaches for condi-
tional genetics of quantitative traitst8!. The likelihood
ratio value of 11.5, which is equal to a LOD score of
2.5, was used as a threshold for detection of QTL or
epistasis.

3 Results and Analysis

3.1 Phenotypic variation

http://life. zzu . edu. cn

The phenotypic values of the parents and the DH
population for yield and its components were presented
in Table 1. The parent IR64 was observed to be inferior
to Azucena for full grain number per panicle under three
environments, for kilo-grain weight at Hainan 1995 and
Hangzhou 1998, and for calculated yield at Hangzhou
1996, but superior to Azucena for yield and its compo-
nents at other situations. The data presented in Table 1
also indicated transgressive variation in the DH popula-
tion for yield and its components in three environments
with skew and kurt values being less than 1.0 except a
few cases suggesting that the data were like normal dis-
tribution and suitable for QTL analysis.

Table 1. Phenotypic values of yield and yield components for the DH population and its parents under three environments

i s . Parents
Trait Eay: [R64 Azucena
Panicle number 1 6.1 3:5
2 13.4 10.1
3 9.0 4.9
Full grain 1 46.8 66.5
2 35.7 78.8
3 60.9 95.5
Kilo-grain weight 1 271 29.0
2 25.6 24.9
3 25.6 28.2
Yield 1 7.7 6.7
2 12.2 19.8
3 14.0 13::2

DH population
Mean Max Min Stdev Skew Kurt
6.7 11.6 3.8 1:5 0.5 0.1
8.9 15:3 4.5 2.4 0.6 ~0:1
7.5 12.2 3.0 2.1 0.35 -0.52
37.0 106.7 0.7 18.1 0.5 {1 |
94.1 182.1 20.3 32.0 0.1 -0.4
69.2 1273 15.3 25.7 010 —0.43
27.0 40.3 19.3 4.2 0.4 —0:d
25.4 33.8 17.8 2.9 0.2 0.2
23.0 30.8 16.0 3.4 0.23 —0.44
7.0 20.7 1.1 3.3 0.77 1.71
19.3 34.3 6.1 6.4 0.30 -0.49
11.9 23.0 1.7 4.4 0.16 —0.02

Env. 1, 2, 3 represent Hainan in 1995, Hangzhou in 1996 and 1998.

3.2 Correlations between yield and each of its compo-
nents

Significant positive correlations were discovered be-
tween yield with each of its components while the com-
ponents showed negative correlations between each other

(Table 2). Because of significant correlations between
vield with its components, the unconditional and condi-
tional QTL mapping could be used to fully dissect the
contributions of yield components to yield.

Table 2. Genotypic correlations (upper triangle) and phenotypic correlations (lower triangle) among yield and yield components

Panicle number

Panicle number

Full grain -0.02
Kilo-grain weight -0.12°"
Yield 0.19""°

Full grain Kilo-grain weight Yield
-0.06" =065 " 0.14 % *

-0.08" (.53
—0.04 0.07"
0.50" " 0.08"

# and * * represent significance level of P= 0.01 and 0.005, respectively.

3.3 Unconditional QTLs and their effects for yield
components and yield

All of the QTLs with additive effects and/or addi-
tive X additive epistasis effects and their putative posi-

tions in the genome detected by unconditional mapping
for vield components and yield were presented in Table
3. QTL for each trait was named as abbreviation of the
trait name with the number of chromosome on which the
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QTL was located. If there were more than one QTL in
a chromosome, the serial number was added after chro-
mosomal number separated by a hyphen. The positions
of these QTLs were indicated by the marker interval
bracketing the concerned QTL with the estimated dis-
tance in Morgon (M) from the left marker. There were
totally 11, 9, 17 and 10 QTLs for panicle number, full
grain, kilo-grain weight and yield, respectively.

In Table 4, the estimated unconditional additive ef-
fects and the additive X additive epistatic effects at sig-
nificance level of 0. 01 or 0. 005 under three environ-
ments for each trait were presented. Among the total
QTLs with additive and additive X additive epistasis ef-
fects for yield components and yield, 9, 6, 11 and 8
QTLs were found with additive main effect (a) and/or
additive X environment interaction effect (ae) for each
trait, respectively. QTLs within a same marker interval

between yield and each of its components were found,
such as Yd1-2 and Pnl, Ydl-1 and Kwl-1, Yd2 and
Fg2-2. These three pairs of QTLs had also similar direc-
tions of effects. A QTL Fg4 for full grain was found
with relatively large a and ae effects within marker in-
terval RG163-RZ590, also closely linked with QTL Pn4
for panicle number and QTL Yd4 for yield. There were
8, 7, 11 and 5 digenic epistatic interactions with
epistatic main effects and/or epistasis by environment
interaction effects were detected to be associated with
the yield components and yield, respectively (Table 4).
There were 1, 3, 8 and 2 interactions included the loci
without detectable QTL additive effects for each trait,
respectively. Unlike the situation of additive QTLs, no
similar epistatic interactions between yield and each of
its components were found.

Table 3. QTLs with additive effect and/or additive % additive epistatic effect for yield and yield components

Panicle number Full grain B
QTL Marker interval  Distance( M) QTL Marker interval  Distance( M)
Pnl RZ730-RZ801 0.12 Fgl RG345-RG381 0
Pr2-1 RG344-RG171 0.04 Fg2-1 RG437-RGS44 0.08
Pri2-2 RZ213-R7123 0 Fa2-2 RZ123-RG320 0.12
Pr3 Pgi  1-CDOB7 0.06 Fg3 R7284-RZ394 0.06
Pnd RZAHTS-RGL63 0.16 Fgd RG163-RZ590 0.02
Pn6 RG162-RG172 0 Fgb RGI62-RGIT2 .02
Pn7 PGME07-CLCEY 0.16 Fe8  TGMSIO2-AIOK25) 0.02
Pr8-1 RG20-A5]560 0.1 Fg9 RZ12-RGO6T 0.06
Pn8-2 RZ66-ACS 0.24 Fgl2 RG463-RGY01 0.02
Pn9 CDO590-CT11 0
Pnl0  CDO93-CDOYS 0

: Kilo-grain weight y . Yild
QrL Marker interval Distance( M)  QTL Marker interval Distance( M)
Kwl-1 RG532-WI 0.14 Ydl-1 RG532-W1 0
Kowl-2 RZ801-RGR10 0.02 Ydl-2 RZ730-RZ801 0.22
Kw2-1 Pall-RZ58 0 Yd2 RZ123-RG520 0
Kw22  RG256-R7213 0.1 Yd3  RZS74-RZ284 0.1
Kw3-1 RGI04-RG348 0.06 Yd4 RZ590-RG214 0.02
Kw3-2 RZ337TA-RZ448 0.06 Ydb RZ398-RG213 0
Kwd RZ262-RG190 0.08 Yds RZ66-ACS 0
Kws-1 RG229-RG13 0.16 Ydli RZ625-CDO93 0
Kw5-2 RZ70-RZ225 0 Ydll-1 Adhl-RG1094 0.06
Kowh RG172-CDO544 0.06 Ydl1-2  Npb44-RG247 0
Kw? RZ337B-CINM97 0.12
kw8 RGA18B-Amp-2 0
Kw9-1 C711-G103 0.12
Kw9-2 R7Z228-RZ12 0
Kwll R(G134-RZ500 0.02
Kwll RG247-RG103 0.24
Kwl2 RGYSE-RGISL 0.3

The QTLs with both additive and epistatic effects were presented in regular form while the QTLs involved in epistasis but without additive
effects were presented in bold italic letters, and the QTLs with only additive effects but no epistatic effects were notified with underling

lines.

3.4 QTLs and their effects for yield conditional on
each of its components

All of the QTLs with additive effects and/or addi-
tive X additive epistasis effects and their putative posi-
tions in the genome for yield conditional on each of its
components were presented in Table 5. There were to-
tally 13, 5 and 12 QTLs for yield conditional on panicle
number, full grain and kilo-grain weight, respectively.

The estimated conditional additive effects and the
additive X additive epistatic effects at significance level
of 0.01 or 0. 005 under three environments were pre-
sented in the Table 6. The conditional QTL effects of
the yield given the observed phenotype of yield compo-
nent indicated the net effects of gene expression from the
other components that was independent to the causal ef-
fects from the given component. When yield was condi-
tional on panicle number, 10 QTLs with conditional ad-

ditive main eflfects and/or conditional additive X envi-
ronment interaction effects were detected. The number
of QTLs was more than that of unconditional yield.
This might indicate that after excluding the negative in-
terference of panicle number, the other two left compo-
nents might give larger contribution to yield. When
yield was conditional on full grain, three QTLs with
conditional additive main effects and/or conditional addi-
tive X environment interaction effects were detected.
This might indicate that after excluding the effect on
yield from full grain, the other two left components gave
little contribution to yield. This was consistent with that
the full grain had the larger genotypic correlation of 0.
53 with yield than those of 0. 14 and 0.07 that the pani-
cle number and kilo-grain weight had. When yield was
conditional on kilo-grain weight, seven QTLs with con-
ditional additive main effects and/or conditional additive
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X environment interaction effects were detected. This
might indicate that after excluding the effect on yield
from kilo-grain weight, the other two components gave
nearly the same contribution to yield with that in the

situation of including the effect from kilo-grain weight,
which meant that kilo-grain weight was not considerably
important for the formation of yield in this study.

Table 4. Unconditional QTL effects for vield per plant and its components

Additive effect

Trait -

QTL a ae| aes aes
PN
Pnl 0.37"" -0.39" " 0.48"
Pn2-1 0.54"" 0.45** =g 0.97%*
Pn2-2 =0.57**
Pn3 0.48" 0.70°
Pnd 0.91" " 0.467 "7 1.14* " -1.60""
Pn6 -1.8"" ol | Y 0.60" "
Pn7 -0.20""
Pn8-1 o 0.567° 1.90" " -2.45*"
PnY -0.267° 0.26""
FG
Fg2-1 F4755 9.86" " =333
Fg2-2 —-1.40"" 1.59%°
Fg3 -0.97" TA5*" -6.18" "
Fgd -9.70" " 85237 -6.88" "
Fg9 412" 552 33457 -8.87""
Fgl2 -3.46" -1.42**
KW
Kwl-1 -0.70" 0.62""
Kwl-2 -0.80"" -0.71" 0.61°
Kw2-2 ~0.18**
Kw3-2 -0.57 -0.91°" 0.78" "
Kwd 0.76"
Kw5-1 -1.81" 1.11*
Kwb 1.56"* -0.32"" =1.257*
Kw8 0.35%* =350
Kw9-2 -0.46"" -0.69""
Kwl0 0.80"* 0.32*" —=0.40" "
Kwl2 0.85"
YD
Ydl-1 -1.47*"* =2 a2 Tl0== 1.525 %
Ydl-2 1.24%° —1.84"" 2,29 "
Yd2 —0.64"" 0.45""
Ydd -1.42*° 1. 54" =LR0™E
Ydo 1.06% " 1.03 S 1.78" "
Yd10 1.09°
Ydll-1 2.017°
Ydl1-2 -1.56"

Additive X additive epistatic effect

QTL: QTL;j aa aae aaes; aaes
Pnl Pn3 0.30"
Pnl Pn7 037"
Pnl Pn8-1 =0:3200 e= 1035 10665
Pn2-1 Pn3 -0.26" 0.18"
Pn3 Pnd -0.42° -0.36"" -0.89"" 1.25""
Pn3 Pn9 0.17%* =0.18""
Pnb Pn8-1 =1 537
Pn8 2 Pnl( -0.56"
Fgl Fg9 3:79° =he2dns
Fg2-1 Fg8 7.91°
Fg2-2 Fgd 3.67° 4.80"
Fg3 Fgd —1.62%* 1.60%"
Fg3 Fg9 -6.05"" -9.99"" 5.98""
Fgd Fg6 3.90" 4.14"
Fgb Fgl2 -4.33" 4.601"
Kwl-1 Kw2-1 0.54"
Kwl-2 Kw3-1 —0.41° —-2.14" 2.54*"
Kwl-2 Kwb 0.62°%  2.34°° -2.00"" -0.34""
Kwl-2 Kw8 0.47"
Kw2-1 Kw3-1 0.51° =0.39% 0.39*°¢
Kw3-2 Kw5-2 =0.377" 0.35°°
Kwd Kwi2 —0.85"
Kw5-1 Kwil 1.24** -0.74"
Kw6 Kw9-1 0.29%* =0,36™*
Kw7 Kw8 G:72"
Kw9-2 Kwll -1.45** 1.24**F 0.21"
Ydl-1 Yd§ [T, oty 7 (il L it
Yd1-2 Yd6 =025 0.417
Yd3 Yd10 1.08°
Yd4 Yd11-1 0.27%% —0.71** 0;44%
Ydl1-1 Yd11-2 -1.48"

a, aa, aey, aey, aesz, aae;, aaes;, aaey represent additive main effect, epistatic main effect and additive X environment interaction ef-
fect, epistasis X environment interaction effect at Hainan in 1995, at Hangzhou in 1996 and 1998, respectively. #* and # * represent
the significance level of P=0.01 and 0.005, respectively. The forms of bold italic letter and the underling lines have the same meaning

with those in Table 3.

In the three conditional analysis cases, common
QTLs between unconditional yield and yield conditional
on each of its components were identified. They were
Yd1-2 and Yd| Kwl-2, Yd6 and Yd|Fgb, Ydl1l and
Yd|Pnll. Between yield conditional on panicle number
and yield conditional on kilo-grain weight, a common
QTL Yd | Pn4 or Yd| Kw4 was identified. This QTL
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had effect on yield after excluding the causal effects from
panicle number and kilo-grain weight, but missed after
excluding the effects from full grain, so this QTL might
be through affection on full grain to improve the yield.
In fact, this QTL was really identified for full grain by
unconditional mapping, and a closely linked QTL Yd4
was identified for final yield.
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There were 7, 2 and 9 digenic epistatic interactions
with epistatic main effects and/or epistasis by environ-
ment interaction effects were detected to be associated
with the yield conditional on panicle number, full grain
and kilo-grain weight, respectively (Table 6). While no
similar epistatic interaction was identified among yield
and yield conditional on its components, a pair of inter-

action Fg4 and Fgb6 for full grain by unconditional map-
ping were found similar with the interaction Yd | Pnd
and Yd| Pn6-2 for yield conditional on panicle number,
in which Fg4 and Yd|Pn4 were pleiotropic or closely
linked genes, thus resulting the association of the two
pairs of interactions between full grain and the formation
of yield.

Table 5. Loci with QTL additive effect and/or with additive X additive epistatic effect for yield conditional on each of its components

YD| PN YD|FG YD|KW
QTL Marker interval Distance QTL Marker interval Distance QTL Marker interval Bistriice
. ! o ( (M) e e e A
Yd|Pnl-1 WI1-RG173 0 Yd|Fg3 Pgi-1-CDO87 0:12 Yd|Kwl-1 Ul0-RG532 0.04
Yd | Pnl-2 RZ730-RZ801 0.2 Yd|Fgd  RZ675-RGI163 0.08 Yd|Kwl-2 RZ730-RZ801 0.22
Yd|Pn2 RG654-RG256 0 Yd | Fg5 RZ70-RZ225 0 Yd| Kw3-1 RG348-R7Z329 02
Yd | Pn3 RG348-RZ329 0.06 Yd|Fgb RZ398-RG213 0.02 Yd | Kw3-2 Pgi-1-CDO87 0
Yd|Pn4 RG163-RZ590 0.02 Yd|Fge8 AS5]560-A3E39% 0.06 Yd| Kw4 RG163-RZ590 0
Yd|Pn5 RZ67-RZ70 0.08 Yd | Kws RZ556-RG403 0.16
Yd|Pn6-1 Est-2-RZ144 0 Yd | Kw7 CDO59-RG711 0
Yd|Pn6-2  RG172-CDO544 0.04 Yd | Kws-1 RZ143-RG20 0
Yd | Pn8 RGI-Amy3DE 0.1 Yd|Kw8-2 AG8  Aro-RZ617  0.02
Yd|Pnl0 RG134-RZ500 0 Yd|Kw10 G1084-RG257 0
Yd|Pnll Adhl-RG1054 0.06 Yd|Kwll RG103-RG1109 0.08
Yd|Pnl2-1 AF6-RG457 0.08 Yd | Kwi2 RG463-RG901 0
Yd|Pn12-2 R(G958-RG181 0
The forms of bold italic letter and the underling lines have the same meaning with those in Table 3.
Table 6. QTL effect (g) for yield per plant conditional on each of its components
T Additive effect Additive ¥ Additive epistatic effect
o QTL a aeq aes aes3 QTL: QTL;j aa aae aaey aaes
YD|PN
Yd{Pnl-1 —-0.22"" 2.08"" -1.86"" Yd|Pnl-1 Yd| Pn6-1 0.54* -0.61"
Yd|Pn2 -0.97" Yd | Pni-2 Yd|Pnd -0.36" 0.53%*
Yd|Prd -1.31"" 1.72" % -—1.40** Yd|Pn2 Yd|Pn3 -2.07* * L. 55" = T Y e 2. Q2R
Yd|PnS 15615 TGt 2061 % 1SN Yd | Pr3 Yd | Pn8 -1.41"" 0.74"
Yd|Pn6-1 1.91** -2.15**  0.4° Yd|Prd Yd|Pnf-2 =S I
Yd|Pnb-2 -0.69%" 0.617 Yd|PnS Yd|Pnll : 0.39%
Yd|Pnl0 0.62* %  0.94% Yd|Pnl2-1 Yd|Pnl2-2 —0.97% "
Yd|Pnll 0.87"
Yd|Pnl2-1 241" -1.36""
Yd|Pnl2-2  0.90*
YDIFG
Yd| Fg3 I Egns: SR IEEFRcs Yd | Fgd Yd | Fg5 -0.96" " 077 -0.49"
Yd|Fg6 —2.02* " Yd|Fgb Yd|Fg8 i -1.32** 1.69% "
Yd| Fg8 0.95*
YD KW
Yd|Kwl-1 —0.82** Yd| Kwl-1 Yd | Kwi2 ~-0.80*
Yd|Kwl-2 1.32%* YdlKwl-2 Yd | Kw8-1 1.40%
Yd|Kw3-1 —0.77° " 0.90* ) Bl Yd!l Kwl-2 Y| Kwd-2 0.52*
Yd|Kwd —-1.64%* 1.73"* -3.34** Yd|Kw3-1 Yd| Kwd 0.34" 1
Y| Kw8-2 i 2.43" " Yd | Kw3-2 Yd| Kwid 0.48% "
Yd| Kwl0 0.46" Yd|Kwd Yd | Kw7 =135 1:18% =(0.95%
Yd|Kwll -0.51** Yd|Kwd Yd| Kwi2 0.66"" —0.44**
Yd | Kws Y| Kw8-2 -1.40*
Y| KwB-2 Yd| Kwll 0.87*

a, aey, aes, aey, aa, aae,, aaey, aaes, * and * * have the same meaning with those in Table 4. The forms of bold italic letter and

the underling lines have the same meaning with those in Table 3.
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4 Discussion

Conditional mapping technique permits detection of
the net QTL effect of the integrated trait excluding the
causal genetic effects of the given component. The u-
nique feature of the conditional mapping approach is that
it exploits the variability of integrated trait conditioned
on variability of the given component to detect QTLs.
In contrast, unconditional mapping for the final inte-
grated trait allows identification of the QTLs based on
the integrated effect of all its components. The variation
in the population caused by such integrated effects can
be made leveled by the opposite effects of the compo-
nents in the formation of the final trait so that some
QTLs will be made undetectable or biased by uncondi-
tional mapping.

In this study, conditional mapping helped to identi-
fy more QTLs for yield conditional on its components
than those detected only for final yield. Other stud-
ies' 191 also indicated that a relative small number of
QTLs for final yield seemed not fitting too much the
complex trait that was generally believed controlled by
many genes. The conditional mapping might give an ex-
planation for this phenomenon and the components con-
tribute to the final yield oppositely, so that many genes
would not be detected.

Practically, the formation of yield is a very complex
biological pathway and genetic dissection of yield seems
considerably difficult. Previous studies using molecular
markers have indicated some putative QTLs controlling
yield and its components. However, in these studies the
phenotypic values of the final trait were used for QTL
mapping. With the conditional approach, not only we
mapped QTLs for yield but also we investigated the net
effects on yield from its components. It was also found
that when compared to other components, full grain

gave the highest contribution in this study. So genetic
investigation on full grain might be also useful in capture
genes for final yield.
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Abstract

The transformation method via pollen-tube pathway has great function in agriculture molecular breeding. This
article is to introduce the mechanism, molecular evidence, technique details and the latest achievement applying this
method. And we compare the advantages and shortages of this method with other transformation pathways. [ Life
Science Journal. 2007;4(1):77 —79] (ISSN: 1097 —8135).

Keywords: pollen-tube pathway; molecular breeding

1 Foundation and Its Theoretical Evidence of the
Transformation Method via the Pollen-tube Pathway

According to Chinese scientist Zhou’s hypothesis in
1979, the normal distant hybridization existed the hy-
bridization of DNA segment'"’, and a new plant trans-
formation method was put forward, it was called the
pollen-tube pathway transformation technique. And het-
erologous DNA was introduced into cotton successfully
in 1983, the new anti-wilt cotton cultivars was ob-
tained®). The technique invented by Chinese scientists
was paid attention to broadly.

After angiosperms’ blooming, pollen bourgeoned
on the stigma and the pollen tube grew. Before pollen
tube entered the ovule, nucelli and embryo sac were
closing entity culture. In process of pollen tube extend-
ing, some cells of nucelli began degenerate and became
pollen tube pathway through which pollen tube could en-
ter embryo sac by nucelli. The pathway was larger than
pollen tube, and then between pollen tube formation and
closing, heterologous DNA could enter embryo sac and
integrate into the zygote cell and the forepart embryo
cells.

2 The Molecular Evidence of the Pollen-tube Pathway
Transformation Technique

The mechanism of the pollen tube pathway trans-
formation was confirmed by isotope tracer method.

Gong'?' labeled cotton total DNA using *H, and injected

the labeled DNA into cotton ovary at 24 hours after the
self pollination. After 30 minutes, *H-DNA was found

“Supported by the National Natural Science Foundation of China
(No. 10505018).
“Corresponding author. Tel:86-371-6776-7728 ; Email : guyunhong

(@zzu. edu. en

in some embryos. Between 2 — 4 hours *H-DNA was
found in more than 80% of embryos. Except the path-
way from micropyle to embryo, there was no isotope
trace autoradio graphy spot in other part of nucelli and
pollen tube which entered the embryo. In addition, it
was observed that micropyle was close state before pollen
tube arrived, and when pollen tube arrived at ovule, mi-
cropyle opened. Experiments confirmed that the nucelli
pathway of pollen tube after self pollination was the only
pathway that heterologous DNA entered the embryo
from micropyle.

Huang'*! transferred GFP gene into cotton and ob-
tained transformed young embryo plants through mea-
surement of flurescence microscope and handled ultravio-
let purple and molecular hybridization. The results pro-
vided dependable cell and molecular biology proofs for
the possibility of pollen-tube transformation technique.

In a reporl‘ls', the gramineous expression vectors
pGU4AGBar and pGBIU4AGBar were used, respective-
ly. The s gna gene, a synthetical agglutinin gene of
Galanthus navies, had been transferred into the winter
wheat varieties Xinong 2208 and Xinong 132 by pollen-
tube pathway. The PCR and Southern blotting analysis
showed that 20 transgenic plants with s gna gene were
obtained. Western blotting analysis revealed that the
target protein was expressed in the transgenic plants.
The transformation frequency was 0.28% —0.84% .

The cryla gene, a synthetical insecticidal crystal
protein gene of Bacillus thuringiensis, was transferred
into the wheat varieties Xinong 2208 and Xinong 132
using the gramineous expression vector pGU4ABBar by
pollen-tube pathway. By PCR and Southern blotting
analysis 27 transgenic plants with cryla gene were ob-
tained. Western blotting analysis showed that the pro-
tein was expressed in the transgenic plants. The trans-
formation frequency was about 1.13% —1.21%"!.
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Wang'”’ transformed bar gene into indica cultivars
E32 and obtained transformed plants which had resis-
tance to herbicide basta. The result confirmed bar gene
had integrated and expressed in transformed plants.

15 seeds of DO were obtained by pollen-tube path-
way transformation method, using plasmid pBI121 with
NPTII gene and GUS gene as donor, and using rice
breed of Teging NO. 2 as transgenic acceptor'®’. 1500
seeds of D1 were obtained by breeding DO seeds. 18
green seedling were obtained when the seeds haired in
the Kana water. Distill the DNA of the green seedling,
using the probe with the NPTII gene segment, the
southern result reported heterologous DNA had integrat-
ed into the rice genome.

The leaf senescence inhibition gene Peyg12- IPT was
used to improve wheat varieties that had disadvantage of
leaf presenility'®). With wheat cultivar Xinong 1376 as
material, 5 transgenic plants were obtained through
pollen tube pathway mediated transformation. By means
of PCR amplification, GUS histochemical analysis, Dot
and Southern blot hybridization, the target gene with
specific promoter was demonstrated to integrate into the
wheat genome already. The Pgago-IPT gene could in-
herit steadily in the most transgenic plants. The leaf cy-
tokinin, chlorophyll, senescence development and agro-
nomical character of transgenic plants were discussed.
The results indicated that Psagpo-IPT gene might
specifically express in the senescent leaf of some trans-
genic plants, and the leaf senescence was obviously de-
layed.

Chalcone synthase-A (CHSA) was a key enzyme in
the biosynthesis of all classes of flovonoids, and ariation
of its expression might affect the colour of flowers.
CHSA gene was cloned from flowers petals of petunia
( Petunia hybrida) just coming into bloom, and was in-
serted into expression vector — pBI121 and pWMI101,
which contains CaMV 35S promoter in a sense-orienta-
tion!'”.  Frist transferred Cyclamen persicum via
pollen-tube pathway of germ line transformation. More
than 4400 seeds were gotten. Among them the trans-
genic plants had altered the flower colour. Yellow or
light yellow spots took on the edge of some petals in 8
plants with white flowers, even the whole petal turned
yellow. Half petal of a few turned peach(Er qiao) a-
mong 3 plants with white flowers, even the whole flow-
er turned peach. PCR assay of the transgenic Cyclamen
plant is positive. )

The above molecular biology evidence found the
theoretical basis for application of pollen-tube pathway
transformation in genetic breeding.

3 Optimization of Pollen-tube Pathway Technique

When heterologous DNA was sent into ovary in
certain time after pollination, the heterologous DNA

could enter into embryo sac by itself. Recombinant plas-
mid with target gene or donor total DNA that the target
gene wasn’ t separated, could use the technique to trans-
form. The technique operation was simple, but some
condition need explore and optimize, for example weath-
er term while transformation, different flower struc-
ture, pollination time, the density of DNA and teach
melting agent.

Maize and cotton had the bigger {lower structure
than others’, and could adopt the ovary injection. But
small flower botany such as rice adopted instilling
method. Both right method and transformation time
were needed to notice. Cotton pollen tube arrived at o-
vary 8 hours after blooming"''!. While 20 hours, the
pollen-tube pathway became. While 20 — 24 hours, bolt
structure became from neck outer edge to ovary, and af-
fected the DNA enter ovary. While 1 — 3 hours after rice
self pollination, 1/3 hull could be removed, and distilled
the heterologous DNAM2). Also some people thought
that 2 — 3 hours after rice sell pollination was fitter.
While 0. 5 — 3 hours after wheat blooming, feather-like
neck could be cut and distilled DNA solution immediate-
Iy'*3. Because 50 hours was needed to complete the fer-
tilization process, the fitter transformation time should
be chosen at 10 — 20 hours after blooming'". The soy-
bean was cleistogamy pollination crop. While 6 hours af-
ter self pollination fertilization started. So 6 hours after
self pollination was a right time to distill DNA solution.
The best period of pollen-tube pathway transformation
technique was 6 — 20 hours after pollination'™®’. Any-
way, it was necessary to choose the right time to trans-
formation, and couldn’t cut neck too early and led to
fertilize disfully and the fruit fall.

The density of the target DNA was also a very im-
portant parameter in transformation. The most suitable
density of different crop was different, for example the
wheat use 100 — 300 pg/ml, also use 700 pg/ml and ob-
tained better transformation result; soybean was 300 —
500 pg/ml; the rice was 100 pg/ml, cucumber was
1000 pg/ml. the certain DNA pure degree was neces-
sary, OD260/0D280 > 1. 8 and 0OD260/0D230 > 2

could meet the request.

4 The Advantages and Shortages of Pollen-tube Path-
way Transformation Technique

The operation of pollen-tube pathway transforma-
tion technique was done at receptor plant, and didn’ t
touch with the receptor cell directly. It had no depen-
dence to species and cultivars. Theoretically, it could
apply in any flower botany. Recombinant plasmid with
target gene or donor total DNA that the target gene
wasn’ t separated, could be used in this technique. And
it wasn’t necessary to know the genetic back of the
donor and the acceptor plant. It wasn’ t restricted by
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genotype.
It needn’t the tissue culture process, and overcame

the technique obstacle of transformation receptor regen-
eration. Seeds could be obtained directly, reduced the
variety possibility in process of vitro transformation, es-
pecially for the plant that it was difficulty to regenerate
in ivtro culture; it had the great application value in
heterologous DNA transformation.

It could be operated in field experiment environ-
ment. Transformation frequency was higher, but need
to be aimed at the flower structure, blooming be-
haviour, fertilization process, temperature and humidity
while transformation. The stability time of transforma-
tion offspring was shorter than traditional breeding pro-
cess. For example, cotton and rice need 3 — 4 generation
to obtain stability variety using the technique. The
shortcoming of the technique was that it could be used
only in blooming botany, and that it could be operated
only in flowers period. If using total DNA to transfor-
mation, some unwanted gene DNA segment would be
transformed. And it was reported the transformation
offspring would bring variety.
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Abstract

Phytoplanktonic diversity and abundance of hill stream Chandrabhaga have been monitored for the present study
from October 2000 to September 2001. A total of 31 genera of phytoplankton belonging to the families Bacillario-
phyceae, Chlorophyceae and Cyanophyceae were identified. These comprised of diatoms (95% ), green algae
(2.8%), blue green algae (1.6% ) and miscellaneous (0.8% ). The diversity of phytoplankton was found to be
maximum during winter and minimum in monsoon. The study revealed that water current, water temperature and
turbidity influenced the diversity of phytoplankton. [ Life Science Journal. 2007;4(1):80 — 84] (ISSN: 1097 —
8135).

Keywords: phytoplankton; algae; hill stream; Chandrabhaga; Himalaya

) The phytoplankton of high altitude cold water are most
1 Introduction distinct than those of any other type of aquatic habitat
and include a large percentage of species which are re-
stricted to this particular habitat. These provide the
main food item of fishes directly or indirectly and can be
used as indicator of the trophic phase of water body.
Phytoplankton abundance is controlled by several physic-
ochemical factors of water. The dominant genera in algal
groupings change not only spatially but seasonally as
physical, chemical and biological conditions change in
water body. A general pattern of seasonal succession of
phytoplankton has been correlated with environmental
factors of many lakes. According to Crayton and Som-
merfield (1979), phytoplankton abundance and species
richness appeared to be influenced by high turbidity,
water velocity, fluctuating water level and age of water.
Many species of river phytoplankton reproduce pro-
lifically in rivers and achieve biomass levels of 250 pg
chlorophyll (Friedrich and Viehweg, 1984; Gliwicz et
al, 1985; Reynolds, 1988, 1994; Reynolds et al,
1994). Diatoms usually dominate in the plankton of
rivers and streams, particularly in winter. Pereniation of
phytoplankton in rivers arises {from surviving periphytic
and benthic populations (Reynolds and Descy, 1996 ).
The present investigation was aimed at determining
quantitative composition of phytoplankton in the hill
stream Chandrabhaga.

The ultimate aim of ecology is to study the interac-
tion of organisms with their environment and the other
organisms living in it (Wilson, 1992; Krebs, 2001).
Riverine ecosystems are the integral and important com-
ponent of freshwater ecosystems. However, the moun-
tain fluvial ecosystem is unique as well as distinct in all
aspects. The Chandrabhaga is a typical perennial hill
stream and is one of the many tributaries of upper
Ganges. The entire stretch of the stream has rich ripari-
an vegetation for providing conducive environment for
the growth of aquatic organisms. Many studies in the
headwater streams have shown that the freshwater con-
tain representatives of benthic flora and fauna, washed
up from the streambed. Continuous downstream move-
ment of clear water with much dissolved and suspended
matter characterize these streams. The limnological pa-
rameter of freshwater bodies is of great significance, as
these play a vital role in restricting the distribution of
any species within a certain range of ecosystem habitat.
High mountain lakes have attracted the interest of lim-
nologists for a long time, mainly because of their ex-
treme climatic and physicochemical conditions. Despite
the large amount of literature available on the spatial and
temporal variations in phytoplankton in lakes, little in-
formation is available on their distribution in hill stream.

2 Investigated Area
“Corresponding  author. Tel: 91-1370-267740; Fax: 91-1370-
267740; Email: drrameshesharma(@ yahoo. com The Chandrabhaga catchment is one of the micro-
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watersheds of the river Alaknanda in the Pauri Garhwal
district of Uttaranchal. Chandrabhaga stream originates
from the Chandrabadni area (2,278 m above m.s.l.)
and make confluence with the river Alaknanda at Bag-
wan (500 m above m.s.l.). The study area is located
between latitude 30°13" 15" — 30°18" 20" N and longi-
tude 78°36'20" — 78°40°18" E.

Three sampling sites, one each in all the three
zones (upper, middle and lower) of the hill stream
Chandrabhaga were selected. The first sampling site
(S;) was selected at Pataun (940 m above m.s. 1. ).
This site was a riffle zone and downstream to the source
of the stream. The substrata of this site constituted
mostly of cobbles and pebbles and only few big boulders
were found in the area. The second site (S,) was select-
ed at Bhatgaon (720 m above m. s. l.) in the middle
stretch of stream. This site was the pool section of the
river. The substrata at this site were constituted of peb-
bles with sand and clay. The third sampling site (S;)
was selected at Bagwan (500 m above m.s.1.) just be-
fore the confluence with the river Chandrabhaga. This
site was a riffle zone with sparsity vegetation. The gen-
eral vegetation of the study area shows the dry climate of
the region. The Chandrabhaga stream is the fourth or-
der stream and has two third order streams except few
first order streams having their discharge through peren-
nial springs which is used by the local inhabitants.

3 Materials and Methods

Monthly sampling was conducted during the period
of October 1999 — September 2000 from all the three
sampling sites for recording physicochemical variables
and phytoplankton density. The water (100 litres) was
sieved through number 20 plankton net, concentrated
into a 60 ml vial and preserved in 5% formaldehyde. 60
ml of samples were concentrated to 20 ml by centrifuga-
tion. A Hensen-Stempel pipette was used to take 1 ml
aliquots into four Sedgewick Rafter counting chambers.
Each cell was then examined under microscope for iden-
tification and counting. The phytoplankton identifica-
tion was done following Welch and Ward and Whipple.

Water temperature was recorded with a centigrade
(0 =110 T ) thermometer. The mean velocity was mea-
sured using electromagnetic current meter ( Model-
PVM-2A). pH was determined by pH meter on the spot
and in the laboratory by control dynamics pH meter
(Model-APX15/C), while turbidity was measured with
the help of Metzer digital turbidity meter. The physico-
chemical parameters were monitored following Apha.

4 Results

4.1 Aquatic environment

Monthly variations in physicochemical attributes

have been presented in Table 1. The air temperature
was found to be maximum in the month of September
(25.3+2.30) and minimum (16.5+2.2) in January.
Maximum water temperature was recorded in June (27
+1) and minimum (14.1+2.02) in the month of Jan-
uary. Water current remained high throughout the year
but it attained the peak value (2.77 +1.77) during
monsoon months ( July-August) due to frequent flash
floods.

Dissolved oxygen was found maximum during the
winter months. Turbidity, free carbon dioxide, ni-
trates, total dissolved solids and phosphates showed a
decreasing trend from October to January and then start-
ed increasing up to August. Nitrate concentration (0.07
+0.002) and phosphate concentration (1+0.01) were
recorded high in winter months. Sodium and potassium
contents in the hill stream Chandrabhaga showed an ir-
regular trend in their concentrations.

4.2 Taxonomic diversity

A total of 31 genera of phytoplankton belonging to
the families Bacillariophyceae ( 18 genera), Chloro-
phyceae (8 genera) and Cyanophyceae (5 genera) were
recorded during the period of investigation ( Table 2).
The largest and most diverse group was the Bacillario-
phyceae (diatoms) which contributed 95.9% of the to-
tal phytoplankton. Achnanthes, Cymbella, Navicula
Amphora, Nitzschia and Fragilara was the dominant
genera among diatoms and was present throughout the
year. While other diatoms like Cocconeis, Diatoma,
Gomphonema and Synedra started appearing from au-
tumn to winter and were absent in monsoon. Few gen-
era like Frustulia, Gyrosigma , Stauroneis and Tabel -
laria occurred irregularly. _

Green algae (Chlorophyceae) contributed 2.65% of
the total phytoplankton. The important genera of green
algae recorded were Spirogyra, Ulothriz, Zygnema ,
Cladophora , Closterium , Cosmarium and Gonatozy-
gon and blue green algae (Cyanophyceae) by Anabae-
ma , Nostoc, Oscillatoria, Polycystic and Rivularia
were less in abundance during monsoon due to increased
turbulence which consequently leads to detachment of al-
gal filaments from the substratum. Similar observations
were made by Sehgal (1992) in river Beas, Dobriyal and
Singh (1988) in river Mandakini, Kala and Sharma
(2001) in river Alaknanda.

Seasonal density of phytoplankton dwelling in the
hill stream Chandrabhaga are presented in Table 3. In
the hill stream river Chandrabhaga maximum phyto-
plankton density was observed in winter (1,009 units/1)
when turbidity (14.6+ 13.3 NTU) and water velocity
(0.67+0.53 m/s) were low. The minimum mean val-
ue of phytoplankton (75. 88 units/1) was recorded dur-
ing monsoon month which may be due to high turbidity
(93.3£35.11 NTU) and high water velocity (2.77 £
1.77 m/s).
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Winter maxima of phytoplankton have also been
recorded by Chakraborty et al (1959) and Pahwa and
Mehrotra (1966) in river Jamuna and Ganga. Kohler

(1993) on river spree has indicated that in majority of
rivers diatoms dominated among the algal communities.

Table 1. Physicochemical characteristics of the aquatic environment of the river Chandrabhaga during the period of October 2000 — Septem-

ber 2001
Oet Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Air temperat- 23.3+ 20.6+ 16.6+ 16.5%* 17.1%* 20.1%x 25 * 30.3+ 31.5+ 27.6+ 24.3+ 253+
ure (T) 2.3 2.08 1.15 2.2 1.6 0.76 1.73 2.08 2.12 1.52 1.52 2.30
Water  tem- 20, 5 + 18. 8 + 14. 6 + 14.1 = 14. 6 17+1 2.3+ 24.6 % 2741 24.3 % 22.3+ 21.61%
perature (T ) 0.5 0.76 L: 1S 2.02 2:11 - 2.08 1.15 = 0.57 0.57 0.57
Water current 1. 3 = 0. 99 0.67+ 0.74+ 0.71+ 0.88+ .04 1.48%f 1.9 2.39+ 2.77+ 1.9+
(m/s) 0.97 0.89 0.53 0.38 0.27 0.42 0.66 0.82 1.19 1.38 177 1.4
Hydro median 0. 71 + 0.73+ 0.69%+ 0.62+ (0.54+ 0.5+ 0.65* 0.59% 079 1.15+ 1.14+ 0.75%
Depth (m) 0.58 0.67 0.66 0.7 0.62 0.72 0.94 0.85 1.16 1:21 1.16 0.59
Transparency 0.42+ 0.43+ 0.32+ 0.28+ 0.28+ (0.32+ 0.39x 0.39+ 0.34+ 0.47x 0.32+ 0.37+
(m) 0.11 0.25 0.11 0.12 0.18 0.32 0.48 0.5 0.38 0.18 0:17 0.16
Turbidity 36 £ 53.3+x 146+ 18.6%+ 33.3+ 283+ 4.3+ 30.3+£ 22.3x 50.6 93.3x 58 +
(NTU) 32.18 51.3 13.3 3.21 Fed7 19.5 14.3 35.2 9.29 10.06 3511 28.47

H 7. 9% 8 t og+0.1 8.1+ 806 801+ B8 13+ 7.73+ 8.13+f£ 8.06x 7.87f 7.93%
P 0.1 0.17 s 0.26 0:15 0.1 0.12 0.2 0.05 0.28 0.12 0.15

s = 178. 3

Alkalinity 155 + 156. 6 153. 3 151. 6 18l. 6 202.3+ 217. 6 221. &

(mg/1) g Rl IR0 Sl Tl S Wil mel s S o % 18
TDS 112.3+  126.6+ 109.3+ 121.2+ 106 = 144.6% 1266 144 + 149.3+ 155.6+ 171 + 113. 3
(mg/1) 15.69 47.25 31 52.78 29.44 48.01 15:27 34.17 26.85 27.6 35.67 +13.3
D.O. 12: 3:%F 13:.6 % 1454 Jdabk 3.0 02 430 13: 13 12+54+ A1 A6 4k 06 10: 93 13: /16
(mg/1) 2.02 1.65 1.1 1.2 1.04 +:1:2 +0.8 125 +0.28 +0.92 - ) 65 *1:25
Free CO, 225 0.93F 0.23.x 024% 0.4 £ 0:22F (dbE 0:21E D.deE 0. 18F 027 A8+
(mg/1} 0.13 0.05 0.02 0.04 0.1 0.14 0.14 0.18 .14 0.16 0.02 0.05
Nitrates 0,05+ 0.06 007t 0,06+ 0.05+ 0.03+ 0.02%£ 0.03+£ 0.06f 0.06F+ 0.04+ 0.03+
(mg/1) 0.005 0. 005 0.002 0.02 0.004 0.005 0.002 0.006 0.007 0.003 0.007 0.005
Phosphates 0,07 0.07x 0.08%f 1  0.08f 0.08+ O0.11x 0.09% 011+ 0.2 % 0.17% 0.12+
(mg/1) 0.008 0.003 0.003 0.01 0.002 0.002 0.005 0.002 0.01 0.01 0.007 0.01
Sadium 5.260 4.3+ 2.86=% 1.73+ 6.6 * 9. 3+ 9 + B 06zt 8. .06z 7 440 5.2+ 3.8+
(mg/1) 1.05 0.5 0.8 1.5 3.9 0.9 0.51 0.57 0.57 ’ 0.45 0.28
Potassium 133’ 1.l6+ ]38+ 1.36+ 1.71%x 1.074& 1.12% 1.18+ 0.49+ (0.8 1.24%+ 0.91z
(mgA1) 0.22 1.02 0.56 0.75 0.27 0.93 1 0.99 0.78 0.77 0.41 0.95

5 Discussion

In the fluvial ecosystem of Chandrabhaga, several
factors were known to influence the distribution of
aquatic floral diversity. In the hill streams water tem-
perature, flow and substrate composition may be consid-
ered as the major factor controlling the phytoplankton
communities (Wetzel, 1983). Factors controlling phy-
toplankton growth includes light, temperature, water
current, substrate, water chemistry and invertebrate
grazing, all these factors have potential effects on peri-
phytonic populations ( Whitton, 1975; Hynes, 1971;
Biggs, 1996). Phytoplanktons are sensitive to velocity
and turbulence of flow in the streams, thus inhibiting
the development of new plankton and suppress any ex-

isting organisms discharged from associated lentic wa-
ters. Thus agitated water of rithron in the Chandraba-
haga support little plankton at S; and S; while maximum
density is recorded at S, the pool section of the stream.
Welcomme (1985) also gave similar observations.
According to Hynes water movement, turbidity,
temperature and nutrients are the main environmental
factors which control the abundance of plankton. Tur-
bidity has a negative impact on the growth of plankton
in the river Chandrabhaga. Similar observations have
been recorded by Hynes (1971) in Volga River. Ellis
states that erosive silt in the rivers acts as an opaque
screen to all wavelengths of light not allowing the phyto-
plankton to carry out photosynthesis. Chandler (1937)
and Cushing (1965) report that mechanical destruction
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of plankton occurs by the grinding action of water heavi-
ly laden with silt. Chankraborty et al (1959) reported
low densities in fast flow areas and high densities in slow
flow areas. Turbidity and water current are the detri-
mental factor which limits the plankton growth during
monsoon. Increased density in winter is due to high
transparency and high dissolved oxygen. Thus, there is
a combined effect of all the physicochemical factors on
the density of phytoplankton in river Chandrabhaga.

The freshwater must be recognized as the blood of
society (Wetzel, 2000), despite the extensive discussion
and evolution of human needs for water of reasonable
quality, it is essential to know how aquatic ecosystem
function in order to manage them successfully. Manage-
ment of stream must be determined in consideration of
its significance for conservation on the basis of which
management priorities and objectives need to be clearly
spelt out.

Table 2. Diversity and seasonal abundance of phytoplankton
dwelling the river Chandrabhaga

Taxon Winter Summer Monsoon Autumn

Bacillariophy_ceae
Achnanthes affinis
. bisoletiana s
. brevipes + - -
. clevei -+t + + + =
. exilis

. [fragilarevides +
. lanceolata

. lanceolata f. capitata
lanceolata var elliptica

lanceolata var rostrata

e S

. ovalis
“alonies bacillum kot = = +
C. silicula + - -

C. beccariana =+ = = =
Ceratoneis arcus + + + = -
Cocconeis placentula teek
C. pediculus + = - +
Cyclotella glomerata + = = =
Cymatopleura spp
Cymbella affinis
C. lacustris + = = =
C. parva +4 + - -
C. turgida + + + +
Diatoma anceps

D. wulgare ot e

.83.

Eunotia arcus

E. pectinalis
Frazilaria capucina
F. intermedia

F. lapponica

F. pinnata
Gomphonema gracile
G . longiceps

G. subtile
Hantzschia spp
Meridion circulare
Navicula bactllum
N. radiosa

N. rostellata
Nitzschia amphibia
N. capitella

N. denticulata
N. dissipata

N. hantzschiana
N. hybrida

N. linearis
Svnedra acus

S. rumpens

S. ulna
Chlorophyceae
Cladophora glomerata
Closterium spp
Cosmarium spp
Hydrodictyon
Microspora
Protococcus
Spirogyra
Gonatozygon

Stegeclonium staganatila

Tetraspora
Ulothriz zonata
Zygnema
Cyanophyceae
Anabaena spp
Nostoc spp
Oscillatoria spp
Polycystis spp
Rivularia spp

+ 4+ + +
+
+
+ + + +

+
+ o+ 4+ + o+ o+ o+ 4+

+

++ 4+

++ +
+ +

+ 4

+ +

+ +

s
+ +
+ +

++

+ +

+ +

++

+ + + ; Abundant; + + : Common;

+: Rare; — :

Absent
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Table 3. Seasonal density of phytoplankton at S;, S; and S; of river Chandrabhaga recorded during October 2000 to September 2001

Sites Phytoplankton Oct 2000 — Sept 2001
Winter Summer Monsoon Autumn
Bacillariophyceae 1795 1213 85 203
S Chlorophyceae 37 36 45 5
Cyanophyceae 7 3 19 2
613+ 1023.75 417.33 £ 689.26 49,66 +33.24 70£115.19
Bacillariophyceae 4830 2988 318 608
S Chlorophyceae 103 103 28 9
Cyanophyceae 42 13 32 1
1658.33+£2746.91 1034.66+1692.23 126 £ 166.28 206+ 348.16
Bacillariophyceae 2230 1761 110 309
5 Chlorophyceae 33 45 30 11
Cyanophyceae 10 6 16 3
757.66 = 1275.13 604 = 1002. 18 52+50.71 107.66 +174. 40
Mean + SD 1009.66 £ 566.39  685.33£316.59 75.88 +43.41 127.88 +70.21
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Abstract

The effective of three soil DNA extraction methods which based on different lytic principles for isolation of the
total farmland microbial DNA were compared and comprehensive evaluated for the yields and purity. The results
show that the chemical-enzymatic-metchanical method got the highest total DNA yield, but with the highest humic
acid contamination which will strongly restrain the following PCR and DGGE analysis. The chemical-enzymatic
method obtained the best DNA with the highest molecular weight and purity and was more propitious to molecular e-

cology study. [ Life Science Journal. 2007;4(1):85—88] (ISSN: 1097 — 8135).

Keywords: molecular ecology; soil microbial DNA; extraction method

phenolic compound and heavy metal' '’ So the critical
step is separation of DNA from humic substance since
these are acid macromolecules. That will interfere with

1 Introduction

Soil is the most important habitat for microbes.

Any change of the environment can influence the compo- the following PCR amplify and other molecular analy-
sition of the microbial community, and a certain envi-  sis'*). Thus, the application of a proper DNA extraction
ronment has its unique microbial composition. So the di-  protocol is critical ). As PCR is critical for the follow-
versity of the microbial community in soil is an impor-  ing molecular analysis, it’ s important to identify the
tant issue in modern soil microbiology[ . Routine meth- ~ DNA function by PCR analysis.

ods for detection of bacteria in soil usually use methods In this study, we compared three DNA isolation

Wthh are based on the CUltUI’E me[h@d, by Wthl’l OnIy melhOdS Wthh sland for three different techniqucs based
0.1% — 3% of the total bacterial population can grow  on their lytic principle. They are the typical delegate of
under laboratory condition with artificial media'?’. So chemical-enzymatic  method, chemical-mechanical
the result can’ t truly reflect the original community =~ method and chemical-enzymatic-mechanical method.
composition of the soil. In order to solve this problem, ~ The three way of soil DNA extraction will be valued

many molecular strategies were introduced to the soil e-  With same samples. Attention was paid to the efficien-

cology study'®). Molecular methods which analyse DNA €Y the quality (.1he fragment size) and the yield of the
different extraction method, and the DNA function will

directly extracted from the soil samples can study micro- : ;
bial diversity in soil samples without cultivation'*> . be compared by PCR with 2 primers.

Now the soil DNA analys.is hd‘-s rep.laced th(.e soil bacterial 3 Materials and Methods

culture to evaluate the microbial diversity in the ecology

study'®). The molecular techniques based on total com- 2.1 Seil sample

munity DNA extracted from soil have been widely ap- The soil was sampled under the ground at the deep

plied”). These include community DNA hybridiza- ©f0 10 cm and 20 — 30 cm respectively on the farm-
tion'®!, single-strand-conformation polymorphism (SS- land, located at Gouzhao of Zhengzhou, China, which

CP) siilyis SPPEREGHS 168 DNAD], e was rotated maize and wheat for more than 10 years.

ing gradient gel electrophoresis (DGGE) and tempera- r:gﬁtsagﬁl}? were stored at =20 C during the experi-
ture gradient gel electrophoresis (TGGE)!”), and so on. 2.2 P;)N " isolation

However, extraction of DNA is not simple, as the soil

_ S Three DNA extraction methods were applied in
contains a number of compounds such as humic acids,

parallel, 5 g sample was used for each method. The key
. _ o § differences of the three methods were listed in Table 1.
Corresponding author. Email: jinyhuang@zzu. edu. cn Method 1 was the chemical-enzymatic method, in
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which the nucleic acids were extracted by the modified
protocol ;' 5 g of soil samples, 13.5 ml of DNA ex-
traction buffer (100 mM Tris pH 8.0 100 mM sodium
EDTA, pH 8.0; 100 mM sodium phosphate, pH 8.0;
1.5 M NaCl; 1% CTAB) and 100 pul Proteinase K (10
mg/ml) in a oakridge tube. Those were mixed with by
horizontal shaking with 225 rpm at 37 C for 30 minutes
to get the sample mixture. Add 1.5 ml of 20% SDS to
the sample mixture and to be incubated for 2 hours at 65
C water bath with gentle inversion each 15—20 min-
utes. To be extracted by the centrifuge with 6000 rpm
for 10 minutes at room temperature and transfer the su-
pernatant to a 50 ml centrifuge tube. Continue to be ex-
tracted two times by adding 4.5 ml of the extraction
buffer and 0.5 ml of 20% SDS with 10 seconds. Vor-
tex, incubating at 65 C for 10 minutes and centrifuge
too. Transfer and combine the three times extraction su-
pernatant to a 50 ml centrifuge tube.

Method 2 was the chemical-mechanical method
which was derived from Kuske’s!'?) method. 10 ml of
TENS buffer (50 mM Tris, pH 8.0; 20 mM disodium
EDTA; 100 mM NaCl; 1% sodium dodecyl sulfate)
was added to 5 g soil samples, then to be mixed thor-
oughly by vortex and to be incubated in a 70 C water
bath for 1 hour. The samples were mixed well at 15-
minute intervals during the incubation, and then were
centrifuged at 6000 rpm for 10 minutes, and the super-
natant was collected. The soil pellet were washed with 5
ml of TEN buffer (TENS buffer without sodium dode-
eyl sulfate) and centrifuged again. Drop the supernatant
and then the soil pellet was re-suspended in 7.5 ml of
TEN buffers and exposed to three sets of thermal shocks
by immersion of the tubes at — 20 C for 10 minutes.
Followed by rapid thawing in a 65 C water bath. After
centrifugation at 6000 rpm, the supernatants were col-
lected.

Method 3 was the chemical-enzymatic-mechanical
method invented by Tsail®!. 5 g soil samples were
mixed with 10 ml of 120 mM sodium phosphate buffer
(pH 8.0) by shaking at 150 rpm for 15 minutes. The
slurry was palletized by centrifugation at 6000 rpm for
10 minutes. The pellet was washed again with phos-
phate buffer, re-suspended in 10 ml of lyses solution I
(0.15 M NaCl; 0.1 M disodium EDTA, pH 8.0) con-
taining 15 mg of lysozyme/ml, and incubated in a 37 C
water bath for 2 hours with agitation at 20 to 30 min-
utes intervals, and then 10 ml of lyses solution I (0.1
M NaCl; 0.5 M Tris-HCI, pH 8.0; 10% sodium dode-
cyl sulfate) was added. Three cycles of freezing in — 20
T and thawing in a 65 C water bath were conducted to
release DNA from the microbial cells in the soil, and
then centrifuged at 6000 rpm for 15 minutes to get the
supernatants.

Each supernatant which got from the different

methods was mixed with an equal volume of chloro-
formisoamyl alcohol (24: 1, wvol/vol). The aqueous
phase was recovered by centrifugation and precipitated with
0.6 volume of isopropanol at room temperature for 1 hour.
The pellet of crude nucleic acids was obtained by centrifuga-
tion at 12000 rpm for 20 minutes at room temperature,
washed with cold 70% ethanol, and re-suspended in
sterile deionized water, and to give a [inal volume of 500

me

Table 1. Treatments for soil sample lyses in different methods

Lyses treatment
Method

Mechanical Chermnical Enzymatic
1 SDS CTAB  Proteinase K
2 SDS Freezing and thawing
3 SDS Lysozyme  Freezing and thawing

The DNA quality and quantity were compared and
estimated by agarose gel electrophoresis and spectropho-
tometry.

Samples of extracted DNA were analyzed in 0.8%
agarose gel containing 1 pg of ethidium bromide per ml.
To determine the quality of extracted DNA, the concen-
tration of DNA in the crude extraction was determined
spectrophotometrically at 260 nm. Spectrophotometric
A260/A280 and A260/A230 ratios were determined to
evaluate levels of protein and humic acid impurities, re-
spectively! .

2.3 PCR analysis

The DNA was purified with the TaKaRa agarose
gel purification kit. And then we used two different uni-
versal primers to amplify the 16s rDNA and the V3 frag-
ments. FF338gc and R518 were used to amplify the V3
fragments sized about 260 bp!”’, BR8 and BL1541 were
used to amplify the 16s rDNA fragments sized about
1500 bpm], and the PCR reaction system and cycling
condition have been described previously'”"'"'. The PCR
products were analysed by electrophoresis in 1. 5% a-
garose gels and ethidium bormide staining.

3 Results

Figure 1 showed that the quality of the DNA ex-
tracted from the two soil samples with the different
method have notable difference. DNA isolated from
method 1 yielded fragments of larger molecular size than
the other method. From the electrophoresis result in the
agarose gel we can see that, the amounts of DNA ex-
tracted from the two samples differed greatly. With the
first method we got high molecular weight and few small
DNA fragment. The fragment is larger than 20 bp. The
DNA got by the other two methods was not very good,
as the fragments of the DNA are not identical and yield
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broad spectra. And the second method is better than the
third one, because it yield lighter broad spectra and
higher molecular size. We can also learn that each
method has a good reproducibility.

Figure 1. DNA extracted with different method. M: Marker di-
gested by A-Hind [l ; B: Blank; Lane 1 and Lane 4: DNA ex-
tracted by method 1; Lane 2 and Lane 5: DNA extracted by
method 2; Lane 3 and lane 6: DNA extracted by method 3.

The effect of three different methods on DNA yield
and purity is apparent in the Table 2. It shows that the
quality and purity of the DNA got from three different
methods are discrepant. The absorbency under 260 nm
stands for the concentration of the DNA, and the ab-
sorbency under 280 nm and 230 nm show us the content
of the protein and humic substance. The purity of DNA
was assessed spectrophotometrically by  calculating
A260/A230 and A260/A280 ratios for humic acid con-
tamination and protein impurities respectively. Though
the quality of the DNA vyield from the first method is
lower than the other two methods, the purity is higher.
So the first method which is based on chemical-enzymat-
ic method is reproducible and has high efficiency.

Table 2. The OD of the DNA extracted by different methods

oD

: Deep
Methed (em) 230 nm 260 nm 280 nm ‘}\22652; :\,;22%2;(
1 0—10 0.319 0.267 0.230 1.161 0.837
10—20 0.267 0.240 0.189 1.270 0.899
2 0—10 0.464 0.361 0.312 1.157 0.780
10—20 0.340 0.239 0.209 1.144 0.703
3 0—10 0.842 0.339 0.409 0.829 0.403
1.079  0.628

10—20 0.653 0.410  0.380

DNA isolated using different methods were ampli-
fied with universal bacterial primers in PCR reactions,
and the result was shown in Figure 2 and Figure 3. PCR
amplification of the 16S rDNA and the V3 fragments
were successful by method 1 and method 2, but failed to
get any PCR fragment by method 3. And the quality
and vyield of the product got by method 1 are best. This
result also indicated that the chemical-enzymatic method
is more suitable for the microbial molecular ecology re-
search.

Figure 2. Agarose gel electroctiophoresis of 16s rDNA amplified by
different DNA. M: DL2000; B: Blank; Lane 1 and Lane 2:
DNA extracted by method 15 Lane 3 and Lane 4: DNA extracted
by method 2; LaneS and Lane 6; DNA extracted by method 3.

Figure 3. Agarose gel electroctiophoresis of the V3 fragments am-
plified by different DNA. M: DL2000; B: Blank; Lane 1 and
Lane 2: DNA extracted by method 1; Lane 3 and Lane 4: DNA
extracted by method 2; LaneS and Lane 6: DNA extracted by

method 3.
4 Discussion

A large number of methods have been published for
the extraction of total microbial community DNA from
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soils' #1123 We can classified them into three kinds

of method by their lytic principles: chemical-enzymatic,
chemical-mechanical and chemical-enzymatic-mechanical
method. Our result shows that with the chemical-enzy-
matic method, we can get the best DNA with high
molecular weight and purity. The help of enzyme and
the chemical substance such as SDS and CTAB can make
the cell lyses more efficiency. But with the freezing and
thawing method, when the cell was destroyed, the
DNA fragments were also broken. So the DNA got with
the other two methods is smeared. So the DNA extract-
ed with the enzyme and chemistry substance is more ef-
ficient. It’s more suitable for the further molecular anal-
ysis.
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Abstract

The effect of contact time and the determination of the kinetic parameters of biosorption of methylene blue
(MB) from aqueous solution onto phoenix tree’s leaves powder are important in understanding the biosorption mech-
anism. The effect of contact time on biosorption quantity was studied at different initial concentration of 30, 70 and
130 mg/1 (295 K), and at different temperatures of 295, 309 and 333 K (initial concentration of 130 mg/1), re-
spectively. The pseudo-first-order model and pseudo-second-order model were adopted to fit the experimental data us-
ing non-linear regressive analysis and both can describe the adsorptive process. But the pseudo-second-order model
was the better choice to express the biosorption behavior according to higher determined coefficient (R?*>0.99) and
the small difference (less than 1 mg/1) between the calculated equilibrium quantity and the experimental equilibrium
quantity, suggesting that the biosorption mechanism be a chemisorption process. The intraparticle diffusion model
was also used to express the adorption process at three steps. The activation energy of biosorption (Ea ) was deter-
mined 15.5 kJ /mol based on the pseudo-second-order rate constants. The lower value of Ea shows that MB biosorp-
tion process by leaves powder may be an activated chemical adsorption. The results show that the process of biosorp-
tion MB is endothermic process and rise in temperature favors the biosorption. [ Life Science Journal. 2007;4(1):89

—93] (ISSN: 1097 —8135).

Keywords: phoenix tree’s leaves powder; biosorption; methylene blue; kinetic; non-linear regressive analysis

waste by cleaners. Like other plant materials, the
phoenix tree’ s leaves contain abundant floristic fiber,
protein and some functional groups such as carboxyl,
hydroxyl and amidogen etc, which make biosorption
processes possible’®). Thus the research is needed to de-
velop an alternative technology for utilizing these leaves.

Several researchers reported plant-leaf used to adsorb
[9-11]

1 Introduction

Many industries use dyes to color their products and
also consume substantial volumes of water. The presence
of small amounts of dyes in water is highly visible and
undesirable!!’. Due to increasingly stringent restrictions
on pollutant content of industrial effluents, it is neces-
sary to remove dyes from wastewater before it is dis-
charged into environment.

Adsorption techniques are proved to be an effective
and attractive process for removal of non-biodegradable
pollutants (including dyes) from wastewater >3, Acti-
vated carbon is commonly used as adsorbent to remove
dyes from wastewater due to its excellent adsorption a-
bility. But the high cost limited its widespread use.

heavy metals from solution , but no research was
reported about the kinetic of dye biosorption onto fallen
leaves.

Methylene blue (MB) is selected as a model com-
pound in order to evaluate the capacity of adsorbents for
the removal of MB from aqueous solutions. The re-
searchers had proved several low-cost biomaterials such
as giant duckweed, sawdust, and rice husk and cereal
chaff could be used for the removal of MB from solu-

Many low-cost adsorbents, including natural materials,
biosorbents, and waste materials from industry and agri-
culture, have been proposed by some workers* 7).

In China many cities have planted phoenix tree’s in
main roads, parks and schools. So a lot of phoenix
tree’s leaves fallen in autumn and often are collected as

*Corresponding author. Tel: 86-371-6776-3707; Fax: 86-371-
6776-7220; Email : rphan67(@zzu. edu. en

tionst 2" 15' . The equilibrium and isotherms of MB ad-

sorption by phoenix tree’s leaves has been studied, but
the kinetic behavior has not been studied' . The aim of
this work was to study the kinetic of the utilization of
phoenix tree’ s leaves powder to adsorb MB from aque-
ous solutions. The kinetic parameters, such as the rate
constant of pseudo-first-order adsorption (k;), the rate
constant of pseudo-second-order adsorption (k;), the

. 89 -




Life Science Jowrnal , Vol 4, No 1, 2007

http://life. zzu. edu. cn

constants of intraparticle diffusion model and the appar-
ent activation energy (Ea ), were calculated to deter-
mine rate constants and adsorption mechanism.
1.1 Kinetic models of adsorption

The models of adsorption kinetics are correlated
with the solution uptake rate, hence these models are
important in water treatment process design. In order to
elucidate the adsorption mechanism and potential rate
controlling step, three kinetic models including the
pseudo-first-order, the pseudo-second-order and intra-
particle diffusion models are tested to fit experimental

data obtained from batch MB adsroption experi-
ments' 7 7187,
1.1.1 Pseudo-first-order rate equation of Lagergren

The pseudo-first-order equation of Lagergren is
generally expresses as follows:

d
d(i!:fel({h‘_(h) (1)
where g.and ¢, are the amount of MB adsorbed per unit
weight of biosorbent at equilibrium and at any time ¢,
respectively (mg/g) and £, is the rate constant of pseu-
do-first-order adsorption (g/mg-min). After integration
and applying boundary conditions, for t =0, ¢ =0, the
form of Eq. (1) becomes Eq. (2):

q.=q.(1—e" ") (2)
1.1.2 Pseudo-second-order rate equation

The pseudo-second-order equation based on adsorp-
tion equilibrium capacity can be expressed as:

= ka(g.—q)? (3)

where k; is the rate constant of pseudo-second-order ad-
sorption (g/mg*min)

Integrating this equation for boundary conditions
for t =0, ¢ =0 gives

s kgq:ﬁ_t

T 1+ byqet
1.1.3 Intraparticle diffusion model

The intraparticle diffusion model is

q.=kit'?+C (5)
where k; is the intraparticle diffusion rate constant (g/
mg*1/2min), C is the intercept.

The valuse of ¢., £y, k2, k;and C,can be deter-
mined using non-linear regressive analysis by least square
sum of difference between calculated values and experi-
mental values through the relation of g, ~ ¢ shown in
Eq. (2), (4), (5), respectively.

1.2 Determination of activation energy
The activation energy for MB adsorption was calcu-

(4)

lated by the Arrhenius equation!'s:'%20]
Fu
k=koe RT (6)

where kg is the temperature independent factor in g/mg
*min, Fa is the apparent activation energy of the reac-
tion of adsorption in J/mol, R is the gas constant,

8.314 J/mol - K and T is the adsorption absolute tem-
perature, K. The linear form is:
E,
Ink = _RT"'IHJ’%(} (7)
When Ink is plotted versus 1/T, a straight line with
slope — Ea /R is obtained.

2 Materials and Methods

2.1 Materials

The phoenix tree’ s leaves powder was obtained
from Zhengzhou city in autumn. The collected materials
were washed with distilled water for several times to re-
move the dirt particles. The washed leal was dried in an
oven at 373 K for 24 hours, then ground and screened
through a set of sieves to get different geometrical sizes
40 — 60 mesh. This produced a uniform material for the
complete set of biosorption tests which was stored in an
air-tight plastic container for all investigations. The re-
sults of element analysis about leal are 45.8% for car-
bon, 5.4% for hydrogen, 36.4% for oxygen, 1.0%
for nitrogen, 0.1% for sulfur.

The stock solutions of MB were prepared in dis-
tilled water. All working solutions were prepared by di-
luting the stock solution with distilled water to the need-
ed concentration. Both leal and MB solution were placed
in a 50 ml conical flask for adsorptive experiment. Fresh
dilutions were used for each biosorption study.

2.2 Methods

The phoenix tree’s leaves of 0.02 g were added to
each 10 ml volume of MB solution (the pH of initial so-
lution is near 7.5). The initial concentrations of MB so-
lution tested were 30, 70 and 130 mg/1, and the experi-
ments were carried out at 295 K in a constant tempera-
ture shaker bath (100 rpm). The samples were then
collected at different time intervals and were cen-
trifuged. Then the samples were analyzed using a UV
spectrophotometer (Shimadzu Brand UV-3000) to mon-
itor the absorbance changes at a wavelength of maximum
absorbance (668 nm).

Batch biosorption tests were also done at different
contacting time at the initial concentration of MB 130
mg/] and the temperatures were controlled with a water
bath at 309 K and 323 K, respectively.

The data obtained in batch mode studies was used
to calculate the MB biosorption quantity at given time.
It was calculated by using the following expression:
_Vicg—e:)

qy it (8)

Where g, is the MB biosorption quantity at the given
time in mg/g, V is the sample volume, ¢ is the initial
MB concentration, ¢, is the MB concentration at related
given time, and m is the dry weight of the biomass.
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3 Results and Discussion

3.1 Effect of contact time on biosorption quantity

Figure 1 showed the effect of contact time on
biosorption quantity per gram leaves powder (g,) at dif-
ferent conditions.

As shown in Figure 1, a third-stage kinetic behav-
jor is evident: a rapid initial biosorption followed by a
slower biosorption rate, then the biosorption is near e-
quilibrium with longer period of much slower uptake.
The values of g, increased quickly at initial stage of
biosorption. The time to reach step of slower biosorption
is significantly different at various initial concentration.
The time is long with initial concentration increasing.

Also from Figure 1, the bigger capacity of MB
biosorption was observed in the higher temperature. It
was due to the increasing tendency of MB ions to adsorb
from the solution to the interface with increasing tem-
perature. The increase of the values of g, at the same
given time with increased temperature indicated that the
biosorption of MB ions onto leaf was endothermic in na-
ture.

3.2 Analysis kinetic constants

Linear regressive analysis method is simple and con-
venient, so it is often used to obtain the isotherm and ki-
netic constants according to the experimental da-
ta2! 2! But different forms of the equation affected
R? values more significantly during the linear analysis.
The non-linear analysis may be a method of avoiding
such errors'2 . In this paper, a non-linear Chi-square of
determination test was used. According to Eq. (2),
(4) and (5), the constant of pseudo-first-order and
pseudo-second-order models were listed in Table 1 using
non-linear regressive analysis. The fitted curves of first
and second kinetic model were shown in Figure 1 and
Figure 2, respectively.

The equilibrium adsorption quantity became larger
with an increase of initial MB concentration. However,
both values of k£, and &, decreased for the increase of the
initial concentration. And all values of %41 and g iheo1) >
ko and Ge(iheo2) increased with the temperature increas-
ing.

From Table 1, the theoretical ¢.(he2) Obtained
from puesdo-second-order model agreed more perfectly
with the experimental (. values than those from
puesdo-first-order model. Furthermore, the determined
coefficients ( R?) of second order model were larger than
those of first order model, respectively. These showed
that the pseudo-second-order biosorption mechanism ap-
pear to produce a better model for adsorption in MB/leaf
systems at the experimental conditions. So the process
could be best described by the second-order equation.
The overall rate of MB biosorption process appeared to

= 9]

be controlled by the chemical process. This suggested
that the rate-limiting step may be the chemical adsorp-
tion'®’ and the pseudo-second-order kinetic model can be
applied to predict the amount of dye uptake at different
contact time intervals and at equilibrium.

60
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Figure 1. The fitted curves of pseudo-first-order kinetic model and
the experimental points at different conditions.
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Figure 2. The fitted curves of pseudo-second-order kinetic model
and the experimental points at different conditions.

The pseudo-second (or first)-order kinetic model
cannot give a definite mechanism of biosorption. So the
intraparticle diffusion model is considered as a rate-limit-
ing step!'®?”). The dye was adsorbed by the exterior
surface of the leaf particle at the beginning of biosorp-
tion, and the biosorption rate was very fast. As the
biosorption of the exterior surface was near saturation,
the MB molecular entered into the leaf particle by the
pore within the particle and was adsorbed by the interior
surface. When the molecular dye diffused in the pore of
the particle, the diffusion resistance increased and the
diffusion rate decreased?®?*!. As MB concentration in
the solution decreased, the diffusion rate became lower
and lower and the diffusion processes reached the final e-
quilibrium stage. Figure 3 was the plot of ¢, ~1/2t with
three-step stage at different experimental conditions.

Table 2 listed the parameters of non-linear regres-
sive analysis according to three adsorptive steps. The
values of k;,, k;» and k;3 increased with initial MB con-
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centration rise. The driving force of diffusion was im-
portant during biosorption processes. The increases of
MB concentration results in increase of the driving
force, which will increase the diffusion rate of the
molecular dye in pore!®2!. The values of &;, increased
with temperature rise, but the values of k;; and ki are

opposite with temperature rise.

As the constants of C in Table 2 is not zero, the fitted
curves of three steps according to non-linear regressive analy-
sis did not pass through the origin, so the biosorption process
may be of a complex nature consisting of both surface adsorp-

tion and intraparticle diffusion':%2%).

Table 1. Kinetic parameters for the biosorption of MB onto fallen phoenix leaves powder at various initial MB concentration and tempera-

ture using non-linear regressive analysis

e 295 K 295 K 295 K 309 K 323 K
Kinetic model 30 mg/1 70 mg/1 130 mg/1 130 mg/1 130 mg/1
Pseudo-first-order equation
k1 (g/mg-min) 0.304£0.019 0.131+0.019 0.101+£0.018 0.130+0.016 0.153+0.02
Qe 1) (ME/E) 13.76 £0.09 31.24+0.72 53.2311.65 55.64+1.12 58.13+£0.70
Gefeq (ME/E) 14.0 33.2 57.8 58.5 60.0
R? 0.900 0. 806 0.776 0.856 0.932

Pseudo-second-order equation
k5 (g/mg+min)

0.0534£0.00185 0.00643+0.00077 0.00250+0.00040 0.00360 £0.00030 0.00432 £0.00009

Je(iheo2) (ME/g) 14.06+0.029 32.98+0.47 57.35+1.28 58.85+0.59 60.84+0.14
Ge(exp) (ME/) 14.0 33.2 57.8 58.5 60.0
R? 0.992 0.950 0.927 0.976 0.998

Table 2. Estimated parameters of intraparticle diffusion model at various stages using non-linear regressive analysis

295 K, 30 mg/1 295 K, 70 mg/1 295 K, 130 mg/1 309 K, 130 mg/1 323 K, 130 mg/1
Step-1
ky /(g/mg+1/2min) 0.949+0.352 3.12+0.82 4.26+0.48 6.56+0.28 7.29+0.90
C, 9.14+1.20 11.70x2.82 19.79+2.09 17.52+0.96 19.18=3.08
R? 0.879 (.934 0.975 0.998 (0. 985
Step-2
ki /(g/mg*1/2min) 0.0582+0.0118 1.33x0.13 2.40+£0.17 1.81+0.04 0.682+0.033
C, 13.24 +0.10 19.80+1.02 28.79+£1.73 38.89+0.1 51.95+0.27
R? 0.924 0.990 0. 985 0.999 0.995
Step-3
k3/(g/mg*1/2min) 0.0380=0.0122 0.151£0.012 0.202+0.035 0.180+0.059 0.0518=0.0280
Cs 13.48+0.15 30.37+0.15 54.47+0.48 §5.37+£0.35 58.61+£0.35
R? 0. 764 (). 982 0.970 0.753 0.632
60 w types o?‘ adsorptigr}: phyf.sical and chemical. Chemical
- //:‘;m g adsorption is specific and involves forces much stronger
4 o MbEpay than physical adsorption. There are two kinds of chemi-
40 4 & 09 K-130mgh cal adsorption including activated and nonactivated ones.
= i o Activated chemical adsorption means that the rate varies
£ 30 e : 3 A i e
< with temperature according to finite activation energy
20 / (8.4 —83.7 kl]/mol) in the Arrhenius equation. In
. nonactivated chemical adsorption, the activation energy
0 =27 : [22] 3 ; :
is near zero'“"'. The values of rate constant from the
5 "3 g E 1*0 1'2 1‘4 !.E

1/2t {min)

Figure 3. Plots of ¢, and 1/2¢ with three-step stage at different
conditions.

3.3 The apparent activation energy of the biosorption
of MB on leaf

The magnitude of activation energy may give an
idea about the type of adsorption. There are two main

pseudo-second-order can be used to calculate the activa-
tion energy of adsorptive process. The energy of activa-
tion (Fa ) was determined from the slope of the Arrhe-
nius plot of Ink, versus 1/T (figure not shown) accord-
ing to Eq. (7) and was found to be 15.5 kJ /mol. These
values are of the same magnitude as the activation ener-
gy of activated chemical adsorption. The positive values
of Fa suggest that rise in temperature favors the
biosorption and the process is an endothermic in nature.
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4 Conclusion

The following conclusions can be drawn:

(1) The phoenix tree’s leaves powder was found to
have a much higher biosorption capacity for removing
MB.

(2) The capacity of MB biosorption on leal powder
increased with an increasing of temperature.

(3) The biosorption kinetics study of MB are good
in accordance with the pseudo-first-order model and
pseudo-second-order model using non-linear analysis and
later is better to express the biosorption process. The in-
traparticle diffusion model also can express the adsorp-
tion at different stage. The biosorption process may be
of a complex nature.

(4) The process of MB adsorbed onto leaf may be
controlled by chemical adsorption. But they have the
lower activated energy, the adsorption may be controlled
by an activated chemical adsorption.
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