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Expression profiles of the extracellular matrix-associated
genes during rat liver regeneration
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Abstract: It has been well known that the extracellular matrix (ECM) plays an important role in cell polarization, cell adhe-
sion, cell proliferation, morphogenesis and differentiation. For the sake of the further in-depth investigation of the changes
and actions of ECM in liver regeneration (LR) at gene transcriptional level, the ECM-associated genes were obtained by
databases searching and literature retrieving, subsequently their expression profiles in rat regenerating liver were detected
using Rat Genome 230 2.0 array, then LR-associated genes were identified based on comparison of the gene expression
difference between sham operation (SO) group and partial hepatectomy (PH) group. A total of 97 genes were verified to be
LR-associated. The initially and totally expressed number of these genes occurring in initial phase of LR, GO/G1 transition,
cell proliferation, cell differentiation and structure-functional reconstruction were 49, 19, 43, 5 and 84, 51, 369, 144, respec-
tively, illustrating that expression of the ECM-associated genes were initiated mainly in the early phase, working in differ-
ent phases. Their expression similarity was classified into 5 groups including only up-, predominantly up-, only down-,
predominantly down-, and equal in up-regulated and down-regulated, involving 38, 21, 21, 10 and 7 genes, respectively; the
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number of up-regulated expressed genes and down-regulated expressed ones was 411 and 186; their expression patterns
were categorized into 24 types, showing that the physiological and biochemical activities in LR were characterized by phase,
diversity and intricacy. According to expression profiles and expression patterns of the ECM-associated genes in LR, it was
confirmed that the levels of the below-listed genes in expression increased at the corresponding phases of LR, including
fibronectin-associated genes at early phase in LR, and collagen-associated genes at middle phase.
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Table 1 Expression abundance of 97 extracellular matrix-associated genes during rat liver regeneration
Name Gene Associated Fold Name Gene Associated Fold
Abbr. to difference Abbr. to
1 Collagen procollagen, type , alpha 6 Col4a6 7.7,0.38
prolyl-4 hydroxylase 2 P4ha2 7.2 procollagen, type , alpha 1 Col3al 6.5,0.31
prolyl-4 hydroxylase 3 P4ha3 4.9 Usher syndrome 2A Ush2a 4.9,0.31
annexin A2 Anxa2 4.5 procollagen, type XV Col15a1 4.7,0.32
procollagen C-endopepti-
procollagen, type , alpha 1 Col12al 4.2 dase enhancer protein Pcolce 4.2,0.29
dentin sialophosphoprotein Dspp 3.4 procollagen, type , alpha 1 Col2al 3.8,0.30
lysyl oxidase Lox 3.3 procollagen, type , alpha 4 Coldad 3.7,0.40
serine proteinase inhibitor, .
procollagen, type , alpha 1 Col9al 3.2 clade H, member 1 Serpinhl 3.6,0.36
procollagen, type XV ,alphal Col18al 3.1 neurofibromatosis 1 Nfl 3.2,0.22
procollagen, type , alpha 2 Colla2 3.0 procollagen, type , alpha 1 Colllal 3.1,0.34
integrin alpha 1 *Itgal 2.9 thrombospondin 4 Thbs4 2,3 2.6,0.29
procollagen-lysine, 2-oxo-
elutarate 5-dioxygenase | Plod1 2.5 procollagen, type , alpha 2 Col4a2 2.6,0.18
procollagen, type , alpha 1 Col4al 2.3 kallikrein 6 KIk6 24,041
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Name Gene Associated Fold Name Gene  Associated Fold
Abbr. to difference Abbr. to
collagen, type V, alpha 2 Col5a2 2.2 leprecan 1 Leprel 0.38
procollagen, type XIV, alpha 1 Coll4al 2.1 procollagen, type , alpha 2 Col6a2 6.9,0.29
s_ecreted acidic cysteine Sparc 2.1 2 Fibronectin
rich glycoprotein
forkhead box C2 Foxc2 2.0 thrombospondin 4 Thbs4 3 2.6,0.29
coagulation factor 5 F5 0.46 cartl%age ollgomerlc Comp 2.0,0.22
matrix protein
ATPase, Cut+ transporting, Atp7a 6 038 | tenascin C Tne 8.6, 0.50
alpha polypeptide
nidogen 2 Nid2 0.31 3 Laminin
procollagen, type XXIV, alpha 1 Col24al 0.29 integrin alpha 7 ltga7 4.4
procollagen, type , alpha 1 Col7al 0.25 laminin, alpha 5 *Lamab 3.8
discoidin domain receptor Ddr2 0.15 | laminin, alpha 1 *Lama 2.5
family, member 2
pancreatic trypsin 1 Prssl 0.06 laminin, alpha 3 *Lama3 2.3
pancreatic trypsin 2 Prss2 39.4, 0.38| integrin, alpha 6 Itga6 2.0
procollagen, type XV, alphal Coll7al 14.9, 0.38| sonic hedgehog homolog Shh 2.8,0.47
procollagen, type , alpha 1 Col8al 12.0, 0.50| thrombospondin 4 Thbs4 2 2.6,0.29
Lumican Lum 5 10.3, 0.06| laminin, gamma 1 *Lamcl 2.5,0.38
procollagen, type , alpha | Coll0al 9.8, 0.25 || 4 Glycosaminoglycan
mannosidase, alpha,
UDP-glucose dehydrogenase Ugdh 23 class 1C, member 1 Manlcl 2.6,0.38
ceroid-lipofuscinosis, neuronal 6 CIn6 0.47 carbohydrate sulfotransferase 3  Chst3 2.5,0.43
N-sulfoglucosamine
xylosyltransferase Xylt2 0.39 sulfohydrolase Sgsh 4 3.4,0.41
hexosaminidase B Hexb 0.37 6 Elastin
sulfatase modifying factor 1 Sumfl 0.35 cyclin A2 Ccna2 45.1
transforming growth factor, connective tissue *
beta receptor Tgfbrs 0.33 growth factor Ctof 139
xylosylprotein betal, 4-gala- . 1
ctosy ltran sferase, polypeptide 7 B4galt7 5 2.8,0.27 | lysyl oxidase-like 3 LoxI3 49
UDP-N-acetyl-alpha-D-galacto-
samine:polypeptide Galnt5 2.3,0.20 | lysyl oxidase-like 2 LoxI2 3.5
N-acetylgalactosaminyltransferase 5
latent transforming growth factor .
beta binding protein 4 Ltbp4 2.1,0.35 | lysyl oxidase Lox 1 33
arylsulfatase B Arsh 2.1 elastin microfibril interfacer 2 Emilin2 3.0
N-sulfoglucosamine sulfohydrolase Sgsh 5 3.4,0.41 | fibrillin 1 Fbnl 2.8
SProteoglycan biglycan Bgn 2.1
CDA47 antigen Cd47 6.5 fibulin 1 Fbinl 0.41
glypican 1 Gpcl 3.5 angiotensin  receptor, type 2 Agtr2 0.38
intercellular adhesion molecule 1 Icaml 30 | ATPase, Cutt transporting, Atp7a 1 0.38
alpha polypeptide
lipase, hepatic Lipc 0.47 fibulin 2 Fbin2 0.33
interleukin 17F 117f 0.14 microfibrillar-associated protein 2 Mfap2 0.19
Lumican Lum 1 10.3, 0.06 | fibrillin 2 Fbn2 6.1,0.32
chondroitin sulfate proteoglycan 2 Cspg2 6.8,0.45 | ficolin A Fcna 34,031
exostoses-like 2 Extl2 5.6, 0.17 | elastin microfibril interfacer 3 Emilin3 2.3,0.31
procollagen, type , alpha 1 Col2al 1 3.8, 0.30 | elastin microfibril interfacer 1 Emilinl 16.0
chondroitin polymerizing factor D1bwg136e 3.2,0.29 || Interleukin 1 beta 111b 0.35
procollagen, type , alpha 1 Colllal 1 3.1,0.34 || fibroblast growth factor 2 Fgf2 2.1,0.50
Xylosylprotein betal, 4-galac- Bagalt? 4 28,027

tosy ltra-nsferase, polypeptide 7

*.

*: Reported genes associated with liver regeneration.
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Fig. 2 Expression similarity and time relevance clusters of 97 ECM-associated genes during rat liver regeneration

Detection data of Rat Genome 230 2.0 array were analyzed by H-clustering. Red: Upregulated genes, among which the ones enhancing ECM formation
were dominant; Green: Downregulated ones, among which the ECM formation-inhibiting genes took up a relatively large portion; Black: No alteration
in expression. The upper and right trees represent expression cluster and time series clusters respectively, by which the above genes are classified into

5 and 6 groups separately.
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Fig. 3 expression patterns of 97 ECM-associated genes during rat liver regeneration

Expression patterns were obtained by the analysis on the detection data of Rat Genome 230 2.0 array with Microsoft Excel. 1-13: 38 upregulated genes;
14-21: 21 downregulated genes; 22-24: 38 up/downregulated 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.
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