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1) Inamatsu M., Matsuzaki T., Iwanari H. and Yosizato K.
Establishment of Rat Dermal Papilla Cell Lines that Sustain the Potency to Induce Hair Follicles from
Afollicular Skin
The Journal of Investigative Dermatology 111, 767-775 (1998)
Summary m Dermal papilla cells in culture show a lower proliferative capacity compared to dermal
fibroblasts and lose their in situ potency to induce hair follicles in the epidermis at more than 10 passage
numbers. The present study overcomes these limitations of cultured papilla cells and for the first time
demonstrates that papilla cells can be serially cultured for a long period without losing their hair-inductive
potency. Outgrowth and the ensuing proliferation of papilla cells were markedly stimulated when explants
of rat vibrissa papillae were cultured with rat sole-derived keratinocytes. Such feeder effects of the
keratinocytes could be replaced to some extent with conditioned medium of the cells. Serial cultivation of
papilla cells was established by maintaining them in the conditioned medium in which they were
subcultured for more than 90 passages with an approximate population doubling time of 30 hr, a value
similar to that of rat dermal fibroblasts. During the subculture, they showed morphological characteristics
and phenotypic expressions of original papilla cells. Even after at least 70 passages, papilla cells sustained
the innate hair follicle inductive ability at a level comparable to that of intact dermal papillae. The
established cell lines did not show tumorigenicity when they were subcutaneously implanted into nude
mice. The culture method developed in this study should facillitate the search for a biochemical entity of
dermal papilla cells.

2) Sato H., Funahashi M., Kristensen D.B., Tateno C. and Yosizato K.
Pleiotrophin as a Sweiss 3T3 Cell-Derived Potent Mitogen for Adult Rat Hepatocytes
Experimental Cell Research 246, 152-164 (1999)
Summary mRat parenchymal liver cells were cultured in the presence of lethally treated Swiss 3T3 cells.
This coculture allowed hepatocytes to produce colonies containing more than 300 cells in 30 days.
Hepatocytes in colonies appeared morphologically normal and some of them were suggested to have
bipotental differentiation capacity. The initial growth stimulatory activity of the feeder cells was
replaceable with their conditioned medium(CM).Biochemical analysis of an active principle in the 3T3
cell-CM identified pleiotrophin. Pleiotrophin purified from the 3T3 cell-CM, recombinant human
pleiotrophin, chemically synthesized human pleiotrophin, and midkine promoted the growth of
hepatocytes as well. Reverse transcription-polymerase chain reaction clearly showed that the synthesis of
mRNA of pleiotrophin was stimulated in the regenerating liver induced by either partial hepatectomy or
the treatment with D-galactosamine, strongly suggesting a biological significance of pleiotrophin in the
proliferation of hepatocytes in vivo. From these results we concluded that pleiotrophin is a new potent
growth factor for adult parenchymal hepatocytes.This study indicates the importance of mesenchymal
stimulation for the growth of adult rat hepatocytes.

3) Hino H., Tateno T., Yamaski T., Katayama S., Kohashi T. and Yosizato K.
A Long-term Culture of Human Hepatocyte Which Show a High Growth Potential and Express Their
Differentiated Phenotypes
Biochemical and Biophysical Research Communications 256, 184-191 (1999)
Summary mThe present study succeeded for the first time in cultivating human hepatocytes for more
than 2 months which showed a high growth potential and expressed their differentiated phenotypes.
Constituents of culture medium were critical for this culture and the medium optimized for the growth
contained human serum, Swiss 3T3-cell conditioned medium, fetal bovine serum, L-ascorbic acid 2-



phosphate, epidermal growth factor, nicotinamide, and dimethylsulfoxide. Hepatocytes steadily replicated
and formed colonies which continued to increase in size up to around 35 days. The number of hepatocytes
in the most replicative colonies increased 17-fold during 31 days. Cells in colonies expressed normal
differentiated hepatocytic phenotypes for as long as 35 days. The hepatocytes secreted albumin, and
metabolized lidocaine and D-galactose at least until 70 days.
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4) Tateno C, Takai-Kajihara K, Yamasaki C, Sato H, and Yoshizato K.
Heterogeneity of growth ability of adult rat hepatocytes in vitro.
Hepatology, 2000, 31, 65-74
Summary m Nearly pure populations of small hepatocytes (SHs), parenchymal hepatocytes (PHs), and
nonparenchymal cells (NPCs) were prepared from the adult rat and co-cultures of hepatocytes and NPCs
were reconstituted from them firstly to obtain the direct evidence that NPCs promote the growth of
hepatocytes and secondly to compare the growth potential between SHs and PHs. SHs and PHs
underwent multiple divisions when co-cultured with NPCs, whereas neither SHs nor PHs formed colonies
at 10 days when cultured alone. Stellate cells in the NPCs were demonstrated to be responsible for this
growth promotion. SHs showed a higher growth capacity than PHs. To clearly demonstrate the
relationship between the growth potential and the size of hepatocytes, SHs and PHs were further
fractionated by a fluorescence-activated cell sorter, because the size distribution of SHs and PHs was half
overlapped. SHs produced two cell populations, SH-R2 and SH-R3. The former showed a greater extent
of granularity and autofluorescence than the latter. In contrast, PHs produced only one population (PH-
R2) which corresponded to the SH-R2. The size of hepatocytes of SH-R3 was smaller (17.1 + 0.2 mm)
than those of SH-R2 (22.6 + 0.5 mm) and PH-R2 (24.1 + 0.1 mm) and there was not a significant overlap
in the size distribution between the two groups. The hepatocytes of SH-R3 were highly replicative and 4
or 5 times higher in their growth potential than those of SH-R2 and PH-R2. We concluded that the growth
potential of hepatocytes is heterogeneous and is correlated with their size, and the extent of their
granularity and autofluorescence.

5) Kristensen, D. B., Imamura, K., Miyamoto, Y., and Yoshizato, K.
Mass spectrometric approaches for the characterization of proteins on a hybrid quadrupole time-of-flight
(Q-TOF) mass spectrometer.
Electrophoresis 21, 430-9. (2000)
Summary m This study demonstrates structural and conformational characterization of proteins by
nanoflow electrospray ionization (nanoESI) mass spectrometry (MS) and tandem mass spectrometry
(MS/MS) utilizing a quadrupole time-of-flight (Q-TOF) mass spectrometer (Micromass, Manchester,
England). Model peptides were successfully sequenced at the 35 attomole (amol) level, and peptides
derived from a tryptic in-gel digest of 25 femtomole (fmol) bovine serum albumin (BSA) were
successfully sequenced. The results demonstrated that the MS/MS sensitivity of the Q-TOF clearly
surpassed the detection limit of the silver stain. A silver destaining step greatly improved the mass
analysis of peptides derived from in-gel digests. Interestingly, sequence analysis revealed BSA residue
424 (tyrosine) as a potential chlorination site. In addition, a modified procedure was successfully used to
extract and measure the masses of two-dimensional polyacrylamide gel electrophoresis (2-D PAGE)-
resolved proteins in the 10-68.5 kDa range. The Q-TOF was also used to monitor conformational changes
of proteins. These experiments demonstrated an acid-induced denaturation of BSA in the pH 3-4 range,
and heat-induced unfolding of cytochrome c between 50 and 60 degrees C. Finally, Zn2+ binding was
demonstrated for the carbonic anhydrase apoprotein. In summary, the wide range of applications and the
high quality of the experimental data made the Q-TOF mass spectrometer a powerful analytical tool for
protein characterization.

6) Kristensen, D. B., Inamatsu, M., Matsuzaki, T., and Yoshizato, K.
Analysis of the rat dermal papilla cell proteome.
Exp Dermatol 8, 339-340. (1999).
Summary mThe darmal papilla cells are a specialized group of fibroblastlike cells located in the bulb
region of the mammalian hair follicle. These cells play a crucial role in the formation and differentiation
of the hair follicle. Experiments have shown that cultured dermal papilla cells can induce hair growth and
follicle formation when implanted into quiescent hair follicles and under afollicular epidermis,
respectively(1,2).The aim of this project is to study the role of dermal papilla cells in the formation and
differentiation of the mammalian hair follicle. As an approach to this aim we are currently establishing a
two-dimensional(2-D)gel protein database of the proteins expressed by rat dermal papilla cells. This
database will ultimately be used to perform qualitative as well as quantitative analysis of the protein
composition-or proteome-of rat dermal papilla cells, with the aim of identifying components or pathways
that are involved in the formation and differentiation of the mammalian hair follicle. Special emphasis is
put on the identification of dermal papilla cell specific proteins, by comparing protein expression in the



dermal papilla cells and normal skin fibroblasts. Although these two cell types show many similarities,
only the dermal papilla cells have the ability to induce hair follicle formation.

7) Asahina, K., Utoh, R., Obara, M., and Yoshizato, K.
Cell-type specific and thyroid hormone-dependent expression of genes of a1(I) and a2(I) collagen in
intestine during amphibian metamorphosis.  
Matrix Biology 18, 89-103. (1999)
Summary m Both the epithelium and the mesenchyme of the larval small intestine of anurans
undergoes metamorphic conversion into the adult counterparts. The conversion of the mesenchyme has
been poorly understood especially at the molecular level, whereas the changes of the epithelium have
been extensively studied. The present study investigated the metamorphic changes of the mesenchyme of
tadpoles of bullfrog, Rana catesbeiana, focusing on the expression of genes of type I collagen. By using
the cDNA clones coding for 1(I) and 2(I) collagen as probes, expression of each collagen gene was
examined. These genes were drastically up-regulated at the climax period of spontaneous metamorphosis,
which was precociously mimicked by treating tadpoles with thyroid hormone. The increased expression
of these genes at the climax stage was well correlated with the conversion of the thin larval mesenchyme
to more thick and dense adult connective tissues of the intestine. In situ hybridization identified the
fibroblasts that were actively expressing the collagen genes and, therefore, were thought to be responsible
for the remodeling. These results strongly suggest that the expression of type I collagen genes is regulated
during the intestinal remodeling in a cell-type specific and thyroid hormone-dependent manner.

8) Asahina, K., Obara, M., and Yoshizato, K.
Expression of genes of type I and type II collagen in the formation and development of the blastema of
regenerating newt limb.
Developmental Dynamics 216, 59-71. (1999)
Summary m We cloned cDNAs of alpha1(I) and alpha1(II) collagen, and studied their expression
profiles in regenerating limbs of newts, Cynops pyrrhogaster. The expression of the alpha1(I) gene was
markedly up-regulated at the early bud stage of the blastema. In situ hybridization experiments revealed
that the alpha1(I) gene was expressed in not only mesenchymal cells of the blastema, but also the basal
cells of the wound epidermis at the wound healing stage when the epidermal basement membrane was
absent. This unique expression continued until 21 days (late bud stage), while the basement membrane
began to form at 14 days. These results indicate biochemical differences between the wound and normal
epidermis, and suggest the direct involvement of the former in the synthesis of blastemal matrices of type
I collagen. Actually, immunohistochemistry revealed that type I collagen began to be deposited beneath
the wound epidermis at 8 days, and accumulated there and around blastemal mesenchymal cells at 14 to
21 days. Undifferentiated mesenchymal cells associated with the amputated muscle fibers actively
expressed the alpha1(I) gene. Mesenchymal cells in the central region of blastemas deposited type I
collagen fibers around them. Concomitantly with the appearance of prechondrocytes, the alpha1(II)
collagen gene became activated. The present study clearly shows that the expression of the genes of both
type I and type II collagen in blastemal cells is temporally and regionally well-regulated in a cooperative
manner. Dev Dyn 1999;216:59-71. Copyright 1999 Wiley-Liss, Inc.

9) Tomita, M., Yoshizato, K., Nagata, K. and Kitajima, T.
Enhancement of secretion of human procollagen I in mouse HSP47-expressing insect cells.  
J Biochem., 126, 1118-1126, (1999)
Summary m We previously demonstrated that insect cells were able to synthesize recombinant human
procollagen I as triple-helical heterotrimers when transfected with cDNAs of both pro�1(I) and pro�
2(I) chains. However, most of the heterotrimers were retained within the cells unlike mammalian cells
(Tomita, M., Kitajima, T., and Yoshizato, K. (1997) J. Biochem. 121, 1061-1069). As an attempt to
improve the secretion of the heterotrimers, we in this study introduced the putative collagen-specific
chaperone, HSP47, into this insect expression model of human procollagen I. Mouse HSP47 produced by
the insect cells intracellularly bound to both human pro�1(I) and pro�2(I) chains. Coexpressed HSP47
enhanced the secretion of procollagen I heterotrimers. HSP47 was also coexpressed with either of pro�
1(I) chains or pro�2(I) chains, which showed that HSP47 enhanced the secretion of the former but not
the latter. This selective effect of HSP47 was similarly observed in the cells treated with inhibitors of
procollagen triple helix formation, indicating that HSP47 can also accelerate the secretion of non-helical
procollagens. HSP47 did not change the intracellular solubility of pro�1(I) and pro�2(I) chains in 1%
NP-40, eliminating the possibility that HSP47 prevents pro� chains from aggregating into insoluble
forms within the insect cells. We concluded that HSP47 can play a role for the secretion of �1(I)-
procollagen chains in the insect cell model. The present study also demonstrated the dissimilarity in the
mechanism of the folding and the secretion of the expressed procollagen I between the insect and
mammalian cells.

10) Yoshizato, K.,Tsukahara M.,Oki T.,Hayashi M.,Obara M.
The Interaction of cellular Fibronection with collagen During Fibroblast-Mediated Contraction of



Collagen gels.
The Society for Investigative Dermatology Vol.4 No.2 September 1999
Summary mIn the first instance highly hydrated collagen gels contract to dense and compact gels when
populated by fibroblasts. We previously reported the involvement of fibronectin(FN) in an early process
of the collagen gel contraction, utilizing a specific monoclonal antibody dubbed A3A5(MoAb-A3A5) that
inhibits the gel contraction. This study was performed to further characterize the role of the epitope for
MoAb-A3A5 in the interaction between fibroblasts and collagen fibrils. Although both cellular
FN(cFN)and plasma FN(pFN)were reactive with MoAb-A3A5,the FN that actually participates in a
process of the gel contraction was shown to be cFN. The gel contraction was significantly accelerated
when fibroblasts were pretreated with excess amounts of cFN and was significantly inhibited when the
collagen molecules were pretreated with excess cFN. Such effects of the pretreatments were not observed
for pFN. The involvement of cFN, but not pFN, in the interaction of fibroblasts with collagen fibrils was
additionally shown by the similar inhibitory action of cFN, but not pFN, on the spreading and elongation
of fibroblasts on collagen fibrils. The epitope for MoAb-A3A5 was strongly suggested to be a new
functional domain responsible for the interactions between fibroblasts and native callagen molecules. This
was not the case for those with denatured one, because fibroblasts on collagen fibrils were not stainable
with MoAb-A3A5,whereas the interactions on gelatin were stainable. The lack of the reactivity of
fibroblasts on collagen fibrils toward MoAb-A3A5 was not a result of the absence of FN on the cell
membrane, but seemed to be a steric hindrance to the access of the antibody.

11)Nishikawa K.,Tazawa I.,Uchiyama K.,Yoshizato K.
Expression of helix-loop-helix type negative regulators of differentiation during limb regeneration in
urodeles and anurans
Develop. Growth Differ(1999) 41,731-743
Summary m The urodele is capable of regenerating its limb by forming a blastema even in the adult.
By contrast, the anuran, which is phylogenetically close to the urodele, loses this ability during
metamorphosis and forms blastema-like tissues that develop only into a spike-like structure in the adult.
In order to compare the molecular mechanism of the formation and maintenance of the blastema between
the urodele and anuran, the genes encoding helix-loop-helix (HLH) type negative regulators of
differentiation were characterized for both the Japanese newt, Cynops pyrrhogaster, and African clawed
frog, Xenopus laevis. Cynops homologs of Id2, Id3, and HES1 and Xenopus Id2 were identified. To learn
the roles of these genes in regeneration, their expression was examined. The expression of Id2 and Id3
was low in unamputated limbs, but was up-regulated in blastemas of both adult newt and Xenopus.
Interestingly, transcripts of the two Id genes showed specific localizations in the blastema and the
expression patterns were very similar in both species through the early to medium bud stage. Id2 was
expressed predominantly in the blastemal epidermis, and Id3 was expressed equally in the blastemal
epidermis and mesenchyme including cells in precartilage condensations. HES1 expression was up-
regulated in the newt blastemal epidermis. It was thought that the up-regulation of these genes in the
epidermis was related to the proliferation of the cells and that increased expression of these genes in the
mesenchyme was related to the undifferentiated state of the blastemal cells. These results and
considerations strongly suggested that the state of differentiation is similar in the early to medium bud
blastema of both urodeles and anurans. The expression of Id3 remained high through to the digits stage in
newts. In contrast, its expression in Xenopus decreased in spike-like regenerates, which correspond to
palette-digits stage of newt regenerates. From these results, it was suggested that the blastema
redifferentiates earlier in the frog than in the newt, and therefore the timing of redifferentiation of the
cartilage is crucial for complete regeneration.
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12) Katayama, S., Tateno, C., Asahara, T., and Yoshizato, K.
Size-Dependent in Vivo Growth Potential of Adult Rat Hepatocytes,
The American Journal of Pathology, 158, 97-105, (2001)
Summary m  The present study was performed to determine whether hepatocytes show a size-
dependent growth in vivo utilizing as a growth assay system, a retrorsine/partial hepatectomy model of
dipeptidyl dipeptidase IV-deficient (DPPIV-) mutant Fischer rats. Nearly pure populations of small
hepatocytes (SHs) and parenchymal hepatocytes (PHs) were prepared from DPPIV+ rats. The same
number of these SHs and PHs was transplanted into the liver of retrorsine-treated and two-thirds partial
hepatectomized DPPIV- rats. At 21 days post transplantation, colonies derived from donor hepatocytes
were detected as DPPIV+ cells by enzyme-histochemistry. SHs were about 3 times more proliferative than
PHs (673 + 25 cells /colony versus 226 + 10 cells, mean + SE). SHs were subfractionated by a
fluorescence-activated cell sorter into SHs-R2 and SHs-R3. SHs-R3 showed a lower extent of granularity
and autofluorescence, and a smaller size than SHs-R2 which showed characteristics similar to PHs. The
growth potential of SHs-R3 assayed as above was about 3 times higher than that of SHs-R2 (1,101 + 46
cells/colony versus 341 + 13 cells). These results indicate that the in vivo growth potential of hepatocytes



is heterogeneous and is correlated with their size, and the extent of their granularity and autofluorescence.

13) Kristensen D.B., Kawada, N., Imamura, K., Miyamoto, Y., Tateno, C., Seki, S., Kuroki, T., and
Yoshizato, K.
Proteome Analysis of Rat Hepatic Stellate Cells,
HEPATOLOGY, 32, 268-277, (2000)
Summary mProteome analysis was performed on cellular and secreted proteins of normal(quiescent)and
activated rat hepatic stellate cells. The stellate cells were activated either in vitro by cultivating quiescent
stellate cells for 9 days or in vivo by injecting rats with carbon tetrachloride for 8 weeks. A total of 43
proteins/polypeptides were identified, which altered their expression levels when the cells were activated
in vivo and/or in vitro. Twenty-seven of them showed similar changes in vivo and in vitro, including up-
regulated proteins such as calcyclin, calgizzarin, and galectin-1 as well as down-regulated proteins such
as liver carboxylesterase 10 and serine protease inhibitor 3.Sixteen of them showed differrent expression
levels between in vivo and in vitro activated stellate cells. These results were reproducibly obtained in 3
independent experiments. The up-regulation of calcyclin, calgizzarin.and galectin-1 as well as the down-
regulation of liver carboxylesterase 10 were directly confirmed in fibrotic liver tissues. Northern blots
confirmed up-regulation of the messenger RNAs(mRNAs)of calcyclin, calgizzarin, and galectin-1 in
activated stellate cells, indicating that these changes were controlled at the mRNA level.In addition a list
compiling over 150 stellate cell proteins is presented. The data presented here thus provide a significant
new protein-level insight into the activation of hepatic stellate cells,a key event in liver fibrogenesis.
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14�Kawada, N., Kristensen, D. B., Asahina, K., Nakatani, K., Minamiyama, Y., Seki, S. and Yoshizato,
K.
Characterization of a stellate cell activation-associated protein (STAP) with peroxidase activity found in
rat hepatic stellate cells.
J. Biol. Chem. 276, 25318-25323 (2001) Erratum in 276 (2001) 47744-47745
Summary mliver-specific pericyte, led to the discovery of a novel protein named STAP (stellate cell
activaion-associated protein). We cloned STAP cDNA. STAP is a cytoplasmic protein with molecular
weight of 21,496 and shows about 40% amino acid sequence homology with myoglobin. STAP was
dramatically induced in in vivo activated stellate cells isolated from fibrotic liver and in stellate cells
undergoing in vitro activation during primary culture. This induction was seen together with that of other
activation-associated molecules, such as smooth muscle α-actin, platelet-derived growth factor receptor-b,
and neural cell adhesion molecule. The expression of STAP protein and mRNA was augmented time-
dependently in thioacetamide-induced fibrotic liver. Immunoelectron microscopy and proteome analysis
detected STAP in stellate cells but not in other hepatic constituent cells. Biochemical characterization of
recombinant rat STAP revealed that STAP is a heme protein exhibiting peroxidase activity towards
hydrogen peroxide and linoleic acid hydroperoxide. These results indicate that STAP is a novel
endogenous peroxidase catabolizing hydrogen peroxide and lipid hydroperoxides, both of which have
been reported to trigger stellate cell activation and consequently promote progression of liver fibrosis.
STAP could thus play a role as an antifibrotic scavenger of peroxides in the liver.

15�Oofusa k, Tooi O, Kashiwagi A, Kashiwagi K, Kondo Y, Sawada T, Yoshizato K.
Expression of thyroid hormone receptor �A gene assayed by transgenic Xenopus laevis carrying its
promoter sequence,
Molecular and Cellular Endocrinology, 181, 97-110 (2001)
Summary mThe responsiveness of thyroid hormone responsive element (TRE)-containing promoter
sequence to thyroid hormone (TH) was studied utilizing Xenopus laevis carrying a transgene containing
5'-upstream region of TRbetaA1 gene and green fluorescent protein (EGFP) gene. EGFP-expression was
seen first in neurulae, which continued to stage 45, then became weak, and again started to increase at the
prometamorphic stage, culminating at the metamorphic climax stage. Immunohistochemistry identified
eyes, viscera, and muscles as the EGFP-expressing larval tissues. The treatment of premetamorphic
tadpoles with TH induced the precocious EGFP-expression. We also showed that the transgenic Xenopus
adults were responsive to exogenous TH, a high responsiveness being seen in brain, small intestine,
kidney, and bone. TRbeta-expression in the embryo, larva, and adult was verified by Western blotting.
Thus, TH not only regulates the metamorphosis, but also might play some biological role(s) in embryos
and adults.

16�Utoh R., Asahina K., Suzuki K., Kotani K., Obara M. & Yoshizato K.
Developmentally and regionally regulated participation of epidermal cells in the formation of collagen
lamella of anuran tadpole skin,
Develop. Growth Differ., 42,571-580 (2000)
Summary mWe investigated the cellular mechanism of formation of subepidermal thick bundle of



collagen (collagen lamella) during the larval development of bullfrog, Rana catesbeiana, utilizing cDNA
of a1(I) collagen as a probe. The originally bi-layered larval epidermis contains basal skein cells and
apical cells, and the collagen lamella is directly attached to the basement membrane. The basal skein cells
above the collagen lamella and fibroblasts beneath it intensively expressed the a1(I) gene. As the skin
developed, suprabasal skein cells ceased the expression of the gene. Concomitantly, the fibroblasts started
to outwardly migrate and penetrated into the lamella, and formed the connective tissue between the
epidermis and the lamella. These fibroblasts intensively expressed the gene. As the connective tissue
developed, the basal skein cells ceased to express the gene and were replaced by larval basal cells that did
not express the gene. These dynamic changes took place first in a lateral region of the body skin, and
proceeded to its other regions except the tail. Isolated cultured skein cells expressed the gene and
extracellularly deposited its products as the type I collagen fibrils. Thus, we concluded anuran larval
epidermal cells can autonomously and intrinsically synthesize type I collagen.

17�Oomizu S., Sahuc F., Asahina K., Inamatsu M., Matsuzaki T., Sasaki M., Obara M. & Yoshizato K.
Kdap, a novel gene associated with the stratification of the epithelium, Gene, 256, 19-27 (2000)
Summary mThe skin develops and differentiates during embryogenesis, which is concertedly regulated
by a variety of genes. The present study isolated from the rat embryonic skin a novel differentiation-
associated gene named Kdap (keratinocyte differentiation-associated protein) by suppression subtractive
hybridization between the skin of 14-day postcoitus (dpc) embryo (the prehair-germ stage) and that of 17
dpc embryo (the hair-germ stage). Its mRNA contained 4 spliced forms in these tissues. The gene encoded
a protein of total 98 amino acid with a calculated molecular mass of 11 kDa and an isoelectric point of 6.1
as an unspliced form. The two splicing zones were well conserved among rat, mouse, and human. This
protein had a high hydrophobic N-terminal region, a possible signal sequence, and contained two putative
N-myristoylation sites and two casein kinase II phosphorylation sites. In situ hybridization experiments
detected Kdap transcripts exclusively in the suprabasal cell layers of the embryonic epidermis. Intense
expression was also seen in suprabasal cells in regions of infundibulum of the hair follicle. These results
indicated that Kdap provides a new insight into the mechanism of differentiation and the maintenance of
stratified epithelia.

18�Okuyama H, Shimahara Y, Kawada N, Seki S, Kristensen, D.B., Yoshizato k., Uyama N, and
Yamaoka,Y.
Regulation of cell growth by redox-mediated extracellular proteolysis of platelet derived growth factor
receptor �
J. Biol. Chem., 276, 28274-28280 (2001)
Summary mRedox-regulated processes are important elements in various cellular functions. Reducing
agents, such as N-acetyl-l-cysteine (NAC), are known to regulate signal transduction and cell growth
through their radical scavenging action. However, recent studies have shown that reactive oxygen species
are not always involved in ligand-stimulated intracellular signaling. Here, we report a novel mechanism
by which NAC blocks platelet-derived growth factor (PDGF)-induced signaling pathways in hepatic
stellate cells, a fibrogenic player in the liver. Unlike in vascular smooth muscle cells, we found that
reducing agents, including NAC, triggered extracellular proteolysis of PDGF receptor-beta, leading to
desensitization of hepatic stellate cells toward PDGF-BB. This effect was mediated by secreted mature
cathepsin B. In addition, type II transforming growth factor-beta receptor was also down-regulated.
Furthermore, these events seemed to cause a dramatic improvement of rat liver fibrosis. These results
indicated that redox processes impact the cell's response to growth factors by regulating the turnover of
growth factor receptors and that "redox therapy" is promising for fibrosis-related disease.

19�Hayashi M., Tomita M. & Yoshizato K.,
Production  of EGF-collagen chimeric protein shows the mitogenic activity, Biochemica et Biophysica
Acta, 1528, 187-195 (2001)
Summary mCollagen has been utilized as a natural biomaterial because of its high biocompatibility,
adhesiveness to cells and tissues, and biodegradability. The present study developed a recombinant
technology to confer a mitogenic activity on type III collagen by fusing it to epidermal growth factor
(EGF) at the collagen's N-terminus. The chimeric protein of EGF-collagen was synthesized in insect cells
by the baculovirus-insect cell expression system. The fusion protein was shown to hold the triple helical
conformation of collagen and the mitogenic activity of EGF. It was also demonstrated that the chimeric
protein can be immobilized on tissue culture dishes as a fibrous form and in collagen fibrils without
abolishing the original mitogenic activity of EGF. This fusion protein can be utilized as a biocompatible,
biodegradable, and adhesive fibrous mitogen for a variety of purposes in the area of tissue engineering.

20�Hide, M., Tsutsui, T., Sato, H., Nishimura, T., Morimoto, K., Yamamoto,S., and Yoshizato, K.
Real-time analysis of ligand-Induced cell surface and intracellular reactions of living mast cells using a
surface plasmon resonance based biosensor
Anal.Biochem. 302, 28-37 (2002).
Summary mSurface plasmon resonance (SPR)-based sensors have been used to detect the binding



between interactive molecules. We applied the SPR technology for the analysis of interactions between
living cells and molecules reactive to the cells, using mast cells and the mast cell-reactive antigens. The
exposure of dinitrophenol-human serum albumin (DNP-HSA), an antigen that stimulates mast cells, to the
IgE-sensitized mast cells induced a robust and long-lasting SPR signal in a dose-dependent manner. The
maximal increase of SPR signal induced by 100 ng/ml DNP-HSA was 0.200�0.120 angle (mean�SD,
n=37), being about 1,000 times larger than the theoretically expected increase for the simple binding of
DNP-HSA to FceRI, the high affinity IgE receptor. A small, but similarly prolonged signal was seen,
when the cells were stimulated by an agonist of the adenosine A3 receptor. The signal induced by DNP-
HSA was abolished by genistein, and partially inhibited by phorbol-12-myristic-13-acetate and
wortmannin. Interestingly, the signal induced by DNP-HSA was only weakly inhibited by DNP-lysine,
suggesting that DNP-lysine manifests its action not by inhibiting, but by modulating the cross linking of
FceRI. We concluded that SPR sensors can detect biologically significant signals in a real-time manner
from the interactions between cells and molecules reactive to the cells.

21�Hayashi M., Tomita M., and Yoshizato K.
Interleukin-2-collagen chimeric protein which liberates interleukin-2 upon collagenolysis.,
Protein Engineering ZF�å[¶]µ[´håY¶ff¶]
Summary mInterleukin-2 (IL-2) is a potent activator of cellular immunity and has been utilized as an
immunotherapeutic agent. We stably immobilized human IL-2 to collagen by covalently binding it to the
N-terminus of human type III collagen (3A1) as IL2-3A1 chimeric protein using the recombinant
technology. The present study aimed at liberating IL-2 from the immobilized chimeric protein by treating
the chimera with bacterial collagenase. These IL2-3A1 chimeras were synthesized in insect cells which
had been infected with baculovirus vectors carrying IL2-3A1 cDNA. The produced IL2-3A1 protein was
shown to be in a pepsin-resistant triple helical structure and exhibited the IL-2 activity to a similar extent
of IL-2 itself. IL2-3A1 could be immobilized on the surface of plastic dishes by incubating it in the dishes.
The IL-2 region of the immobilized IL2-3A1 was liberated to culture media by the collagenase treatment,
and this freed IL-2 stimulated the growth of lined T cells. Thus, IL2-3A1 chimeric protein could be
utilized as an IL-2 deliverer whose T cell mitogenic activity can be liberated by collagenolytic
environment.

22�Sawada, T. Oofusa, K. and Yosizato, K.
In vivo thyroid hormone-responsiveness of a thyroid hormone response element-like sequence in 5’-
upstream promoter region of anuran MMP1 gene
J. Endocrinol., 169, 477-486 (2001)
Summary mGene (Rmmp1) of matrix metalloproteinase 1 (MMP1) of bullfrog, Rana catesbeiana, was
previously shown to contain a thyroid hormone response element (TRE)-like sequence in its 5’-upstream
region (Oofusa & Yoshizato 1996). The present study aimed to determine whether this TRE-like sequence
is functional in vivo as a true TRE, and to characterize the sequences of the 5’-upstream region with
respect to the regulation of the activity of the TRE when theTRE-like sequence was proved to be a true
TRE. For this aim varioussequences of TRE-like sequence-containing 5’-upstream region were
constructed and fused to the enhanced green fluorescent protein (EGFP) gene as a reporter gene. The
fusion constructs were bombarded tothe skin of bullfrog tadpoles and the activity of TRE was
quantitatively determined by measuring increased intensities of fluorescencewhen the animals were
exposed to thyroid hormone. The present studyclearly demonstrated that the sequence of Rmmp1 is a
biologically active TRE in vivo. In addition a unique 36 bp-long sequence directly flanked to the 3’-end
of the TRE was identified which worked cooperatively with TRE to regulate the transcriptional promoter
activity. It should be emphasized that the presence of TRE in Rmmp1 gene is unique, because its presence
has not been reported in the known promoter region of vertebrate MMPs.

23� Kohashi, T., Tateaki, Y. Tateno, C. Aasahara, T. Obara, M. and Yoshizato,K.. Expression of
pleiotrophin in hepatic nonparenchymal cells and preneoplastic nodules in carbon tetrachloride-induced
fibrotic rat liver.
Growth Factors, in press.(2002)
Summary mPleiotrophin (PTN) is a heparin-binding protein, which induces growth, angiogenesis,
differentiation, and transformation of cells. The aim of this study was to examine the role of PTN in liver
fibrogenesis. Rats were treated with carbon tetrachloride (CCl4) for 3-9 weeks to induce liver fibrosis. The
sirius-red staining of these liver tissue sections clearly showed the development of fibrosis and
glutathione S-transferase placental type-positive preneoplastic nodules emerged at 7 weeks of the
treatment. PTN expression was investigated in fibrotic liver tissues at the mRNA level using a real-time
reverse transcription polymerase chain reaction and at the protein level by immunohistochemistry.
Quantity of PTN mRNA increased 5-fold in fibrotic liver tissues at 7 weeks of CCl4-treatment over the
control values. Immunohistochemistry localized PTN protein on hepatic nonparenchymal cells, mostly
stellate cells and some of Kupffer cells, and the preneoplastic nodules in fibrotic liver tissues. PTN
mRNA expression is significantly upregulated in the CCl4-induced chronic rat fibrotic liver tissues. We
suggest that PTN might be involved in fibrogenesis and preneoplastic changes of liver.



24� Suzuki, K., Utoh R., Kotani, K., Obara, M., and Yoshizato, K.
Lineage of Anuran Epidermal Basal Cells and Their Differentiation Potential in Relation to Metamorphic
Skin Remodeling.
Dev. Growth & Dev., in press.(2002)
Summary mThe anuran remodels the larval epidermis into the adult one during � metamorphosis.
Larval and adult epidermal cells of the bullfrog were characterized by determining the presence of huge
cytoplasmic keratin bundles and the expression profiles of specific marker genes, namely col 1 (collagen
1 (I)), rlk (larval keratin) and rak (adult keratin). We identified four types of epidermal basal cells: (i)
basal skein cells that have keratin bundles and express col 1 and rlk; (ii) rak + -basal skein cells that have
keratin bundles and express col 1, rlk, and rak; (iii) larval basal cells that express rlk and rak; and (iv)
adult basal  cells that express rak. These traits suggested that these basal cells are on the same lineage in
which basal skein cells  are the original progenitor cells that consecutively differentiate into rak + -basal
skein cells into larval basal cells, and finally into adult basal cells. To directly verify the differentiation
potential of larval basal cells into adult ones, the mono-layered epidermis composed of larval basal cells
was cultured in the presence of aldosterone and thyroid hormone. In this culture,larval basal cells
differentiated into adult basal cells that reconstituted the adult epidermis. Thus, it was concluded that
larval basal cells are the direct progenitor cells of the adult
epidermal stem cells.

25�Asahina, K., Sato, H., Yamasaki, C., Tateno, C., Kataoka, M., Shiokawa, M., Katayama, S., and
Yoshizato, K.
Pleiotrophin/HB-GAM as a Mitogen of Rat Hepatocytes and Its Role in Regeneration and Development
of Liver.
A.J. Path., Vol.160,No.6�2191-2205(2002)
Summary mPreviously pleiotrophin (PTN) was identified among proteins secreted by Swiss 3T3 cells
as a mitogen for cultured adult rat hepatocytes. The present study showed that the growth of rat
hepatocytes was enhanced when cultured with rat hepatic stellate cells (HSCs). HSCs expressed PTN
mRNA and secreted its protein in the cocultures. Recombinant PTN enhanced the growth of hepatocytes
in culture, suggesting that HSCs stimulate the growth of hepatocytes through the action of PTN. To know
the biological role of PTN in the growth of hepatocytes in vivo, we examined the expression of PTN in 4
regeneration models of adult liver and embryonic liver of rat. The expression of PTN mRNA in the liver
was markedly up-regulated by the treatment with D-galactosamine (GalN) or with acetylaminofluorene
followed by partial hepatectomy. HSCs expressed PTN mRNA in response to GalN-treatment and its
protein was found on hepatocytes. The mRNA expression of N-syndecan, a PTN receptor, was up-
regulated in GalN-treated hepatocytes. The mesenchymal cells in the septum transversum enclosing the
embryonic liver, but not embryonic HSCs, expressed PTN mRNA. We suggest that PTN is secreted from
activated adult HSCs and embryonic mesenchymal cells as a mitogen of parenchymal cells in adult and
embryonic liver, respectively.

26)Suzuki K.,Sato K.,Katsu K.,Hayashita H., Kristensen D.B.,Yoshizato K.
Novel Rana Keratin genes and their expression during larval to adult epidermal conversion in bullfrog
tadpoles
Differentiation (2001) 68:44-54
Summary m The conversion of the larval to adult epidermis during metamorphosis of tadpoles of
bullfrog, Rana catesbeiana, was investigated utilizing newly cloned Rana keratin cDNAs as probes. Rana
larval highly specific antisera against Xenopus larval keratin (XLK). Tail skin proteins of bullfrog
tadpoles were separated by 2-dimensional gel electrophoresis and subjected to Western blot analysis with
anti-XLK antisera. The Rana antigen detected by this method was sequenced and identified as a type II
keratin. We cloned rlk from tadpole skin by PCR utilizing primers designed from these peptide sequences
of RLK. RLK predicted by nucleotide sequences of rlk was a 549 amino acid -long type II keratin.
Subtractive cloning between the body and the tail skin of bullfrog tadpole yielded a cDNA (rak) of Rana
adult keratin (RAK). RAK was a 433 amino acid-long type I keratin. We also cloned a Rana keratin 8
(RK8) cDNA (rk8) from bullfrog tadpole epidermis. RK8 was 502 amino acid-long and homologous to
cytokeratin 8. Northern blot analyses and in situ hybridization experiments showed that rlk was actively
expressed through prometamorphosis in larva-specific epidermal cells called skein cells and became
completely inactive at the climax stage of metamorphosis and in the adult skin. RAK mRNA was
expressed in basal cells of the tadpole epidermis and germinative cells in the adult epidermis. The
expression of rlk and rak was down- and up-regulated by thyroid hormone (TH), respectively. In contrast,
there was no change in the expression of RK8 during spontaneous and TH-induced metamorphosis. RK8
mRNA was exclusively expressed in apical cells of the larval epidermis. These patterns of keratin gene
expression indicated that the expression of keratin genes is differently regulated by TH depending on the
type of larval epidermal cells. The present study demonstrated the usefulness of these genes for the study
of molecular mechanism of postembryonic epidermal development and differentiation.



27)Nakano M.,Hara T.,Hayama T.,Obara M.,Yoshizato K.
Membrane-type 1 matrix metalloproteinase is induced in decidual stroma without direct invasion by
trophoblasts. Mol. Hum. Reprod. 7 (2001) 271-277.
Molecular Human Reproduction
Summary m Embrane-type 1 matrix metalloproteinase (MT1-MMP) in endometrium and decidua may
greatly affect attachment of the embryo to the epithelium, invasion of the trophoblast into the stroma, and
extracellular matrix remodelling in the endometrium and decidua. We investigated the expression of this
enzyme in normally cycling endometrium and in decidua associated with normal and tubal pregnancies at
both the gene and protein level. Localization of expression (but not the overall level of expression),
differed between endometrium and decidua parietalis and tubal pregnancy decidua. MT1-MMP mRNA
was expressed mainly in epithelium and only faintly in stroma throughout the menstrual cycle, while in
decidua parietalis and tubal pregnancy decidua, this mRNA was expressed predominantly in stromal cells.
MT1-MMP protein was detected in the epithelium alone throughout the menstrual cycle, while in decidua
parietalis and tubal pregnancy decidua, it was detected in stromal cells as well as the epithelium. Since
decidua showed altered expression in the absence of trophoblastic contact, trophoblast invasion may not
directly affect MT1-MMP gene expression.
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28) Akira Yamagata7Kristensen Dan Bach7Yoshiko Takeda7Yuka Miyamoto7Keiko Okada7Mutsumi
Inamatsu7Katsutoshi Yoshizato
Mapping of phosphorylated proteins on two-dimensional polyacrylamide gels using protein phosphatase
Proteomics ,2, 1267-1276(2002)
Summary m This study developed an enzymatic method for high-throughput mapping of
phosphoproteins on two-dimensional (2-D) polyacrylamide gels. Proteins of cultured rat skin fibroblasts
were divided into two aliquots, one of which was dephosphorylated using recombinant lambda protein
phosphatase and the other was not treated with the enzyme. The two aliquots were then subjected to 2-D
electrophoresis. Phosphoproteins could be mapped on the 2-D gel of the non-treated aliquot by comparing
the gels of the two aliquots, because the phosphoproteins in the treated aliquot shifted to more basic
positions on the gel. This technique revealed that approximately 5% of the detectable proteins was
phosphorylated. Fourteen phosphoproteins were identified by mass spectrometry, including proteasome
component C8 and small glutamine-rich tetratricopeptide repeat-containing protein. Furthermore, the
extent of phosphorylation of two actin-modulating proteins, destrin and cofilin, was found to be
significantly reduced when the cells were chemically or enzymatically detached from the culture dishes.
The method developed by this study can generally be applied to all biological materials and is useful for
high-throughput mapping of phosphoproteins in proteome
research.

29)Asahina K.,Kawata N.,Kristensen Dan Bach.,Nakatani K.,Seki S.,Shiokawa M., Tateno, C.,Obara
M.,Yoshizato K.
Characterization of human stellate cell activation-associated protein (STAP) and its expression in human
liver
Biochimica et Biophysica Acta(Vol.160 No..6 2191-2205)
Summary må Previously we isolated a heme protein named rSTAP (stellate cell activation-associated
protein) from rat stellate cells. This study cloned cDNA of human STAP (hSTAP). hSTAP gene is on
chromosome 17q and is composed of 4 exons . Various types of cells including hepatic stellate cells
expressed hSTAP mRNA. Recombinant hSTAP was a heme protein with the activity of peroxidase.
hSTAP can be used as a marker of quiescent stellate cells in human liver.
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30)Adachi T.,Tomita M., and Yoshizato K.
Exclusive expression of genes of proly 4-Hydroxylase � subunit and type � collagen in hemocytic
granular cells and fat bodies in silkworm, Bombyx mori.
Matrix Biology (in submission)
Summary m  The full-length cDNA coding for prolyl 4-hydroxylase a subunit of Bombyx mori
(BmP4Ha) was cloned from B. mori larval tissues by reverse transcription (RT)-PCR and rapid
amplification of cDNA ends (RACE). The protein expressed by the cDNA was composed of 550 amino
acid residues and its deduced amino acid sequence showed 45 and 33% identities to prolyl 4-hydroxylase
a subunit (P4Ha) of human type I and Drosophila melanogaster, respectively. The recombinant BmP4Ha
showed the prolyl 4-hydroxylase activity on human type III protocollagen as a substrate when combined
with the recombinant B. mori prolyl 4-hydroxylase b subunit. Partial cDNA sequence of B. mori type IV



collagen (BmCOLIV) was also identified from B. mori EST database, which encoded about a half of the
triple helical domain and most of the NC1 domain. RT-PCR analysis of their mRNAs in developmental
stages from fifth instar larva to pupa showed that the expression of BmP4Ha rose in pupal stages, and that
of BmCOLIV decreased during early fifth instar larval stages and rose in spinning stages and pupal stages.
RT-PCR analysis of the mRNAs in various tissues of fifth instar larvae and the in situ hybridization
analysis of the mRNAs in their whole body sections revealed that the mRNAs of BmP4Ha and BmCOLIV
were expressed in hemocytes and fat bodies. Hemocytes contain 5 different types of cells. In situ
hybridization showed that mRNAs of both BmP4Ha and BmCOLIV were exclusively expressed in
granular cells that are known to play a central role in self-defense against invading foreign objects.

31)Tomita M., Sato T., Munetsuna H., Adachi T., Hino R., and Yoshizato K.
Production of recombinant human type III procollagen mini-chains in Bombyx mori silk glands.
J. Biol. Chem. (in preparation)
Summary mWe produced in Bombyx mori silk glands recombinant human type III procollagen mini-
chains, the length of whose helical domain was one fifth of the original. cDNA was constructed that
contained a fibroin light chain (L-chain) promoter and sequences for a fusion protein comprising fibroin
L-chain and enhanced green fluorescent protein (EGFP). Silk glands isolated from 5th-instar larvae were
transfected with the construct and were transplanted into the body of larvae. The fusion protein was
detected in the lumen of posterior silk gland (PSG). cDNA of the mini-chain was inserted into the vector
between fibroin L-chain and EGFP, which was transfected as above. This fusion cDNA was expressed at
an extremely low level. The mini-chain cDNA was divided into 3 domain cDNAs, cDNA of N-propeptide,
triple helix, and C-propeptide, and each of them was similarly transfected. The expression of C-
propeptide cDNA was very low as compared with the other two cDNAs, suggesting that C-propeptide
inhibits the expression of mini-chains. Actually, mini-chains deprived of C-propeptide were effectively
synthesized within the PSG cells and normally secreted into the PSG lumen. The present study suggests
that B. mori can be utilized as an animal for producing recombinant human collagen.

32)Tomita M., Munetsuna H., Sato T., Adachi T., Hino, R., Hayashi M., Shimizu K., Nakamura N.,
Tamura T., Yoshizato K.
Nat. Biotechnol. (in submission)
Summary mWe investigated the possibility of generating transgenic silkworms spinning recombinant
human collagen as a component of cocoon proteins. cDNAs were constructed that encoded fusion
proteins comprising C-propeptide-deleted human type III procollagen mini-chain, fibroin light chain (L-
chain), and enhanced green fluorescent protein (EGFP) under fibroin L-chain promoter sequences, and
were incorporated into piggyBac vectors. The vectors were injected into eggs to yield transgenic
silkworms. The worms carrying the vectors displayed EGFP-fluorescence from silk glands, and produced
cocoons emitting the strong EGFP-fluorescence, indicating that the promoter and fibroin L-chain cDNAs
directed the synthesized products to be secreted into cocoons. In fact, the presence of fusion proteins in
cocoons was shown by immunoblots, collagenase-sensitivity tests, and amino acid sequencing. The fusion
proteins were biochemically purified from cocoons to a single band on electrophoretic gels with ease.
This study proposes transgenic silkworms as a viable tool for producing various useful proteins, in which
silk glands are used as bioreactors.

33) Oofusa, K., Tooi, O., Kashiwagi, A., Kashiwagi, K., Kondo, Y., Hiratsu, S., Obara, Y., Yoshizato, K.
Production of Xenopus laevis transduced with metallothionein promoter-driven reporter genes as an
environmental metal ion-indicator animal. Environ. Health. Perspect. (in submission).
Summary m We generated germ line-transgenic Xenopus laevis to obtain environmental heavy metal
ion-monitoring aquatic tetrapods. Sperm nuclei were transduced with enhanced green fluorescent protein
genes driven by murine metallothinein-1 gene promoters and were microinjected into unfertilized eggs to
produce transgenic tadpoles. The transgenic tadpoles at the premetamorphic stage were reared in water
containing either of Zn++ or Cd++ at the concentrations of 0.025 to 0.1 ppm. The tadpoles emitted
fluorescence whose intensity was increased with increase of the concentration of the metal ions and with
the exposure time up to 48 hrs. The fluorescent response was much more sensitive to Cd++ than to Zn++.
We concluded that these transgenic tadpoles are useful as a living animal indicator for environmental
heavy metal ions.

34) Yamasaki, T., Tateno, C., Oonishi, C., Katayama, S., Kohashi, T., Hino, H., Maruzawa, H., Asahara,
T. , Yoshizato, K.
Growth and Differentiation of Proliferative Human Hepatocytes In vitro. (in submission)
Summarym  Isolated normal human hepatocytes show a low growth potential when cultured in
conventional culture media. The present study co-cultured normal hepatocytes from patients at different
ages with Swiss 3T3 cells in the medium containing human sera, fetal bovine sera, EGF, nicontinamide,
and ascorbic acid 2- phosphate. Small percentage (0.01-0.09%) of hepatocytes grew to form colonies, the
colony forming efficiency being decreased with the age of donors. A fluorescence-activated cell sorter



devided hepatocytes into 2 cell populations, R2 and R3, utilizing the difference in their autofluorescence
and granularity. R2 hepatocytes showed a stronger autofluorescence and a higher granularity, and larger in
size than R3 hepatocytes. Isolated R3 cells were approximately 15 mm in diameter and showed a higher
colony forming efficiency than R2 cells. Colony forming hepatocytes could be subcultured 4 to 7 times,
and then terminated their growth. They showed a liver epithelial cell-like morphology and expressed
albumin, cytokeratins 7, 8, 18, and 19 in a low-density culture. In contrast, the cells took on a typical
mature hepatocyte-like morphology and expressed a1-antitrypsin, but did not express cytokeratins 7 and
19 in a high-density culture. We concluded that a population of proliferative hepatocytes exists even in
the adult human liver. The size of its population decreased as the donor aged.  
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capacity of adult rat hepatocytes in vitro.  Wound Rep. Reg., 7(1), 36-44.
÷��We have devised a medium which supports the continuous growth of hepatocytes without losing
their replicative potential and differentiation capacity for a longer period (C. Tateno & K.Yoshizato, Am. J.
Pathol, 1996; 148: 383-392). The medium, HCGM, contains four key substances in addition to fetal
bovine serum, i.e., epidermal growth factor, nicotinamide, ascorbic acid 2-phosphate, and
dimethylsurfoxide. When a nonparenchymal cell fraction containing small hepatocytes and
nonparenchymal cells was cultured in HCGM, small hepatocytes grew clonally and differentiated into
cells expressing either mature hepatocyte marker proteins or biliary cell marker proteins (C. Tateno &
K.Yoshizato, Am. J. Pathol, 1996; 149: 1593-1605). The growth potential of small hepatocytes was
variable among the cells, the highest case being that a single cell produced a colony containing over 100
cells in 10 days. When a hepatocyte was allowed to divide for 105 days, it produced a colony of
approximately 0.2 mm2 which contained approximately 1,700 hepatocytes, indicating that the cell
divided more than 10 times. Thus, we for the first time showed the presence of a small compartment of
bipotent and highly replicative clonogenic hepatocytes in the rat adult liver in vitro.
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÷��We have developed a culture system in which small hepatocytes (SHs) can grow forming colonies,
when a nonparenchymal cell (NPC) fraction containing SHs and NPCs was cultured in the medium we
devised (HCGM). To obtain the direct evidence that NPCs promote the growth of hepatocytes and to
compare the growth potential between SHs and parenchymal hepatocytes (PHs), pure populations of SHs,
PHs, and NPCs were prepared from the adult rat and co-cultures of hepatocytes and NPCs were
reconstituted from them. SHs and PHs underwent multiple divisions, and the former showed a higher
growth capacity than the latter when co-cultured with NPCs, whereas neither SHs nor PHs formed
colonies when cultured alone. Stellate cells in the NPCs were demonstrated to be responsible for this
growth promotion. We suggested that growth factors and extracellular matrices secreted by stellate cells
as a result of cooperative interactions with hepatocytes stimulate the growth and differentiation of
hepatocytes.
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