
Summary. Midkine (MK) is a heparin-binding growth
factor whose gene has been identified in embryonal
carcinoma cells in early stages of retinoic acid-induced
differentiation. In the present study, we investigated the
developmental localization of truncated MK protein in
human bile ducts. Thirty specimens of the livers from 25
fetuses (from 9 to 40 gestational weeks) and from five
neonates less than 4 weeks old were examined.
Immunohistochemical analysis was performed using a
mouse IgG2b monoclonal antibody against recombinant-
truncated MK. Truncated MK was expressed moderately
in the fetal liver from 9 to 15 gestational weeks. The
immunoreactivities were found in the primitive
hepatocytes, ductal plates, migrating biliary cells and
immature bile ducts. The reaction products were
localized in the cytoplasm heterogeneously. The
intensity of immunostaining was weak from 15
gestational weeks to 26 gestational weeks. After 27
gestational weeks, truncated MK was not detected in the
fetal livers. It was suggested that primitive hepatocytes,
ductal plates and immature bile ducts produced truncated
MK transiently during human bile ducts development.
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Introduction

Growth factors have important roles in cell growth
and proliferation (Fausto and Mead, 1989; Naggy et al.,
1989; Michalopoulos, 1990; Evarts et al., 1992; Marsden
et al., 1992; Terada and Nakanuma, 1993). Midkine
(MK) is a heparin-binding growth factor whose gene has
been identified in embryonal carcinoma cells in the early
stages of retinoic acid-induced differentiation

(Kadomatsu et al., 1988; Tomomura et al., 1990a,b;
Muramatsu, 1993). MK is an approximately 15-kDa
polypeptide that is rich in basic amino acids and cysteine
(Kadomatsu et al., 1988; Tomomura et al., 1990a,b). MK
is mitogenic in cell lines and induces neurite outgrowth
of embryonic brain cells, PC12 cells and dorsal root
ganglion cells (Tomomura et al., 1990b; Muramatsu and
Muramatsu, 1991; Michikawa et al., 1993a,b). It also
promotes the survival of astrocytes and mesencephalic
neurons in culture (Kikuchi et al., 1993; Satoh et al.,
1993). The detection of the MK gene or protein in
mouse or rat embryos suggests that MK plays a
fundamental role during mouse or rat embryogenesis
(Kadomatsu et al., 1990; Muramatsu et al., 1993). We
previously studied the expression of full length (or c-
half) human midkine (cMK) throughout human liver
development (Kato et al., 2000c). It was demonstrated
that MK was expressed in the fetal liver in some
developmental stages (Kato et al., 2000c). A truncated
form of MK mRNA, which encodes MK lacking the N-
terminal domain, has been detected in Wilms' tumor,
pancreatic carcinoma, gastric carcinoma, colon
carcinoma and breast carcinoma (Tsutsui et al., 1993;
Kaname et al., 1996; Miyashiro et al., 1996, 1997).
Therefore, the truncated MK was suspected to be
specific for tumor cells. Recently, a new monoclonal
antibody against this recombinant truncated MK has
been purified and established (Paul et al., 2001a,b). In
the present study, we applied this novel monoclonal
antibody to human fetal livers and truncated MK was
also detected in developing human bile ducts. It was
suggested that primitive hepatocytes and bile duct cells
transiently produced truncated MK in addition to cMK
in certain developmental stages.
Materials and methods

We collected 25 human fetal livers at 9 to 40
gestational weeks and five neonatal livers at 0, 9, 17
days and 4 weeks after birth from several institutions in
Japan. All of the fetuses had been spontaneously
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aborted, and in all cases, informed consent was obtained
from each mother or both parents. In addition, we
obtained 10 surgical specimens of normal adult livers
(mean age=63 years; 8 males, 2 females) during

abdominal surgery for hepatocellular carcinomas without
metastases. The liver specimens were fixed in 4%
neutral-buffered formaldehyde solution and then
embedded in paraffin. Several 4 µm sections were
obtained and one section was stained with hematoxylin
and eosin (H&E), and the others were subjected to
immunohistochemical staining. 
Immunohistochemical procedure

Sections from each paraffin block were
immunohistochemically stained with recombinant
human-specific truncated MK monoclonal antibody that
did not cross-react with synthetic full length human
midkine (Kato et al., 1999; Paul et al., 2001a,b), using
the avidin-biotin-complex (ABC) immunoperoxidase
method (Hsu et al., 1981). In brief, after
deparaffinization, endogenous peroxidase activity was
quenched by immersing the sections for 20 min in
absolute methanol containing 0.3% H2O2. The sections
were then treated with normal serum for 60 min,
followed by treatment at 4 °C overnight with
monoclonal antibody to human-specific truncated MK (1
µg/ml; mouse IgG2b class): sections exposed to
phosphate-buffered saline, pH7.4 and non-immunized
mouse IgG served as controls. Visualization of the
bound antibodies was achieved with the Vectastain ABC
kit (Vector Laboratories, Burlingame, California, USA)
following the manufacturer's protocols; 3,3'-
diaminobenzidine tetrahydrochloride (DAB) (Dako,
Glostrup, Denmark) was the final chromogen, and
methylgreen was used as counterstain.
Results

Histological staging of intrahepatic bile duct development

The developing intrahepatic bile ducts were
classified into the following three stages as previously
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Table 1. Immunohistochemical distribution of truncated midkine in
developing human fetal bile ducts.

Case (GW) HP DP MBC IBD/BD

9W + +/-
10W + + +
10W +/- +/-
13W ++ ++ ++
15W ++ ++ ++ +
15W + + +/- +/-
16W + + + +/-
22W +/- +/- -
24W +/- +/- -
25W +/- +/- -
26W +/- - +/-
26W +/- +/- +/-
27W - -
27W - -
27W - -
28W - -
28W - -
30W - -
34W - -
34W - -
34W - -
36W - -
40W - -
0D - -
1D - -
17D - -
1M - -
1M - -

GW: gestational weeks; W: weeks; D: days after birth (full term); M:
month; HP: hepatocytes; DP: ductal plates; MBC: migrating biliary cells;
IBD/BD: immature bile ducts/bile ducts; ++: strong positive staining; +:
positive staining; +/-: weak staining; -: negative

Fig. 1. Microscopical findings of a hilar portal region of a fetus at gestational week 9. a. The ductal plate (arrowheads) is seen at the interface between
the primitive hepatocytes (arrows) and the portal mesenchyme. Hematoxylin and eosin (H&E) staining. b. Immunostaining for the mouse IgG2b
monoclonal antibody against recombinant truncated midkine (tMK). The primitive hepatocytes (arrows) are moderately positive for anti-tMK antibody.
The ductal plates (arrows heads) are weakly positive for anti-tMK antibody. c. Immunostaining for the rat IgG2a monoclonal antibody against the full
length (carboxyl terminal region) human midkine (cMK). The primitive hepatocytes (arrows) and ductal plates (arrowheads) are strongly positive for anti-
cMK antibody. x 220 



reported: the ductal plate (ductal plate stage); migration
of biliary cells from the ductal plate into mesenchyme
(remodeling stage); and immature bile ducts (remodeled
stage) (Van Eyken et al., 1988; Desmet, 1992; Terada et
al., 1994). In the ductal plate stage, single and double
layers of ductal plates were observed between portal
mesenchyme and primitive hepatocytes (Fig. 1a). A few
endothelial cells and many hematopoietic cells were
found in sinusoids (Fig. 1a). In the remodeling stage,
migrating biliary cells into the portal mesenchyme were
found (Fig. 2a). About 20 gestational weeks, immature
hepatocytes and hematopoiesis were observed. Some
parts of the ductal plates had disappeared (Fig. 3a). In
the remodeled stage, an immature bile duct was seen in
the portal mesenchyme (Fig. 4a). 
Immunohistochemistry 

The results of the immunohistochemical analyses of
truncated MK are summarized in Table 1. The
immunoreactivities for truncated MK were observed in
the livers from 9 to 26 gestational weeks. Truncated MK

protein was distributed in the primitive hepatocytes,
ductal plates, migrating biliary cells and immature bile
ducts. The positive immunoreactivities were localized in
the cytoplasm heterogeneously. No significant
immunoreactivity of truncated MK was observed in
mesenchymal cells or endothelial cells of vessels in the
portal areas. Truncated MK was expressed moderately in
the livers from 9 gestational weeks (ductal plate stage)
(Fig. 1b). Truncated MK was expressed strongly in more
immature hepatocytes adjacent to the ductal plates than
immature hepatocytes around central veins in 15
gestational weeks (remodeling stage) (Fig. 2b). The
luminal aspects of the bile ducts and migrating biliary
cells were also stained strongly (Fig. 2a,b). After 20
gestational weeks, the intensity of truncated MK in the
hepatocytes decreased gradually (Fig. 3b). The truncated
MK-localization of immature bile ducts and hepatocytes
was not detected after 27 gestational weeks (remodeled
stage) (Fig. 4b). Truncated MK was not distributed in the
hepatocytes or bile ducts of the neonate and adult livers.
The staining pattern and localization of truncated MK
were partially similar to those of cMK (Figs. 1-4b,c). 
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Fig. 2. Microscopical findings of a fetal liver at gestational week 15. a. The primitive hepatocytes (arrows) and migrating biliary cells (arrowheads) are
observed. H&E staining. b. Immunostaining for anti-tMK antibody. The immature hepatocytes (arrows) and migrating biliary cells (arrowheads) are
positive for anti-tMK antibody. tMK is expressed strongly in more immature hepatocytes adjacent to the ductal plates than mature hepatocytes. The
luminal aspects of the bile ducts and migrating biliary cells are stained strongly. c. Immunostaining for anti-cMK antibody. The primitive hepatocytes
(arrows) and migrating biliary cells (arrowheads) are positive for anti-cMK antibody. x 220

Fig. 3. Microscopical findings of a fetal liver at gestational week 24. a. The primitive hepatocytes and portal mesenchyme (asterisk) can be seen. H&E
staining. b. Immunostaining for anti-tMK antibody. The primitive hepatocytes (arrows) are weakly positive for tMK. No significant immunoreactivity of
tMK is observed in the portal mesenchyme (asterisk). c. Immunostaining for anti-cMK antibody. The primitive hepatocytes (arrows) are weakly positive
for cMK. x 220



Discussion

The truncated form of MK mRNA lacks exon3
encoding the N-terminal half and is an aberrant form of
MK mRNA (Paul et al., 2001a,b). The expression of this
truncated form has been found in various carcinomas
(Tsutsui et al., 1993; Kaname et al., 1996; Miyashiro et
al., 1996, 1997). In human colorectal cancers or human
breast cancers, MK gene expression is higher in cancer
tissues compared with non-cancerous tissues (Miyashiro
et al., 1996, 1997). Similarly, MK was expressed in
gastric carcinoma cell lines, pancreatic carcinoma cell
lines and Wilm’s tumor cell lines (Tsutsui et al., 1993;
Kaname et al., 1996; Paul et al., 2001b). Aridome et al.
(1998) reported the elevated expression of truncated MK
in hepatocellular carcinomas and esophageal carcinomas
in addition to gastrointestinal carcinomas such as
pancreatic, colon and stomach carcinomas. Furthermore,
Aridome et al. (1998) found that truncated MK was
detectable in lymph node metastases. It was suggested
that truncated MK could become a good marker of nodal
metastases in gastrointestinal tracts. Altered forms of
growth factors or tumor-suppressor gene products,
produced in tumor cells by alternative splicing
mechanisms, may play important roles in tumorigenesis.
In Wilms' tumor cells, the alternative splicing of WT1 is
considered to modulate its tumorigenicity (Haber et al.,
1993). The elevated expression of MK gene in human
tumors has played an important role either in
tumorigenesis or in the biological behavior of tumor
cells such as metastatic activity (Aridome et al., 1998).
Truncated MK has not previously been detected in non-
cancerous liver tissues (Aridome et al., 1998). These
results coincide with our findings that truncated MK was
not localized in adult liver tissues. Although it has been
reported that elevated expression of truncated MK has
been observed only in the tumor cells previously, we
have demonstrated novel findings that truncated MK
was distributed transiently in primitive hepatocytes,
ductal plates and immature bile ducts during normal
human development. 

In comparing the distribution of truncated MK with
that of cMK in fetal livers, truncated MK showed the
same distribution as cMK that was localized in immature
hepatocytes, ductal plates, migrating biliary cells and
immature bile ducts. Furthermore, cytoplasmic
localization of truncated MK also coincided with that of
cMK. cMK is highly expressed in various tissues during
the midgestation period of mouse embryogenesis
(Kadomatsu et al., 1990; Muramatsu et al., 1993) and of
human fetal development (Kato et al., 2000c), and is
considered to be involved in regulation of organogenesis
in mice (Mitsiadis et al., 1995a,b). Furthermore, excess
expression of cMK was also reported in some tumor
tissues such as brain tumors, hepatocellular carcinomas
and thyroid carcinomas (Kato et al., 1999, 2000a,b). In
brain tumors, it was demonstrated that MK expression
depended on the proliferation potential (Kato et al.,
1999). After all, it was suggested that cMK might play
an important role in cell proliferation, morphogenesis or
organogenesis. Although the period of truncated MK
expression was shorter than that of cMK (Kato et al.,
2000c), truncated MK was localized in fetal livers.
Together with the fact that anti-truncated MK antibody
does not cross-react with cMK (Paul et al., 2001a,b),
truncated MK was transiently distributed in normal fetal
liver tissues. Therefore, it was suggested that there is a
correlation between truncated MK distribution and the
state of differentiation of bile duct cells.

Some truncated protein variants were detected in
fetal organs and thought to regulate embryonic
development (Mezquita et al., 1999; Holmberg et al.,
2000; Massmann et al., 2000). It was suggested that
these truncated protein variants were under
developmental regulation of the fetal organs (Mezquita
et al., 1999; Holmberg et al., 2000; Komuves et al.,
2000; Massmann et al., 2000). Although the biological
significance of the expression of truncated MK during
human normal development is still unknown, truncated
MK is transiently distributed in fetal bile ducts under
normal developmental control and might play some roles
in differentiation of fetal bile duct cells.
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Fig. 4. Microscopical findings of a fetal liver at gestational week 40. a. The hepatocytes and bile ducts (arrowheads) are observed. H&E staining. 
b. Immunostaining for anti-tMK antibody. The hepatocytes and bile ducts (arrowheads) are negative for tMK. c. Immunostaining for anti-cMK antibody.
The hepatocytes and bile ducts (arrowheads) are negative for cMK. x 220
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