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Expression and function of midkine in human endometrium

Li-Hsing HO

Department of Medicine, Chung Shan Medical University

Abstract

Midkine (MK) is a heparin binding-growth factor, which shows strong expression during the

mid-gestation period of mice and has a deep relation with tissue reconstruction.

It would be of interest

to know whether MK plays any part in the human endometrium, which repeats exfoliation and

regeneration.

In this study, we investigated the production and dynamics of MK in the endometrium.

Surgical specimens obtained from patients with gynecological benign tumor were used for the study

after obtaining informed consent.

MK mRNA expression in tissues was examined by RT-PCR and that

of cells by in situ RT-PCR. MK localization was studied by the enzyme antibody method and MK in
culture supernatant was measured by enzyme immunoassay. Endometrium was separated into glandular

and stromal cells and cultured respectively.

MK production in culture media was measured and the

influences of steroid hormones and growth factors were also examined.

MK mRNA expression was seen in 78.1% (25/32) of the endometrium and was over-expressed in

that of the early and mid secretory phase.
glandular and stromal cells.

glandular cells, whereas it was absent or only faintly stained in stromal cells.
culture supernatant of glandular cells increased with the cultivation progress.
influenced by the addition of the steroid hormones and the growth factors.

MK mRNA expression in cells was recognized in both
However, marked MK localization was seen only in the cytoplasm of

MK concentration in the
However, it was not
On the other hand, marked

increase of MK concentration in stromal cells was recognized with the addition of progesterone, although

it did not increase with the cultivation progress.

As for the cell culture on Matrigel, the MK concentra-

tion of supernatant in both glandular and stromal cells showed a higher level on the third day of the

cultivation.

MK expression increases gradually from the menstrual phase toward the secretory phase, and it is

suggested that MK expressed at the time of cell differentiation plays an important role in the period of

implantation and differentiation of fertilized eggs.

Introduction

Midkine (MK) is a heparin-binding growth factor
discovered in 1988 as a gene product. The expression
increases during the mid-gestation period of mouse
embryogenesis, in the early stage of differentiation of
embryonal carcinoma stem cells treated with retinoic
acidV. MK is structurally distinguished from other
heparin binding growth factors such as fibroblast growth

factor (FGF). However, MK is part of a new family of
growth factors with pleiotrophin (PTN)?%, which has a
50% sequence homology with MK®.

Recently, though various biological activities of MK
have become clarified, its functions can be summarized
as linked to nerve survival and differentiation, car-
cinogenesis and tissue reconstruction.
ous reports that MK promotes the expansion of neurites
in the process of cultivation of mouse embryo neurons®

There are vari-
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MK is over-
expressed in many types of human carcinoma tissues
compared with normal tissues. High expression of MK
is recognized in 80-90% of digestive tract cancers such as
colorectal carcinoma, liver cancer, pancreatic cancer,
esophageal cancer and stomach cancer” as well as lung
cancer® and breast cancer?, and it has been reported
that over-expression of MK in neuroblastoma'?,
glioma!” and bladder cancer'? is associated with poor
prognosis. Serum MK levels are also increased in
patients with various types of carcinomas'®. On the
other hand, there are many reports about inflammation
and the tissue reconstruction, emphasizing the activities
of MK in migration of blood neutrophils®. MK
increases the activation of plasminogen-activating
enzyme of vascular endothelial cells'®, It has also been
shown to be present in the synovial liquid of rheuma-
tism patients’®. Moreover, when MK is preadminister-
ed subretinally in albino rats, degeneration resulting
from continuous optical irradiation can be prevented'®,
while it is markedly deposited on the senile plaque of
Alzheimer’s disease!”.

Nevertheless, there are few reports to date on MK in
the reproductive and gynecological fields!®=29. It
would be of interest to know whether MK, which is
closely related to tissue reconstruction plays any part in
the human endometrium, and its process of repeated
exfoliation and regeneration. In this study, we there-
fore investigated the production and dynamics of MK in
the endometrium.

and acts to promote nervous survival®.

Materials and Methods

Surgical specimens obtained from patients with
gynecological benign tumors were used for the study
after obtaining informed consent. The benign disease
group was composed of 24 patients who underwent
open or laparoscopic surgery for uterine myoma or
ovarian tumor, and who had regular menstrual cycles.
The phase of the menstrual cycle at which the function-
ing layer of the endometrium was collected was the
menstrual phase in 6 cases, the early and mid-
proliferative phase in 6 cases, the late proliferative phase
in 5 cases, the early and mid-secretory phase in 7 cases,
and the late secretory phase in 8§ cases. The accuracy of
the phase of the menstrual cycle was confirmed by
measurement of the serum E2 and P levels and by
pathological endometrial dating?.

1) RT-PCR

A portion of the aseptically collected tissue specimens
was immediately cut with a scalpel into pieces, rapidly
frozen with liquid nitrogen, and stored at —70°C until
the RNA extraction. Total RNA was isolated using
Isogen (Nippon Gene, Tokyo, Japan). Five ug of
total RNA was reverse-transcribed into cDNA using an
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RT-PCR kit (Stratagene, La Jolla, CA) according to
the manufacturer’s recommendations.  The prepared
cDNA was stored at —20°C until use. The MK was
amplified using the following primer pairs designed by
Tsutsui et al.?? :
5-ATGCAGCACCGAGGCTTCCT-3 (MK-F)
5-ATCCAGGCTTGGCGTCTAGT-3 (MK-R).

One-microliter aliquots of the cDNA and 10 pmol of
each primer were subjected to PCR using Ready-to-Go
PCR bead kit (Amersham Pharmacia Biotech, Uppsala,
Sweden). MK was amplified with 30 cycles of 94°C for
30s, 50°C for 45s and 72°C for 90s. The amplified
products were fractionated on 1.5% agarose gel. The
gel was stained with ethidium bromide. The efficiency
of cDNA synthesis from each sample was estimated by
PCR with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primers.

2) In situ RT-PCR

Formalin-fixed, paraffin-embedded sections were
deparaffinized in xylene and rehydrated. Then they
were soaked in 0.0l M citrate buffer and treated by
microwave at 500 W for 10 minutes twice to obtain an
enhancement of the RT-PCR signal?®. RNase-free
DNase (final concentration of 100 units/ml) (Nippon
Gene) in 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5
mM MgCl, at 37°C for 7h was used to degrade the
DNA. DNase was inactivated by heating at 75°C for
10 min. RNA PCR Kit (AMV) Ver. 2.1 (TaKaRa,
Shiga, Japan) and MK oligonucleotide antisense primer
were used in the reverse transcriptase reaction. Reverse
transcription was carried out in a total volume of 20 ml
on each tissue slide. The final concentrations for the
reaction mixture were as follows ; 1X RNA PCR buffer,
5mM MgCl,, | mM dNTP mixture, 0.5 U RNase in-
hibitor, | U AMYV reverse transcriptase, 10 mM antisense
primer of MK and DPEC H,0O. The slides on which
the reaction mixture was mounted were covered with
EasiSeal for in situ PCR (Hybaid, London, UK) and
reacted for 10 minutes at 30°C, 30 minutes at 42°C and
90°C at 5 minutes. The slides as a negative control did
not undergo this reverse transcriptase reaction. The
PCR amplification was carried out in 50 ml mixture of
02mM of dNTP mixture (TaKaRa), 0.02 mM
digoxigenin-11-dUTP (dig-11-dUTP) (Boehringer
Mannheim, Tokyo, Japan), 0.17 U EX Taq and EX Taq
buffer (TaKaRa), 0.8 mM each of the sense and antisen-
se primers, 25 mM MgCl, and H,O. The slides were
heated to 82°C for seven minutes on the Omni slide in
situ thermal cycler (Hybaid). After cooling to 55°C,
PCR mixed solution was added to the specimens and
tissue sections soaked in the solution were covered with
EasiSeal. The PCR amplification was carried out five
times with denaturing at 94°C for 60s, annealing at 55°C
for 30s, and primer extension at 68°C for 30s. The

(2)



May., 2006

slides were incubated for 30 min with 0.3% Triton X-100
and 0.5% non-fat dry milk at room temperature. Im-
munodetection was performed using anti-digoxigenin
(Fab) antibody conjugated to alkaline phosphatase
(Boehringer Mannheim) and the mixture of nitro blue
tetrazolium (NBT) and 5-brom-4-chloro-3-indolyl
phosphate (BCIP) (Promega, Madison, USA). Bind-
ing was demonstrated microscopically by the presence of
blue staining.

3) Immunohistochmistry

Immunochistochemical staining was carried out using
Histofine SAB-PO (R) kit (Nichirei, Tokyo, Japan).
Paraffin sections were deparaffinized, rehydrated and
their endogenous peroxidase activity and non-specific
binding were blocked with methanol containing 3% H,
O, and 10% goat normal serum, respectively. Sections
were incubated with a rabbit anti-MK antibody (kindly
donated by Dr.Sakuma of Meiji Cell Technology
Center) diluted 100 times with 0.01 M phosphate-
buffered saline for 1 h at room temperature. Sections
were then treated with a biotinylated goat anti-rabbit
antibody, and horseradish peroxidase (HRP) labeled
streptoavidin. Development was done by treating the
sections with a Liquid DAB-Plus Substrate kit (Zymed,
San Francisco, CA, USA). Normal rabbit serum
instead of anti-MK was used as negative control. ~ After
counterstaining with hematoxylin, immunostaining of
MK on the tissue sections was detected by a light
microscope.

4) Preparation of endometrial

stromal cells

Endometrial glandular and stromal cells were isolated
from normal endometrial tissues by modified procedures
of Satyaswaroop et al?2¥. In brief, normal human
endometrial tissues obtained at operation were washed
with calcium and magnesium-free Hanks’ solution
(CMF-Hanks’) several times, minced into small frag-
ments, and incubated with CMF-Hanks’ containing
0.25% collagenase (type IA, Sigma, St. Louis, MO,
USA) in a flask at 37°C in an atmosphere of 5% CO, in
air for 3 hrs. After the flask was skaken gently for 3
minutes, the suspension of glands and cells were strained
through a 250 4 m stainless steel sieve (SANPO, Tokyo,
Japan) to remove any undigested tissues and mucous
material. The filtrate was then strained through a 38
um sieve (SANPO). The sieves were washed thor-
oughly with CMF-Hanks’. Then the sieve was turned
upside down and washed with CMF-Hanks’ several
times. The washing solution containing endometrial
glands was centrifuged and the precipitate was re-
suspended with Dulbecco’s modified Eagle’s medium/
Ham’s F12 (DMEM/F12; Life Technologies, Tokyo,
Japan) without phenol red containing 50 U/ml penicil-
lin, 50 mg/ml streptomycin (Life Technologies), 0.25

glandular and
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mg/ml fungizone (Life Technologies), 10% fetal calf
serum. After 60 min incubation, the floating en-
dometrial epithelial cells were collected and used for
experiments. While the filtrate passed through a 250
pm which was containing much volume of stromal cells
was centrifuged and washed with CMF-Hanks’. They
were further purified by centrifugation on a Ficoll-
Paque (Amersham Pharmacia Biotech). The purified
human endometrial stromal cells were washed and re-
suspended with DMEM/F12 medium and used for the
experiments. Immunohistochemical analysis for ker-
atin or vimentin staining indicated that the purity of
these cell preparations was greater than 99%.

5) Cell culture

The separated cells were resuspended in basal medium
composed of 1: 1 Dulbecco’s modified Eagle’s medium
(DMEM)/Ham’s F12 without phenol red containing 50
U/ml penicillin, 50 mg/ml streptomycin (Life Technol-
ogies), 0.25 mg/ml fungizone (Life Technologies), 10%
charcoal stripped bovine serum. Glandular and
stromal cells were plated out in 24-well plastic or
Matrigel multiplate (Collaborative Research) at a con-
centration of 1 X 10° cells per 250 y1 well, and incubated
at 37°C in 95% air and 5% COZ% On the 3rd day of
cultivation on plates, glandular colonies consisted of
tightly packed polygonal or tadpole shaped cells that
grew in swirls, and stromal colonies consisted of elongat-
ed spindle cells (Fig. 1). While on Matrigel, glandular
colonies formed three-dimensional structures like tube
formation, and stromal colonies formed cell islands
accompanied with small three-dimensional structures
(Fig. 2).

Culture media were exchanged and we added
estradiol (108 M), progesterone (10~ M), EGF (100
ng/ml) and TGFA (1 ng/ml) in triplicate to the cul-
ture wells respectively, then the culture media were
exchanged every 4 days, and culture supernatants were
kept at —20°C until measurement.

6) Enzyme-linked immunoassay for midkine

Measurement of MK concentration was performed by
the method of Ikematsu et al.'®. In brief, 96 well
multititer plates absorbed with rabbit anti-human MK
antibodies were made and kept at 4°C until assay. The
first reaction was done by the reaction of antigen and
labelled antibody. Aliquots of 50 4l of MK standard
solutions or sample solutions with peroxidase-labelled
chicken anti-human MK antibodies were added into the
wells.  After incubation for 30 minutes at room temper-
ature, the wells were washed five times with washing
buffer and emptied by tapping. In second reaction,
aliquots of 100 g1 of a substrate solution were added
into the wells and the plates were incubated for 20
minutes at room temperature. The reaction was
stopped by adding 100 41 of 2N sulphuric acid and
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Fig.1 Growth features of endometrial glandular cells (G) and
stromal cells (S) on plain plates

Fig.2 Growth features of endometrial glandular cells (G) and
stromal cells (S) on Matrigel
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Fig.3 MK ELISA standard curve

detection was performed at OD450 was detected using a
multiplate reader. The MK standard curve showed an
almost linear line between 0.5 and 4 yg/ml of MK
standard (Fig.3). Both coefficient of wvariations of
intra- and inter-assay in this assay were within 10%.
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6A 6B

Fig.6 The expression of MK mRNA in the endometrium at
the cellular level using in situ RT-PCR
6A : MK mRNA localization in an endometrium sec-
tion, 6B : control in a serial section, 200 magnification

Immunohistochemical staining of MK in endometrium
6A : MK localization in an endometrium section, 6B :
control in a serial section, 100 magnification

7) Statistical analysis

Student’s t-test was used for analysis of differences
between groups. The statistical package used was SPSS
version 10.07 (SPSS Inc. Chicago, IL, USA). A
p-value of lower than 0.05 was considered to indicate a
statistically significant difference.

Results

1) RT-PCR analysis of MK in endometrium

MK mRNA expression was seen in 78.1% (25/32) of
specimens of the functional layer of the endometrium.
The intensity of its expression became stronger from the
menstrual toward the secretory phases (Fig.4). When
its detection rate was analyzed in the endometrium
during the menstrual cycle, it increased gradually from
the menstrual phase to early and mid secretory phase,
and decreased to the late secretory phase and the
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menstrual phase, as shown in Fig. 5.

2) Study using in situ RT-PCR

The expression of MK mRNA in the endometrium, as
observed at the cellular level, was visualized as high
signals in the nuclei of the endometrial glandular cells.
Less strong signals were noted in the uterine stromal
cells (Fig. 6A). In the control group, for which a sense
probe was used, no cellular signals were detected (Fig.
6B).

3) Immunohistochemical study

We examined MK expression in protein level by
immunohistochemical analysis using anti-MK anti-
bodies. Marked MK localization was seen in the cyto-

<« f32M

4 5 6 7 8 13

menstrual cycle day

16 21 22

Fig.4 MK mRNA expression in the endometrium during the
menstrual cycle
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plasm of endometrial glandular cells whereas it was
absent or faintly stained in stromal cells (Fig. 7).
4) MK production of separated endometrial cells
MK concentration in the culture supernatant of glan-
dular cells increased with the cultivation progress, show-
ing high levels of an average of 89.5 ng/ml on the 11t

(%)
100 -
80
60
40
20 +
0 n n 1 "
M phase E&M-P phase  L-P phase E&M-S phase  L-S phase
(n=6) (0=6) (n=5) (n=7) (n=8)
Fig.5 The detection rate of MK mRNA expression in different

menstrual phases
E&M : early and mid, L: late, M: menstrual, P:
proliferative, S : secretory

11

days of culture

E medium only H E2 (10-8M)

O P (10-7M)

O EGF (100ng/ml) B TGF (Ing/ml)

Fig.8 MK concentrations in culture media of endometrial glandular cells
Influence by steroid hormones and growth factors

days of culture

E medium only B E2 (10-8M)

O P (10-7M)

[ EGF (100ng/ml) [ TGF (Ing/ml)

Fig.9 MK concentrations in culture media of endometrial stromal cells
Influence of steroid hormones and growth factors
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days of culture
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Fig. 10

MK concentrations in Matrigel culture media of endometrial glandular cells

Influence of steroid hormones and growth factors
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Fig. 11 MK concentrations in Matrigel culture media of endometrial stromal cells
Influence of steroid hormones and growth factors

140 r

120

100

60

40

20 r

|

7 11

days of culture

l O G-cell (plain) M S-cell (plain)

O G-cell (Matrigel)

M S-cell (Matrigel) ,

Fig. 12 MK concentrations in culture media of endometrial glandular and stromal cells
Comparison of culture on Matrigel with culture on plain plates

day of cultivation (Fig.8). However, it was not
influenced by the addition of the steroid hormones and
the growth factors (Fig. 8). On the other hand, marked
increase of MK concentration in stromal cells was recog-
nized by the addition of progesterone, although it did
not increase with the cultivation progress, and showed
lower levels (average 2.3 ng/ml) compared with glan-

dular cells (Fig.9). As for the cell culture on Matrigel,
the MK concentration of supernatant in both glandular
and stromal cells was not influenced by the addition of
the steroid hormones and growth factors (Fig. 10, 11),
but those on the third day of the cultivation showed a
higher level compared with those in plastic multiplates
(Fig. 12).
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Discussion

There is no report on the dynamics of MK in the
endometrium durng repeated endometrial exfoliation
and regeneration. We showed that MK was produced
from the endometrium by proving its expression and
localization. However, it is reported that serum MK
levels were low in women who have normal menstrual
cycles and is not influenced by the period of the men-
strual cycle?®. This shows that the MK produced by
the endometrium is different from that by carcinoma
patients and works in the autocrine or paracrine system.
On the other hand, it is reported that the measurement of
the serum MK level in patients with carcinomas is
diagnostically useful by detection of higher levels in
comparison with the low levels in normal healthy
persons and cases of benign tumors!*'®.  Although the
truncated MK is expressed in carcinoma tissues*?®, it
was not recognized in the endometrial tissues examined
in this study. This also suggests that the function of
endometrial MK is different from that in carcinoma
tissue.

As regards the dynamics of the MK expression in the
endometrium of the menstrual cycle, we found that its
expression increased gradually from the menstrual
toward the early and mid-secretory phase. This sug-
gests that MK production from the endometrium is
influenced by estrogen and progesterone. Therefore, we
separated endometrial glandular cells and stromal cells
from the endometrium of normal healthy women, and
established a culture system of endometrial cells contain-
ing three-dimensional structure. It was reported that
human endothelial cells formed tube-like structures on
the gel composed of basement membrane proteins within
24 hours®”, and endometrial cells used in this study
formed tube-like structures on Matrigel within 48 hours
(data not shown).

The MK level in the culture supernatant was high in
the early stage of culture and thereafter decreased when
the cells were cultured on Matrigel, suggesting that MK
influences the formation of the three-dimensional struc-
ture. In the hormone addition experiment, the MK
level in culture supernatant showed significantly high
values when progesterone was added to the stromal cells.
MK protein of stromal cells was not recognized im-
munohistochemically, but its mRNA was found to be
expressed by in situ RT-PCR, which might indicate that
its production is controlled by certain conditions. It
can be said that the deciduation of stromal cells is one
of those reasons.

Since MK expression increases gradually from the
menstrual phase toward the secretory phase, this suggests
that MK expressed at the time of cell differentiation
plays an important role in the period of implantation
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and differentiation of fertilized eggs.
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