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Midkine (MK) is a novel heparin-binding growth
factor whose gene has been identified in embryonal
carcinoma cells in early stages of retinoic acid-
induced differentiation. We immunohistochemi-
cally examined 90 thyroid papillary carcinomas (85
invasive type and five encapsulated type), using a
rat IgG2a monoclonal antibody against the carboxyl
terminal region of human MK in archival paraffin
sections. The thyroid tumors exhibited an intense
reaction in the cytoplasm. Most of the papillary
carcinomas (77/90), had tumor cells that expressed
MK. These were classified into the following two
types: invasive type (76/85) and encapsulated type
(1/5). Notably, the intensity of MK was stronger at
the invading border area of the tumors than in the
center. In tissues adjacent to the cancer tissues,
normal follicular epithelial cells expressed MK very
faintly or not at all. The in situ hybridization anal-
ysis revealed that the signals of MK transcripts were
found in the cytoplasm of the cancer cells. In the
noncancerous follicular epithelial cells adjacent to
neoplasm the signals of MK transcripts were de-
tected very weakly or not at all. The distribution and
localization of the MK-transcript signals deter-
mined by in situ hybridization analysis were similar
to those obtained by immunohistochemical analy-
sis. We conclude that thyroid papillary carcinoma
strongly expresses MK protein and messenger RNA,
and that this overexpression may relate to the de-
velopment and invasion of these carcinomas.
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Midkine (MK), a novel heparin-binding growth fac-
tor found as a product of a retinoic acid-responsive
gene, is a basic cysteine-rich polypeptide with a
molecular weight of 15 kDa (1–3). MK messenger
RNA (mRNA) is strongly expressed in various tis-
sues during the midgestation period of mouse em-
bryogenesis (4, 5) and it is considered to be in-
volved in regulation of organogenesis in mice (6, 7).
Although mouse MK mRNA is expressed in the
adult kidney, it decreases to undetectable levels
with development in all other tissues.

Aberrant expression of growth factors is often
associated with tumorigenesis, and its effects on
the signal transduction system are considered to
lead to tumorigenesis (8, 9). High expression of MK
mRNA has been found in various human carcino-
mas such as Wilms’ tumor; lung, breast, gastric, and
colon carcinomas; and brain tumors (10 –14). Other
than brain tumors (14), there have been few immu-
nohistochemical analyses of MK protein level in
cancer tissues: only one rectal cancer (13) and 14
cases of esophageal cancer (15).

Furthermore, little is known of the expression of
MK protein and mRNA levels in thyroid carcino-
mas. To clarify and characterize the production of
MK protein by thyroid papillary carcinoma, the
most frequent type of thyroid carcinoma, we im-
munohistochemically studied MK expression in the
tumor tissues of 90 patients with papillary carcino-
mas using a new monoclonal antibody against the
carboxyl terminal region of human-specific MK
(14). Moreover, we studied MK mRNA transcript
expression and its histological localization by in
situ hybridization analysis in thyroid carcinomas.

In addition, colocalization between MK protein
and MK mRNA in thyroid papillary carcinoma was
examined using serial sections.
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MATERIALS AND METHODS

This retrospective study was carried out on sur-
gical samples of 90 thyroid tumors (77 females and
13 males, aged 22 to 85 years). Formalin-fixed,
paraffin-embedded cancer tissues were used. The
thyroid tumors were classified according to the
World Health Organization (WHO) International
Histological Classification of Tumours (16). The 90
thyroid papillary carcinomas consisted of 85 cases
of invasive type and five cases of encapsulated type.
As normal controls, we used thyroid tissues that
were anatomically far away from tumors in all 90
cases.

Multiple serial 4-mm sections were prepared from
each of the specimens. One section was stained
with hematoxylin and eosin (H&E) and the others
were used for immunohistochemical and in situ
hybridization analyses.

Immunohistochemistry
Monoclonal antibody against the carboxyl terminal

region of human MK (concentration: 2 mg/mL) was
used (14). The avidin-biotin-immunoperoxidase
complex (ABC) method was employed for MK detec-
tion (17). Sections were deparaffinized, endogenous
peroxidase activity was quenched by incubation for
30 min with 0.3% H2O2, and then washed with
phosphate-buffered saline (PBS). Normal serum ho-
mologous with the secondary antibody served as the
blocking reagent. Tissue sections were incubated with
the monoclonal antibody for 18 h at 4° C; sections
exposed to PBS and nonimmunized rat IgG served as
controls. Regarding the preabsorption test, some sec-
tions were incubated with anti-MK antibody that had
been preabsorbed with an excess of the synthetic
human MK antigen. Bound antibodies were visual-
ized by the ABC method using the appropriate Vec-
tastain ABC kit (Vector Laboratories, Burlingame, CA)
and 3,39-diaminobenzidine tetrahydrochloride as the
chromogen. In some sections, methyl green was used
as counterstain. MK immunoreaction was considered
positive when the cell cytoplasm was stained, irre-
spective of the percentage of positive cells.

In Situ Hybridization
Three antisense oligonucleotides against exons 1,

2, and 5 of human MK DNA were synthesized
by a DNA automatic synthesizer (exon
1, 59-GGGCCCGGCGCGGGAGGGAGCGAAGCAGC-
GCGGGCAGCGAGCGA-39; exon 2, 59-ATGCAGCAC-
CGAGGCTTCCT-39; exon 5, 59-ACTAGACGCC-
AAGCCTGGAT-39). These probes were mixed and
used for in situ hybridization.

Oligonucleotide sense probes were also synthe-
sized, and they were mixed and used as negative
controls. RNase treatment of sections was per-

formed before hybridization as another negative
control. They were labeled with digoxigenin (DIG)
according to the DIG39-end-labeling method using
a DIG-Oligonucleotide Tailing kit (Boehringer
Mannheim, Mannheim, Germany).

Details of the in situ hybridization technique
have been described previously (14). The in situ
hybridization was performed on all thyroid tumors.
The tissue sections, which were prepared under
sterile conditions, were deparaffinized and washed
with PBS.

They were washed twice with 2 mg/mL of glycine in
PBS, acetylated for 20 min, and then washed in SSC
(sodium chloride-sodium citrate solution). After pre-
hybridization, tissue sections were incubated with ei-
ther antisense or sense probes of MK for 24 h at 42° C
in an incubation chamber. They were washed in SSC
solution. To detect the hybridization MK transcripts,
we used a DIG-Nucleic Detection kit (Boehringer
Mannheim). Briefly, tissue sections were washed with
DIG-buffer 1 (100 mM Tris-HCl pH 7.5, 20° C, 150 mM

sodium chloride). After blocking, they were incubated
with alkaline phosphatase-containing nitroblue tetra-
zolium salt and levamisole in DIG-buffer 3 (100 mM

Tris-HCl (pH 9.5), 100 mM NaCl, 50 mM MgCl2).
The color reaction was developed for 12 to 40 h in

a dark room and then stopped by incubating the
sections in DIG-buffer 4 (10 mM Tris-HCl [pH 8.0], 1
mM EDTA).

Statistical analysis was performed by the Fisher
exact test.

RESULTS

Histologically, the majority of papillary carci-
noma cells exhibited the papillary growth pattern
(Fig. 1A). The cancer cells had ground glass nuclei
with inconspicuous nucleoli. Nuclear pseudoinclu-
sions and nuclear grooves were apparent in some
specimens (Fig 1A). Tissue sections were classified
into invasive papillary carcinomas (85 cases) and
encapsulated type (five cases) (Fig. 2A).

The results are summarized in Table 1. When
control sections were incubated with PBS and non-
immunized rat IgG, immunoreaction products were
not detected. In addition, the anti-MK antibody,
pretreated with an excess of the synthetic human
MK antigen, did not stain sections with any immu-
noreaction products.

Although the proportion of positively stained ver-
sus unstained tumor cells varied among samples to
sample, MK-positive specimens comprised more
than 80% of cancer cells that expressed MK. Cyto-
plasmic staining with MK antibody was observed in
many tumors, and the staining patterns were het-
erogenous (Fig. 1B). No immunoreactivity was
found in vascular or mesenchymal cells among all
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cancers examined. A positive reaction with anti-MK
antibody was observed in 77 of the 90 thyroid pap-
illary carcinomas (85%).

Seventy-six of 85 invasive papillary carcinomas
(89%) expressed MK protein. In contrast, in the
encapsulated variant, four of five specimens exhib-
ited tumor cells that expressed MK very faintly or
not at all (Fig. 2B). The normal thyroid tissues ad-
jacent to cancer tissues were not immunostained
by the anti-MK antibody. (Fig. 2B). In the invasive
type, the percentage of MK-positive cases was sig-
nificantly higher than that of MK-positive cases in
encapsulated types (Fisher exact test, P 5 .0012). It
is of interest that in invasive cases, the intensity of
MK expression was stronger at the invading border

of the tumor than in the center of the tumor tissues
(Fig. 3, A-B). Vascularization was observed near the
invading cancer cells that exhibited intense MK
staining (Fig. 3, A-B). There were no significant
differences in MK expression between age and gen-
der in papillary thyroid carcinoma.

The analysis of 90 thyroid papillary carcinomas
using antisense probes revealed the presence of

FIGURE 1. Serial sections of invasive papillary carcinoma in thyroid
stained with hematoxylin and eosin (A) and immunostained by the rat
IgG2a monoclonal antibody against human specific MK (B). A, this
tumor displays a papillary pattern. Cancer cell has a ground glass
nucleus with a nuclear groove (arrows). Capillaries in stromal tissues
can be seen (arrowhead) (original magnification, 2303). B, the
cytoplasm of cancer cells is positively stained with anti-MK antibody.
Some cells are stained intensely (arrows). Capillaries and mesenchymal
tissues (asterisks) were not stained (no counterstain; original
magnification, 2303).

FIGURE 2. Serial sections of encapsulated papillary carcinomas
stained with hematoxylin and eosin (A) and immunostained anti-MK
antibody (B). A, papillary tumor is encapsulated by thick connective
tissue. The surrounding thyroid tissues are compressed and atrophic
(arrowheads). A psammoma body is found in the thick capsular tissues
(arrow) (original magnification, 1403). Inset, nuclear grooves are
present in some cancer cells (arrows) (original magnification, 5003).
B, almost all of the cancer cells were unstained by anti-MK antibody;
however, a few cancer cells expressed MK very faintly (arrowheads).
Thick fibrous capsules, including noncancerous normal follicular
epithelial cells, are negative for MK. A calcified psammoma body can
be seen (arrow) (no counterstain; original magnification, 1403). Inset,
some cancer cells expressed MK very faintly (arrowheads) (original
magnification, 4003).

TABLE 1. Immunohistochemical Expression of Midkine

in Thyroid Papillary Carcinoma

No. of Cases MK-Positive Cases (%)

Papillary carcinoma 90 77 (85)
Invasive type 85 76 (89)a

Encapsulated type 5 1 (20)b

There is a significant difference between a and b (Fisher exact test, P 5
.0012).
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specific signals in the tumor cell cytoplasm (Fig.
4A). In control sections, no signals were detected
with RNase pretreatment. Noncancerous follicular
epithelial cells adjacent to neoplasm expressed MK
mRNA very weakly or not at all. There was a direct
correspondence between in situ hybridization and
the immunohistochemically determined levels of
MK expression among the 90 papillary carcinomas
(Figs. 1B and 4A). Hybridization with the sense
probe revealed no labeling of these tumor cells (Fig.
4B).

DISCUSSION

In the mouse embryo, the MK mRNA was first
detected on the seventh day of gestation using in
situ hybridization analysis (5).

MK mRNA expression is quite strong in some
organs, such as the brain, stomach, lung, and small
intestine, from the 11th to 13th days of gestation (4,
5). In adult mice, only the kidney continues to ex-
press MK (3–5). We cannot readily compare animal
tissues to human tissues; we failed to detect the
significant signals of MK transcripts in thyroid non-
cancerous normal tissues of humans aged 22 to 85.

Our novel finding was that MK mRNA was over-
expressed in human papillary carcinoma of thyroid.
Strong expression of MK mRNA has been reported
in various human carcinomas, such as gastric, co-
lon, breast, and lung cancer, and brain tumors (10 –
14). In gastric and colorectal carcinomas, the MK

FIGURE 3. MK immunostaining of invading papillary carcinomas. A,
invading cancer nests (arrowheads) express MK stronger than central
cancer tissues (arrows). No significant immunoreactivities are found in
vascular (V) and mesenchymal tissues. The surrounding adipose tissues
(Ad) are negative for MK (no counterstain; original magnification, 903).
B, cancer cells in border area express MK protein intensely (arrows).
Small vessels (V) and mesenchymal tissues (asterisks) are negative for
MK (counterstain for methyl green; original magnification, 1403).

FIGURE 4. The serial sections consecutive to Figure 1, A-B of the
expression of MK transcripts detected by in situ hybridization in
thyroid papillary carcinoma. A, in situ hybridization with antisense
probe. Demonstration of MK transcripts in papillary carcinoma shown
by the intense labeling of the cytoplasm in some cancer cells. The
cancer cells labeled intensely by in situ hybridization analysis (arrows)
almost coincide with the cells that strongly expressed MK protein by
immunohistochemistry (arrows in Fig. 1B). No significant signals are
detected in mesenchymal components (asterisks) (original
magnification, 2303). B, in situ hybridization with sense probe of the
section consecutive to A. No significant signals were detected in this
section (original magnification, 2303).
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mRNA level was higher in cancer specimens than in
the corresponding noncancerous tissues (13). Al-
though normal breast and lung tissues did not ex-
press MK mRNA, it was frequently expressed in
malignant breast and lung tissues (11, 12). In our
recent study of brain tumors, glioblastomas ex-
pressed MK mRNA strongly, although normal brain
tissues did not (14). Breast and lung carcinomas, as
well as glioblastomas, have different origins. How-
ever, these malignant tumor tissues overexpressed
MK mRNA, whereas the corresponding noncancer-
ous normal tissues did not (11, 12, 14). Our results
regarding MK mRNA overexpression in thyroid
papillary carcinomas coincide with those of the car-
cinomas originated from the different organs men-
tioned above.

As for immunohistochemical analyses of MK ex-
pression in human cancer tissues, only two other
studies on colorectal and esophageal carcinomas
using immunohistochemical methods have been
reported previously: the former examined one case
of rectal cancer (13), the latter 14 esophageal can-
cers (15). In addition, the antibody used in the
studies of the colorectal (13) and esophageal can-
cers (15) was a polyclonal antibody against mouse
MK, not anti-human MK antibody. In our recent
immunohistochemical analysis of brain tumors, we
used a monoclonal antibody against the carboxyl
terminal region of human-specific MK (14). We ap-
plied this monoclonal antibody to paraffin sections
and revealed intensely positive staining for MK in
the tumor cytoplasm (14). In this study, we used
this antibody in thyroid papillary carcinomas and
detect intensely positive staining for MK in the tu-
mor cytoplasm. Approximately 85% of the cases of
papillary carcinoma exhibited tumor cells that ex-
pressed MK. The distribution and localization of the
MK protein determined by immunohistochemistry
were similar to those obtained by in situ hybridiza-
tion analysis.

The Wilms’ tumor cell line G401 and PA-1 terato-
carcinoma cells (10), as well as fetal human astro-
cytes (18), secrete MK protein into the culture me-
dium. Moreover, MK exhibits potent trophic
activity towards neurons (18 –20). Although the mo-
lecular receptor for MK has not yet been identified
(21, 22), fetal astrocytic MK secretion is thought to
occur through a paracrine mechanism. In mouse
embryos, MK is suspected to have a paracrine func-
tion at midgestational development stages (7). On
the other hand, it has been suggested that the over-
expression of MK is related to oncogenesis of
Wilms’ tumors (10) and glioblastomas (14) in an
autocrine manner. In malignant tumors, the endog-
enous production of growth factors by tumor cells,
which in turn act on themselves via receptors, may
lead to progression of malignancy in an autocrine
manner (23). In thyroid papillary carcinomas, it has

been suggested that transforming growth factor al-
pha and epidermal-growth-factor receptor are in-
volved in an autocrine loop (24). Considered in
connection with the fact that MK is a member of a
novel family of heparin-binding growth factors (1–
3), the aberrant MK expression in thyroid papillary
carcinomas might reflect the amplification of auto-
crine activity.

The intense MK-expression of tumor cytoplasm
observed in invading border areas was accompa-
nied by small vessels. Although the ultimate biolog-
ical significance has not been established, a role as
an angiogenic factor of MK is suspected in bladder
cancer (25). Together with our findings of vascular-
ization near the intensely MK-stained cancer cells
in invading areas, more abundant blood supply,
based on angiogenic activity in invading border
areas than in the center, might be related to the
intense MK expression in border areas of thyroid
papillary carcinomas.

Our results suggest that increased MK expression
may play a role in the development and invasion of
thyroid papillary carcinoma. Whether these consid-
erations apply to thyroid papillary carcinoma with-
out the benefit of normal control mechanisms re-
mains to be determined.
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