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High preoperative serum midkine concentration is associated
with poor survival in patients with esophageal cancer, even after
radical surgery, and thus may have prognostic value. Midkine
(MK), a heparin-binding growth factor, is expressed in numerous
cancer tissues, and serum MK (S-MK) concentrations are increased
in patients with various neoplasms. The aim of this study is to
evaluate the clinical significance of S-MK in patients with esoph-
ageal squamous cell cancer (SCC). S-MK was measured by en-
zyme-linked immunosorbent assay in 135 healthy controls, 16
patients with benign esophageal disease, and 93 patients with
primary esophageal SCC before surgery. The serum concentra-
tions of carcinoembryonic antigen (CEA), SCC antigen (SCC-Ag),
and cytokeratin 19 fragment (CYFRA21-1) were also evaluated.
All patients with esophageal SCC underwent radical esophagec-
tomy. Tumor MK expression was assessed by immunohistochem-
istry in 14 fresh tumor specimens. To determine whether S-MK is
of value as a prognostic factor, the authors conducted a survival
analysis using Cox’s proportional hazards model. S-MK values in
patients with esophageal SCC were significantly higher than
those in healthy controls (417±±±±342 pg/ml vs. 154±±±±76 pg/ml,
P<<<<0.001). Using 300 pg/ml as the cut-off value (representing the
mean ++++2 standard deviations of the S-MK of healthy controls),
61% of patients with esophageal SCC were classified as positive.
MK expression by the tumor was significantly associated with
high level of S-MK. High S-MK (≥≥≥≥300 pg/ml) was associated with
tumor size, immunoreactivity and poor survival. Multivariate
analysis indicated that S-MK was an independent prognostic fac-
tor. S-MK may be a useful tumor marker for esophageal SCC. In-
creased preoperative S-MK in patients with esophageal SCC is
associated with poor survival.  (Cancer Sci 2003; 94: 628–632)

idkine (MK) is a heparin-binding growth factor, which
was first reported as the product of a retinoic acid-re-

sponsive gene.1) It plays a role in neuronal survival and
differentiation2, 3) and is also expressed at higher concentrations
in various malignant tumors than in the adjacent normal
tissue,4–10) even in the early stages of disease.11, 12) In neuroblas-
tomas, glioblastomas, and urinary bladder cancers, MK protein
expression was correlated with poor prognosis.7, 13) Because
MK is a secreted protein, serum MK (S-MK) concentrations
would be expected to increase when tumor tissues express
abundant MK.

Recently, determination of MK expression by measuring S-
MK in patients with cancer has been made possible by the de-
velopment of enzyme-linked immunosorbent assays.14–16) Al-
though MK protein expression was reported to be associated
with poor prognosis in some types of cancer,7, 13) the clinico-
pathological significance of S-MK in patients with malignant
tumors has not been examined. Esophageal carcinoma is one of

the most lethal malignant tumors in the gastrointestinal carci-
noma family. The aggressive behavior of this tumor is often as-
sociated with rapid growth and systemic spread of the
disease.17) Serum concentrations of some types of growth fac-
tors are useful to predict treatment response and patients’ out-
come in esophageal squamous cell carcinoma (SCC).18, 19) These
serum markers may complement the clinical impact of TNM
staging. The purpose of this study was therefore to determine
both the clinicopathological and prognostic significance of S-
MK in these patients. To this end, we measured preoperative S-
MK in 93 patients with primary esophageal SCC.

Patients and Methods

Patients and healthy controls. Ninety-three patients with primary
SCC of the esophagus who have been treated by radical esoph-
agectomy without any preoperative therapy, between 1997 and
2000, at the Department of Academic Surgery, Chiba Univer-
sity Hospital were investigated in this study. They consisted of
76 males (82%) and 17 females (18%) with a median age of 65
years (range 40–87 years) and were classified according to the
TNM/UICC guidelines20) as follows: 15 stage I; 28 stage II; 25
stage III; and 25 stage IV. All patients with M1 showed no or-
gan metastasis, but had distant lymph node metastasis. No pa-
tient had received blood transfusion, radiotherapy, or
chemotherapy during the 6 months preceding this study. All pa-
tients with esophageal SCC underwent radical esophagectomy
with three-field lymphadenectomy,21) defined as macroscopi-
cally complete removal of the tumor. For the entire population,
the median follow-up period was 36 months (range 19 to 69
months).

One hundred and thirty-five healthy individuals and 16 pa-
tients with benign esophageal disease were also investigated as
controls. Patient recruitment and sample collection were per-
formed within the guidelines of protocols approved by the insti-
tutional review boards. Informed consent was obtained from all
subjects. Healthy individuals consisted of 94 males (70%) and
41 females (30%) with a median age of 34 years (range, 21–75
years) and without evidence of comorbid disease (e.g., esoph-
agitis, liver dysfunction, diabetes, etc.) as previously de-
scribed.16) Patients with benign esophageal disease consisted of
12 males and 4 females with a median age of 59 years (range,
28–78 years) who served as non-cancer controls. This group
included cases of achalasia (4 cases), reflux esophagitis (4
cases), benign stenosis (4 cases), leiomyoma (3 cases), and pap-
illoma (1 case).
Serum sampling and enzyme immunoassay for S-MK. Sera were ob-
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tained before surgery by venipuncture and immediately centri-
fuged at 3000g for 5 min. Sera were obtained again from 19
sero-positive patients 4 weeks after surgery. The serum was fro-
zen at −80°C until the assay was performed. Repeated thawing
and freezing of samples was avoided. S-MK was measured
with solid-phase human MK immunoassay ELISA kit systems
as previously described.16) As a standard method, 50 µl of rab-
bit anti-human MK antibody at a concentration of 5.5 µg/ml in
phosphate-buffered saline (PBS) was adsorbed onto the wells of
microtiter plates (Polysorp plates, Nunc, Naperville, IL) for 16
h at room temperature. After washing with 1% Tween 20 in
PBS, the wells were blocked with 150 µl of 0.5% bovine serum
albumin in PBS for 16 h at 37°C. Control human MK samples
or serum samples (10 µl each) were mixed with 100 µl of 50
mM Tris HCl (pH 8.4), 0.5 M KCl, 0.5% bovine serum albu-
min, 0.01% Microcide I (aMReSCO, Solon, OH) containing
peroxidase-labeled chicken anti-human MK antibody (0.1 µg/
ml). Aliquots of 50 µl of this mixture were added to the wells
of microtiter plates prepared as described above. After incuba-
tion for 1 h at room temperature, the wells were washed five
times with 1% Tween 20 in PBS. Aliquots of 100 µl of a sub-
strate solution (tetramethylbenzidine at 0.5 mg/ml in Dako
S1600, Dako, Kyoto) were added to the wells and the plates
were incubated for 30 min at room temperature. The reaction
was stopped by adding 100 µl of 2 N sulfuric acid, and A450was
detected using a multiplate reader (Model 3550, BioRad, To-
kyo).
Immunohistochemistry (IHC). To determine the relationship be-
tween MK protein expression and S-MK, IHC analysis was
performed using fresh tumor specimens which were surgically
obtained from 14 patients with esophageal SCC.9) The samples
were fixed with 4% paraformaldehyde/phosphate-buffered sa-
line at 4°C. Sections of 4–5 µm thickness were incubated with
10% skimmed milk for 20 min, and then with affinity-purified
rabbit anti-MK antibody for 60 min. The sections were sequen-
tially reacted with 0.3% H2O2/methanol, biotinylated anti-rab-
bit IgG, avidin-horseradish peroxidase complex (Vector
Laboratories, Burlingame, CA) and 3,3-diaminobenzidine, then
washing with PBS after each reaction. The sections were then
counter-stained with hematoxylin.

For microscopic analysis, the entire field of each section was
examined, regardless of whether it stained positive. At least
500 carcinoma cells in each specimen were examined and posi-
tive staining was determined when more than 10% of the cells
stained positive. The evaluation of IHC was conducted by a
single investigator without prior knowledge of the S-MK or
clinicopathological data.
Carcinoembryonic antigen (CEA), CYFRA21-1 and SCC antigen (SCC-
Ag) assays. Serum CEA and CYFRA21-1 concentrations were
measured with Enzymun-TEST CEA and Enzymun-TEST
CYFRA21-1 (Boehringer Mannheim, Mannheim, Germany),
respectively. SCC-Ag concentrations were measured in serum
with an immunoradiometric assay kit (Dynabott, Tokyo). The
cut-off values for serum CEA, CYFRA21-1 and SCC-Ag con-
centrations were 4.6 ng/ml, 3.5 ng/ml and 1.5 ng/ml, respec-
tively, according to the manufacturer’s instructions. The
specificity at these cut-off values is 95%.
Statistical analyses. Data are expressed as mean±standard devia-
tion. Comparisons between unpaired groups were made using
the Mann-Whitney U test. Comparisons between paired groups
were made using the paired t test. Survival probabilities were
calculated by the product limit method of Kaplan and Meier.
Differences between groups were tested using the log-rank test.
Fisher’s exact probability test was applied to determine the sig-
nificance of differences between two groups. The influence of
each clinicopathological variable on survival was assessed by
means of Cox’s proportional hazards model. All statistical anal-
yses were carried out using the Stat View program (SAS Insti-

tute, Inc., Cary, NC), and P values <0.05 were considered to be
statistically significant.

Results

S-MK and clinicopathologic features of esophageal SCC. The S-MK
values in patients with esophageal SCC were significantly
higher than those in patients with benign esophageal disease or
healthy controls (417±342 pg/ml vs. 183±73 pg/ml or 154±76
pg/ml, P<0.001) (Fig. 1). Non-parametric approximation and
univariate analyses indicated a cut-off concentration of 306 pg/
ml for the 95% confidence interval. Changing the cut-off con-
centration to the more practical value of 300 pg/ml resulted in
an increase of positive rate of S-MK to 61% in esophageal can-
cer with a specificity of 96.3%. The positive rate increased
slightly at each stage as follows: 53% in stage I; 54% in stage
II; 60% in stage III; and 76% in stage IV. Although no correla-
tion was found between S-MK and gender, age, depth of inva-
sion, nodal involvement, or distant metastasis, S-MK was
significantly higher in large tumors than small tumors (Table 1).
S-MK and conventional tumor markers. In order to assess the com-
parative value of S-MK in detecting esophageal cancer, we also
examined the sensitivity of three conventional tumor markers,

Fig. 1. The value and standard deviation of S-MK in patients with
esophageal squamous cell carcinoma, benign esophageal disease and
healthy controls. Statistical significance was determined by means of
the Mann-Whitney U test.

Table 1. Relationship between S-MK and the clinicopathological
variables in 93 patients with esophageal squamous cell carcinoma

Variables Number of 
patients S-MK (pg/ml) P1)

Gender Male 76 388±237 0.401
Female 17 547±627

Age <65 56 382±200 0.981
≥65 37 471±485

Tumor <50 mm 42 361±248 0.049
size ≥50 mm 51 464±402

Tumor T1 23 461±566 0.441
depth T2–T4 70 403±233

N factor N0 31 457±484 0.804
N1 62 397±248

M factor M0 68 408±372 0.172
M1 25 443±253

1) According to the Mann-Whitney U test.
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CEA, SCC-Ag, and CYFRA21-1 (Fig. 2). The positive rate of
S-MK was significantly higher than any of these conventional
markers: S-MK, 61%; SCC-Ag, 31%; CEA, 22%; and
CYFRA21-1, 18% (P<0.001).
Relationship between S-MK and MK immunoreactivity. IHC stain-
ing for MK was carried out to analyze the correlation between
MK protein expression and S-MK (Fig. 3). Among 93 resected
tumors, 14 tumors were analyzed and 8 tumors were MK IHC-
positive. The mean S-MK in patients with IHC-positive tumors
was significantly higher than that in patients with IHC-negative
tumors (478±184 pg/ml vs. 173±15 pg/ml, Fig. 3A). High S-

MK (≥300 pg/ml) was significantly associated with tumors ex-
pressing MK (Fig. 3B).
Monitoring of S-MK after surgery. The effects of surgical removal
of tumors on S-MK were examined in 19 randomly selected pa-
tients out of 57 who were positive for S-MK before surgery. S-
MK significantly decreased below 300 pg/ml in all patients 4
weeks after surgery (436±85 pg/ml vs. 179±55 pg/ml,
P<0.001). Among 57 patients who were positive for S-MK be-
fore surgery, 30 patients died due to recurrent disease, 9 pa-
tients were alive with recurrent disease and 18 were alive
without recurrent disease. Among a total of 39 patients who
showed recurrent disease, blood samples were available from
16 patients 1 to 6 months before diagnosis of recurrence, and
11 of 16 patients showed increased levels of S-MK.
Relationship between S-MK and survival. The 5-year survival rate
in the high S-MK group (≥300 pg/ml, n=57) was significantly
worse than that in the low S-MK group (<300 pg/ml, n=36),
81.2% vs. 46.2%, respectively (log-rank test) (Fig. 4). The
prognostic value of S-MK and other clinicopathological factors,
such as gender, age, tumor size, and TNM factors, were as-
sessed by univariate analysis (Table 2). When S-MK, tumor
size and TNM factors were assessed by multivariate analysis
using Cox’s proportional hazards model, S-MK was identified
as an independent prognostic factor (Table 3). A value of 300
pg/ml or more for S-MK yielded a relative risk of cancer death
of 3.82, with 95% confidence limits raging from 1.54 to 9.43.

Fig. 2. Positive rate of S-MK and conventional tumor markers (SCC-Ag,
CEA and CYFRA21-1) in 93 patients with esophageal squamous cell car-
cinoma. Statistical significance was determined by means of Fisher’s ex-
act test.
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Fig. 3. Midkine immunoreactivity and S-MK in 14 patients with esoph-
ageal squamous cell carcinoma. (A) The mean S-MK and standard devi-
ation are shown for the immunohistochemistry-positive and -negative
groups. Statistical significance was determined by means of the Mann-
Whitney U test. (B) Association of S-MK with immunoreactivity. Statis-
tical significance was determined by means of Fisher’s exact test.
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Fig. 4. Survival curves and pretreatment S-MK of 93 patients with
esophageal squamous cell carcinoma. The low S-MK group includes pa-
tients with S-MK <300 pg/ml (n=36). The high S-MK group includes pa-
tients with S-MK ≥300 pg/ml (n=57). Circles depict survivors. Statistical
significance was determined by means of the log-rank test.

Table 2. Univariate analysis of patients with esophageal squamous
cell carcinoma

Variables Number of 
patients

5-year 
survival rate P1)

Gender Male 76 62.3 0.150
Female 17 46.3

Age <65 56 64.1 0.607
≥65 37 68.0

Tumor <50 mm 43 69.7 0.048
size ≥50 mm 50 51.1

Tumor T1 23 87.0 0.006
depth T2–T4 70 50.5

N factor N0 31 82.5 0.001
N1 62 47.8

M factor M0 68 66.8 0.042
M1 25 37.2

S-MK <300 pg/ml 36 81.2 <0.001
≥300 pg/ml 57 46.2

1) According to the log-rank test.

Table 3. Determination of risk factors affecting the survival rate of
patients with esophageal squamous cell carcinoma by multivariate
analysis

Variables P 
value

Hazard 
ratio 95.0% CI

Tumor size <50 mm vs. ≥50 mm 0.774 1.29 0.54–2.28
T1 vs. T2–T4 0.094 2.83 0.84–9.52
N0 vs. N1 0.019 3.42 1.21–9.52
M0 vs. M1 0.762 1.12 0.54–2.28
S-MK <300 pg/ml vs. ≥300 pg/ml 0.004 3.82 1.54–9.43
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Discussion

In the current study, S-MK was significantly elevated in pa-
tients with esophageal SCC as compared with healthy controls
and patients with benign esophageal diseases. In addition, S-
MK was associated with MK protein expression in cancer cells
and poor survival. The sensitivity of S-MK to detect esophageal
SCC was 61% at a cut-off value of 300 pg/ml, with a specific-
ity of 96.3%. In this report, 19 patients with high S-MK were
reexamined 4 weeks after surgery and, although the number of
patients was small, each demonstrated a significant decrease in
S-MK after surgery. This behavior is consistent with what
would be expected of a tumor marker.

Although 500 pg/ml was used as a cut-off value in the previ-
ous report, we decided to use 300 pg/ml as a more practical
concentration, based on the distribution of values.16) The speci-
ficity of this cut-off value was 96.3%, being comparable to that
of other conventional tumor markers. If 500 pg/ml is applied to
this study, the sensitivity of S-MK decreases to about 30%,
which is almost identical to that of SCC-Ag. In this case, al-
though the specificity of S-MK is 100%, the specificity of
SCC-Ag is 95%. We have to increase the cut-off value of SCC-
Ag to 2.0 ng/ml to reach 100% specificity. In this case, the sen-
sitivity of SCC-Ag decreases to about 20%. The S-MK values
of the patients with esophageal carcinoma in the present series
were relatively low compared to those of a previous series.16)

Because all sero-positive patients, reexamined 4 weeks after
surgery, became sero-negative when the cut-off concentration
was set at 300 pg/ml, this cut-off concentration may be appro-
priate in the clinical setting.

Recently, MK has been shown to have anti-apoptotic activity
in embryonic neurons2, 22) and in Wilm’s tumor cells.23) MK also
promotes migration of various cells such as macrophages,24)

osteoblasts25) and neutrophils.26) Overexpression of MK leads to
enhanced tumor growth and vascular density.26) These functions
may enhance survival and invasiveness of tumor cells and sug-
gest that a high S-MK reflects a resistance to chemotherapy and
rapid tumor growth, resulting in a poor prognosis for the pa-
tient. In the present series, the survival rate in the high S-MK
group was significantly worse than that in the low S-MK group.
Moreover, S-MK had an independent prognostic value in multi-
variate analysis. Although the median follow-up period was rel-
atively short, it is well known that patients with advanced
esophageal SCC frequently die within 3 years of surgery. We
considered that a 3-year follow-up period would be sufficient
for identifying a group at high-risk for recurrent disease among
patients with esophageal SCC. Indeed, among stage II patients
(n=28), none of 12 patients with low S-MK developed recur-
rent disease and 5 of 16 patients with high S-MK developed re-
current tumors (data not shown). Although a larger series of

patients will be needed to confirm the association between S-
MK and prognosis, it is of interest that S-MK may complement
the prognostic value of TNM staging. Because ELISA is a
quick and easy assay to perform, S-MK may prove to be a use-
ful clinical tumor marker to predict prognosis. SCC-Ag is also
a possible prognostic biomarker.27) However, because SCC-Ag
level was strongly associated with tumor progression, SCC-Ag
was not an independent prognostic factor in the current series
(data not shown).

It may also serve as a useful marker for residual microscopic
tumor cells after surgery, or for recurrent disease. Among a to-
tal of 39 patients who showed recurrent disease, blood samples
were available from 16 before diagnosis of recurrence, and 11
of these 16 patients showed increased level of S-MK. Although
the number of patients was small, more than a half of patients
with recurrent disease, who were positive for S-MK before sur-
gery, were positive for S-MK before diagnosis. This may sup-
port the clinical significance of S-MK as a tumor marker.
However, further evaluation in a larger study with appropriate
follow-up, and comparison with other modalities currently in
use, remains desirable.

The prognosis for patients with node-positive esophageal car-
cinoma is generally very bad, and nodal status is currently be-
lieved to be one of the strongest prognostic indicators for
esophageal cancer among several clinicopathological variables.
However, 22% of node-positive patients are still alive after
more than 5 years and 44% of node-negative patients die due to
recurrent disease within 5 years.28) To assist in the application
of adjuvant treatment, we have searched for some prognostic
factor other than pathological factors to differentiate patients at
high risk for recurrence. Because the level of S-MK indepen-
dent of tumor progression, S-MK might be a good indicator to
select high-risk patients.

An unexpected finding in the present study was the lack of
correlation between S-MK and tumor progression. If the tumor
itself secretes MK protein, what is the explanation for this find-
ing? We suggest that MK may play a key role only in carcino-
genesis, but not in tumor progression. Therefore, the MK
protein expression level could decline during tumor progres-
sion. A larger volume of MK-positive tumor during tumor pro-
gression could be counterbalanced by a decrease in the amount
of MK protein secreted.

In conclusion, preoperative S-MK is concluded to be a prog-
nostic marker for esophageal SCC and may be useful as a tu-
mor marker.
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