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Treatment of cervical cancer with adjuvant chemotherapy
versus adjuvant radiotherapy after radical hysterectomy
and systematic lymphadenectomy
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Abstract

I. Obstet. Gynaecol. Res. Vol. 34, No. 4: 552-556, August 2008

Aim: To compare the clinical efficacy focused on post-treatment morbidity between adjuvant chemotherapy
(CT) and pelvic radiotherapy (RT) after radical hysterectomy for patients with cervical cancer.

Methods: A total of 125 patients with cervical squamous cell carcinoma who underwent radical hysterectomy
and pelvic lymphadenectomy at Hokkaido University Hospital between 1991 and 2002 were enrolled in the
study for retrospective analysis. Seventy patients with recurrent risk factors, including deep stromal invasion,
lymph vascular space invasion, parametrial invasion, lymph node metastasis (LNM), and bulky tumor (=4 cm),
received adjuvant therapy; 42 were treated with RT, and 28 were treated with CT. Almost all patients with
multiple LNM received RT. Analyses were also performed on a subgroup of 50 patients without multiple LNM
(23 RT, 27 CT). Clinical efficacy of post-treatment morbidity and survival was evaluated.

Results: Because there were more patients with multiple LNM in the RT group, we analyzed disease-free
survival in 50 patients without multiple LNM. The 3-year disease-free survival rate was 82.6% with RT and
96.3% with CT (P =0.16). Postoperative bowel obstruction was significantly more frequent in the RT group
versus the CT (P =0.007) and no-therapy (P =0.0026) groups. Urinary disturbance was also more frequent in
the RT group than in the CT (P =0.0016) and no-therapy (P =0.089) groups.

Conclusion: CT has the equivalent therapeutic effect as RT with fewer postoperative complications for patients
with intermediate risks. A prospective randomized trial is needed to compare CT combined with radical

hysterectomy and pelvic lymphadenectomy to RT or chemoradiotherapy.
Key words: adjuvant chemotherapy and radiotherapy, cervical cancer.

Introduction

Cervical cancer is generally treated by surgery, radio-
therapy (RT), or a combination of the two. At many
institutions in Japan, cervical cancer (International
Federation of Gynecology and Obstetrics [FIGO] stage
Ib1-1Ib) is treated with radical surgery and adjuvant
RT when postoperative pathological examinations
reveal risk factors for recurrence, including deep
stromal invasion (DSI), lymph vascular space involve-

ment (LVSI), parametrial invasion (Pl), lymph node
metastasis (LNM), and bulky tumor (tumor diameter
>4 cm [BT]). We traditionally treated radical surgery
first, and used RT as an adjuvant therapy for patients
with stage Ibl-Ilb disease. However, there is no
definitive evidence that RT is beneficial after radical
surgery for cervical cancer.” Adjuvant chemothe-
rapy (CT) combined with radical hysterectomy and
systematic lymphadenectomy may also provide a
survival benefit. However, there are no randomized
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controlled studies comparing the clinical efficacy of
CT and RT.

In our institution, adjuvant RT was used after radical
hysterectomy. However, we observed severe postop-
erative complications (lymphedema, bowel obstruction
and urinary disturbance) among patients receiving
adjuvant RT that significantly reduced quality of life.
Based on these observations and some data suggesting
that the therapeutic effects of adjuvant CT and adjuvant
RT were similar,” we began to use more frequent adju-
vant CT after surgery after the year 2000. In the present
retrospective study, we investigated the clinical effi-
cacy of adjuvant RT and CT after radical and systematic
lymphadenectomy in women with cervical cancer
by comparing patient survival and postoperative
complications.

Methods

One hundred twenty-five patients with FIGO stage Ib1-
IIb cervical squamous cell carcinoma were treated at
Hokkaido University Hospital between 1991 and 2002.
All patients underwent radical hysterectomy with
removal of a vaginal cuff of at least 2 cm, total resection
of parametrial tissue and systematic retroperitoneal
lymphadenectomy. This operation is a nerve-sparing
modification of the Okabayashi operation.** The nerve-
sparing procedure was further refined by introducing
the preservation of vesical branches of pelvic plexus
after 1997, Patients with risk factors for recurrence,
including DSI (>2/3 thickness), LVSI, PI, LNM, and BT,
received adjuvant RT or CT.

RT consisted of whole pelvic external irradiation by
four-field technique with 50 Gy for 25 fractions begin-
ning 4 weeks after surgery. Chemotherapy consisted of
bleomycin (7 mg/body from days 1-5), vincristine
(0.7 mg/m* on day 5), mitomycin C (7 mg/m’ on day
5), and cisplatin (14 mg/m* from days 1-5). Patients
received at least three courses at 4-week intervals
beginning 2-3 weeks after surgery.

The patients’ 3-year overall survival and disease-
free survival were evaluated. We also assessed post-
operative complications, including leg lymphedema,
bowel obstruction and urinary disturbance. Patients
with grade 1 leg edema were considered positive for
lymphedema. Patients treated for bowel obstruction
with intravenous infusion and/or surgery were
considered positive for bowel obstruction. Patients
with long-term self-catheterization or incontinence
were considered positive for postoperative urinary
disturbance.

© 2008 The Authors
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Patient survival was calculated using the Kaplan-
Meier method. The significance of the survival differ-
ence was evaluated using the log-rank test. The * test
was used to amalyze correlations between variables.
Significance was set at P<0.05. Statistical analyses
were performed with the Statview software package
(SAS Institute; Cary, NC, USA).

Results

Patient characteristics are listed in Table 1. Of the 125
patients who underwent radical hysterectomy, 83
patients had risk factors, 13 patients did not receive
adjuvant therapy because four had post operative
complications, and nine refused to receive adjuvant
therapy. Forty-two of the patients with risk factors
were treated with adjuvant RT between 1991 and 2000.
In this group, the mean age was 50.3 years (range
28-74). Nine of the patients treated with adjuvant RT
presented with clinical stage Ib1 cancer, 13 with stage
Ib2 cancer, one with stage Ila cancer, and 19 with stage
11b cancer. Postoperative pathology examination con-
firmed that 24 patients had DSI, 35 had LVSI, 14 had P1,
16 had BT and 32 had LNM (19 cases had multiple
LNM). Twenty-eight patients with risk factors for
recurrence were treated with adjuvant CT between
2000 and 2002. Their mean age was 52.2 years (range
35-71). Eleven of these patients presented with clinical
stage Ibl cancer, nine with stage Ib2 cancer, two with
stage lla cancer, and six with stage [Ib cancer. Postop-
erative pathology examination confirmed that 27 cases
treated with adjuvant CT had some risk for recurrence;
11 had DSI, 27 had LVSI, five had PI, 10 had BT, and
three had LNM. Only one case with multiple LNM
received CT.

Treatment outcomes are shown in Table 2. In the RT
group, 16 of 42 patients (38.1%) had recurrent disease
and nine of 42 patients (21.4%) died due to disease of
cancer. Seven patients had pelvic tumor recurrence
affecting the vaginal stump, pelvic wall, or pelvic
lymph node. Nine patients had extrapelvic recurrence
affecting the lung, liver, brain, or supraclavicular
lymph node. In the CT group, one of 28 patients (3.6%)
experienced recurrence. The site of recurrence was the
sacral surface, and the patient was alive with no evi-
dence of disease after salvage radiation. The 3-year
overall survival was 92.0% for the entire patient popu-
lation, 98.2% for the patients not receiving adjuvant
therapy, 100% for the CT group, and 78.5% for the RT
group. The 3-year disease-free survival rate was 83.2%
for the entire patient population, 92.7% for the patients
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Table 1 Charactenistics of 125 patients treated with radical hysterectomy and
systematic retroperitoneal lymphadenectomy

No treatment Adjuvant therapy P-value
Radiotherapy  Chemotherapy

No. patients 55 42 28

Age 49.0 (28-76) 50.3 (28-74) 52.2 (35-71) NS
Stage NS
Ibl 26 9 1

Ib2 5 13 9

Ila 1 1 2

b 23 19 6

LVSI 13 35 27 NS
Depth of stromal invasion NS
<2/3 49 18 17

=2/3 6 24 11

Parametrial invasion 2 14 5 NS
Bulky tumor 0 16 10 NS
Pelvic lymph node metastasis 0.0001
0 54 10 25

1 1 13 2

=2 0 19 1

LVSL lymph-vascular space invasion; NS, not significant

Table 2 Outcome of 125 patients at 3 years after surgery, according to type of

adjuvant therapy

Adjuvant therapy No. patients NED Recurrence site DOD
(pelvic, distant)

No treatment 55 52 3,0 i

Radiotherapy 42 26 7.9 9

Chemotherapy 28 27 1,0 ]

Total 126 105 11,9 10

DOD, dead of disease; NED, no evidence of disease

not receiving adjuvant therapy, 96.4% for the CT group,
and 61.9% for the RT group.

Because multiple LNM was more frequent in the RT
group than in the CT group, we repeated the above
analyses on 50 patients without multiple LNM. There
was no statistically significant difference between the
RT and CT patients with regard to clinical stage, DSI,
LVSI, BT or PL Single-node metastasis was more fre-
quent in the RT group. The 3-year disease-free survival
rate was 82.6% in the RT group and 96.3% in the CT
group (Fig. 1); the difference was not statistically sig-
nificant (P = 0.16).

The incidences of postoperative complications are
shown in Table 3. Among the 55 patients who did
not receive adjuvant treatment, eight (14.5%) had leg
lymphedema, five (9.1%) had grade 1 bowel obstruc-
tion, and 12 (21.8%) had urinary disturbance. Among
the 42 patients who received adjuvant RT, 12 (28.6%)
had leg lymphedema, 16 (38.1%) had urinary distur-
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Figure 1 Three-year disease-free survival in 50 cases
without multiple lymph node metastasis according to
type of adjuvant therapy. CT, adjuvant chemotherapy;
RT, pelvic radiotherapy.

bance, and 13 (31.0%) had bowel obstruction. Nine
bowel obstructions were cured by conservative treat-
ment, two required insertion of an ileus tube, and two
necessitated intestinal surgery. Among the 28 patients
in the CT group, four (14.3%) had leg lymphedema, one
(3.6%) had grade 1 bowel obstruction, and two (7.1%)
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Table 3 Rate of incidence of complications according to type of adjuvant therapy

Adjuvant therapy No. Data Lymphedema Bowel Urinary disturbance
patients unavailahle obstruction

No treatment 55 7 8 (16.7%)" 5 (9.1%)° 12 (21.8%)*

Radiotherapy 42 4 12 (31.6%)" 13t (31.0%)" 16 (38.1%)"

Chemotherapy 28 0 3 (14.3%) 1(3.6%)' 2 (7.1%)

Total 125 1 24 (19.2%) 19 (15.2%) 30 (24.0%)

Two cases required intestinal surgery. Lymphedema, a versus br = 0,086, b versus ¢ "=
e versus £ P=0.0026. Urinary disturbance, g versus h: P = (089, h versus i P =0.0016, g versus P = 0.052

0.090. Bowel obstruction, d versus e: P =0.007,

had urinary disturbance. The incidence of lymphe-
dema tended to be higher in the RT group versus the
other groups, but the difference was not statistically
significant. Urinary disturbance was more frequent
in the RT group versus the CT group (P =0.0016) and
no therapy group (P = 0.089). The incidence of bowel
obstruction was significantly higher in the RT group
than in the patients not receiving adjuvant treatment
(P=0.007) and in the CT group (P =0.0026).

Discussion

A difference in the distribution of patients with lymph
node metastasis across the treatment groups was found
in this study, and we examined 50 patients without
multiple LNM. We investigated the effect of adjuvant
therapies after radical surgery in patients with interme-
diate risk factors for recurrence because it has been
reported that multiple LNM has an effect on patient
survival.=*"

Radical hysterectomy and radical RT for invasive
cervical cancer are performed with the intent to cure the
patient. However, these treatments can be associated
with significant morbidity. Surgical complications are
prevalentshortly after treatment, while complications of
RT often occur years later, Combining these radical
treatments increases the risk of complications compared
to either treatment alone.""" Regarding quality of life,
radical hysterectomy has advantages over RT in terms
of sexual function in young women with cervical
cancer." However, postoperative bladder dysfunction
{(neurogenic bladder) is a major disadvantage of radical
hysterectomy. Recent attempts to avoid this complica-
tion with nerve-sparing surgical techniques have sig-
nificantly decreased the risk of postoperative bladder
dysfunction."" However, postoperative RT may extin-
guish the advantages of surgical therapy. As an alterna-
tive, some data support the clinical usefulness of CT as
an adjuvant setting after radical hysterectomy. ™

The most important prognostic factors of cervical
cancer include parametrial extension of a cancer, posi-

© 2008 The Authors

tive surgical margins, and lymph node metastasis, Sur-
vival of node-positive patients is further affected by the
site and number of positive nodes. An analysis in
patients without multiple LNM revealed no significant
difference in 3-year disease-free survival in CT versus
RT. Although it has been suggested that adjuvant CT
combined with radical hysterectomy and systematic
lymphadenectomy has a survival benefit," the role of
adjuvant CT alone has not been extensively investi-
gated." In order to reduce the morbidity that may be
caused by aggressive multimodality therapy, it seems
important to conduct randomized trials to verify the
effectiveness of this strategy.

The type of surgery is another important factor when
considering adjuvant therapy. Japanese gynecologic
oncologists use the Okabayashi operation and its modi-
fication, which correspond to type IV radical hysterec-
tomy in the Piver-Rutledge classification. The extent of
lymphadenectomy is also an important factor. Recent
publications have shown that the number of lymph
nodes removed is related to the survival of patients
with various types of cancer, including breast, bladder,
colon, and endometrial cancers, suggesting the thera-
peutic importance of systematic lymphadenectomy.
Pieterse ¢t al. found a significant relationship between
the number of removed lymph nodes and the survival
of cervical cancer patients with positive nodes.™ Adju-
vant RT is probably useful for eradicating tumor cells in
unresected lymph nodes; we have evidence that post-
operative pelvic radiation reduces the local recurrence
of tumors at the cost of increased morbidity.

The failure pattern differs across adjuvant therapies.
Adjuvant RT reduces local recurrence but not distant
metastasis.” Adjuvant CT does not reduce local recur-
rence,” but reduces distant metastasis.” In the present
study, there was a trend toward a difference between
RT and CT in this regard, although not significant,
because RT arm included more frequent cases with
multiple LNM as a prognostic factor.

There was increased incidence of urinary distur-
bance and bowel obstruction in the RT group versus
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the other groups. The incidence of postoperative inter-
stitial complications with adjuvant RT was reported as
35.5% by Els et al.** and 48% by Bye et al.* Thus, radical
hysterectomy followed by adjuvant RT results in a
higher rate of bowel complications than CT.

Because of the non-randomized design of the study,
we cannot draw any conclusion regarding the respec-
tive effects of the two adjuvant treatment modalities on
overall survival. However, we can conclude that the
effect of CT on disease-free survival was no worse than
that of RT for patients without multiple LNM, and was
associated with fewer bowel complications. Therefore,
we believe that it is worth considering a prospective
randomized trial of CT versus RT as an optional adju-
vant therapy to patients with intermediate risk factors
for recurrence.
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Midkine (MK) is a secreted Mparin—bindh'iy growth factor. 5mral
types of human cancer have inc d P with el

serum levels. The purpose of this s!udy was to determine whether
MK was expressed in endometrial carcinoma and to evaluate the
clinicopathological significance of serum MK in patients with
endometrial carcinoma. histochemical expression of MK
was evaluated in 85 endometrial carcinoma samples and 33 controls.
MK expression was significantly higher in the carcinomas than in
normal endometrium (P < 0.001). Interestingly, MK expression
was highest at the margins of invasion and low In the superficial
areas of the tumor samples, Using ELISA, we compared serum
MK conc in 120 end rial carci pati with the
concentration in 46 patients with benign gynecologic tumors.
Serum MK value in patients with cancer was significantly higher
than that in the patients with benign diseases (P = 0,01). Patients
with positive lymph node metastasis or recurrence, or cancer death,
had a higher serum MK level (P = 0.008, P = 0,009, respectively).
In concl MK i tivity in end trial carcinoma
is significantly higher than in normal endometrium. Additionally,
preoperative serum MK levels are significantly correlated with
prognosis and the presence of lymph node metastasis. Thus, MK
may be a useful serum biomarker for identifying high risk patients
of endometrial carcinoma. (Cancer Sci 2008; 99: 1125-1130)

ndometrial carcinoma is one of the most common female
pelvic malignancics worldwide. and its incidence has recently
increased i Japan.''*' As approximately 80% of endometrial
carcinomas are diagnosed at an carly stage when surgery is
curative, they carry a better prognosis than other cancers,
However, advanced or recurrent cases tend to respond poorly to
conventional treatments such as radiation. chemotherapy, or
hormonal therapy, and as a result carry a poor prognosis.
Identification of additional prognostic markers could help detect
patients a1 a high risk of relapse or death from the disease.
Clinical, biological, and epidemiological findings all suggest
that prolonged or unopposed estrogenic stimulation increases
the risk of type 1 endometrial carcinoma. The initiation and pro-
gression of type 1 endometrial carcinoma. however, are poorly
understood at a molecular Jevel. We previously studied the gene
expression profile of endometrioid adenocarcinoma, and identi-
fied 24 genes that had at least a 1.5-fold increased expression in
both well (grade 1) and poorly (grade 3) differentiated endome-
trioid adenocarcinoma  compared 1o normal  endometrium
(unpublished data). MK was identified as one of the up-regulated
genes. Though MK expression has been reported in many human
cancers, it has not been studied in endometrial carcinoma.
Therefore, we focused our subsequent experiments on the actions
of MK.
MK is a secreted. heparin-binding growth factor. It is a 13-
kDa protein rich in basic amino acids and cysteine,' " MK s
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highly expressed in the mid-gestational period during embryo-
genesis, and is involved in tooth, lung, Kidney, and bone devel-
opment, In the adult, MK has a very restricted pattern of
expression. The highest transcript levels are in the intestine with
low levels in the cerebellum, thyroid, Kidney, bladder, lung alve-
oli, colon, stomach. and spleen.™ The pathophysiological effects
of MK include the vncogenic transformation of fibroblasts,
antiapoptotic activity. and angiogenic activity.™™ MK mRNA
levels and protein expression are frequently elevated in various
human carcinomas of the breast, lung, esophagus, colon, ovary,
urinary bladder, and prostate; and glioblastomas, neuroblasto-
mas. and Wilms' tumor.™ ' Furthermore, MK concentrations in
serum are also elevated in various carcinomas.™ ' To our
knowledge, however, no study has focused on the clinicopatho-
logical significance of MK cxpression in human endometrial
carcinomi. The purpose of this siudy was to determine whether
MK was expressed in endometrial carcinoma, and whether dif-
ferences existed between the expression level in cancer and lev-
els in benign gynecologic conditions. We also explored whether
correlations existed between MK expression and clinicopatho-
logical features.

Materials and Methods

Tissue and serum samples. Eighty-five endometnioid endometrial
carcinomas (37 well differentiated, 25 moderntely differentiated,
23 poorly differentiated: 55 siage 1, 16 stage 11, 11 siage 111,
three stage 1V) were retrieved from the surgical pathology
files of Tohoku University Hospital, Sendai, Japan for
immunohistochemical analysis. The controls were selected from
patients who underwent hysierectomy for benign gynecologic
diseases without any personal cancer history from April 1996 10
March 2004. The median follow-up time for patients whose
samples were examined immunohistochemically was 60 months
(range, 2-148 months), The disease-free and overall survival
times of the patients were calculated from the time of initial
surgery 1o recurrence or death, or the date of last contact. The
survival times of patients still alive or lost 10 follow-up were
censored in December 2004, Serum samples were obtained from
120 patients with endometrial carcinoma (66 well differentiated.
16 moderately differentiated, 12 poorly differentiated, 26 other
histological 1ype; 80 stage 1. 11 stage 11, 17 siage 11, 12 stage
IV) and from 45 paticnts with non-malignant gynecologic
discases at Tohoku University Hospital from April 2002 10
January 2007, None of the patients examined had received
radiation, hormonal therapy, or chemotherapy prior to surgery.
The median follow-up time for the patients whose serum was
tested for MK was 91 months (range, |-166 months). The
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survival times of patiemts still alive or lost 1o follow-up were
censored in August 2007, The protocol for this study was
approved by the Ethics Committee at Tohoku University School
ol Medicine.

Total RNA extraction from endometrial tissues and cDNA
synthesis. All tumor and normal specimens were frozen in liquid
nitrogen and stored at -80°C. Total RNA was extracted from
normal endometrium and carcinoma tissues, using the RNeasy
kil (Qiagen, Hilden, Germany) according lo the manufacturer’s
instructions. A reverse transcription kit, SuperScript 11l RT
(Invitrogen, Carlsbad, CA, USA). was used for the synthesis
ol cDNA,

Real-time reverse transcription-polymerase chain reaction
(RT-PCR). Real-time PCR was carried out using the LightCycler
System (Roche Diagnostics, Mannheim. Germany ). ¢DNAs of
known concentrations for rarget genes and the housekeeping
gene, ribosomal protein L13a (RPLI3A) were used 1o generate
standard curves for determining the quantity of target ¢DNA
transcripts, The mRNA level in each case was represented as a
ratio with RPLI3A.*" The PCR thermal profile for MK was:
mitial  denaturation a1 95°C for 10 min followed by 32
amplification cycles of denaturation at 95°C for 10 s, annealing
at 68°C for 10s, and clongation at 72°C for 12s; and for
RPLI13A, imtial denaturation at 95°C for 10 min followed by 30
amplification cycles of denaturation at 95°C for 12 s, annealing
at 68°C for 10 s, and clongation a1 72°C for 12 s.

The primer sequences used in our study were: 5-CCA AGA
CCA AAG CTAA AGG-3 and 5-GGC AGG GCA TGA TTG
ATT-3" for MK: 5-CCT GGA GGA GAA GAG GAA AGA
GA-3 and 5-TTG AGG ACC TCT GTG TAT TTG TCA A-¥
for RPLIZA,

Immunohistochemistry. After deparaffinization and rehydration
in groded alcohol, antigen retrieval for MK immunostaining was
done by heating the sections in a 600-W microwave for 20 min
in 10 mM trisodium citrate buffer, pH 7.0. The sections were
then blocked with normal goat serum for 30 min at room
temperature, followed by incubation with chicken antihuman
MK antiboddy (given by K.K.) overnight at 4°C. The dilution of
the primary antibody used in this study was 1/250. The slides
were incubated in 99.7% methanol containing 0.3% hydrogen
peroxide at room temperature for 30 min to inhibit endogenous
peroxidase. They were then incubated with biotin-conjugated
rabbit antichicken 1gG (ICN Pharmaceuiicals, Aurora, OH.
USA) at room temperature for 30 min, followed by incubation
with [xrmul.lke{nniug.md streptavidin for 30 min at room
temperature, using a Histoline Kit (Nichirei, Tokyo, Japan). The
antigen-antibody complex was  wvisualized with a 3. 3%
diaminobenzidine solution (1 mmol/L 3, 3"-diaminobenzidine,
S50 mmol/L. Tris-HC! [pH 7.6], 0.006% H202) and counler-
stained with hematoxylin, Serous adenocarcinoma of the ovary
wis employed as a positive control for MK immunostaining.''"
The primary antibody was replaced with phosphate-buffered
suling (FBS) us a negative control. Samples were considered
negative if none of the cells stained for MK. Very weak
positive was delined as less than 5% staining, weak positive as
§-25% staining, moderate positive as 25-50% staining, and
strong positive as more than S0% staining. Slides were then
numerically scored based on immunoreactivity. A score of 0
was negative, | very weak, 2 weak. 3 moderate. and 4 strong
positive.

ELISA for human MK. An ELISA for human MK was
performed as described previously.=' Briefly, human MK was
produced using Pichia pastoris GS115 by transfection with a
human MK expression vector, which was constructed into
pHIL-D4 (Invitrogen). This yeast-produced human MK was
used 1o immunize rabbits and chickens 1o raise antibodies, The
rahbit antihuman MK antibody (50 mL of 5.5 mg/mL in 50 mM
Tris HCI [pH 8.2], 0.15 M NaCl, 0.1% NaN,) was coated onto
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Fig. 1. Midkine (MK) mRNA expression levels in normal endometrial
tissues and endometrial carcinoma tissues measured by reverse
transcription—polymerase chain reaction (RT-PCR). MK mRNA expression
levels in carcinoma tissues were significantly higher than in normal
endometrial tissues (P < 0.001, Mann-Whitney test).

the wells of microtiter plates (Polysorpplates; Nunc, Rochester,
NY. USA) for 20 h at room temperature. Afier washing with
0.05% Tween 20 in PBS, the wells were blocked with 300 mL
of 0.1% casein, 0.01% Microcide 1 (aMReSCQO) in PBS for 20 h
at 37°C. Plasma samples (10 mL cach) were mixed with
100 mL of 50 mM Tris HCI (pH 8.4), 0.5 M KCI, 0.1% casein,
0.5% bovine serum albumin, 0.01% Microcide 1, and 0.1 mg/
mL  peroxidase-labeled chicken antihuman MK antibody.
Aliguots of 50 mL of this mixture were added 1o wells prepared
as described above, and subjected to chromogenic detection at
0OD450 using tetramethylbenzidine as the substrate. This ELISA
system shows linearity from 0 1o 4 ng/mL of MK, and there is
no crossreaction with Pleiotrophin,'*

Statistical analysis. mRNA levels and serum concentrations
of MK were compared usmg the Mann=Whitney test. Immuno-
reactivities for MK were compared using a Student’s r-lest.
P-values less than 0,05 were considered significant

Results
MK was expressed at hughw th!s irl mdnmlriuid
adenocarcinoma ti than in

To validate the microarray-based MK expression :hl'ft'n.nu' we
performed real-time RT-PCR using ¢cDNA from 10 normal
endometrium specimens and 20 carcinoma specimens: |0
were grade | and 10 were grade 3. The quantitative mRNA
expression levels of MK were significantly higher m the
endometrioid adenocarcinomas than in normal endometrium
samples. However, there was no difference in the expression
level between grade 1 and grade 3 (Fig. 1),

We then confirmed the high expression of MK in carcinoma
tissues not only at the mRNA level but also at the protein level
by immunohistochemical staining. The intensity of MK immu-
npstaining in tissues is summarized in Table 1. As shown in
Figure 2, MK protein was predominantly expressed in the epi-
thelial cytoplasm with little nuclear expression. Positive staining
for MK was scarcely detected in the stroma. In both normal pro-
liferative and secretory phase endometrium samples, MK
expression i the basal layer was significantly stronger than in
the functional layer or endometrial stroma (P < 0.001. r-test)
{Table | and Fig. 2¢-f). No significant difference in profein
expression was detected between the endometrial stroma and the
functional layer in either the proliferative or the secretory phase,
MK immunoreactivity at the basal layer tended 1o be stronger in
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Table 1, Midkine protein expression in normal and endometrial cancer tissues by immunohistochemistry (mean + SD of immunestaining score)

Normal n Endometrial stroma
Total 33 0.41 ¢+ 0.56
Proliferative 21 035+ 0.61
Secretory 12 0.50 £ 0,52
Carcinoma n Endometrial stroma
Total 85 0.38 = D.56
G1 37 0.41 + 0.55
G2 25 0.32 + 0.56
G3 23 0.39 =+ D.58

Basalis

Functionalis

0.62 + 0.89 1.72+ 117 P* < 0.001
0.62 + D.B6 135+1.18

0.67 + 098 2.17 4094

Superficial area Invasive area

081+0.78 2.66+079

1.00+ 0.77 2.69 + 0.82

0.60 + 0.71 2.56 +0.77

0.7510.79 2,74+ 081

*Pyvalue, t-test.

Fig. 2. Representative panels of immunohistochemical staining with anti-midkine (MK) protein antibody. (a) Positive control, (b) negative control,
(c) proliferative phase (functionalis), (d) proliferative phase (basalis), (e) secretory phase (functionalis), {f) secretory phase (basalis), (g) transitional

area of endometrial carcinoma grade 1, (h} superficial area of endometrial carcinoma grade 1, (i) i

area of

d ial carcinoma grade

1. () superficial area of endometrial carcinoma grade3, (k) invasive area of endometrial carcinoma grade 3.

the secretory phase than in the proliferative phase (# = 0,09, r-
test), Interestingly. MK expression was sirongest at the margins
of invasion and low in the superficial layers of the tumor sam-
ples (Fig. 2g—j). MK expression was significantly higher in the
carcinomas than in the basal area of the normal endomerrium
(P<0.001, rest) (Table 1), No statistical correlation  wus
detected between grade | and grade 3 endometrioid adenocarci-
noma. MK immunoreactivity was not associated with any clin-
icopathological features including histological grade. depth of
myometrial invasion, the presence of lymph node merasiasis, or
prognosis.

Serum MK protein concentration was higher in patients with
endometrial carcinoma than in patients with benign gynecologic
diseases, We measured serum MK protein concentrations with
ELISA. Serum MK values for the patients with endometrial
carcinoma was significantly higher than those for patients with
benign gynecologic diseases (P =0.01, Mann-Whitney test),

Tanabe ot al.

The data suggest that MK protein is not only expressed in
cancer tissues but also secreted into the sera at higher levels in
endometrial carcinoma patients. To test whether the serum MK
level could be used to discriminate endometrial carcinoma from
benign disease, we set various cul-off values and classified
the cases based on their MK values. Serum MK level had a
high false negative ratio, thereby limiting its use in clinical
applications.

A higher serum MK protein concentration was correlated with the
presence of lymph node metastases and prognosis of end ial
carcinomas. We calculated the mean serum MK concentrations
of cancer patienis calegonized by chimicopathological features.
Results  of the associations  hetween  clinicopathological
parameters and serum MK levels are summarized in Table 2.
Serum MK concentration was not associated  with  age,
histological grade, or lymphovascular invasion. Although serum
MK had 1 tendency to be lower in stage 1=l or no myometrial

June 2008 | vol. 99 | no.6 | 1127
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Table 2. Serum midkine (MK) levels and clinicopathological factors in endometrial carcinomas

Clinicopathological factors N (%) MK concentrations (Mean + 5D) Pr-values

Age 50= 2521 104 + 253 0N
50 < a5 (79) B1+113

Histological grade Gradel b6 (55) B2 + 169 0.455
Grade2 16 (13) 64 + 97
Grade3 12 (10) 144 £ 112
Others 26 (22) 76+ 143

Stage Hi 91 (78) 71+ 157 0.054
=V 29 (24) 1332159

Myometrial invasion None 19 (16) 46 + 76 o074
<12 58 (48) 73+178
=1/2 40 (33) 100 + 130
Unknown 5 (a) 183 = 201

Lymphovascular invasion Negative B3 (69) 754153 0.720
Positive 35 (29) 90 + 139
Unknown 2(2) 400+ 33

Lymph node metastasis Negative 103 (86) 73+142 0.008
Positive 5 () 253 + 246
Unknown 12 (10) 131161

Prognasis Non-recurrence 102 (85) 714142 0,009
Recurrence or death 18 (15) 172 + 184

*P-value, Mann-Whitney test.

invasion, the difference was  not  statistically  significant
(P =0.054, P=0072). Imerestingly, the patient group with
positive lymph node metastasis had a higher level of serum MK
(P = 0,008, Mann—Whitney test), Patients with recurrence or
cancer related death hud sigmificantly higher serum levels of
MK protein than those without recurrence (P = 0.009).

Discussion

This is the first report showing that mRNA levels and protein
expression of MK in endometrial carcimoma are signiicantly
higher than in normal endometrium. Additionally, serum MK
levels in endometrial carcinoma  patients were  sigmificantly
clevated relative 1o levels in patients with benign gynecologic
diseases. Although MK is overexpressed in various human
malignant tumors, its effects on twmor growth and progression
are not fully understood. Growth of mouse colorectal carcinoma
cells is inhibited by antisense midkine olign DNAY
Transfection of the breast carcinoma line MCF-7 with MK
accelerates wmor growth and increases tumor vascularity after
cell implantation in nude mice.”" MK also rescues Wilms’
lumor cells from cisplatin-induced apaplmis " These effects
are likely mediated by signaling via phosphatidylinositol-3-
kinisse and milogen-activaled Kinase.”™ Taken together these
biological data support the hypothesis that MK plays an
important role in oncogenesis and tumor progression.

Despite the increased MK immunoreactivity in endometrial
carcinomas, there was no relationship between immuno-
reactivity and clinicopathological features. This was surprising
since high MK immunoreactivity significantly correlates with
worse ¢hinical outcome of newroblasiomas.!'” uninary bladder
cancer.™" gastrointestinal stromal tumor,™ oral squamous cell
carcinomas,”™ and pancreatic cancer.™ Interestingly, in
esophageal carcinoma, MK is more intensely expressed in well-
differentiated wmors than in poorly differentiated wmors."" A
noteworthy immunohistochemical finding in this study was that
the imntensity of MK profein expression was not the same across
different areas within a single tissue sample. MK expression in
normal endometrium was higher in the basalis than in the func-
tionalis. It was highly expressed at the margin of mvasion hut
nol in the superficial areas of the cancer specimens. To confirm
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that these findings were not due 10 the unequal localization of
antibody, endometrial biopsy samples from cancer paticnts were
also immunostained. These superficial specimens all demon-
strated weak expression (data not shown). The MK immunohis-
tochemical findings in normal endometrium were inconsistent
with the previously reported pathophysiological effects of MK.
MK is involved in angiogenesis and antiapoptosis. Microvessel
density in normal endometrium. however, is nol significantly
different between the functionalis and basalis,*"" and apoptotic
cells are equally distributed on each layer™ Donoghue et al.
reported that lymphatic vessel density (LVD) is higher in the
basalis than in the functionalis across the menstrual cycle.™" In
this study. the distribution of lymphatic vessels is consistent
with the diversity of MK immunoreactivity across the menstrual
cycle. Rogers eral, suggested that unknown lymphangiogenic
growth factors may be involved in normal endometrium, since
no difference is observed in immunosiaining intensity for the
vascular endothelial growth factor (VEGF)-C or VEGF-D
between the functionalis and basalis.™" We speculate that MK
would be a candidate molecule for lymphangiogenesis m nor-
mal endometrium. In endometnal adenocarcinoma, the peri-
tumoral LVD is higher compared with the LVD within the umor
and in normal endometrium, which also correspond 1o MK
immunoreactivity. These observations suggest a role for MK in
lymphangiogenesis in endometrial adenocarcinoma.

Since MK is a secretory protein, it could potentially be used
1o sereen for and monitor the progression of endometrial carci-
noma in & manner similar to cancer antigen (CA)-125 for ovar-
ian cancer. An elevated serum MK level is detected in more than
80% of human adult carcinomas, and its level decreases when
the tumor is resected,™ A high serum MK level is associated
with higher stage and disease progression in gastric cancer, "
with lumor size in esophageal cancer,™ and with progression in
neuroblastoma.' ' As shown in Figure 3, serum MK was signif-
icantly elevated in patients with endometrial carcinoma com-
pared with patients with non-malignant gynecologic diseases
(F =0014). Regarding the relationship between serum MK
concentration and chimcopathological leatures in patients with
endometrial carcinoma. statistical differences were seen in both
lymph node metastasis and prognosis. Our observations are con-
sistent with another recent study in esophageal carcinoma.™ In
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