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Summary
Daikenchuto and Postoperative Ileus

Toru Kono*

Kampo is gaining a measure of recognition in the modern
medical community through validation by scientific evi-
dence. This acceptance is driven in part by molecular
studies elucidating the pharmacologic mechanisms of
daikenchuto. These studies have identified neurotransmit-
ters involved in intestinal motility. They have also identified
the active constituents of Japanese pepper and dried ginger

which mobilize the endogenous calcitonin family of peptides
and bring about serotonin release from intestinal epithelial
cells, which improves blood flow and motility. They thereby
intervene in the postoperative inflammatory cascade,
Moreover, the results of these studies have lead to a number
of double-blind, placebo-controlled clinical trials in the
United States and Japan to determine the effects of
daikenchuto on accelerating intestinal motility. In addition,
pharmacokinetic studies have revealed that the active
constituents of Japanese pepper and dried ginger are
absorbed from the gastrointestinal tract and enter the
bloodstream. The administration of daikenchuto during
early postoperative periods represents a potential advance
in the management of postoperative ileus.

Key words : Kampo, daikenchuto, ileus, Japanese pepper,
dried ginger

*Advanced Surgery Qenter, Sapporo Higashi Tokushukai

Hospital, 3-1, North-33 East-14, Higashi-ku, Sapporo-shi,
Hokkaido 065-0033, Japan
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Clinical Efficacy of Paclitaxel/Cisplatin as an Adjuvant Chemotherapy for
Patients With Cervical Cancer Who Underwent Radical Hysterectomy and
Systematic Lymphadenectomy

MASAYOSHI HOSAKA, mp, php, HIDEMICHI WATARI, mp, php,* TATSUYA KATO, mp, TETSUJI ODAGIRI, mp,
YOUSUKE KONNO, mp, DAISUKE ENDO, mp, TAKASHI MITAMURA, mp, SATOMI KIKAWA, mp,
YOSHIHIRO SUZUKI, mp, ano NORIAKI SAKURAGI, mp, phD
Department of Obstetrics and Gynecology, Hokkaido University Graduate School of Medicine, Sapporo, Japan

Background and Objectives: The aim of this study was to compare the clinical efficacy of paclitaxel/cisplatin (TP) as an adjuvant chemo-
therapy to adjuvant radiotherapy (RT) after radical hysterectomy and systematic lymphadenectomy for patients with cervical cancer.
Methods: A total of 125 patients with early-stage cervical cancer, who underwent radical hysterectomy, and received adjuvant therapy due to
recurrent risk factors were retrospectively analyzed. Forty-nine patients were treated with RT, and 32 received paclitaxel/cisplatin (TP) for
three to six cycles at 4-week interval. Survival and postoperative complications were compared between two modalities.

Results: There was no significant difference of 3-year disease-free survival between two groups (P = 0.23), while significantly better 3-year
overall survival in TP group than RT group (P = 0.02). Seven of 32 patients (21.9%) treated with adjuvant TP, 16 of 49 patients (32.7%)
treated with RT showed disease recurrence. Median of survival time after recurrence in RT group and TP group was 8.5 months, 12.0 months,
respectively. Postoperative bowel obstruction was significantly more frequent in the RT group compared to the TP group (P = 0.01).
Conclusions: Postoperative chemotherapy using TP might be more beneficial for survival than adjuvant RT and can reduce postoperative
complications for cervical cancer patients treated with radical hysterectomy.

J. Surg. Oncol. 2012;105:612-616. © 2011 Wiley Periodicals, Inc.

Key Worbps: cervical cancer; radical hysterectomy; adjuvant chemotherapy; paclitaxel/cisplatin; survival

INTRODUCTION

Early-stage cervical cancer is generally treated by surgery, radio-
therapy (RT), or a combination of both. At many institations in
Japan, cervical cancer [International Federation of Gynecology and
Obstetrics (FIGO) stage Ib1-IIb] 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 invasion (LVSI), parametrial invasion (PI),
lymph node metastasis (LNM), and bulky tumor [tumor diameter
>4 cm (BT)). We traditionally performed radical surgery first, and
then used RT as an adjuvant therapy for patients with stage Ib1-IIb
disease in many Japanese institutions. However, there is no definitive
evidence that RT is beneficial for survival after radical surgery for
cervical cancer [1,2]. Adjuvant chemotherapy combined with radical
hysterectomy and systematic lymphadenectomy may also provide a
survival benefit, while there are no randomized controlled studies
comparing the clinical efficacy of chemotherapy and RT in the
literature.

In our institution, adjuvant RT was used after radical hysterecto-
my. However, we have sometimes encountered severe postoperative
complications (lower-limb lymphedema, bowel obstruction, and uri-
nary disturbance) among patients receiving adjuvant RT, which sig-
nificantly reduced their quality of life. Based on these observations
and some data suggesting that the therapeutic effects of adjuvant
chemotherapy and adjuvant RT were similar [3], we began to use
more frequent adjuvant chemotherapy after surgery after the year
2000. We previously demonstrated that adjuvant chemotherapy using
another regimen (BOMP; bleomycin, vincristine, mitomycin C, and
cisplatin) has similar survival effect to adjuvant RT in patients with
cervical squamous cell carcinoma (SCC) without multiple lymph-
node metastatic sites, and significantly reduced the postoperatve

© 2011 Wiley Periodicals, Inc.

complications compared with adjuvant RT [4]. However, BOMP
may not be the best regimen for cervical cancer, because the clinical
efficacy of BOMP was not compared with other regimens, and pacli-
taxel/cisplatin (TP) combination is currently recognized as a standard
chemotherapy regimen by Gynecologic Oncology Group (GOG) for
patients with metastatic, recurrent or persistent cervical cancer [5].
Moreover, standard chemotherapy regimen has not been established
for cervical cancer in adjuvant setting yet. We have, therefore,
employed TP regimen as an adjuvant chemotherapy for early-stage
cervical cancer after radical surgery instead of BOMP since 2003.

In the present retrospective study, we investigated the clinical
efficacy of adjuvant TP after radical hysterectomy and systematic
lymphadenectomy in women with cervical cancer by comparing
patients’ survival and postoperative complications.

METHODS

- Two hundred seventy-one patients with FIGO stage Ib1-IIb cervi-
cal cancer have been treated with radical surgery at Hokkaido Uni-
versity Hospital between 1991 and 2007. 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
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the Okabayashi operation [6]. 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 chemotherapy. RT consisted of whole pelvic
external irradiation by four-field technigque with 50 Gy for 25 frac-
tions beginning 4 weeks after surgery. CT consisted of paclitaxel
135 mg/m? intravenously (IV) for 24 hr on day 1, followed by cis-
platin 50 mg/m? IV for 2 hr on day 2. 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 postoperative complications, including
lower-limb lymphedema, bowel obstruction and urinary disturbance.
Patients with stage II Jower-limb lymphedema were considered posi-
tive. We utilized the grading of lower-limb lymphedema severity pro-
posed by the International Society of Lymphology [7]. At stage II,
the swelling becomes irreversible and develops into pitting edema.
Patients treated for bowel obstruction with intravenous infusion and/
or surgery were considered positive. Patients with long-term self-
catheterization or incontinence were considered positive for postop-
erative urinary disturbance. Patient survival was calculated using the
Kaplan-Meier method. The significance of the survival difference
was evaluated using the log-rank test. The chi-square test was used
to analyze correlations between variables. Significance was set at
P < 0.05. Statistical analyses were performed with the Statview soft-
ware package (SAS Institute, Cary, NC).

RESULTS
Patients’ Characteristics

Patient’s characteristics are listed in Table I. Of the 271 patients
who underwent radical hysterectomy from 1991 to 2007, 146
patients did not receive adjuvant therapy because 141 patients did
not show risk factors for recurrence, and five had post operative
complications. One hundred twenty-five patients had risk factors for
recurrence. Forty-nine patients with risk factors have been treated
with adjuvant RT between 1991 and 2000. In this group, the median
age was 52 years (range 28-74 years). Nine of the patients treated
with adjuvant RT presented with clinical stage Ibl cancer, 12 with
stage Ib2 cancer, three with stage Ila cancer, and 25 with stage

TABLE I Patients’ Characteristics
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IIb cancer. Postoperative pathological examination confirmed that
27 patients had DSI, 40 had LVSI, 16 had P, 25 had BT and 22 had
multiple LNM sites.

Between 2000 and 2007, 60 patients with risk factors for recur-
rence were treated with adjuvant chemotherapy. Twenty-eight
patients with SCC received adjuvant chemotherapy with BOMP as
previously described [4] from 2000 to 2003. Sixteen patients with
adenocarcinoma were treated with adjuvant chemotherapy other than
BOMP, including 10 patients with IEP (ifosphamide, etoposide, and
cisplatin), and six patients with MEP (mitomycin C, etoposide, and
cisplatin). Thirty-two patients received TP irrespesctive of histologic
type from 2003 to present. Median age was 48 years (range 20—
71 years). Nine of these patients presented with clinical stage Ibl
cancer, eight with stage Ib2 cancer, and 15 stage ITb cancer. Postop-
erative pathological examination confirmed that 19 had DSI, 24 had
LVSI, seven had PI, 16 had BT, and 11 had multiple LNM sites,
There has been found to be no statistically significant difference of
distribution of risk factors described above among each group. How-
ever, there was statistically significant difference of distribution of
histologic types between two groups (P = 0.01), that is, two of 49
had non-SCC in RT group, while eight of 32 had non-SCC in TP

group.

Treatment Qutcome

Treatment outcomes are shown in Table II. In the RT group, 33
showed disease-free, 16 of 49 patients (32.7%) had recurrent disease
and 11 of 41 patients (22.4%) died of disease within 36 months.
Seven patients had pelvic tumor recurrence affecting the vaginal
stump, pelvic wall, or pelvic lymph node. Nine patients had extrap-
elvic recurrence affecting the lung, liver, brain, or supraclavicular
lymph node. In the TP group, 25 patients showed disease-free, seven
of 32 patients (21.9%) experienced recurrence and one of 32 patients
(3.1%) died of disease within 36 months. Two patients had pelvic
recurrence affecting pelvic lymph node and pelvic wall. Four
patients had extrapelvic recurrence, affecting lung, para-aortic lymph
node, or supraclavicular lymph node. One had both of pelvic and
extrapelvic failure. There was no statistically significant difference
between two groups with regard to clinical stage, DSI, LVSI, BT,
VI, PI, and multiple LNM sites. Adenosquamous/adenocarcinoma
histology was significantly more frequent in TP group than in RT

Adjuvant therapy
Radiotherapy (RT) Chemotherapy (CT) P-value

Number of patient 49 32
State

Ibl 9 9

b2 12 8

ITa 3 0 Stage I vs. II; N.S.

b 25 15
Pathological subtype

Squamous 47 24

Adeno/adenosquamous 2 8 Squamous vs. adeno/adenosquamous: 0.1
Bulky+ 25 16 N.S.
DSI+ 27 19 N.S.
LVSI+ 40 24 N.S.
PI+ 16 7 N.S.
VI+ 13 4 N.S.
The number of LNM part

Under 2 27 21 Under 2 vs. equal or over 2

Equal or over 2 22 11 N.S.

DSI, deep stromal invasion; LVSI, lymph-vascular space involvement; PI, parametrial invasion; VI, vaginal invasion; LNM, lymph node metastasis.
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TABLE II. Treatment Outcome According to the Type of Adjuvant
Therapy

Recurrent part

Number of No Intra Extra  Dead of
Adjuvant therapy patient recurrence  pelvic  pelvic  disease
Radiotherapy 49 33 7 9 11
Chemotherapy 32 25 3 5% 1
Total 81 58 10 14 12

“Including one case who had recurrent tumor intra and extra pelvic.

group (P = 0.01) (Table I). The 3-year DFS rate was 78.1% for the
TP group, and 67.3% for the RT group; the difference was not sta-
tistically significant (P = 0.23) (Fig. 1A). The 3-year OS rate was
93.8% for the TP group, and 69.4% for the RT group. There was
significantly better OS rate in TP group than in RT group (P = 0.02)
(Fig. 1B).

Median of survival time after recurrence in TP group and RT
group was 12.0 months (range; 7-35 months), 8.5 months (range; 3—
162 months), respectively. There is no statistically significant differ-
ence of survival after recurrence between two groups. Details of re-
current cases in TP and RT groups were described in Tables ITIA
and IIIB, respectively. Five of seven patients (71.4%) in TP group
received RT, while eight of 16 patients (50.0%) received RT. All
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Fig. 1. Kaplan-Meyer survival curve according to the type of adju-

vant therapy. A: There was no statistically significant difference of
3-year disease-free survival rate between TP group (78.1%) and RT
group (67.3%) (P = 0.23). B: There was significantly better overall
survival rate in TP group (93.8%) than in RT group (69.4%)
(P = 0.02).
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three cases with pelvic recurrence in TP group received combination
of RT and chemotherapy, but all six cases with pelvic recurrence in
RT group were treated with chemotherapy alone.

The incidences of postoperative complications are shown in
Table IV. Among the 49 patients who received adjuvant RT, 11
(22.4%) had lower-limb lymphedema, 17 (34.7%) had urinary distur-
bance, and 12 (24.5%) had bowel obstruction. Ten cases of bowel

obstruction were cured by conservative treatment, two necessitated

intestinal surgery. Among the 32 patients in the TP group, four
(11.4%) had lower-limb lymphedema, five (15.6%) had urinary dis-
turbance, and one (3.1%) had bowel obstruction. The incidence of
lower-limb lymphedema tended to be higher in the RT group com-
pared to the TP groups, while the difference was not statistically
significant (P = 0.2). Urinary disturbance was more frequent in the
RT group than the TP group with marginal significance (P = 0.07).
The incidence of bowel obstruction was significantly higher in the
RT group than in the TP group (P = 0.01).

DISCUSSION

In this retrospective analysis, we have shown that TP regimen
might have survival effect on patients with cervical cancer who un-
derwent radical hysterectomy and systematic LND. There was no
significant difference of 3-year disease-free survival according to
the type of postoperative adjuvant therapy, while 3-year overall sur-
vival in TP group was significantly better than that in RT group
(Fig. 1B).

Adjuvant RT has been generally introduced for stages I-II cervi-
cal cancer patients who are at high risk for recurrence. To date, sev-
eral guidelines for cervical cancer treatment, including those
launched by the American College of Obstetricians and Gynecolo-
gists and the Japan Society of Gynecologic Oncology, recommend
RT as a first-line postoperative adjuvant therapy for patients with a
high risk for recurrence. In 1998, a prospective randomized study
conducted by the Gynecologic Oncology Group to investigate the
efficacy of adjuvant RT for stage I cervical cancer cases at risk for
recurrence showed that adjuvant RT significantly reduces cancer re-
currence by 44% [8]. Similar results have been demonstrated by sev-
eral retrospective studies [4,9,10]; however, it has not yet been
demonstrated by randomized controlled trials that adjuvant RT pro-
longs overall survival. In fact, recent meta-analysis by cochrane re-
view failed to demonstrate survival effect with adjuvant RT
compared to no further treatment [11]. To establish a survival benefit
of adjuvant chemotherapy, we need to establish a standard chemo-
therapeutic regimen because no standard chemotherapeutic regimen
has been established in cervical cancer in an adjuvant setting yet, TP
is recognized as a current standard chemotherapeutic regimen for
metastatic, recurrent, or persistent cervical cancer, because phase III
trial comparing four cisplatin-containing doublet combinations, in-
cluding TP, gemcitabine/cisplatin, topotecan/cisplatin, and vinorel-
bine/cisplatin, revealed that patients treated with TP showed a more
favorable prognosis than others [5]. Paclitaxel/carboplatin (TC) com-
bination might be a promising regimen as a standard adjuvant che-
motherapy in cervical cancer, because Japanese Clinical Oncology
Group (JCOG) has conducted phase III trial to compare TP with TC
for recurrent and metastatic cervical cancer, and will get the result
soon [12,13]. Another promising regimen for cervical cancer is irino-
tecan/platinum (cisplatin or nedaplatin) combination, which has been
tested in phase II trial with objective response rate of 80.4% [14],
and phase II trial is currently on going to evaluate clnical efficacy of
irinotecar/nedaplatin as an adjuvant chemotherapy in node-positive
patients with cervical cancer who underwent radical hysterectomy in
Japan.

In our previous report, 3-year disease-free and overall survival in
chemotherapy (BOMP) group was similar to those in RT group in
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TABLE IIIA. Outcome After Recurrence of Seven Patients Who Received Adjuvant TP

Recurrent period Therapeutic Survival time
Pathological PTNM after operation regimen after recurrence
Cases Age subtype classification (months) Recurrent part after recurrence (months) Outcome
1 53 M pT2b.NIMO 8 Lung CcT 7 DOD
2 56 E pTIb2.N1.MO 30 Lnguinal node, perlvic lymph node, PAN RT,CT 26 DOD
3 57 N e pT1b2.N1.MO 10 Lung CcT 35 AWD
4 43 scc pT1b2.N1.MO 13 PAN RT 23 NED
5 38 ad-sq pT1b2.N1.MO 32 Pelvic lymph node CCRT,CT 9 AWD
6 41 M pT2b.N1.MO 27 PAN, virchow RT,CT 13 AWD
7 53 M pT2a2.N1.M0 31 Pelvic wall CCRT,CT 11 SOD

M, mucinous adenocarcinoma; E, endometrioid adenocarcinoma; SCC, squamous cell carcinoma; ad-sq, adenosquamous cell carcinoma; PAN, para aortic lymph
node; RT, radioyherapy; CT, chemotherapy; CCRT, concurrent chemoradiotherapy; DOD, dead of disease; AWD, alive with disease; NED, no evidenceof

disease.

patients with cervical SCC with intermediate risks treated with radi-
cal hysterectomy and lymphadenectomy [4]. However, BOMP is not
the best chemotherapy regimen for cervical cancer, because Japanese
Clinical Oncology Group (JCOG) study to compare the efficacy of
neoadjuvant chemotherapy using BOMP followed by radical hyster-
ectomy to primary radical hysterectomy in cervical cancer patients
with stage Ib2-IIb disease failed to show the clinical benefit of neo-
adjuvant chemotherapy using BOMP, and objective response rate of
BOMP was 61.0%, which seems lower than generally expected [15].

Survival time after recurrence in TP group (median of 12.0
months) was longer than that in RT group (median of 8.5 months).
The exact reason why adjuvant TP has survival effect in our patient
cohort remains unclear. Since incidence rate of extrapelvic failure
was similar between two groups, the difference of survival after re-
currence might be due to disease-control for pelvic recurrence. RT or
concurrent chemoradiotherapy (CCRT) could be applied to pelvic
failure for three cases of TP group in our patient cohort. (Table IIIA)
They can subsequently receive systemic chemotherapy again. In
patients who received adjuvant RT, RT, or CCRT can not be general-
ly applied for pelvic failure. Indeed, RT was applied to recurrent
disease in paraaortic nodes, subclavicular nodes in three cases, but
not to pelvic failure in our patient cohort. (Table IIIB) The patients
who received adjuvant RT can receive systemic chemotherapy alone
for pelvic control. Mean survival time after recurrence in patients
with pelvic failure was 16.4 months, 8.8 months in TP group and
RT group, respectively. We, therefore, speculate that multimodal

treatment using RT followed by systemic chemotherapy could con-
tribute to longer survival after recurrence.

In the present study, we have shown that incidence of postopera-
tive complications is less frequent in adjuvant TP group than in adju-
vant RT group. Bowel obstruction was significantly less frequent
in TP group as we previously described with BOMP regimen [4].
Incidence rate of lower-limb lympedema seemed higher in RT group
than TP group, but was not statistically different in our patient
cohort. However, our recent result of the retrospective analysis on
lower-limb lymphedema after radical hysterectomy and systematic
lymphadenectomy demonstrated that postsurgical RT was an inde-
pendent risk factor for stage IVIII disease evaluated with the same
diagnostic criteria in different patients’ cohort [16]. Thus, adjuvant
RT might be an important risk factor for severe lower-limb lymph-
edema. Incidence of urinary disturbance was higher in RT group
than that in TP group with marginal significance (P = 0.07) as we
previously described [4]. Moreover, our recent result of the retro-
spective analysis revealed that adjuvant RT was one of the risk fac-
tors for persistent low bladder compliance after radical hysterectomy
and systematic lymphadenectomy [17].

CONCLUSIONS

We found 3-year survival effect of adjuvant TP in patients with
cervical cancer treated with radical hysterectomy and systematic
lymphadenectomy. We believe that it is worth considering a

TABLE IIIB. Outcome After Recurrence of 16 Patients Who Received Adjuvant RT

Recurrent period

Pathological PTNM after operation Therapeutic regimen Survival time after
Cases Age subtype classification (months) Recurrent part after recurrence recurrence (months) Outcome
1 31 SCC pT1b2.N1.MO 11 PAN RT.CT 6 DOD
2 60 ScC pT2b.N1.MO 16 Vaginal stump RT (RALS) 162 NED
3 59 ScC pT1b1.N1.MO 3 Pelvic wall CT 7 DOD
4 49 SCcC pT1b2.N1.MO 12 Lung, virchow CcT 3 DOD
5 46 SCC pT1b2.N1.MO 3 PAN, virchow CT 8 DOD
6 52 scc pT2b.N1.MO 4 Lung CT 5 DOD
7 51 SCC pT2b.N1.MO 25 Plelvic lymph node CT 15 DOD
8 53 Scc pT2b.N1.MO 13 Lung CT 6 DOD
9 58 ScC pT1b1.NO.MO 20 Brain CcT 27 DOD
10 38 ScC pT2b.N1.MO 26 Liver CT 13 DOD
11 50 Nee pT2a.NO.MO 8 Pelvic wall CT 5 DOD
12 41 SCC pT1b1.N1.MO 4 Pelvic wall CT 4 DOD
13 49 scc pT2b.N1.MO 21 Lung CT 22 DOD
14 48 Neo pT2a.N1.MO 4 Pelvic wall CT 9 DOD
15 55 scc pTIbl.N1.MO 20 Virchow RT.CT 13 DOD
16 43 SCcC pT2b.N1.MO 2 Pelvic wall CT 13 DOD

SCC, squamous cell carcinoma; PAN, para aortic lymph node; RT, radiotherapy; RALS, remote after loading system; CT, chemotherapy; DOD, dead of disease;

NED, no evidence of disease.
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TABLE IV. The Incidence of Postoperative Complications According to the Type of Adjuvant Therapy

Adjuvant therapy Number of patient Lower-limb lymphedema Bowel obstruction Urinary disturbance Not available
Radiotherapy 49 11 (22.4%) 12* (24.5%) 17 (34.7%) 4
Chemotherapy 32 4 (11.4%) 1(3.1%) 5 (15.6%) 2
Radiotherapy vs. chemotherapy P =02 P = 0.01 P =0.07

*Two cases of bowel obstruction necessitated intestinal surgery.
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Objective: Malignant bowel obstruction (MBO), of which symptoms lead to a poor
quality of life, is a common and distressing clinical complication in advanced gynecologic
cancer. The aim of this study was to prospectively assess the clinical efficacy of octreotide
to control vomiting in patients with advanced gynecologic cancer with inoperable gastro-
intestinal obstruction.

Methods: Patients with advanced gynecologic cancer, who presented at least one episode
of vomiting per day due to MBO, were enrolled in this prospective study from 2006 to
2009. Octreotide was administered when necessary at doses starting with 300 g up to
600 g a day by continuous infusion for 2 weeks. Primary end point was vomiting control,
which was evaluated by common terminology criteria for adverse events version 3 (CTCAE
v3.0). Adverse events were also evaluated by CTCAE v3.0.

Results: Twenty-two cases were enrolled in this study. Octreotide controlled vomiting in
15 cases (68.2%) to grade 0 and 3 cases (13.6%) to grade 1 on CTCAE v3.0. Overall response
rate to octreotide treatment was 81.8% in our patients’ cohort. Among 14 cases without
nasogastric tube, the overall response rate was 93.1% (13/14). Among 8 cases with naso-
gastric tube, 4 cases were free of tube with decrease of drainage, and overall response rate
was 62.5% (5/8). No major adverse events related to octreotide were reported. ‘
Conclusions: We conclude that 300-pg/d dose of octreotide was effective and safe for
Japanese patients with MBO by advanced gynecologic cancer. Octreotide could contribute
to better quality of life by avoiding placement of nasogastric tube. '
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Octreotide for Gynecologic Cancer

M alignant bowel obstruction (MBO) is a common and
distressing clinical comphcatlon in advanced gyneco-
logic cancer and is reported m 5.5% to 42% of terminal
patlents with ovarian cancer.’ Vomltmg secondary to MBO
is a great problem in terminal patients.

Current treatments for MBO for patients with advanced
cancer include the following: (1) surgery to bypass/remove the
obstruction, (2) gastrointestinal drainage via a nasogastric tube,
and (3) medication (antimimetics or others). Surgical treatment
is often contraindicated owing to poor performance status, and
many patients with gynecologic malignancies (especially ovar-
ian cancer cases) would not be eligible for surgery because of
the presence of diffuse intraperitoneal carcinomatosis, multiple
partial obstruction points, ascites, and/or previous radiotherapy.
Placement of nasogastric tube may be the only treatment avail-
able for inoperable cases. A nasogastric tube can achieve sympto-
matic relief but sometimes causes mucosal erosion, esophagitis,
and aspiration pneumonia, which lead to poor quality of life.
Thus, from the standpoint of the quality of life of terminal patients,
the best way is to control symptoms relating to MBO without
placement of nasogastric tube.

Octreotide, an analog of somatostatin, is a drug to con-
trol symptoms due to MBO. It inhibits the release and activity
of gastrointestinal hormones,* and modulates gastrointestinal
function by reducing gastric acid secretion, slowing intestinal
motility, decreasing bile flow, mcreasmg mucus production,
and reducing splanchnic blood flow.*”

Although several retrospective studies on the clinical efﬁ-
cacy of octreotide have been reported in gynecologic cancer,
there have been no prospective studies on the efficacy and safety
of octreotide for MBO by patients with gynecologic malignancy
in the hterature Additionally, clinical study on octreotide con-
ducted in Japan® included few patients with gynecologlc malig-
nancies, which raises questions whether octreotide is effective
for MBO of Japanese patients with gynecologic malignancies.
Thus, the aim of this study was to prospectively evaluate the
efficacy of octreotide in controlling vomiting of patients with
terminal gynecologic cancer with MBO.

PATIENTS AND METHODS

From March 2006 to December 2009, 22 patients with
abdominal recurrence of advanced gynecologic cancer were
enrolled in this prospective study.

The patients in this study were required to be hospital-
ized, to be between 20 and 80 years of age, to have MBO that
was refractory to conventional medical treatment, and to have
a life expectancy of at least 3 weeks. Before being enrolled in
this study, the patients also had at least one episode of vom-
iting per day on one designated day or had marked drainage
of bowel contents (>300 ml/day) from a nasogastric tube.
Patients who retained normal hepatic function, as indicated
by a total bilirubin of 2.0 mg/dL or less, were eligible for the
study. The study excluded patients with serious complications
(eg, active infection, pleural effusion, and gastrointestinal hem-
orrhage) and those with symptomatic brain metastasis. After
. enrollment, the patients received octreotide (300 wg/d) subcu-
taneously or intravenously as a continuous injection for 7 days.
Patients who responded to this 7-day course of treatment con-
tinued to receive the drug with the same dose up to 14 days.

© 2012 IGCS and ESGO

The dose of octreotide could be increased to 600 pg/d for an-
other 7 days if no improvement of symptoms was observed
with 300 wg/d at day 7. The patients were assessed daily to de-
termine the number of vomiting episodes, the severity of their
nausea, and (if relevant) the volume of fluid draining from the
nasogastric tube.

Response criteria were based on the change from base-
line (24 hours before the start of treatment) to days 4, 8, and 15
in the severity of vomiting, which was graded using CTCAE
v3.0. The response to treatment was graded using 3 categories
(complete control [CC], partial control [PC], and no control
[NC]). Patients with grade 0 vomiting on day 8 were assigned
a rating of CC. The rating was PC if the grade for vomiting
was decreased by one grade or more from baseline on day 8.
No change or an increase of grade was regarded as NC. In
patients with a nasogastric tube at baseline, extubation was
allowed if drainage was reduced to less than baseline. After
extubation, the response to the treatment was graded accord-
ing to the following 3 categories defined by grade of nausea/
vomiting: CC (grade 0), PC (only one episode of vomiting per
day or nausea only), and NC (no change or increase of grade).
Change of other symptoms including nausea, anorexia, abdom-
inal distension, and fatigue were also evaluated by CTCAE v3.0.
The occurrence of adverse events and abnormal laboratory find-
ings were considered for the evaluation of safety, and the se-
verity of adverse drug reaction was graded in accordance with
CTCAE v3.0. With regard to the clinical laboratory testing,
hematology, biochemistry, and urine tests were performed just
before the start of the treatment with study medication and
after 8 and 15 days of treatment. This study was approved by
the institutional review board of Hokkaido University Hos-
pital and was conducted in compliance with Ethical Guide-
lines for Clinical Studies. In accordance with the declaration
of Helsinki, written informed consent was obtained from all
patients before enrollment.

The results reported by Shima et al® were taken into
consideration to calculate the sample size. Because the clin-
ical response rate (CC/PC) for octreotide treatment Sas
expected to be 54% based on previous Japanese study, we
calculated that 22 patients would be needed to detect in re-
sponse to octreotide of 55%, with 80% power and a 2-sided
5% significance level.

Steel test was used to analyze the statistical difference
of the number of vomiting episodes, drainage from nasogas-
tric tube, and other symptoms including nausea, appetite loss,
abdominal distension, general fatigue between baseline and
each point for evaluation (days 4, 8, and 15). Significance was
set at P < 0.05. Statistical analyses were performed. with the
excel 2008 (Social Survey Research Information Co, Ltd).

RESULTS

Patients’ Characteristics

Demographic and baseline characteristics of 22 patients
are listed in Table 1. Median age of the patients was 62 years
(range, 43—79 years). Ovarian cancer was the most frequent
type of malignancy (n = 12 [54.5%]), followed by cervical or
endometrial cancer (n = 6 [27.3%)]), primary peritoneal cancer
(n =3 [13.6%]), and double cancer of endometrium and ovary
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TABLE 1. Patients’ characteristics (n = 22)

Characteristics No. Patients
Age, median (range) 62 (43-79)
Cancer
Endometrial or cervical 6
Ovarian 12
Peritoneal 3
Endometrial-ovarian
Major site of obstruction
Small intestine 14
Large intestine 3
Rectum 1
Undetermined (include 4
carcinomatous peritonitis
Nasogastric tube
Yes 8
No 14
ECOGPS
1 2
2 7
3 9
4 4

ECOG, Eastern Cooperative Oncology Group;
PS, performance status.

(n = 1 [4.6%]). The most prevalent major site of obstruction
was the small intestine in 14 cases (63.6%). At baseline, a naso-
gastric tube was already placed in 8 patients (36.4%), whereas
not in 14 patients (63.6%). The baseline performance status
(PS) was 3 to 4 in 13 patients (59.1%).

Response
The response to treatment with octreotide, which was
evaluated by the change of vomiting episodes, is summarized

TABLE 2. Efficacy of control vomiting episodes

Efficacy n (%)
cC 15 (68.2)
PC 3 (13.6)
NC 4(18.2)
Without gastric tube 14
CC 11 (78.6)
PC 2 (14.3)
NC 1(7.1)
With gastric tube , 8
cC 4 (50.0)
PC 1(12.5)
NC 3375)
694

in Table 2. Among all patients treated, 15 patients (68.2%)
had a response of CC and 3 patients (13.6%) had a response
of PC, with an overall response rate (CC/PC) of 81.8%.
Among the 14 patients without a nasogastric tube at baseline,
11 patients (78.6%) achieved CC and 2 patients (14.3%)
achieved PC with an overall response rate of 92.9% (13/14).
Among the 8 patients with a nasogastric tube at baseline,
4 patients (50.0%) achieved CC and one (12.5%) achieved PC
with an overall response rate of 62.5%. In the entire study
population, the median number of vomiting episodes per day
was significantly reduced from 3.0 (range, 0—12) at baseline

- to O (range, 0-11) on day 4 (P = 0.0029), 1.0 (range, 0—6) on

day 8 (P =10.0003), and 0 (range: 0—4) on day 15 (P <0.0001;
Fig. 1) Among the 7 patients with a nasogastric tube at base-
line, all patients showed a significant decrease in drainage
from 793 mL at baseline to 219 mL on day 4 (P = 0.0201) and
301 mL on day 8 (P = 0.0492; Fig. 2). Change of other symp-
toms including nausea, anorexia, abdominal distension, and
fatigue were also evaluated by the severity of grades using
CTCAE version 3. Among them, grade of nausea was signifi-
cantly reduced from 2.7 at baseline to 1.7 on day 4 (P=0.0311),
1.5 on day 8 (P = 0.0085), and 1.5 on day 15 (P = 0.0544).
Anorexia, abdominal distension, and fatigue were also reduced
from the baseline without significant difference on days 4, 8,
and 15 (Fig. 3).

Adverse Events

Adverse events were graded irrespective of the rela-
tion to octreotide treatment (Supplemental Digital Content,
Table 1, http://links.;ww.com/IGC/A80). All of them were
not related to octreotide treatment itself but to the worse
general condition of the patients. Overall, treatment with
octreotide was well tolerated and did not cause any serious or
clinically significant adverse reactions.

DISCUSSION

Baines et al° published the first study on a pharma-
cological approach with octreotide in treating symptoms

14 e
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FIGURE 1. Changes of vomiting episodes. The mean
number of vomiting episodes per day was significantly
reduced from 4.5 at baseline to 1.5 on day 4 (P = 0.0029),
1.0 onday 8 (P=0.0003), and 0.5 onday 15 (P<0.0001).
P value was calculated by Steel test.
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FIGURE 2. Changes in the drainage volume from
nasogastric tube. The mean actual daily drainage
volume was calculated: the total drainage

volume — oral water intake. Of 7 patients with a
nasogastric tube at baseline, all patients showed a
decrease in drainage from 793 to 219 mL on day
4 (P=0.0201) and 301 mL on day 8 (P = 0.0492).
P value was calculated by Steel test.

including nausea, vomiting, pain, and others due to MBO in
advanced cancer, thereby avoiding the nasogastric tube and
intravenous hydration.

Many recent studies have shown that octreotide is use-
ful for controlling gastrointestinal symptoms due to MBO in
patients with advanced cancer, whereas there has been no pro-
spective study in the patients with gynecologic cancer in the lite-
rature. In this study, we prospectively evaluated the efficacy and
safety of 300-pg/d initial dose of octreotide in Japanese patients
with gynecologic cancer with MBO. The primary efficacy end
point was the change in vomiting episodes after treatment. To
ensure objectivity of assessment, we used CTCAE v3.0 to grade
the severity of emesis. In contrast, previous retrospective clinical
studies have oﬁen used the World Health Organization (WHO)
toxicity criteria’ (grade 1, nausea; grade 2, transient vomiting;
grade 3, vomiting requiring therapy; and grade 4, intractable
vomiting). Compared with the WHO criteria, CTCAE v3.0
(grade 1, only nausea; grade 2, 1-5 vomiting episodes per
24 hours; grade 3, >6 vomiting episodes per 24 hours) seems
to provide a more quantitative assessment of the severity of
emesis.

Of the patients in this study, 81.8% responded to the
treatment with octreotide; and the overall response rate was
higher than that previously reported in Japanese patients.® Pos-
sible explanations for the favorable response to octreotide in
the present study include the underlying malignancies. Re-
garding the type of underlying malignancies, more than half
* of the patients enrolled in the previous study had gastric can-
cer (n = 14 [56.0%]). Additionally, only 2 cases of gyne-
cologic cancer (ovarian cancer) were included. Analysis of
response data obtained in previous study revealed that 5
(35.7%) of 14 patients with gastric cancer and 6 (54.5%) of
11 patients with other cancers had a response of PC or better.
The patients with gastric cancer tended to have a lower re-
sponse rate. The lower response rate of the patients with gas-
tric cancer was partly responsible for the lower overall response
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Abdominal symptoms (Grade)
N

rate in the previous study. Current study clearly indicated that
octreotide is more effective for MBO by gynecologic malig-
nancy than by gastric cancer, probably because of the differ-
ence of location of obstruction, and/or milder obstruction than
gastric and/or colon cancer, in which direct obstruction by
tumors causes severe symptoms. In the previous prospective
study for Japanese patients, they described that the timing of
assessment (day 6) might have affected the difference in the
response rate compared to the previous reports. In overseas
clinical studies,'!"!? the response to octreotide was assessed
after only 3 days of treatment so the longer treatment period
before examination in previous Japanese study might also have
contributed to the lower response rate. We, therefore, assessed
the change of symptoms at several points after starting octreo-
tide treatment—at days, 4, 8, and 15—and found that octreo-
tide was highly effective for Japanese patients with MBO by
gynecologic malignancy at any points.

Among cases with nasogatric tube, 4 of 8 cases became
free of the tube in our study. Long-term placement of naso-
gastric tube can interfere with coughing to clear pulmonary
secretions and may be associated with nasal cartilage erosion,
otitis media, aspiration pneumonia, esophagitis, and bleeding.
The nasogastric tube is sometimes even more unpleasant for
the patient than the basm condition itself.

Mang111 et al%'? described that octreotide controlled the
vomiting in all cases of ovarian cancer in 2 reports. How-
ever, both are retrospective studies; and WHO criteria, which
are less objective than CTCAE v3.0 used in this study, was
used to grade severity of vomiting in the first report,® and they
did not describe how they evaluated the seventy of symptoms
in the second report.”* Matulonis et al’ reported overall re-
sponse rate of 46.2% (6/13) for patients with advanced ovar-
ian cancer in a retrospective study, which is worse than our
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FIGURE 3. Changes of abdominal symptoms. Change
of the abdominal symptoms including nausea, anorexia,
abdominal distension, and fatigue. Among of them,
the mean grade of nausea was reduced from 2.68 at
baseline to 1.64 on day 4 (P=0.0311), 1.43 on day
8 (P =0.0085), and 1.5 on day 15 (P = 0.0544).
P value was calculated by Steel test.
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result. Our current prospective study clearly demonstrated that
octreotide is effective for MBO by gynecologic malignancies
using the more objective criteria for grading the severity of
symptoms. For patients without nasogastric tube, octreotide was
highly effective (92.9%) in this study. Thus, from the stand-
point of quality of life, the first choice of treatment for MBO
by gynecologic malignancy might be the administration of
octreotide, not placement of nasogastric tube.

In summary, initial treatment with 300 pg/d of octreo-
tide for 14 days was confirmed to be effective and safe for
controlling vomiting in Japanese patients with MBO by gyne-
cologic malignancies. We, therefore, need to introduce octreo-
tide, if applicable, at the early phase of best supportive care for
the terminal patients with MBO by gynecologic malignancies,
resulting in avoidance of placement of nasogastric tube, which
can impair their quality of life.
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Mutant p53 gain-of-function induces epithelial-mesenchymal
transition through modulation of the miR-130b-ZEB1 axis

P Dong’®, M Karaayvaz**, N Jia>*, M Kaneuchi', J Hamada“, H Watari', § Sudo’, J Ju? and N Sakuragi'

INTRODUCTION

Epithelial-mesenchymal transition (EMT) is a transcriptional
process that has a key role in regulating embryonic morphogen-
esis and cancer metastasis. During EMT, epithelial cells lose their
polarization and homotypic cell adhesion, resulting in a more
motile, spindle-like morphology with increased invasiveness.! At
the molecular level, EMT occurs as a result of the activity of several
transcriptional factors, such as ZEB1/2, Twist, BMI-1, Snail, and
Slug, which suppress expression of the epithelial marker
E-cadherin and induce the mesenchymal genes N-cadherin and
Vimentin.! However, the mechanisms and pathways that drive
EMT programs are not fully understood.

Non-coding microRNAs (miRNAs), including miR-200 and miR-
194/192 family members, have been identified as negative
regulators of EMT and metastasis by repressing the expression
of ZEB1/22 The overexpression of miR-200 and let-7b in
gemcitabine-resistant pancreatic cancer cells induces the
mesenchymal-epithelial transition, which is the reverse process
of EMT.? Moreover, miR-194 is critical for maintaining the hepatic
epithelial cell phenotype and inhibits metastasis by targeting
several EMT activator genes.*

Recently, a regulatory connection between p53 signaling and
miRNA-mediated EMT has been demonstrated. Wild-type (WT)
p53 directly activates the transcription of miR-200c and miR-192
family members, which leads to ZEB1/2 downregulation and
repression of EMT.®> Furthermore, mutation of p53 can promote
EMT and the aggressive potential of tumor cells by inhibiting WT
p53-miR-200c pathways through dominant-negative effects on

WT p53.° However, besides the dominant-negative effects upon
WT p53, increasing evidence suggests that p53 mutations acquire
additional oncogenic functions, such as a gain-of-function (GOF),
which actively drive celis toward invasion and metastasis’ through
transactivation or transrepression of a large set of genes involved
in regulation of cell adhesion, migration and proliferation? In
agreement with these findings, previous studies have found that
overexpression of miRNAs (miR-181b and miR-200c) is associated
with either p53 mutations or shorter patient survival in human
colon cancer,’ indicating that mutant p53 may exert GOF activities
and promote EMT by modulating miRNAs.

Here, we identified a novel mechanism by which mutant p53
demonstrates GOF effects to facilitate EMT and cancer cell
invasion by repressing miR-130b, an inhibitor of ZEB1. We further
demonstrated that the expression of miR-130 was significantly
reduced in endometrial cancer (EC) tissues, and patients with
higher expression levels of miR-130b survived longer. Thus, these
data suggest that restoration of miR-130b may have therapeutic
value in tumors expressing mutant p53.

RESULTS

Mutant p53 GOF contributes to EMT in EC cells

Although mutant p53 GOF has been shown to promote EMT by
upregulating Twist in prostate cancer cells,'® to date, the role of
mutant p53 GOF in initiating EMT during EC progression remains
unknown. To explore this issue, we used p53-null HEC-50 cells'’
stably transduced with vectors encoding p53 mutations R273H,
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R175H or C135Y, as well as an empty vector. Polyclonal cell lines
were generated to omit clonal variation. The p53 protein level was
verified using the anti-p53 (DO-7) antibody, which recognizes
both WT and mutant p53.

Enforced expression of these p53 mutants induce a shift in cell
morphology from a paved stone epithelial appearance to more
mesenchymal phenotypes, with loss of cell-to-cell contact and
increased cell spreading (Figure 1a). These morphological
changes were accompanied by the upregulation of mesenchy-
mal genes, including Twist, ZEB1, BMI-1, Snail, N-cadherin and
Vimentin, and decreased expression of the epithelial marker
E-cadherin (Figure 1b). To examine whether overexpression
of mutant p53 can promote cell invasion, we next performed a
cell invasion assay and observed a significant increase in the
invasive capacity of mutant p53-expressing cells compared
with empty vector-transfected control cells (Figure 1c).
These findings were supported by concomitantly enhanced
expression of metastatic-associated genes osteopontin, MMP-2
and MMP-9 in HEC-50 cells containing the p53 mutants
(Supplementary Figure S1A).

Recently, EMT has been shown to have critical roles in
modulating the cancer stem-like cell phenotype and conferring
increased drug resistance of cancer cells.'? To test the roles of
mutant p53 GOF in acquiring stemness and drug-resistant
properties in EC cells, we investigated the effects of stable
expression of mutant p53 R175H on the self-renewal potential of
cells using a sphere formation assay. We also assessed the

a HEC-50

chemosensitizing properties of this cell line after treatment with
paclitaxel using the Cell Counting Kit-8. We found that transfection
of this mutant, but not empty vector, enabled HEC-50 cells to form
floating spheres in a serum-free medium (Figure 1d) and became
more resistant to paclitaxel treatment (Figure 1e). To further
explore the mechanisms of mutant p53 GOF-mediated cancer
stemness and drug resistance, Quantitative reverse transcription
(gRT-PCR) was performed to show that the mRNA levels of well-
characterized stem cell markers (CD133, KLF4 and NANOG) and
chemoresistance-related genes (MDR-1 and MRP-1) was highly
enhanced in R175H-expressing cells (Figure 1f).

Similar to the findings obtained from stable transfection
experiments, transient transfection of a vector encoding mutant
p53 R248Q, but not empty vector, promoted cell invasion
(Supplementary Figure S2C). In addition, this mutant also
promoted EMT-like changes, including enhanced expression of
ZEB1, BMI-1, N-cadherin and Vimentin, as well as repression of
E-cadherin in HEC-50 cells (Supplementary Figure S2A). Taken
together, these observations suggested a crucial role of mutant
p53 GOF in driving EMT and invasive phenotypes of EC cells.

Knockdown of mutant p53 in EC cells causes a reversal of EMT and
inhibition of cell invasion ability

To further examine whether loss of endogenous mutant p53 can
inhibit EMT features, we performed shRNA-mediated knockdown
of mutant p53 in HEC-1 cells, which express endogenous mutant
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Mutant p53 GOF contributes to EMT in EC cells. (@) Morphology of endometrial cancer HEC-50 cells containing a control vector or

mutant p53 R175H. Scale bars represent 100 um. (b) Protein expression of p53 and EMT markers as analyzed by immunoblot. (c) Invasion of
HEC-50 cells following overexpression of mutant p53s (mean ts.d.; n=3; ¥P<0.01). Representative images of invaded cells are shown.
(d) Images indicate mammosphere formation in HEC-50 cells expressing the indicated constructs. The number of spheres obtained from 1000
cells at 12 days after plating (scale bar =50 pm; mean *s.d.; n = 3; ¥ <0.01). () Mutant R175H- or empty vector-transfected HEC-50 cells were
treated with paclitaxel (0, 25, 50 and 75 nmol/l) for 48 h. Cell viability were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay (mean ts.d; n=3; *P<0.01). (f) Relative mRNA expression of stemness markers (normalized to GAPDH) in HEC-50 cells
transfected with control or R175H vector, determined by qRT-PCR (mean £ s.d.; n=4; *P<0.01).
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p53 R248Q. Silencing of mutant p53 resulted in significant
changes in cell morphology, and the scattered, mesenchymal-like
HEC-1 cells began to exhibit a more epithelial-like cobblestone
appearance (Figure 2a). Downregulation of this p53 mutant
increased the expression of epithelial marker E-cadherin and
repressed the expression of mesenchymal markers Twist, ZEB1,
BMI-1, Snail, N-cadherin and Vimentin (Figure 2b). In agreement
with these findings, knockdown of mutant p53 markedly reduced
cell invasion (Figure 2c) and reduced the expression of
osteopontin, MMP-2 and MMP-9 (Supplementary Figure S1B). To
investigate if reduction of mutant p53 expression can suppress
cancer stem-like and drug resistance properties, a sphere
formation assay and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide assay were used. We found that HEC-1 cells
transfected with p53 shRNA displayed decreased sphere formation
(Figure 2d) and were more sensitive to paclitaxel (Figure 2e).
These results were supported by gRT-PCR experiments in which
the mRNA expression of CD133, KLF4, NANOG, MDR-1 and MRP-1
were significantly attenuated following knockdown of endogen-
ous p53 using shRNA (Figure 2f). Collectively, these results
demonstrate that knockdown of mutant p53 can reverse the
EMT phenotype and rescue cell invasion of EC cells.

ZEB1 is a key downstream mediator in p53 GOF mutant-induced EMT

Previous studies have shown that ZEB1 has a crucial role in the
promotion of EMT and cancer stem cell properties in human
cancer cells.”® Overexpression of ZEB1 has been detected in

a HEC-1
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aggressive EC.'* Therefore, induction of ZEB1 expression by a p53
GOF mutant and reduction of its expression after mutant p53
silencing allowed us to postulate that ZEB1 may be essential for
p53 GOF mutant-induced EMT in EC cells. Transfection of HEC-50
cells with ZEBT siRNA inhibited mutant p53 R175H-induced BMI-1
and Snail expression, restored E-cadherin expression (Supple-
mentary Figure S3A) and greatly impaired p53 R175H-mediated
cell invasion (Supplementary Figure S3B). However, this treatment
did not significantly affect the protein level of Twist. Following
transfection with ZEB1 siRNA in HEC-1 cells, the mRNA expression
of BMI-1 and Snail was suppressed and E-cadherin was elevated
(Supplementary Figure S3C). These data indicate that ZEB1 acts as
an important downstream effector of these p53 mutants to
mediate the EMT process in EC cells.

The p53 GOF mutants contribute to global repression of miRNA
expression

To identify miRNAs mediated by the p53 GOF mutants, we
performed array-based miRNA profiling of HEC-50 cells transduced
with either p53 mutants or empty vector. Of 188 human miRNAs
assayed, 23 miRNAs were expressed above background levels.
Ectopic overexpression of mutant p53 R273H, R175H and C135Y in
HEC-50 cells led to a global downregulation of all these miRNAs
(Supplementary Figure S4A). We further validated the microarray
results using gRT-PCR (Figure 3b). Notably, the expression of
several miRNAs with known tumor suppressor activity, including
let-7b> miR-143,"® miR-194,"® miR-424," miR-451,"® and miR-
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cancer HEC-1 cells transfected with control shRNA vector or p53 shRNA vector (scale bar = 100 um). (b) Protein levels of p53 and EMT markers
as analyzed by western blot. (c) Invasion of HEC-1 cells after p53 shRNA transfection (mean + s.d.; n=3; *P<0.01). Representative images of
invaded cells are shown. (d) Images show mammosphere formation in HEC-1 cells after p53 silencing by shRNA. Number of spheres obtained
from 1000 cells at 12 days after plating (scale bar =50 um; mean + s.d.; n = 3; *P <0.01). (e) Control- or p53 shRNA-transfected HEC-1 cells were
treated with paclitaxel (0, 15, and 30nmol/l) for 48 h. Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay (mean £ s.d.; n = 3; *P <0.01). (f) Relative mRNA expression of stemness markers (normalized to GAPDH) in HEC-1 cells after p53
silencing, determined by qRT-PCR (mean £s.d; n=4; *P <0.01).
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146'® were significantly reduced in p53-mutant-expressing cells but not the empty vector, inhibited the expression of miR-130b
(Supplementary Figure S4B). Thus, these results suggest that when expressed transiently (Supplementary Figure S2B). On the
global repression of miRNA expression is likely to be a critical other hand, HEC-1 cells transfected with p53 shRNA exhibited a
mechanism for p53 GOF mutant-enhanced EC tumorigenesis. marked elevation in the level of miR-130b (Figure 3c). These
results suggest that the endogenous expression of miR-130b is
negatively regulated by p53 mutants.
Mutant p53 binds to and transrepresses the promoter of miR-130b Recent evidence has established an association between p53
Considering the important roles of ZEB1 in regulating EMT, we and several miRNAs, such as miR-34,%° miR-192%" and miR-200c.”
next sought to determine whether any of the 23 miRNAs may Transcription of these miRNAs is directly regulated by p53. In
target ZEB1, and if repression of these miRNAs by mutant p53 may particular, several studies have suggested that miR-200c is
contribute to increased ZEB1 expression in EC cells. We first downregulated in EC tissues,*? and restoration of miR-200c
searched for all predicted miRNA-ZEBT interactions by using two expression in HEC-50 cells decreases cell invasion.”® Using qRT-
target-prediction algorithms: TargetScan (http://www.targetscan. PCRs to compare miRNA levels in HEC-50 cells, we found that
org) and microRNA.org (http://www.microrna.org), and detected overexpression of mutant p53 R175H and C135Y decrease the
four miRNAs that potentially bind to the 3’ untranslated regions expression of miR-200c by 30-20%, whereas mutant R273H has no
(3/-UTR) of ZEB1 mRNA. We then cross-referenced these four effects on its expression (Supplementary Figure S5), indicating
miRNAs with the 23 miRNAs identified by miRNA microarray. that downregulation of miR-200c is involved in mutant p53 GOF-
We found three miRNAs (miR-130b, miR-301a and miR-301b) induced EC cell invasion.
that were downregulated in p53-mutant-expressing cells and However, it remains unknown whether p53 mutants function as
predicted to bind to ZEBT 3’-UTR (Figure 3a). We selected a transcription regulator of miR-130b. Therefore, we searched for
miR-130b to investigate its effects on EMT and EC cell invasion p53-binding sites in the miR-130b promoter using a bioinformatics

because transfection of miR-301a and miR-301b did not substan- approach.?* Importantly, we found a conserved p53-binding site
tially alter the protein expression of ZEB1 in EC cells (data (5'-GGGCATGGTGGCTCATGCCT-3') with a ranking score of 83
not shown). (Figure 3d). To determine whether an endogenous p53 mutant

To evaluate whether the p53 mutants (R273H, R175H and can bind this site, chromatin immunoprecipitation (ChIP)-qPCR
C135Y) control the expression of miR-130b, we examined the analysis was performed on HEC-1 cells. The human telomerase
effects of overexpression of mutant p53 on the expression of miR- (hTERT) promoter served as a positive control, as it has been
130b in HEC-50 cells. The gRT-PCR analysis confirmed a significant previously shown that p53 mutants can bind this promoter.?® Both
decrease in mature miR-130b levels following transfection with miR-130b (sixfold) and hTERT (eightfold) promoter sequences
the p53 mutants (Figure 3b). Similarly, the p53 mutation R248Q, were specifically enriched by anti-p53 antibodies, but not by
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non-specific antibodies (Figure 3e). These data suggest that miR-
130b is a direct target of mutant p53 in EC cells.

To assess if the downregulation of miR-130b expression is
mediated by transrepression of the p53 mutants, we cloned the
p53-binding sequence of the miR-130b promoter upstream of
firefly luciferase to yield a WT plasmid pGL3-130b, and further
generated mutant pGL3-130b luciferase vectors containing muta-
tions in the candidate p53-binding site. The WT pGL3-130b or
mutant pGL3-130b vector was transfected into HEC-50 cells with
either a control vector, mutant p53 R175H or WT p53. Interest-
ingly, the luciferase activity of WT pGL3-130b was significantly
repressed by R175H, but was transactivated by WT p53. However,
expression of mutant p53 or WT p53 did not affect the luciferase
activity of mutant pGL3-130b (Figure 3f). Therefore, our observa-
tions by gRT-PCR, ChIP-gPCR and the luciferase assay collectively
demonstrate that a GOF p53 mutant binds to and transrepresses
the miR-130b promoter.

Our results showing a fivefold increase in the ability of WT p53
to transactivate the promoter of miR-130b (Figure 3f, lane 2) raised
an interesting possibility that WT p53 controls metastasis through
modulation of miR-130b. Therefore, we transiently transfected the
WT p53 expression vector into HEC-50 cells (Figure 4a). A gRT-PCR
analysis revealed that expression of WT p53 protein significantly
induced the levels of miR-130b and also slightly increased the
expression of miR-200c (Figure 4b), which is a known target of WT
p53.5 In WT p53-expressing HHUA cells, activation of p53 in
response to the Mdm2 antagonist Nutlin-3 (Figure 4c) enhanced
the level of miR-130b, but this was abolished by the shRNA-
mediated knockdown of p53 (Figure 4d). Consistent with an earlier
report,® the knockdown of WT p53 in HHUA cells induced changes
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associated with EMT, such as a mesenchymal morphology
(Figure 4e), low expression of E-cadherin, upregulation of ZEB1
and BMI-1 (Figure 4f), and increased cell invasion (Figure 4g). We
also observed an enrichment of WT p53 binding to both the miR-
130b and p21 promoters using a ChIP-PCR analysis (Figure 4h).
In addition, WT p53 was able to transactivate a pGL-3-miR-130b
luciferase reporter gene (Figure 4i). Silencing of p53 by shRNA
abrogated Nutlin-3-stimulated luciferase activities of the miR-130b
promoter (Figure 4i, compare lane 5 to lanes 7 and 8). These data
indicated that mutant and WT p53 exert opposite effects on miR-
130b expression, which supports the hypothesis that a p53 GOF
mutant contributes to EC carcinogenesis by altering the expres-
sion of miR-130b.

Despite direct transcriptional regulation by mutant p53, some
GOF effects of the p53 mutants may depend on their ability to
inactivate p53 family members p63 or p73.2° Furthermore, p63
has been shown to inhibit metastasis through transactivation of
miR-130b.%” Therefore, we determined whether p63 inhibition by
the p53 mutants is involved in the p53 GOF mutant-induced
suppression of miR-130b in HEC-50 cells. We found that
downregulation of p63 protein expression by p63 siRNA
(Supplementary Figure S6A) resulted in a dose-dependent
decrease in p21 luciferase activity (Supplementary Figure S6C).
As expected, transient transfection of the WT p53 expression
vector markedly transactivated the p27 promoter (Supple-
mentary Figure S6C). However, the mRNA expression of miR-
130b did not substantially change after p63 knockdown
(Supplementary Figure S6B). Thus, p63 inhibition is not likely
to be responsible for p53 GOF mutant-induced suppression of
miR-130b in EC cells.
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Figure 4. WT p53 transactivates the promoter of miR-130b. (a) WT p53 protein level in HEC-50 cells transfected with WT p53 expression vector
or control vector. (b) gRT-PCR for miR-130b and miR-200c in HEC-50 cells transfected with WT p53 expression vector or control vector
(mean *s.d.; n=4; *P<0.01). (¢, d) HHUA cells transfected with p53 shRNA vector or control vector were treated with 5 umol/l of Nutlin-3 or
dimethyl sulfoxide (DMSO) for 12 h. WT p53 protein (c) and miR-130b expression (d) were detected by western blot analysis and gRT-PCR
(mean ts.d.; n=4; ¥P<0.01), respectively. (e) Morphology of HHUA cells after p53 silencing. Scale bars represent 200 um. (f) Western blot
analysis for EMT markers in HHUA cells after p53 silencing. (g) Invasion assay of HHUA cells after transfection with p53 shRNA (mean s.d,;
n=3; *P<0.01). (h) ChiP-gPCR analysis of WT p53 (DO-7 antibody) binding to the miR-130b promoter region in HHUA cells. p27 was used as a
positive control. The fold enrichment over the IgG control is represented (mean *s.d; n=3; *P<0.01). (i) Indicated HHUA cells were
transfected with luciferase reporter plasmid pGL3-130b or empty pGL3-basic vector, and treated with 5 umol/l of Nutlin-3 or DMSO for 12 h.
Relative luciferase activity was determined (mean *s.d.; n=3; *P<0.01). All gPCR or luciferase values were normalized to GAPDH or Renilla

activity, respectively.
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