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(Jpn J Cancer Chemother 38(11): 1861-1864, November, 2011)

A Case of the Usage of Entecavir to Prevent Hepatitis B Virus Reactivation during Chemotherapy in Breast Cancer
Patient: Takayuki Muraoka ™, Naruto Taira™, Tadahiko Shien™', Hiroyoshi Doihara™**, Akinobu Takaki*? and Shinichiro
Miyoshi ! (*'Dept. of Cancer and Thoracic Surgery, and **Dept. of Gastroenterology and Hepatology, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences)
Summary

Hepatitis B virus (HBV) reactivation is a serious clinical problem for HBV infected patients, and one of its possible causes is
chemotherapy for malignant disease. At the onset of active hepatitis, planned chemotherapy should be discontinued and
acute or fetal fulminant hepatitis must be induced in some cases. Therefore, it is desirable to prevent virus reactivation during
chemotherapy in HBV-positive patients. We report a case in which adjuvant chemotherapy for a breast cancer patient was
accomplished safely by using entecavir. The patient was a 48-year-old woman with breast cancer whose HBV infection had
been pointed out when she was 20 years old. Breast reconstruction was performed, followed by mastectomy. Pathological
findings were invasive ductal carcinoma, three positive nodes, estrogen and progesterone receptor-positive, and HER2-nega-
tive. An adjuvant chemotherapy with anthracycline followed by taxane was planned. Blood chemistry revealed the seroconver-
sion of HBV and the quantity of HBV-DNA was 2. 8log copies/mL. Administration of the anti-virus agent, entecavir, was
started three weeks before chemotherapy. The HBV-DNA was decreased under the titer of detection and no re-increase in
HBV-DNA was found during chemotherapy. Planned chemotherapy was accomplished safely without HBV reactivation. Key
words: Hepatitis B virus reactivation, Entecavir, HBV-DNA (Received Feb. 28, 2011/Accepted Apr. 9, 2011)
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Table1l Laboratory data on admission be-
fore the operation

WBC 5,680/uL r-GTP 10IU/L

RBC 4.47%x10°/pl.  Ch-E  365IU/L
Hb 10.4 g/dL Na 141 mmol/L
Plt 205X 10%/uL K 4.1 mmol/L
TP 7.2 g/dL Cl 106 mmol/L
Alb 4.3g/dL BUN 11.7 mg/dL
T-Bil 0.67 mg/dL Cr 0.81 mg/dL
GOT 131U/L PT 11.0sec
GPT 111U/L APTT 32.8sec
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Background: Metastatic breast cancer (MBC) is considered incurable, and surgery has only limited benefit
in the treatment of this disease. However, recent reports have indicated that primary tumor resection
may improve patient outcomes. We retrospectively analyzed the surgical benefits and prognostic factors
for patients with MBC who were treated at our center.
Methods: Ninety-two women, who had tumors of greater than 5 cm and distant metastasis at diagnosis,
were included in this study. The effect of surgical treatment on survival was evaluated. Patient demo-
graphics and tumor characteristics were also investigated.
Results: Thirty-six patients had surgery for resection of primary tumors., There were no substantive
differences between individuals, or between tumor characteristics, for patients who underwent surgery
versus patients who did not. The median survival time for surgically treated patients was 25.0 months
versus 24.8 months for patients who did not undergo surgical resection (P =0.352). Only three patients
relapsed within three months of surgery. For the remaining majority of patients, primary tumor resection
gave some relief from the often severe symptoms that come from harboring a large tumor for an
extended time. In univariate and subsequent multivariate analyses of predictive indicators, a diagnosis of
triple-negative breast cancer and/or metastasis to more than three sites was significantly associated with
a severe prognosis.
Conclusion: Primary tumor resection failed to prolong overall survival times in patients with incurable
advanced breast cancer that was greater than 5 cm. However, surgery did improve the quality of life in
patients who were expected to have a relatively long prognosis.

© 2011 Elsevier Ltd. All rights reserved.
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Introduction chemotherapy depends on the expression status of the estrogen

receptor (ER), the progesterone receptor (PgR), and the human

MBC is considered incurable, and is therefore an unfavorable
prognostic for survival. This remains true despite the fact that the
survival rate of patients with MBC has slowly and steadily improved
due to the development of diagnostic tools for earlier detection of
metastatic lesions, and systemic therapies that include new bio-
logics.? Because of the low cure rate, therapy for patients with
MBC often seeks to prolong survival or to palliate symptoms, while
preserving quality of life. Systemic chemotherapy is one of the most
effective treatments for MBC, and has become increasingly central
to the therapeutic strategy for this disease. Although this is tradi-
tionally done according to Hortobagyi's algorithm,® successful
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epidermal growth factor receptor 2 (HER2), or on the existence of
life-threatening visceral metastases.

Surgical removal of primary tumors has not been established as
a standard treatment for MBC because it is generally accepted that
local therapy provides no survival advantage once metastases have
occurred. Additionally, tumor excision may further stimulate
metastasis. Therefore, primary tumor resection in patients with
MBC is usually only applied as a palliative treatment for symp-
tomatic wound complications such as bleeding, ulcer formation,
unpleasant smell, and purulent discharge. In recent years, however,
some retrospective studies have reported advantages of debulking
surgery in terms of improving patient outcome.>~10

The aim of this study was to determine through retrospective
analyses if surgical removal of primary tumors affected the
outcome of patients with incurable advance breast cancer. We also
attempted to identify other predictive indicators for prognosis
based on patient demographics and tumor characteristics.
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Patients and methods
Patients

We retrospectively reviewed individual medical records from
the Hokkaido Cancer Center. In this study, incurable advanced
breast cancer is defined as the presence of a tumnor larger than 5 cm,
and shows either invasion to chest wall or skin or is an inflam-
matory carcinoma and at least one metastatic site, including distant
lymph nodes, bone, or visceral organs (lung, pleura, mediastinum,
liver, and brain) at diagnosis. Between January 2000 and June 2010,
92 women were diagnosed with incurable advanced breast cancer
at Hokkaido Cancer Center.

Evaluation of pathological factors

ER and PgR expression status was considered positive when
=10% of cancer cell nuclei exhibited positive immunohistochem-
istry (IHC) staining, regardless of intensity. HER2-positive breast
cancer was defined as a condition where tumors were immuno-
histochemically scored with a value of 3+, or 2+ with positive for
fluorescein in situ hybridization.

Statistical analysis

Baseline characteristics were compared between women who
received therapeutic breast surgery versus those who did not, using
the chi-square test for independence. Overall survival time was
plotted using a method based on the Kaplan—Meier estimator, and
a log-rank test was applied for comparison. Prognostic factors
predictive of survival were assessed through a univariate analysis
using the Cox proportional hazards model, and hazard ratios (HR)
are presented with their 95% confidence intervals (95% Cl). Multi-
variate modeling was performed using the Cox proportional
hazards model with forward selection. P< 0.05 was considered
statistically significant.

Results
Surgical decision-making and complications

Atotal of 92 patients were included in this study. Median follow-
up time for survivors was 27.4 months. Of 92 patients, 36 (39.1%) had
surgery focused on a primary tumor. All of 36 patients had a total
mastectomy, with or without axillary dissection, and three patients
needed a skin graft. The mean time from diagnosis to surgery in the
patients who received surgery was 6.5 months. Seven patients
(19.4%) had emergency operations for uncontrollable bleeding from
the tumor. The primary reason for elective surgery was to improve
cancer-related local symptoms, such as pain or purulent discharge
(22 patients, 61.1%). Seven patients undertook surgery based on their
own desire to have the tumor removed. The average operation time
was 118 +40 min, and blood loss was 2894276 ml. Surgical
complications were observed in six patients (16.7%), including:
surgical site infection in four individuals, postoperative bleeding in
one patient, and skin flap necrosis in one patient. No severe surgical
morbidities or mortalities were observed.

Patient demographics and tumor characteristics

The patient demographics and tumor characteristics for surgi-
cally or non-surgically treated patients are listed in Table 1. There
was no significant difference between patients who had primary
tumor surgery and those who did not.

Patient outcomes

Overall survival was plotted using Kaplan—Meier curves based
on the patient cohort according to surgery as shown in Fig. 1.
Besides one patient who died from other disease 11 months after
surgery, all patients died from primary breast cancer. Primary
tumor resection did not significantly improve overall survival time
in patients with incurable advanced breast cancer (surgery versus
no surgery, median survival time (MST): 25.0 versus 24.8 months,
P=0.352). On the other hand, primary tumor resection allowed
most patients some relief from symptoms relating to the skin-
invasion tumor, such as odious smell, purulent discharge, and
bleeding. Only 3 of 36 patients relapsed with local disease by three

Table 1
Comparison of characteristics of surgically versus non-surgically treated patients
with incurable advanced breast cancer at diagnosis (N =92).

Variable Surgical removal of primary tumor  P-value
Yes (N=36) No (N =56)
No. of patient (%) No. of patient (%)
Age at diagnosis (years)
<60 25 (69) 38 (68) 0.954
>60 11(31) 18 (32)
Size (cm)
<10 19 (53) 31(55) 0.846
>10 17 (47) 25 (45)
Period of diagnosis
20002005 18 (50) 19 (34) 0.125
2006—present 18 (50) 37 (66)
Radiation therapy to the breast
Yes 8(22) 7(13) 0.427
No 28 (78) 49 (88)
Estrogen receptor (ER)
Positive 19 (53) 38 (68) 0.074
Negative 17 (47) 17 (30)
Unknown 0(0) 1(2)
Progesterone receptor (PgR)
Positive 9(25) 22 (39) 0.101
Negative 27 (75) 33(59)
Unknown 0(0) 1(2)
HER2 overexpression
Yes 8(22) 12 (21) 0573
No 25 (69) 43 (77)
Unknown 3(8) 1(2)
Subtype
ER+/HER2~ 18 (50) 33 (59) 0.482
ER+/HER2+ 1(3) 5(9)
ER—/HER2+ 7(19) 7(13)
ER—/HER2— (Triple negative) 7 (19) 10(18)
Unknown 3(8) 1(2)
Site(s) of metastasis at presentation
Bone 17 (47) 44 (79)
Lung 15 (42) 15 (27)
Liver 13 (36) 11(20)
Brain 4(11) 3(5)
Others 5(14) 21 (38)
Number of metastatic site
1 21 (58) 29 (52) 0.568
2 12 (33) 17 (30)
>3 3(8) 10(18)
Lines of chemotherapy
0 7(19) 14 (25) 0.595
1 10 (28) 19 (34)
2 12 (33) 11 (20)
>3 7(19) 12 (21)
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Fig. 1. Kaplan—Meier curves of overall survival for patients with incurable advanced
breast cancer, with comparisons between the groups of patients who either had
surgery (surgery group) or did not (non-surgery group).

months after surgery. This symptom-free condition in breast lasted
for long-term: the median time of relapse-free local disease was
15.7 months. In patients who died from primary breast cancer, the
median time of relapse-free local disease was 13.7 months after
surgery. When analysis was limited to survivors, the median time of
relapse-free local disease was 27.7 months after surgery.

Prognostic factors predictive of survival

Surgery did not provide a survival benefit for patients with
incurable advanced breast cancer, although surgery was performed
due to mainly not aim for cure but salvage mastectomy. Likewise,
radiotherapy to the breast did not influence patient survival. Other
prognostic factors predictive of survival are shown in Table 2. ER-
negative, PgR-negative, or triple-negative breast cancers were
associated significantly with decreased survival times. Survival
rates for patients with triple-negative breast cancer were worse
than for patients with any other type of breast cancer considered in
this study (Fig. 2). Regarding metastatic profiles, the number of
metastatic sites (more than three sites) was crucial as a predictive
indicator, regardless of location. Age at diagnosis, tumor size, and
period of diagnosis were not factors that impacted patient outcome
in our study. Based on the results of univariate analysis, multivar-
iable Cox regression analysis was subsequently done (Table 3). Both
triple-negative breast cancer and the presence of more than three
metastatic sites were independent negative predictive factors.

Discussion

Several recent retrospective reviews have indicated that primary
tumor resection does contribute to a survival advantage for patients
with stage IV breast cancer, compared to patients who did not
receive surgery.”~'° In contrast to these reports, the current study
has shown that primary tumor resection did notimprove the overall
survival times in patients with incurable advanced breast cancer.
One possible explanation for this discrepancy is the fact that other
studies have included a large proportion of T1 or T2 breast cancer at
time of diagnosis. Resection of a primary tumor less than 5 cm is less
invasive and might be simpler than procedures needed to remove
5c¢m tumors. In such cases, surgery may contribute to the
improvement of survival. As a second possibility, variables between
previous studies and our work have included diagnosis period
differences. Therapeutic strategies for breast cancer have shifted
increasingly toward an emphasis on systemic approaches that use
new therapeutics, such as trastuzumab,!! that have been developed
as continuous approaches. In our analysis, the proportion of patients

Table 2
Univariable Cox’s regression analysis predicting overall survival in patients with
incurable advanced breast cancer.

Variable No. of patients (%) HR 95% Cl P-value
Age at diagnosis (years)
<60 63 (68) 1.00 - 0.174
>60 29 (32) 0.65 (0.35-1.21)
Size (cm)
<10 50 (54) 1.00 — 0.096
>10 42 (46) 1.57 (0.92-2.68)
Period of diagnosis
20002005 37 (40) 1 - 0.6748
2006 55 (60) 0.89 (0.52-1.53)
Surgery
Yes 36 (39) 1.00 - 0.213
No 56 (61) 1.42 (0.81-2.49)
Radiation therapy to the breast
Yes 15 (16) 1.00 - 0.525
No 77 (84) 0.81 (0.43-1.54)
ER
Positive 57 (62) 1.00 - 0.001
Negative 34 (37) 2.56 (1.48-4.43)
PgR
Positive 31(34) 1.00 - 0.042
Negative 60 (65) 191 (1.03-3.57)
HER2 overexpression
Yes 20(22) 1.00 = 0.993
No 68 (74) 1.00 (0.52—-1.91)
Triple-negative breast cancer
No 17 (18) 1.00 - <0.001
Yes 71 (77) 4.59 (2.38-8.85)
Bone metastasis
No 31 (34) 1.00 - 0.602
Yes 61 (66) 1.17 (0.65-2.09)
Lung metastasis
No 62 (67) 1.00 - 0.4638
Yes 30(33) 124 (0.70-2.18)
Liver metastasis
No 40 (43) 1.00 - 0.2828
Yes 52(57) 1.39 (0.76-2.52)
Numbers of metastatic site
1-2 79 (86) 1.00 - 0.021
>3 13 (14) 2.36 (1.14-4.90)
Lines of CTx
0-2 70 (76) 1.00 - 0.812
>3 22 (24) 0.93 (0.51-1.70)
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Fig. 2. Overall survival rates in each subtype of incurable advanced breast cancer.
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Table 3
Multivariable Cox’s regression analysis predicting overall survival in patients with
incurable advanced breast cancer.

Variable - HR 95% Ci P-value
ER

Positive 1.00 -

Negative 1.45 (0.64-3.29) 0.371
PgR

Positive 1.00 —

Negative 1.10 (0.53-2.29) 0.791
Triple-negative breast cancer

No 1.00 -

Yes 3.52 (1.51-8.20) 0.004
Numbers of metastatic site

1-2 1.00 - -

>3 2.89 (1.37-6.13) 0.006

who had surgery tended to decrease, although not significantly, in
the second-half period of diagnosis compared to the first-half
period. We considered that improvement by systemic therapies
may affect any advantage of surgery on survival outcomes.

On the other hand, a reduction in tumor burden can improve
patient survival. For other types of metastatic cancers, such as renal
cell cancer,'? ovary,"? colorectal cancer,' and gastric cancer,'” the
beneficial impacts of primary tumor debulking surgery on patient
survival have been well documented. It is presumed that removal of
necrotic or avascular tumor areas, and a resulting reduction in tumor
volume through debulking surgery, should allow therapeutic agents
to more readily access target cancer cells,'® although the detailed
biological mechanisms underlying such a response remain unclear.
For MBC, previous retrospective reports also have shown the
potential advantages of debulking surgery for MBC.>~'% Prospective
and well-designed randomized studies in this area should shed light
on new combinations of surgery and systemic therapies.

Surgery puts the patient at a disadvantage occasionally, with
one disadvantage being loss of target lesion. In cases where no
measurable or assessable disease feature other than the primary
tumor exists, the monitoring of therapeutic efficacy is difficult after
primary tumor resection. It is also possible that surgical stress
negates its benefit, but a mastectomy usually takes about 2 h, and
most patients can return to a pre-surgery status that is reflective of
a normal life within a few days. Operation time and blood loss
observed in this study seemed acceptable in the context of surgical
burden or safety. Tamer et al. reported that the operation-related
mortality rate is 0.24%, and that the morbidity rate of the most
prevalent operative complication (surgical site infection) is low, at
4.34%.Y The occurrence of surgical site infection was 11.1% in our
study, but extensive morbidity was not observed. Moreover,
admission duration was almost equal to other operative cases. We
deduce that surgical resection of primary tumors is important for
the regulation of local disease, since 33 of 36 patients who received
primary tumor resection were allowed relief from symptoms
relating to the local disease for more than a year post-surgery.
However, we did not measure the quality of life with appropriate
instruments. Further examination is necessary to show objective
assessments except for local disease free time.

Analyses of other factors relating to prognosis for patients with
incurable advanced breast cancer indicated that triple-negative
breast cancer and metastasis to more than three sites were poor
prognostic indicators. In previous studies, ER-positive status®'®
HER2 overexpression,'® age at diagnosis (>50),° lack of visceral
metastasis, >80 and existence of a single metastatic site® were
indicated as favorable predictive factors. Our study has indicated
that factors such as the number of metastatic sites and the status of
ER, PgR, and HER2 expression are very important for determining

a course of treatment for patients with incurable advanced breast
cancer. Local advancement of breast cancer causes physical and
psychological distress, and leads to markedly impaired quality of
life for the remainder of the affected patient’s life. We believe that
primary tumor resection become a beneficial option for patients
with favorable prognosis, even though life-prolongation is not
expected from surgery alone, particularly if synergistic therapies
can empower the potential post-surgical effects of resection.

Conclusion

Our retrospective study showed that local disease control by
primary tumor resection failed to prolong overall survival in
patients with incurable advanced breast cancer. Primary tumor
resection can, however, lead to improved quality of life in cases
where prognosis supports such surgery.

Conflict of interest statement

None declared.

Funding source

The study had no sponsor or funding source.

References

1. Andre F, Slimane K, Bachelot T, Dunant A, Namer M, Barrelier A, et al. Breast
cancer with synchronous metastases: trends in survival during a 14-year
period. J Clin Oncol 2004;22(16):3302-8.

2. Giordano SH, Buzdar AU, Smith TL, Kau SW, Yang Y, Hortobagyi GN. Is breast
cancer survival improving? Cancer 2004;100(1):44—-52.

3. Hortobagyi GN. Treatment of breast cancer. N Engl ] Med 1998;339(14):974—84.

4, Baum M, Demicheli R, Hrushesky W, Retsky M. Does surgery unfavourably
perturb the “natural history” of early breast cancer by accelerating the
appearance of distant metastases? Eur j Cancer 2005;41(4):508—15.

5. Khan SA, Stewart AK, Morrow M. Does aggressive local therapy improve survival
in metastatic breast cancer? Surgery 2002;132(4):620—6. discussion 626—7.

6. Rapiti E, Verkooijen HM, Vlastos G, Fioretta G, Neyroud-Caspar I, Sappino AP,
et al. Complete excision of primary breast tumor improves survival of patients
with metastatic breast cancer at diagnosis. J Clin Oncol 2006;24(18):2743--9.

7. Gnerlich }, Jeffe DB, Deshpande AD, Beers C, Zander C, Margenthaler JA. Surgical
removal of the primary tumor increases overall survival in patients with
metastatic breast cancer: analysis of the 1988--2003 SEER data. Ann Surg Oncol
2007;14(8):2187-94.

8. Blanchard DK, Shetty PB, Hilsenbeck SG, Elledge RM. Association of surgery
with improved survival in stage IV breast cancer patients. Ann Surg
2008;247(5):732~8.

9. Ruiterkamp J, Ernst MF, van de Poll-Franse LV, Bosscha K, Tjan-Heijnen VC,
Voogd AC. Surgical resection of the primary tumour is associated with
improved survival in patients with distant metastatic breast cancer at diag-
nosis. Eur | Surg Oncol 2009;35(11):1146—51.

10. Shien T, Kinoshita T, Shimizu C, Hojo T, Taira N, Doihara H, et al. Primary tumor
resection improves the survival of younger patients with metastatic breast
cancer. Oncol Rep 2009;21(3):827-32.

11. Buzdar AU, Ibrahim NK, Francis D, Booser DJ, Thomas ES, Theriault RL, et al.
Significantly higher pathologic complete remission rate after neoadjuvant
therapy with trastuzumab, paclitaxel, and epirubicin chemotherapy: results of
a randomized trial in human epidermal growth factor receptor 2-positive
operable breast cancer. J Clin Oncol 2005;23(16):3676—85.

12. Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, McGrath PC, et al.
Nephrectomy followed by interferon alfa-2b compared with interferon alfa-2b
alone for metastatic renal-cell cancer. N Engl | Med 2001;345(23):1655-9.

13. Chi DS, Eisenhauer EL, Lang J, Huh }, Haddad L, Abu-Rustum NR, et al. What is
the optimal goal of primary cytoreductive surgery for bulky stage IIIC epithelial
ovarian carcinoma (EQC)? Gynecol Oncol 2006;103(2):559-64.

14. Rosen SA, Buell JF, Yoshida A, Kazsuba S, Hurst R, Michelassi F, et al. Initial
presentation with stage IV colorectal cancer: how aggressive should we be?
Arch Surg 2000;135(5):530—4. discussion 5345,

15. Lin SZ, Tong HF, You T, Yu Y}, Wu W}, Chen C, et al. Palliative gastrectomy and
chemotherapy for stage IV gastric cancer. | Cancer Res C(lin Oncol
2008;134(2):187-92.

16. Dauplat J, Le Bouedec G, Pomel C, Scherer C. Cytoreductive surgery for
advanced stages of ovarian cancer. Semin Surg Oncol 2000;19(1):42-8.

— 352 —



S. Shibasaki et al. / The Breast 20 (2011) 543—547 547

17. El-Tamer MB, Ward BM, Schifftner T, Neumayer L, Khuri S, Henderson W. 18. Bafford AC, Burstein HJ, Barkley CR, Smith BL, Lipsitz S, Iglehart JD, et al. Breast
Morbidity and mortality following breast cancer surgery in women: national surgery in stage IV breast cancer: impact of staging and patient selection on
benchmarks for standards of care. Ann Surg 2007;245(5):665—71. overall survival. Breast Cancer Res Treat 2009;115(1):7—12.

— 353 —



Inhibition of nuclear factor-kappaB suppresses
peritoneal dissemination of gastric cancer by
blocking cancer cell adhesion

Kazuhiro Mino," Michitaka Ozaki,?’ Kazuaki Nakanishi,’ Sanae Haga,?* Masanori Sato,' Masaya Kina,’
Masato Takahashi,” Norihiko Takahashi,” Akihiko Kataoka,' Kazuyoshi Yanagihara,* Takahiro Ochiya,®

Toshiya Kamiyama,' Kazuo Umezawa® and Satoru Todo'

Department of General Surgery, Graduate School of Medicine, Hokkaido University, Sapporo; 2Department of Molecular Surgery, Hokkaido University
School of Medicine, Sapporo; 3The Japan Society for the Promotion of Science (JSPS), Tokyo; 4Department of Life Sciences, Yasuda Women's University
Faculty of Pharmacy, Hiroshima; 5Section for Studies on Metastasis, National Cancer Center Research Institute, Tokyo; éDepartment of Applied Chemistry,

Faculty of Science and Technology, Keio University, Yokohama, Japan

(Received November 4, 2010/Revised January 24, 2011/Accepted January 25, 2011/Accepted manuscript online February 2, 2011/Article first published online March 1, 2011)

Currently, patients with peritoneal dissemination of gastric cancer
must accept a poor prognosis because there is no standard effec-
tive therapy. To inhibit peritoneal dissemination it is important to
inhibit interactions between extracellular matrices (ECM) and cell
surface integrins, which are important for cancer cell adhesion.
Although nuclear factor-kappa B (NF-kB) is involved in various pro-
cesses in cancer progression, its involvement in the expression
of integrins has not been elucidated. We used a novel NF-«xB
inhibitor, dehydroxymethylepoxyquinomicin (DHMEQ), to study
whether NF-xB blocks cancer cell adhesion via integrins in a gastric
cancer dissemination model in mice and found that DHMEQ is a
potent suppressor of cancer cell dissemination. Dehydroxymethy-
lepoxyquinomicin suppressed the NF-xB activity of human gastric
cancer cells NUGC-4 and 44As3Luc and blocked the adhesion of
cancer cells to ECM when compared with the control. Dehy-
droxymethylepoxyquinomicin also inhibited expression of integrin
(a2, @3, B1) in in vitro studies. In the in vivo model, we injected
44As3Luc cells pretreated with DHMEQ into the peritoneal cavity
of mice and performed peritoneal lavage after the injection of can-
cer cells. Viable cancer cells in the peritoneal cavities were evalu-
ated sequentially by in vivo imaging. In mice injected with
DHMEQ-pretreated cells and lavaged, live cancer cells in the perito-
neum were significantly reduced compared with the control, and
these mice survived longer. These results indicate that DHMEQ
could inhibit cancer cell adhesion to the peritoneum possibly by
suppressing integrin expression. Nuclear factor-kappa B inhibition
may be a new therapeutic option for suppressing postoperative
cancer dissemination. (Cancer Sc¢i 2011; 102: 1052-1058)

P eritoneal dissemination is the most frequent process
through which gastric cancer recurs,"’ and patients with
this condition must currently accept a very poor prognosis.'”
Standard chemotherapy is currently not sufficiently effective for
improving the survival of patients with peritoneal dissemination
of gastric cancer. To inhibit peritoneal dissemination, it may be
important to control the adhesion of cancer cells to the perito-
neum. During cancer cell dissemination in the abdominal cavity,
cancer cells make contact with the basement membrane through
: 4.5)

gaps between mesothelial cells. The basement membrane
beneath mesothelial cells comprises extracellular matrices
(ECM) consisting of type 1 and 4 collagen, fibronectin or lami-
nin,"” and mesothelial cells also produce ECM. The interac-
tions between these ECM and cell surface integrins play very
important roles in cancer cell adhesion and, therefore, cancer
progression.®
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Integrins are membrane-bound proteins that form heterodi-
mers of a- and B-subunits at the cell surface. The a-subunits
vary between 120 and 180 kD, and are non-covalently associ-
ated with B-subunits (90-110 kD). To date, 14 o subunits and
eight B subunits have been identified, and after mutual dimeriza-
tion, these subunits contribute to cell adhesion or regulation of
signal transduction required for cell survival by making contact
with appropriate ECM.®'? It has been reported that integrins
o2, o3 and B1 play im(;i?ortant roles in the peritoneal dissemina-
tion of gastric cancer,"” and that antibodies to these integrins
suppress )peritoneal dissemination of gastric cancer in a mouse
model.*?

Nuclear factor-kappaB (NF-xB) was first identified and
reported in 1986'® and studied in the context of immune and
inflammatory responses."® Nuclear factor-kappaB is a generic
term for dimers of NF-xB1 (p50/p105), NF-kB2 (p52/p100), c-
Rel, RelA (p65/NF-xB3) and RelB.""” To date, involvement of
NF-xB in cancer-related molecules such as cyclin Dl,(m) inter-
cellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1),'7 the Bcl family,"® inhibitor of apop-
tosis gAP), X-linked inhibitor of apoptosis protein (XIAP),!*¥
p53,%Y vascular endothelial growth factor (VEGF), interleukin
(IL)-8,Y MMP®® and multidrug resistance protein 1 (MDR1),®
has been elucidated. However, NF-kB has not been reported
to be involved in cancer cell adhesion to the peritoneum via
integrins.

A low-molecular-weight NF-xB inhibitor, dehydroxymethy-
lepoxgquinomicin (DHMEQ), was newly developed by Umeza-
wa.?® Dehydroxymethylepoxyquinomicin specifically inhibits
the nuclear translocation of p65 and prevents it binding to
DNA®; it also has various anti-cancer effects in mouse models
without obvious side-effects. Thus far, the following anti-cancer
effects of DHMEQ have been reported: G1 arrest by inhibition
of cyclin D1 expression;®® and induction of apoptosis by inhi-
bition of cIAP and XIAP,?” or Bcl-2 and Bcl-xL.?® Antitumor
effects of DHMEQ have also been reported in in vivo models
such as those for thyroid cancer,*” prostate cancer,®® hepatic
cancer, breast cancer,®" pancreas cancer,® multiple mye-
loma,®® malignant lymphoma® and leukemia.®®

In the present study, we showed that NF-«xB is associated
with integrin expression in gastric cancer cell lines and that
NF-kB inhibition by DHMEQ suppresses cancer progression
by inhibiting the adhesion of gastric cancer cells to the perito-
neum in a mouse model of peritoneal dissemination of gastric
cancer.
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Materials and Methods

Cell cultures. The human gastric cancer cell line NUGC4 was
obtained from the Japanese Cancer Research Resources Bank
(JCRB, Osaka, Japan), and 44As3Luc with luciferase activity
was constructed by one of the authors (K.Y.). G4 The 44As3Luc
cells were derived from 44As3 cells, which is a highly perito-
neal metastatic cell line, and were stably transfected with a
pEGF-PLuc plasmid with CMV promoter (Clontech, Palo Alto,
CA, USA). Human breast cancer cell lines MCF7 with constitu-
tively low NF-kB activity and MDA-MB231 with constitutively
high NF-«xB activity were obtained from the American Type
Culture Collection (Rockvﬂle MD, USA).®Y The NUGCH4 cells
were cultured at 37°C in RPMI1640 (Sigma, St Louis, MO,
USA) along with 10% fetal bovine serum (FBS); the 44As3Luc
cells were cultured at the same temperature with RPMI1640
containing 100 pg/mL geneticin (Sigma); and the MCF7 and
MDA-MB231 cells were also cultured at 37°C in 95% air and
5% CO, in DMEM (Sigma) along with 10% FBS.

Dehydroxymethylepoxyquinomycin (DHMEQ). We have origi-
nally designed and developed DHMEQ (molecular weight
(MW): 261), a derivative of the natural antibiotic epoxyquino-
mycin C, to specifically target NF-«B.?

DNA-binding activity of NF-kB. To evaluate the DNA-binding
activity of NF-«B in the steady state, 70% confluent cultures of
NUGC4, 44As3Luc, MCF7 and MDA-MB231 in 10-cm dishes
were stored at —80°C. To evaluate the effect of DHMEQ, the
medium in the 70% confluent cultures of NUGC4 and 44As3Luc
was replaced with 10 pg/mL DHMEQ solution, incubated for
an appropriate time and stored at —80°C. The following day,
nuclear proteins were extracted and examined using a p65 Tran-
sAM kit (ActiveMotif, Carlsbad, CA, USA). The absorbance
was determined using a plate reader (Varioskan Flash, Thermo
Fisher Scientific, Waltham, MA, USA). Each experiment was
performed in triplicate.

NF-kB reporter gene assay. A GFP reporter gene construct
was transfected using Cignal Reporter Assay kits (SA Bio-
sciences, Frederick, MD, USA). Cultured cells were trypsinized
and resuspended in Opti—MEM (Invitrogen, Carlsbad, CA, USA)
with non-essential amino a<:1ds (Inv1trogen) without antibiotics
at a concentration of 2 x 10° cells in a 96-well plate. Cells were
transfected with the reporter by culturing for 16 h with Surefect
(SA Biosciences). After the medium was replaced with Opti-
MEM with penicillin/streptomycin, the cells were incubated for
an additional 8 h. The medium was then replaced with Opti-
MEM containing 10 pg/mL of DHMEQ (or 0.024% of DMSO
for the controls). The intensity of fluorescence was measured at
appropriate times in triplicate using Varioskan Flash (excitation,
470 nm; emission, 515 nm).

mRNA expression of integrins in DHMEQ-treated cells. Real-
time PCR was used to examine mRNA expression. The
44As3Luc cells were cultured in triplicate in 0.024% DMSO
solution (controls) or in 10 pg/mL DHMEQ for the appropriate
times. Total RNA was isolated using an RNeasy mini kit (Qia-
gen, Valencia, CA, USA) in accordance with the manufacturer’s
instructions. For cDNA synthesis, ReverTra Ace gPCR RT kit
(Toyobo, Osaka, Japan) with Oligo(dT) 20 primer (Toyobo) was
used in accordance with the manufacturer’s instructions. For rel-
ative quantification by PCR, each cDNA product was analyzed
in a LightCycler (version 1.4) using a QuantiTect SYBR Green
PCR kit (Qiagen).

Flow cytometric analysis of integrin expression. p635 silencing
was performed using p65 siRNA2 (BD Biosciences, Bedford,
MA, USA). Next, 50% confluent cells were incubated for 24 h
in medium without antibiotics in 10-cm dishes. Then, 33 nM
p65 siRNA was added to each dish and transfected for 48 h. p65
silencing was confirmed by western blot analysis using primary
antibodies against x500 o-tubulin and x1000 p65 protein (Cell
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Signaling, Beverly, MA, USA) and x5000 goat anti-mouse IgG
for tubulin or anti-rabbit IgG for the p65 protein. With regard to
DHMEQ treatment, the medium in 70% confluent cell cultures
in 10-cm dishes was replaced with 10 pg/mL DHMEQ solution
(0.024% DMSO for the controls) and cultured for the appropri-
ate times. These cells were trypsinized and analyzed using flow
cytometry (FACS Caliber; Becton Dickinson, Franklin Lakes,
NJ, USA). The antibodies used for these assays were integrin
a2, integrin o3, integrin Bl and isotype controls for these inte-
grins. All antibodies were obtained from R&D Systems (Minne-
apolis, MN, USA).

Adhesion assay. We evaluated the anti-adhesive effect of
DHMEQ by using a plate pre-coated with ECM constituting the
peritoneal basement membrane. The medium in 70% confluent
cell cultures in 10-cm dishes was replaced with 10 pg/mL
DHMEQ solution (or 0.024% DMSO for the conirols), and the
dishes were incubated for 24 h. These cells were trypsinized,
assembled, adjusted to a concentration of 1 X 10° cells/mL with
RPMI and distributed on the pre-coated plates (80 pL per plate).
Next, the cells were incubated at 37°C for 1 h. Except for the
non-treated plate, all plates were washed three times with
100 pL of FBS-free RPMI. After washing, 10 uL of x50 diluted
Cell Counting kit F (CCKF; Dojindo, Osaka, Japan) was added
to each well, and the fluorescence intensity of the remaining live
cells (adhesive cells) was evaluated using Varioskan Flash at
30 min after CCKF administration (excitation, 490 nm; emis-
sion, 515 nm). Pre-coated plates were manufactured by BD Bio-
sciences and the ECM coated on the plates were types 1 and 4
collagen, fibronectin and laminin.

DHMEQ cytotoxicitg assay. The cells were seeded into 96-
well plates at 5 x 107 cells/well in 10% FBS-containing med-
ium. Twenty-four hours later, the medium in the wells was
replaced with different concentrations of DHMEQ solution or
0.048% DMSO solution, and the cells were then incubated again
for 24 h. Lactate dehydrogenase (LDH) activity of the super-
natant was measured using an LDH cytotoxxclty detection kit
(Takara Bio, Shiga, Japan).

Animal experiments. Six-week-old male BALB/c-nu/nu
mice, each weighing approximately 20 g, were obtained from
CLEA Japan, Inc. (Tokyo, Japan). The mice were grouped as
follows: (i), implantation of DMSO-treated cells; (ii) implanta-
tion of DHMEQ-treated cells; (iii) implantation of DMSO-
treated cells with peritoneal lavage; and (iv) implantation of
DHMEQ-treated cells with perltoneal lavage. Each group com-
prised four mice. Then, 2 x 10° 44As3Luc cells, which had been
treated with 10 pg/mL DHMEQ (or 0.024% DMSO for the con-
trols) for 24 h, were injected intraperitoneally into the above
mentioned mice. One hour after injection, laparotomy and peri-
toneal lavage were performed using phosphate-buffered saline
(PBS). Peritoneal lavage was performed through a 1-cm incision
through which 5 mL of PBS was slowly injected. Bio-imaging
was performed before and after the peritoneal lavage, and on
days 2, 5, 10, 15 and 20 in order to evaluate cancer progression.
Luminescence was evaluated at approximately 7 min after intra-
peritoneal injection of 1500 pg/mouse p-luciferin potassium salt
(Synchem OHG, Altenburg, Germany). In vivo imaging was per-
formed using Photon Imager Hu (Biospace Lab, Paris, France)
with the mice under isoflurane anesthesia (Abbott Japan, Tokyo,
Japan). Images were captured using Photo Acquisition 2.6 (Bio-
space Lab) with 0.5 min exposure and processed using Photo
Vision Plus. Signal intensity was quantified as the sum of all
detected photon counts (count per minute [CPM]) within the
region of interest (ROI). All procedures involving animals and
their care were approved by the Ethics Committee of Hokkaido
University in accordance with institutional and Japanese govern-
mental guidelines for animal experiments.

Scanning electron microscopy (SEM) of the peritoneal
wall. The peritoneal walls of mice injected with cancer cells
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were fixed with 10% formaldehyde for 180 min and then over-
night at 4°C with 1.25% glutaraldehyde solution. The fixed sam-
ples were dehydrated in a 30-100% graded ethanol series and
immersed in tert-butyl alcohol overnight at ~20°C. These sam-
ples were dried using ES-2000 (Hitachi High-Technologies Co.,
Tokyo, Japan) for 3 h and ion-sputtered using E-1030 (Hitachi)
for 120 s. The peritoneal surface was observed under a scanning
electron microscope (S-3500N; Hitachi).

Statistics. The mean and SD were calculated for all variables,
except the data from the flow cytometry. Between-group statisti-
cal significance was determined using the Student’s 7 test.
P < 0.05 was considered as statistically significant.

Results

DHMEQ effectively suppresses p65-DNA binding activity in
gastric cancer cells. In the steady state, the p65-DNA binding
activities in NUGC4 and 44As3Luc cells were as high as that in
MDA-MB231 cells, a positive control cell with high binding
activity. The activity in MCF7 cells is constitutively low as pre-
viously reported ", and hence these cells were used as the neg-
ative control (Fig. 1A). The binding activities in both cells
reached their lowest levels 2 h after the addition of 10 pg/mL
DHMEQ (as a final concentration) and returned to initial condi-
tions within 24 h (Fig. 1B). A GFP reporter assay showed that
DHMEQ significantly suppresses transcriptional activity in both
cells (Fig. 1C). On the basis of these results, we considered that
DHMEQ had a similar effect in NUGC4 and 44As3Luc cells.
Therefore, we used 44As3Luc cells in the following experi-
ments. We planned to evaluate cancer progression using bio-
imaging.

Effect of NF-xB inhibition on integrin expression. In
44As3Luc cells, the mRNA of all integrins — o2, o3 and Bl ~
were significantly suppressed 2 h after the addition of 10 pg/mL
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DHMEQ (as a final concentration) compared with the control to
which DMSO was added (Fig. 2A). The percentage reduction in
the expressions of integrins o2, o3 and Bl was 27%, 31% and
8%, respectively. Flow cytometric analysis revealed that the
expressions of all cell surface integrins on 44As3Luc cells were
gradually suppressed after the addition of DHMEQ (Fig. 2B).
Reductions in integrin expression (a2, o3 and P1) following
DHMEQ addition was 68%, 83% and 45% at 24 h, respectively.
Similarly, flow cytometric analysis of integrins o2, o3 and B1
revealed that the expressions of cell surface integrins in p65-
deleted cells were suppressed to the same degree as in DHMEQ-
treated cells (Fig. 2C). Reductions in integrin expression after
p65 deletion were 34% (02), 76% (03) and 41% (B1). p65
silencing was confirmed by western blotting for nuclear and
cytoplasmic p65 proteins (Fig. 2D).

Anti-adhesive effect of DHMEQ-treated cells in an in vitro
assay. Significantly fewer 44As3Luc cells treated with
10 pg/ml. DHMEQ (final concentration) remained alive on
plates pre-coated with ECM after they were washed (ECM-
adhesive cells) than 44As3Luc cells treated with DMSO
(Fig. 3A). Reductions in the numbers of adhesive cells follow-
ing DHMEQ addition were 18.3% (laminin), 34.8% (fibronec-
tin), 38.2% (type 1 collagen) and 43.5% (type 4 collagen). The
LDH value, which represents the cytotoxic effect, was signifi-
cantly elevated in the supernatant of cells treated with DHMEQ
at concentrations >17.5 pg/mL (Fig. 3B).

Effect of peritoneal lavage on implantation of DHMEQ-treated
cancer cells on the abdominal wall. The number of cancer cells
decreased in mice injected with DHMEQ-pretreated cells and
subjected to peritoneal lavage (Fig. 4A). The intensity of bio-
luminescence after lavage was significantly reduced (reduction
rate, 39%) in mice that were injected with DHMEQ-pretreated
cells and subjected to peritoneal lavage compared with in mice
injected with DMSO-pretreated control cells and subjected to

(C) £ . . «

SCRIRTREY

Howrs

ik re
&

1.3

{refative vahus 09

Nt DA binding aohivity

. — - ,
5 12 1% 24 30 3& 42 a8
Fhomrs

Fig. 1. Dehydroxymethylepoxyquinomicin (DHMEQ) effectively suppressed p65-DNA binding activity in gastric cancer cells. (A) Nuclear p65
protein binding activity to DNA in a steady state. MDA-MB231 cells were used as a positive control, and MCF7 cells were used as a negative one.
*P < 0.05. (B) Time course of binding activity of nuclear p65 proteins to DNA in DHMEQ-treated cells. The binding activities of both cells were
assessed at 2, 6, 12, 24 and 48 h after DHMEQ administration. *Significantly <0 h (P < 0.05). (C) Nuclear factor-kappa B (NF-xB) GFP reporter
assay. The black bars show cells treated with DMSO, and white bars show those with DHMEQ. *Significantly more than controls (P < 0.05). OD,

optical density.
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Fig. 2. Effect of nuclear factor-kappa B (NF-xB) inhibition on expression of adhesion molecules. (A) Quantitative evaluation of mRNA of
integrins by real-time PCR. The graph shows the average of the ratio of copies of dehydroxymethylepoxyquinomicin (DHMEQ)-treated 44As3Luc
cells to DMSO-treated cells at 2 h after DHMEQ administration. When the longitudinal value is below 1 (bold line), the integrin expression of
DHMEQ-treated cells is lower than that of DMSO-treated cells. *Significantly less than controls (P < 0.05). (B) Expression of cell surface integrins
of DHMEQ-treated cells. The graph shows the expression rate of cell surface adhesion molecules of 44As3Luc cells treated with DHMEQ
compared with that of DMSO-treated cells for each time point. The bold line is as described above. (C) Expression of cell surface adhesion
molecules of cells knocked down by p65 siRNA. The graph shows the rate of cell surface integrins of 44As3Luc cells knocked down by p65 siRNA.
The bold line is as described above. (D) p65 deletion. The p65 deletion was confirmed by western blotting.
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Fig. 3. Anti-adhesive effect of dehydroxymethyl-
epoxyquinomicin (DHMEQ) pretreated cells in the
in vitro study. {(A) Adhesion assay. The bars show
the fluorescence intensity of the remaining live cells
on the plates. The black bars show cells pretreated
with DHMEQ, and white bars show those with
DMSO. *Significantly less than controls (P < 0.05).
(B) Evaluation of cytotoxicity of DHMEQ. The graph 0
shows lactate dehydrogenase (LDH) activity of the
supernatant of the 44As3Luc cells treated with
DHMEQ or DMSO. *P < 0.05. OD, optical density.
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peritoneal lavage (Fig. 4B). The SEM revealed that cancer cells
adhered less to the basement membrane of the peritoneum in
mice injected with DHMEQ-pretreated cells than in those
injected with DMSO-pretreated control cells (Fig. 4C).
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Follow up of gastric cancer dissemination by in vivo
imaging. The DHMEQ-pretreated 44As3Luc cells injected in
mice grew slowly compared with the DMSO-pretreated
cells (Fig. SA). The increase in the CPM/mm? value of the
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