
	 

様式Ｃ－１９	 

	 

科学研究費助成事業（科学研究費補助金）研究成果報告書	 

 

平成 24年 5月 10日現在 
 
 
 
 
 
 
 
 
 
 
 
 
研究成果の概要（和文）： 
	 最近の免疫学の進歩により抗腫瘍免疫における樹状細胞（DC）の重要性が明確になり、
進行がんを中心に DC を用いた免疫療法が検討されているが、その治療成績は十分なもの
ではない。特に、腹水がんにおいては DC 療法に耐性であり、その治療レジメの確立が強
く望まれている。 
	 まず我々は、最適化を行ったサイトカインカクテル（GM-CSF + SCF）を用い、浮遊培
養を行うことで、進行がん患者末梢血を材料とした DC の体外大量増幅技術の開発に成功
した。得られた DC は通常法で培養されたミエロイド系 DC と同様の形態を示し、抗原取
込み能、抗原提示に必要な分子群の発現、サイトカインの産生、T 細胞増殖刺激能を備え
ていることが確認された。 
	 治療モデルについて、CT26（マウス大腸がん細胞株）を用いた検討により、腹水がんに
対する rSeV/DC療法はほぼ無力であったが、その原因となる物質が VEGFであることが明
らかになった。加えて、ヒト腹水及びマウス腹水において、VEGF がそのデコイレセプタ
ーである sFLT-1に比して高濃度となっていることが明らかになった。そこで、SeVを用い
て内因性 sFLT-1を発現する DCを腹腔内へ投与することで、腹水がんに対する DC療法の
治療成績を飛躍的に向上させることに成功した。また、それは CTLの寄与が大きいことが
明らかになった。現在以上の知見をもとに、臨床試験用 GMP製剤の準備を開始している。 
 
研究成果の概要（英文）： 
     Though DC-based cancer immunotherapy has been suggested as a potential treatment for 
various kinds of malignancies, its clinical efficacies are still insufficient in many human trials. 
Especially, malignant ascites (MA) is a highly intractable and immunotherapy-resistant state of 
advanced gastrointestinal and ovarian cancers. 
     First, floating cultivation of mononuclear cells from cancer patients under an optimized 
cytokine cocktail (GM-CSF/SCF) led these cells to stable proliferation and to DC differentiation. 
As are seen in conventional DCs, expanded DCs showed dendrites after maturation, and 
endocytotic activities. Expanded DCs also expressed HLA-DR, adhesion molecules, and 
co-stimulatory molecules and produced inflammatory cytokines as well as conventional DCs did. 
Functionally, MLR assay revealed that expanded DCs could stimulate allogenic T-cell proliferation 
to the same extent as conventional DCs. 
     Next, using a murine model of MA with CT26 colon cancer cells, we here determined that 
the imbalance between the VEGF-A and its decoy receptor, soluble fms-like tryrosine kinase 
receptor-1 (sFLT-1), was a major cause of MA resistance to DC-based immunotherapy. We found 
that the ratio of VEGF-A/sFLT-1 was increased not only in murine but also in human MA, and 
F-gene–deleted recombinant Sendai virus (rSeV/dF)-mediated secretion of human sFLT-1 by DCs 
augmented not only the activity of DCs themselves, but also dramatically improved the survival of 
tumor-bearing animals associated with enhanced CTL activity and its infiltration to peritoneal 
tumors. 
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１．研究開始当初の背景 
	 がんは国民死亡原因の第１位であり、この
がん死亡率を低下させると共にがん患者の
QOL を維持に主眼を置いた包括的治療戦略
を構築することは、極めて重要であることは
論を待たない。最近の免疫学の進歩により抗
腫瘍免疫における樹状細胞（DC）の重要性
が明確になり、進行がんを中心に DCを用い
た免疫療法が検討されている。 
	 我々は DC療法の重要なファクターである
DC の数を十分に確保するべく、マウス骨髄
細胞及びヒト臍帯血CD34陽性細胞を材料と
した DC 体外大量増幅技術を開発してきた。
一方、既に実用化段階にある高性能国産ウイ
ルスベクターである rSeV による DC 活性化
法を用い、従来の DC療法と際だって異なる
性質と、極めて高い抗腫瘍効果を示すこと明
らかにしてきた。 
 
２．研究の目的 
	 本研究では、実用化を前提に以下の３点に
研究の焦点を絞り、臨床における難治性悪性
腫瘍患者の病態に即した治療モデルを構築、
その免疫学的・分子生物学的メカニズムを解
明する。 
１）腹水がんにおける効果的な rSeV/DC 療
法（＋効果増強法）の開発 
２）腹水がんにおける rSeV/DC 療法の免疫
学的・分子生物学的作用メカニズムの解明 
３）増幅 DCを上記１）２）に適応すると共
に、臨床応用に即したヒト DC増幅レジメを
完成 
 
３．研究の方法 
(1)ヒト DC増幅システムのレジメ化： 
既報（Harada Y, et al. PLoS ONE, 2009）のサ
イトカインによるマウス DC増幅法を応用す
るべく、ヒト臍帯血 CD34陽性細胞を材料と
した DC増幅法を最適化した後、実際に治療
に供する進行がん患者アフェレーシス産物

を材料とした DC増幅法のレジメを決定し、
SOPの作成を行う。本工程は九州大学医系地
区部局臨床研究倫理審査委員会の認可を得
て行われた臨床研究、『健常人および進行が
ん患者末梢血単核球細胞を用いた大量樹状
細胞及び NK細胞増殖技術の確立』（許可番
号: 22-176）にて行われた。	 
	 
(2) 腹水がんモデルにおける治療レジメの最
適化： 
対数増殖期にあるマウス大腸がん細胞株
（CT26）を balb/cマウス及び balb/c nu/nuマ
ウスの腹腔内へ投与することにより臨床病
体に類似した腹水がんモデルマウスを作成
した。sFlt-1産生 DCは、rSeV/dF-hsFLT-1感
染後に ELISA法により sFlt-1を産生している
ことを確認した。また、FACSによる表面抗
原の発現の確認、ELISA法による炎症性サイ
トカインの産生を確認した。本モデルマウス
に対して腫瘍接種直後から 7日置きに複数回
（1〜6回）DCの投与を行った。DCは全て
既報（Harada Y, et al. PLoS ONE, 2009）の増
幅 DCを用いた。治療経過は全生存率及び体
重によりモニタリングを行った。治療時のコ
ントロールとして、GFP搭載 SeV及び LPS
により活性化した DCを用いた。 
 
(3)rSeV/DC療法の免疫学的メカニズムの解
明： 
上記腹水がんモデルマウス治療後に脾臓細
胞を採取し、CT26及び MethA（マウス繊維
肉腫細胞株）に対する傷害活性を 51Crの放出
をγ-counterで計測することで測定した。また、
CT26及び MethAを、ナイーブ balb/cマウス
及び腹水がん治療後 100日以上生存した個体
に対して、皮下に投与し、35日後の生着を確
認すると共に、腫瘍内に浸潤した各種リンパ
球（CD4陽性 T細胞、CD8陽性 T細胞、NK
細胞）を免疫化学染色法により確認、定量し
た。 



 

 

４．研究成果	 
(1)ヒト臍帯血 CD34 陽性細胞を材料とした
DC増幅法の最適化： 
MPC コートされたディッシュを用い、
GM-CSF（終濃度 100ng/ml）と SCF（終濃度
50ng/ml）を含む IMDM培地での培養で、4〜
5 週間の増幅が最適であることが明らかにな
った。 
 
 
 
 
 
	 
	 
	 
	 
	 
	 
	 
	 
	 
(2)進行がん患者アフェレーシス産物を材料
とした DC増幅法の最適化： 
最適化されたヒト臍帯血 CD34陽性細胞を材
料とした DC増幅法を応用し、血液中の CD3
陽性細胞を除去することで、DC の大量増幅
に成功した。 
 
	 
	 
	 
	 
	 
	 
	 
	 
	 
(3)進行がん患者増幅 DCの性状解析： 
患者増幅 DCの抗原取込み能、抗原提示に必
要な分子群の発現、サイトカインの産生、T
細胞増殖刺激能は通常法で得られる DCと同
等以上であることが確認された。 
表面抗原： 
 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

抗原取込み：	 
	 
	 
	 
	 
	 
	 
	 
	 
サイトカイン：	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
T 細胞刺激能：	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
(4)マウス腹水がんモデルの治療経過： 
DC-rSeV/dF-hsFLT-1 による治療効果により
生存は有意に延長し、腹水貯留による体重増
加は抑制された。 
	 
	 
	 
	 
	 
	 
	 
	 
	 
(5)腹水がん治療レジメの最適化： 
生存の延長は、投与回数及び投与 DC数に依
存することが明らかになった。即ち、投与回
数は 6回（下図 A）、1回投与当りの DC数は
1x106個とした場合（下図 B）（いずれも検討
した最大値）に最も高い治療効果が得られた。 
	 
	 
	 
	 
	 
	 
	 
	 
	 

Figure 1 | Cytokine-based expansion of CBCD341 cell-derived CD11c1 cells. (a) The regimen of cell expansion fromCBCD341 cells. (b) Growth curve
of total cells fromCBCD341 cells. After 4 weeks of cultivation under GM/SCF (black line), culturemediumwas subsequently replaced withGM/IL-4 (red
line) for 1 week. GM/IL-4 could not expand the cells. (c) CD11c-positive ratios of expanded cells under GM-CSF and SCF. The ratio of proliferating cells
during cultivation under GM/SCF gradually increased, exceeding 80% after 5 weeks’ cultivation. The cells cultured under GM/IL-4 for a week after 4
weeks’ cultivation under GM/SCF also showed a high CD11c-positive ratio. (d) Growth curve of CD11c1 cells from CB CD341 cells. These experiments
were repeated seven times in 5 individuals (GM/SCF) and three times in 3 individuals (GM/IL-4). (e) The numbers of CD11c1/CD141 and CD11c1/
CD14- DC generated from each culture. (f) FACS profiles of the DC products. These experiments were repeated at least three times in 3 individuals.
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model did not show any systemic edema (assessed by the
dry/wet weight ratio of the hind limb; data not shown),
thus suggesting that the increase in the mVEGF-A/

msFLT-1 ratio would be crucial for inducing ascitis
and peripheral edema; a very low level of circulating
VEGF in PPP was detected in healthy mice. These

Figure 1. Role of VEGF-A/VPF and its soluble decoy receptor sFLT-1 on virally activated DC-based immunotherapy to treat murine model of MA. A, survival
curve of mice with MA treated by various regimens with DC-rSeV/dF-GFP without pulsation of tumor antigen. On day 0, 105 cells of CT26 were
inoculated intraperitoneally, and DC therapy was started at that time via various regimens (once or twice per week for 3 or 6 weeks). All regimens were
significantly effective at prolonging the survival of tumor-bearing mice (*, P < 0.01 vs. buffer-treated control), but the therapeutic effects were rather
modest. B, protein concentrations of mVEGF-A/VPF and msFLT-1 (left) and the ratio of mVEGF-A/msFLT-1 (right) in ascitis or circulation (PPP) of
MA mice (n ¼ 11). Ascitis and PPP of tumor-bearing mice were collected 21 days after tumor inoculation and subjected to specific ELISA. C, protein
concentrations of hVEGF-A/VPF and hsFLT-1 (left) and the ratio of hVEGF-A/hsFLT-1 (right) in ascitis or the circulation of patients with MA (n ¼ 5). Ascitis
and PPP were collected after written informed consent was obtained and were subjected to specific ELISA. D, augmentation of therapeutic effect (left,
survival; right, increase in body weight) via intraperitoneal injection of virally activated DCs (106 cells per dose) expressing hsFLT-1 (DC-rSeV/dF-hsFLT-1) on
the CT26 MA model. DCs were administered weekly for 3 weeks. Note that DCs activated by LPS, a well-known stimulator of DC function, showed
modest improvement on the survival but not at all on the suppression of body weight. In contrast, virally activated DCs, DC-rSeV/dF-GFP, showed a
pronounced effect on both survival and the increase in body weight and exogenous expression of hsFLT-1 strongly augmented the effects.
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findings seen inmurine ascitis were also representative in
human subjects with MA (n ¼ 5), as shown in Figure 1C.
Inversely, a dramatically low level of hsFLT-1 in PPP
(mean ¼ 29.1 pg/mL, mean of healthy mouse control ¼
48.2 pg/mL). All these patients showed moderate to
severe edema on their extremities, thus supporting the
concept that an imbalance of VEGF-A/msFLT-1 might be
a determinant of MA and systemic edema.

Antagonism of VEGF-A/VPF activity by exogenous
human sFLT-1 gene augments the therapeutic
outcome of DC-rSeV/dF

These results led us to carry out further study, using
DC-rSeV/dF-expressing hsFLT-1 for neutralizing VEGF-
A/VPF activity.We here used human sFLT-1 transgene to
distinguish the endogenous and transgene expression,
and it has been already shown that hsFLT-1 was suffi-
ciently active to neutralize murine VEGF (16, 22–24).
Actually, DC-rSeV/dF-hsFLT-1 dramatically improved
the survival of tumor-bearing mice (Fig. 1D, left) and
inhibited the increase in their body weight (Fig. 1D,
right). Further studies related to the treatment para-
meters, repeat administration (Fig. 2A), and the number
of DCs per dose (Fig. 2B), using expanded murine DCs
(12), showed that "once per week for 6 weeks and 106 DCs
per dose" was the optimized condition for efficient con-
trol of CT26-MA with the use of DC-rSeV/dF-hsFLT-1.
Reverse transcriptase PCR analyses revealed no signifi-
cant expression of other possible ligands for FLT-1,
VEGF-B, VEGF-C, and PlGF (placental growth factor)
from CT26 cells (data not shown). In addition, our pre-
liminary study showed that similar treatment regimen
via intravenous injection route could not show any
improvement of survival of MA mice (data not shown),

suggesting that intraperitoneal route may be preferred to
show the therapeutic efficacy.

Functional expression of exogenous hsFLT-1 gene
expression from DC-rSeV/dF for the degradation of
endogenous and exogenous VEGF-A/VPF

Next, we assessed the effects of rSeV/dF-hsFLT-1 on
DC functions, and LPS and rSeV/dF-GFP were used as
controls. Naive murine DCs, and DCs stimulated by LPS
or rSeV/dF, secreted considerable amounts of mVEGF-
A/VPF into culture medium; the secretion was drama-
tically reduced by expression of hsFLT-1 without any
change in msFLT-1 (Fig. 3A, top 3 graphs). The addition
of excess exogenous mVEGF-A/VPF protein (4,000 pg/
mL) resulted in the marked reductions in mVEGF and
murine and human sFLT-1s with the use of rSeV/dF-
hsFLT-1 (Fig. 3A, bottom 3 graphs). This suggests the
degradation and/or loss of immunoreactivity of mVEGF
when complexed with hsFLT-1, indicating that recombi-
nant gene expression of hsFLT-1 is functionally active.

To further examine the transcriptional regulation of
mVEGF and mFLT-1, we next assessed the intracellular
mRNA levels in the same condition as that given in
Figure 3A.We here examinedmFLT-1mRNAby TaqMan
probes targeting both intracellular and extracellular
domains to distinguish whether the protein expression
of sFLT-1 might be regulated by both transcriptional (17)
and posttranslational (25) mechanisms. As a result,
neither addition of excess mVEGF nor infection of
rSeV/dF-hsFLT-1 contributed to the significant increase
in mRNA of endogenous mVEGF and intracellular and
extracellular mFLT-1 (Fig. 3B). In contrast, as it has been
well known in several cells, LPS stimulated mVEGF
mRNA in DCs (Fig. 3B, top left graph), which might

Figure 2. Optimization of treatment regimen of DC-rSeV/dF-hsFLT-1. A, survival curve indicating that repeated treatments contribute to the therapeutic
effect of DC-rSeV/dF-hsFLT-1 on the CT26 MA model. B, survival curve indicating that 106 cell per dose is critical to the therapeutic effect of
DC-rSeV/dF-hsFLT-1 on the CT26 MA model.
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これらのファクターは体重比で換算して、臨
床で現実的に使用可能な範囲での検討とし
た。 
 
(6) rSeV/DC 療法の免疫学的メカニズムの解
明： 
CT26 接種後に rSeV/DC による治療を受けた
マウスの CTLは CT26特異的に傷害活性を有
することが明らかになった。 
 
 
 
 
	 
	 
	 
	 
	 
	 
また、治療後の長期生存個体に対し、MethA
を用いたセカンドチャレンジにおいては、治
療を受けた群についてのみ CT26 の生着を認
めなかった。 
 
	 
	 
	 
	 
	 
以上の結果より、DC-rSeV/dF-hsFLT-1による
腹水がんの治療効果は、sFlt-1 による腹水中
の VEGFの濃度低下に加え、CTLによる特異
的免疫応答によるものであることが強く示
唆された。	 
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infiltrating CD4þ and CD8þ T lymphocytes, but not
natural killer (NK) cells, into tumor nodules (Fig. 6A).
Using all 10 animals that survived more than 100 days

as a result of the intraperitoneal treatment of DC-rSeV/
dF-hsFLT-1 that are showed in Figure 2A and B (106 cells
per dose, once per week for 6 weeks), we assessed the
establishment of CT26 tumor-specific, long-lasting pro-
tective immunity. In this case, 1 " 105 cells of CT26 or
MethA were inoculated intradermally on the right or left
abdominal wall, respectively (Fig. 6B). Although all of the
control naive animals developed both tumors, all 10
survivors after treatment of DC-rSeV/dF-hsFLT-1
rejected only CT26 and not MethA, indicating the induc-
tion of tumor-specific, long-lasting protective immunity
against CT26.

Discussion

VPF activity of VEGF-A/VPF was first identified more
than 20 years ago from cancer cells that also induced
ascitis fluid (19, 20). Although a number of studies have
been published to show that VEGF-A/VPF was highly
accumulated in the ascitis of human and animal subjects,
its pathophysiologic role has not been well defined. To
our knowledge, only one published report has shown
that the VEGF-A/sFLT-1 ratio was increased in ascitis of
patients with ovarian cancers (28); however, its biological

significance has not been assessed. Therefore, the signif-
icance of our current study is the demonstration that the
increase in the VEGF-A/sFLT-1 ratio presumably deter-
mines not only ascitis fluid correction but also antitumor
immune response induced by DCs.

At the initial stage of this study, we first confirmed that
CT26 MA model was highly resistant to DC-rSeV/dF-
mediated "immunostimulatory virotherapy," which was
previously shown to induce efficient antitumor immunity
against multiple dermal tumors and lung metastasis
(6–9). Therefore, we hypothesized that MAmight contain
strong immunosuppressive substances. We first mea-
sured the expression level of TGF-b and IL-10, well-
known typical suppressors for Th1 (helper T cells)
response; however, no significant increase in ascitis
and PPP of CT26 MA mice was found in comparison
with that of control mice (data not shown). We thus next
focused on the role of VEGF-A/VPF and its potent
autocrine upstream regulator, platelet-derived growth
factor AA (PDGF-AA; refs. 29–31). Of interest, accumula-
tion of VEGF-A/VPF, but not of PDGF-AA, in MA was
found (data not shown); therefore, elevated levels of
VEGF-A/VPF might be due to the unregulated expres-
sion of VEGF-A/VPF from cancer cells.

Interestingly, we here show that baseline expression of
sFLT-1 was much higher in both ascitis and PPP of mice
than in human subjects; this finding well explains the

Figure 5. Therapeutic outcome of
DC-rSeV/dF-hsFLT-1 against
CT26 MA model is immune-
mediated mechanism. A, the
therapeutic effect of
intraperitoneal injection of DC-
rSeV/dF-hsFLT-1 requires an
acquired immune response. The
optimized therapeutic regimen,
determined in Figure 2, was
applied on Balb/c background
immunocompetent or
immunodeficient nu/nu mice with
the CT26 MA model. Survival was
analyzed by the log-rank test.
Note that no therapeutic effect
was seen in nu/nu mice at all. B,
CT26-specific CTL activity. Naive
mice and third-party tumor cells
(MethA: mouse fibrosarcoma)
were used as negative controls.
Splenocytes were obtained from
CT26 MA mice after weekly
treatment with each DC for
3 weeks and were then subjected
to 51Cr release assay. Note that no
specific lysis activity against
MethA was found at all (left).
Strong lytic activity against CT26
was found only on the splenocytes
from mice treated with DC-rSeV/
dF-hsFLT-1 (right).
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possible reason why the edema of extremities, a typical
symptom of human subjects, is not seen in mouse model
of MA. These findings thus suggest that the strategy
regarding VEGF-A/VPF antagonism is likely more
important in human MA than in murine models.

A recent interesting study showed that monocyte-
derived human mature DCs activated by TNF-a or solu-
ble CD40L with IFN-g , but not immature ones, expressed
considerable amount of sFLT-1 and showed antiangio-
genic potential, significantly inhibiting tumor growth of
immunodeficient mice (32). Similar positive function of
DC-derived sFLT-1 against VEGF-A/VPF was also
reported by other groups (33), suggesting that mature
DCs might be resistant to VEGF-A/VPF-mediated func-
tional suppression. However, as previously shown,
maturation of DCs is dramatically inhibited by VEGF
(21, 34), and we here showed that DC-rSeV/dF-GFP
could show only a modest effect on the survival of MA
model of immunocompetent mice (Fig. 1A). To explain
these findings, we have to hypothesize that mature/
activated DCs can be reversible to immature/quiescent
state and quantitative balance of VEGF/sFLT-1 in cir-
cumstance of DCs may determine their mature/imma-
ture conditions. This notion seems very reasonable,
because addition of excess mVEGF resulted in the con-
sumption of sFLT-1, as shown in Figure 3A. Since huge
amount of VEGF-A/VPF has been shown to be concen-

trated in the ascitis, it may be possible that the amount of
sFLT-1 expressed by functionally mature and activated
DCs by cytokines and viruses was not sufficient to neu-
tralize the VEGF-A/VPF in ascitis.

In summary, we here clearly showed that the imbal-
ance between VEGF-A/VPF and its soluble decoy recep-
tor, sFLT-1, would determine the resistance of MA
against DC-based immunotherapy, and the correction
of this ratio by gene transfer of hsFLT-1 into DCs dra-
matically augmented not only DC function itself but also
tumor-specific immune response. To the best of our
knowledge, this is the first report showing an effective
treatment regimen against a murine model of MA. There-
fore, this new concept, "targeting VEGF-A/VPF activity
during intraperitoneal DC vaccination," would be a sig-
nificant strategy to treat MA in clinical setting.

Disclosure of Potential Conflicts of Interest

Y. Yonemitsu is a member of the Scientific Advisory Board of DNA-
VEC Corporation.

Acknowledgments

The authors thank Drs. Akihiro Tagawa, Takumi Kanaya, Hiroshi Ban,
and Takashi Hironaka for their excellent technical assistance in rSeV
vector construction and large-scale production. Ms. Chie Arimatsu and
Ms. Ryoko Nakamura assisted in the animal experiments.

Figure 6. Antagonism of VEGF-A/
VPF activity dramatically
augments the tumor-specific
immune response induced by DC-
based intraperitoneal
immunotherapy without antigen
loading on murine model of MA.
A, DC-rSeV/dF-hsFLT-1
promotes intratumor infiltration
of CD4- and CD8-positive
T lymphocytes but not NK cells.
B, establishment of CT26-specific
antitumor immunity induced by
intraperitoneal injection of DC-
rSeV/dF-hsFLT-1 assessed by the
second challenge test. A total of
105 cells of CT26 (right abdominal
wall) and MethA (left abdominal
wall) were implanted intradermally
to the naive mice (n ¼ 10) or long-
term survivors (>100 days, as in
Fig. 2, n ¼ 10), and tumor
formation was assessed on day
35. Note that naive mice formed
both tumors, whereas all
immunized mice formed only
MethA tumors and no CT26
tumors at all.
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