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II. 成果の概要（総括研究報告） 
 

 前立腺癌 
 前立腺癌全摘標本(OCT 包埋凍結標本)31 症例を対象に IMS を用いて脂質の網羅的解析を行った。

癌と正常腺管とで信号強度を各々算出し、正常腺管と癌とで有意に差のあるシグナルを多変量解析

にて検索したところ、m/z 496、518、534、690、703 が有意に差を認め、いずれも癌部でシグナル

の低下を認めた。この前者 4 つのシグナルはいずれも lysophosphatidylcholine (LPC) (16:0/OH)と
その付加体であり、m/z 703 は shingomyelin(d18:1/16:0)であった。lysophosphatidylcholine (LPC) 
(16:0/OH)の付加体のシグナル強度は相互に相関していたので、lysophosphatidylcholine (LPC) 
(16:0/OH+H+)を lysophosphatidylcholine (LPC) (16:0/OH)代表分子として前立腺全摘術後の PSA
再発に関わる臨床・病理学的因子を Cox 回帰分析で解析した。その結果、lysophosphatidylcholine 
(LPC) (16:0/OH)のシグナル強度が唯一 PSA 再発と関連しており、lysophosphatidylcholine (LPC) 
(16:0/OH)のシグナルが低下している症例ほど予後不良である傾向にあった。以上の結果を論文とし

て報告した(Goto T, Ogawa O et al. Prostate; 75, 1821-1830, 2015)。 
 前立腺癌(PC)患者 30 例、非癌症例(BPH)30 例の血液を対象に、前分離装置 UPLC H-class(Waters)、

質量分析装置  Xevo G2-S Q-Tof システム (Waters)を組み合わせた測定系による Untargeted 
metabolomics 解析を行った。PC と BPH とで有意差のあるマススペクトルを見出した。データベー

ス検索や MS/MS 解析を行った結果、これまで前立腺癌や他癌腫でも疾患マーカーとして報告のな

い前立腺癌特異的に増加する血中分子を同定することに成功した。 
 継代可能な新規 5 種類の前立腺癌 PDX を樹立し Androgen receptor やその下流遺伝子産物である

PSA の発現解析を行った。さらにこれらの新規 PDX と既存の PDX モデル(KUCaP2)および前立腺

癌の代表的細胞株 LNCaP 細胞の xenograft それぞれから RNA を採取して RNA-Seq による遺伝子

発現解析を行った。その結果 PDX にて脂質合成に関わる遺伝子の発現が上昇していることを明らか

にした。 
 乳癌 
 乳癌の臨床組織検体と患者由来ゼノグラフトを用いて組織の脂質組成解析および網羅的遺伝子発現

解析を行い、乳癌の進展に関わる脂質組成の変化と、それに伴い変化する脂質代謝関連遺伝子および

腫瘍免疫関連遺伝子経路を同定した。また、低酸素と性ホルモンシグナルが脂質代謝経路に関与する

可能性も見出した。以上の結果については現在論文投稿中である。また、上記で同定した分子が乳癌

の進展および腫瘍免疫に与える影響を検証するために、遺伝子改変細胞株を樹立するとともに、患者
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由来ゼノグラフトの治療抵抗性獲得モデルおよびヒト免疫を有したヒト化マウスモデルを樹立した。

今後はこれらのモデルを使用して上記分子の機能解析を行う予定である。 
 
 
 Prostate cancer 

 Prostate tissues derived from 31 Japanese males with clinically localized prostate cancer who 
underwent radical prostatectomy, which were embedded in optimal cutting temperature 
(OCT) compound, were evaluated.  The tissues were analyzed using the 10µm pitch of high-
resolution matrix-assisted laser desorption/ionization imaging mass spectrometry (HR-
MALDI-IMS) as described previously (Goto T et al. PLoS ONE 2014; 9:e90242) in positive 
mode in the mass range of m/z 490-1000.  A comparison of the signal intensities between 
cancer and benign epithelium revealed that five molecules were significantly lower in the 
former than the latter with m/z measurements of 496, 518, 543, 690, and 703, respectively.  
The structures of these molecules were examined by MS/MS analyses of the peaks of their 
precursor ions, showing that the molecules at m/z 496, 518, 543, and 690 were 
lysophosphatidylcholine (LPC) (16:0/OH) with various ion adducts.  On the other hand, m/z 
703 was shingomyelin(d18:1/16:0). Since the levels of expression of LPC (16:0/OH+H+) in 
these samples strongly correlated with the levels of the others, and therefore, the level of 
expression of LPC (16:0/OH+H+) was considered representative of LPC (16:0/OH).  
Multivariate Cox regression analyses, including clinic-pathological factor together with the 
expression of LPC (16:0/OH+H+) and shingomyelin(d18:1/16:0), to assess the correlation with 
PSA recurrence free survival after radical prostatectomy, revealed that the only significant 
predictor of PSA recurrence was the expression level of LPC (16:0/OH+H+).  The results 
were described and published as Goto T, Ogawa O et al. Prostate; 75, 1821-1830, 2015.  

 Serum samples derived from 30 prostate cancer (PCa) patients and 30 non-PCa patients 
(benign hypertrophy: BPH) were prepared for liquid chromatography-mass spectrometry 
(LC-MS) analysis.  Metabolites were separated and analyzed by the analytical platform 
consisted of a UPLC H-class (Waters) connected online to Xevo G2-S Q-Tof system (Waters) 
followed by multivariate statistical analysis for detecting molecules to discriminate PCa and 
BPH.  One molecule which clearly discriminate PCa and BPH was discovered.  Tentative 
identification of the molecule was performed by database search and that was finally 
confirmed by using the synthetic molecule.  The molecule has not been reported elsewhere 
as a diagnostic marker of PCa and of other malignancies and can be a novel molecular target 
for PCa diagnosis. 

 New five prostate cancer patient-derived xenografts (PDXs) have been established and 
evaluated androgen receptor and PSA expression.  RNA was extracted from the PDXs and 
LNCaP xenografts, and RNA Seq was performed for the expression analysis.  We have 
identified that various genes related to lipid synthesis and metabolism were up-regulated or 
down-regulated in the new PDXs.  We are now performing integrative analysis of the gene 
and lipid expressions to evaluate abnormalities exist in PCa progression. 
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 Breast cancer 
 Using human breast cancer tissues and new breast cancer PDX tumors established, we have 

performed integrative analysis of the gene and lipid expressions.  We identified that fatty 
acid composition in phosphatidylinositols (PIs) may change according to breast cancer 
progression.  We also found that genes related to lipid metabolism and tumor-associated 
immune system were correlated with changes in the fatty acid composition in breast cancer 
progression.  We also identified that hypoxic stress exerted on cancer cells and hormonal 
stimulation may have some roles in breast progression through lipid metabolic changes. In 
order to confirm the results, we have established some cell lines which over-/down-regulated 
in the target genes related with changes in lipid metabolism.  We also established some 
therapeutic resistant-PDX models in breast cancer and humanized mice to elucidate immune 
response to the tumors.  
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