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研究成果の概要（和文）：完全長（FL）のp53は癌抑制因子であるが、もう一つのp53タンパク質であるΔ160p53
は癌細胞の成長を促進する。ここで我々は、Δ160p53がRNA構造（IRES）を介して合成されることを明らかにし
た。このIRESをコードする塩基配列は、がんではしばしば変異しており、Δ160の合成が制御されず、腫瘍の拡
大につながる。IRESを活性化する変異は、p53で最もよく見られる変異であり、これまで「機能獲得」（GOF）変
異として知られていたが、その仕組みは解明されていなかった。我々は、GOF変異がIRESを活性化し、癌化促進
タンパク質であるΔ160p53を産生し、癌の進行につながることを提案する。

研究成果の概要（英文）：Full-length (FL) p53 protein from the p53 gene is a tumor suppressor. I have
 shown before, however, that a shorter p53 protein, D160p53, promotes cancer cell growth and 
invasion and is often present in cells with mutated p53. Here we could understand how D160p53 is 
produced in cancer cells and the impact this has for cancer progression. D160p53 protein is 
fabricated through an alternative process of protein synthesis that uses a specific RNA structure 
called IRES. The sequence that codes for this IRES in the p53 gene is often mutated in cancer. This 
leads to excessive and uncontrolled synthesis of D160p53 in these cells, ultimately facilitating 
tumor expansion. Interestingly, the mutations that activate the IRES are the most common mutations 
in p53 and have been known as “gain-of-function” (GOF) mutations because they create “new” 
oncogenic functions, though it was never understood how. We propose that GOF mutations activate an 
IRES that produces the pro-oncogenic protein D160p53.

研究分野： cancer/p53/translation/regulatory mRNA

キーワード： cancer　p53　Delta160p53　Cancer mutation　mRNA translation　IRES　GOF mutation　regulatory m
RNA
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研究成果の学術的意義や社会的意義
今回の成果により、40年来の疑問であった「なぜ、がん抑制遺伝子p53は、たった1回の変異でがん遺伝子（がん
を促進する遺伝子）になるのか？私たちはこう答えました。それは、1つの変異がmRNAとタンパク質に同時に作
用するからです。蛋白質のアミノ酸の変化は、完全長（FL）p53として知られる癌抑制蛋白質を不活性化し、一
方、mRNAのヌクレオチドの変化は、癌化を促進する機能を持つΔ160p53と呼ばれる短いp53蛋白質の合成を活性
化するのである。p53が発見されてから40年が経過した今、私たちはついにp53の発癌性の活性化を標的にして、
全人類の癌の50％以上を治癒することを試みることができるのです。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
At the start we knew, like everyone, that full-length (FL) p53 protein is a tumor suppressor 
and that the p53 gene is the most critical gene in tumorigenesis. We also knew that certain 
mutations in p53 are very common in cancer and transform p53 gene into an oncogene that 
drives tumor growth and metastasis. What was not known, however, is what are the 
mechanisms that transform the tumor suppressor p53 gene into an oncogene. 
 
２．研究の目的 
I had previously reported that a shorter p53 gene product, the D160p53 protein, is 
synthesized (expressed) in cancer cells that have specific mutations in the p53 gene and 
induces cancer cell growth, survival and invasion. The objective of this study was to 
investigate the mechanisms by which D160p53 is expressed in cancer cells and estimate the 
impact of its expression on tumor progression. 
 
３．研究の方法 
We investigated the mechanisms that lead to accumulation of D160p53 in cancer cells upon 
p53 gene mutation. We could observe it was due to an increase in mRNA translation. We used 
different reporter systems to identify the exact mechanism of translation and the exact 
mutations that affect D160p53 synthesis. We investigated changes in RNA structure induced 
by the cancer mutations by using primer extension assays. We could revert the RNA 
structures and phenotype by using double mutants that confirmed our hypothesis. Finally 
we performed isoform-specific knock-down using antisense oligos together with cell-death, 
growth and tumor formation assays (both soft-agar and mouse xenograft) to show the 
importance of mutation-induced D160p53 translation for the oncogenic phenotypes of mutant 
p53 cells. 
 
４．研究成果 
We could show that: 

(1) D160p53 protein is translated via a new internal ribosome entry site (IRES) present 
in the coding region of p53 mRNA: 
 

Figure 1. Dual luciferase reporter system shows IRES activity when the region 
downstream of AUG160 in the coding region of p53 mRNA is cloned upstream of FLuc. 
Interestingly the 5’-UTR of D160 inhibited D160p53IRES activity. 
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(2) The most common mutations in p53 overlap with the D160p53IRES: 

Figure 2. Most frequent mutations in p53 in cancer coincide with the DNA binding 
domain (DBD) in the p53 protein but even coincide even better with the new IRES 
that we have just identified in the p53 mRNA. 
 

(3) “gain-of-function” (GOF) but not “loss-of-function” mutations in p53 activate 
D160p53IRES and induce D160p53 protein expression: 

Figure 3. Loss-of-function (LOF) mutations inhibit p53 gene’s capacity to suppress 
tumors, while Gain-of-function (GOF) mutations in p53 (only works like this for p53, 
doesn’t work like this for any other gene) are mutations that inactive p53’s tumor 
suppressor activity plus also generate pro-oncogenic features. Interestingly GOF 
mutations like R175H, R248Q and R273H activated D160p53IRES and D160p53 
protein expression, but LOF mutations did not. This is the first ever explanation to 
why some mutations in p53 are LOF while others are GOF. 

 
(4) Inhibition of D160IRES activates cell-cycle arrest, cell death and impairs tumor 

growth: 

Figure 4. Primary mammary tumors in MMTV-neu mice were treated with 
morpholino oligos against D160p53IRES (MO-i) or control. 
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