Replicability of High-Impact Papers in Stem Cell Research
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I recently used the Web of Science database to generate a list of the most highly cited papers in stem cell research. As of July 2013, the search for original research articles which use the key word "stem cells" resulted in the following list of the ten most widely cited papers to date:
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1. Pittenger M et al. (1999) Multilineage potential of adult human mesenchymal stem cells. Science 284(5411):143-147
Citations: 8,157
 

2.  Thomson JA et al. (1998) Embryonic stem cell lines derived from human blastocysts. Science 282(5391):1145-1147
Citations: 5,565
 

3. Takahashi K and Yamanaka S (2006) Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors. Cell 126(4): 663-676
Citations: 5,034
 

4. Takahashi K et al. (2007) Induction of pluripotent stem cells from adult human fibroblasts by defined factors. Cell 131(5):861-872
Citations: 4,061
 

5. Donehower LA et al  (1992) Mice deficient for p53 are developmentally normal but susceptible to spontaneous tumours. Nature 356(6366): 215-221
Citations: 3,279
 

6. Al-Hajj M et al (2003) Prospective identification of tumorigenic breast cancer cells. Proceedings of the National Academy of Sciences 100(7): 3983-3988
Citations: 3,183
 
7. Yu J et al (2007) Induced pluripotent stem cell lines derived from human somatic cells. Science 318(5858): 1917-1920
Citations: 3,086
 
8. Jiang YH et al (2002) Pluripotency of mesenchymal stem cells derived from adult marrow. Nature 418(6893):41-49
Citations: 2,983
 

9. Orlic D et al (2001) Bone marrow cells regenerate infarcted myocardium.Nature 410 (6829):701-705
Citations: 2,961
 

10. Lu J et al (2005) MicroRNA expression profiles classify human cancers.Nature 435(7043): 834-838
Citations: 2,917
 

Three of the articles (Donehower et al, Al-Hajj et al and Lu et al) in this "top ten list" do not focus on stem cells but are actually cancer research papers. They were probably identified by the search because the authors may have made comparisons to stem cells or used stem cells as tools.The remaining seven articles are indeed widely known in the stem cell field.

 

The Science paper by Pittenger and colleagues in 1999 provided a very comprehensive description of mesenchymal stem cells (MSCs), a type of adult stem cell which is found in the bone marrow alongside hematopoietic stem cells (HSCs). Despite the fact that MSCs and HSCs are both adult stem cells in the bone marrow, they have very different functions. HSCs give rise to circulating blood cells, whereas MSCs primarily form bone, fat and cartilage as was nicely demonstrated by Pittenger and colleagues.

The article by Thomson and colleagues was published in 1998 in the journalScience described the derivation of human embryonic stem cells (ESCs) and revolutionized the field of stem cell research. While adult stem cells have a very limited capacity in terms of lineages they can turn into, ESCs are derived from the early blastocyst stage of embryonic development (within the first 1-2 weeks following fertilization) and thus retain the capacity to turn into a very wide range of tissues, such as neurons, heart cells, blood vessel cells or liver cells. This paper not only identified the methods for isolating human ESCs, but also how to keep them in culture and expand them as undifferentiated stem cells.

The Cell paper by Takahashi and Yamanaka in 2006 represented another major advancement in the field of stem cell biology, because it showed for the first time that a mouse adult skin cell (fibroblast) could be reprogrammed and converted into a truly pluripotent stem cell (an induced pluripotent stem cell or iPSC) which exhibited all the major characteristics of an embryonic stem cell (ESC). It was as if the adult skin cell was traveling back in time, erasing its identity of having been a skin cell and returning to primordial, embryonic-like stem cell. Only one year later, Dr. Yamanaka's group was able to demonstrate the same phenomena for adult human skin cells in the 2007 Cell paper (Takahashi et al), and in the same year a different group independently confirmed that adult human cells could be reprogrammed to the iPSC state (Science paper by Yu et al in 2007). The generation of iPSCs described in these three papers is probably the most remarkable discovery in stem cell biology during the past decade. It is no wonder that each of these three papers have been cited several thousand times even though they were published only six or seven years ago, and that Dr. Yamanaka was awarded the 2012 Nobel prize for this pioneering work.

All five of the above-mentioned stem cell papers have one thing in common: the results have been repeated and confirmed by numerous independent laboratories all over the world. However, this does not necessarily hold true for the other two highly cited stem cell papers on this list.

The 2002 Nature paper by Jiang and colleagues from Dr. Verfaillie's laboratory at the University of Minnesota proposed that the bone marrow contained a rather special subset of adult MSCs which had a much broader differentiation potential than had been previously recognized. While adult MSCs were thought to primarily turn into bone, cartilage or fat when given the appropriate cues, this rare new cell type - referred to as MAPCs (multipotent adult progenitor cells) - appeared to differentiate into a much broader range of tissues. The paper even showed data from an experiment in which these adult mouse bone marrow stem cells were combined with embryonic cells and gave rise to a chimeric mouse. i.e. a mouse in which the tissues were in part derived from standard embryonic cells and in part from the newly discovered adult MAPCs. Such chimerism suggested that the MAPCs were embryonic-like, contributing to the formation of all the tissues in the mice. At the time of its publication, this paper was met with great enthusiasm because it proved that the adult body contained embryonic-like cells, hidden away in the bone marrow, and that these MAPCs could be used to regenerate ailing organs and tissues without having to use ethically problematic human embryonic stem cells.

There was just one major catch. Many laboratories around the world tried to replicate the results and were unable to identify the MAPCs, and even when they found cells that were MAPCs, they were unable to confirm the embryonic-like nature of the cells. In a remarkable example of investigative journalism, the science journalists Peter Aldhous and Eugenie Reich identified multiple irregularities in the publications involving MAPCs and documented the inability of researchers to replicate the findings by publishing the results of their investigation in the New Scientist (PDF).

The second high profile stem cell paper which was also plagued by an inability to replicate the results was the 2001 Nature paper by Orlic and colleagues. In this paper from Dr. Anversa's laboratory, the authors suggested that adult hematopoietic (blood-forming) stem cells from the bone marrow could regenerate an infarcted heart by becoming heart cells (cardiomyocytes). It was a rather bold claim, because simply injecting these blood-forming stem cells into the heart seemed to be sufficient to redirect their fate. Instead of giving rise to red and white blood cells, these bone marrow cells were generating functional heart cells. If this were the case, then every patient could be potentially treated with their own bone marrow and grow back damaged heart tissue after a heart attack. Unfortunately, it was too good to be true. Two leading stem cell laboratories partnered up to confirm the results, but even after years of experiments, they were unable to find any evidence of adult bone marrow stem cells converting into functional heart cells. They published their findings three years later, also in the journal Nature:

Murry CE et al (2004) Haematopoietic stem cells do not transdifferentiate into cardiac myocytes in myocardial infarcts. Nature 428(6983): 664-668
Citations: 1,150
 

Interestingly, the original paper which had made the claim that bone marrow cells can become functional heart cells has been cited nearly 3,000 times, whereas the refutation by Murry and colleagues, published in the same high-profile journal has been cited only 1,150 times. The vast majority of the nearly 3,000 citations of the 2001 paper by Orlic and colleagues occurred after it had been refuted in 2004! The 2001 Orlic et al paper has even been used to justify clinical trials in which bone marrow was obtained from heart attack patients and injected into their hearts. As expected after the refutation by Murry and colleagues, the success of these clinical trials was rather limited One of the largest bone marrow infusion trials in heart attack patients was recently published, showing no success of the therapy.

These claims of the two papers (Orlic et al and Jiang et al) were quite innovative and exciting, and they were also published in a high-profile, peer-reviewed journal, just like the other five stem cell papers. The crucial difference was the fact that their findings could not be replicated by other laboratories. Despite their lack of replicability, both papers had an enormous impact on the field of stem cell research. Senior scientists, postdocs and graduate students may have devoted a substantial amount of time and resources to developing projects that built on the findings of these two papers, only to find out that they could not be replicated. If there is a lesson to be learned, it is that we need to be rather cautious in terms of our enthusiasm for new claims in stem cell biology until they have been appropriately confirmed by other researchers. Furthermore, we need to streamline the replicability testing process so that we do not have to wait years before we find out that one of the most highly prized discoveries cannot be independently confirmed.

 

Update 7/24/2013: Peter Aldhous reminded me that the superb job of investigative journalism into the question of MAPCs was performed in partnership with the science writer Eugenie Reich, the author of a book on scientific fraud. I have updated the blog post to reflect this.
