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Slow down
Japan should put the brakes on the premature 
sale of stem-cell treatments.

Healing spinal-cord injuries has been one of the most difficult 
— and doggedly pursued — quests in medicine, and among 
the most symbolic goals for the field of stem cells and regen-

erative medicine. 
Progress, however, has been frustratingly slow. Dozens of seemingly 

promising efforts, based on animal studies, have fallen flat. 
Last week, a Californian company called Asterias Biotherapeutics 

released promising results from a 12-month first phase clinical trial, 
in which embryonic stem cells are converted into oligodendrocytes 
— cells of the central nervous system that support neurons and can 
stimulate their growth — and then injected into the backs of people 
with a spinal-cord injury. The data show that injected cells do stick 
around at the injury site, and that most patients (21 out of 22) showed 
improved movement. 

aid, the table is often found adorning the walls of classrooms or the 
inside covers of chemistry textbooks. At a fundamental level, it is 
simply a reference work that can provide, for example, the atomic 
weight of sulfur or the less-than-obvious symbol for an element that 
might have slipped the mind: see if you can remember the symbol for 
antimony, for example, or tungsten. But delve a little more deeply into 

its history and development, as well as the 
people and places it immortalizes, and the 
periodic table tells some fascinating stories of 
how science has become inextricably linked 
with society over the past 150 years.

The table has permeated many aspects of 
our culture, from the writing of Primo Levi 
(see page 564) to Tom Lehrer’s song ‘The 
Elements’ (brought up to date in 2016 by 
Helen Arney). It’s printed on ties, T-shirts, 

lunchboxes, shopping bags and more. The table has been widely bor-
rowed, doctored and used to categorize everything from varieties of 
alcohol to zombie-killing weapons. 

Although its scientific underpinning has been somewhat lost in the 
translation to popular culture, there is clearly something about the peri-
odic table that resonates with a wider audience. Chemists should seek to 
tap into this fascination in the year ahead, and highlight the importance 
of the original and still the best — the one that corrals all of the known 
atomic building blocks of the Universe into an orderly array. ■

At first glance, the system of chemical elements published by 
Dmitri Mendeleev in 1869 bears little resemblance to the 
modern periodic table. But by listing elements in columns, and 

lining up the columns to place elements that have similar properties 
along the same row, he laid the foundations for the iconic arrangement 
of elements that we know today. To recognize the 150th anniversary 
of Mendeleev’s achievement, the United Nations declared 2019 to be 
the International Year of the Periodic Table of Chemical Elements 
(although the modern version was conceived in the 1940s). Nature 
is joining in the celebration this week, with a special issue on what is 
perhaps the most famous chart in science.

Although Mendeleev has the name recognition, he was not the first to 
try to organize the elements into a meaningful chart with a pattern that 
repeats on the basis of similar physical or chemical characteristics. In 
1862, the French geologist Alexandre-Émile Béguyer de Chancourtois 
was the first to recognize a periodicity in the elements, and he plotted 
their atomic weights in a screw-like fashion around the outside of a 
cylinder. Others, including the English chemist John Newlands and 
the German chemist Julius Lothar Meyer also published versions of 
the periodic table before their Russian counterpart. Mendeleev’s system 
gained widespread attention in the scientific community, however, 
when the discoveries of gallium, scandium and germanium filled 
gaps in his original table, confirming its power as a predictive tool and 
proving that it was more than just a chemical catalogue. 

Today, there are 118 confirmed elements, neatly ordered according 
to atomic number — the number of protons found in the nucleus of 
each element. The periodicity in the properties of the elements, and 
therefore the fundamental shape of the table, stems from the way in 
which electrons fill discrete energy levels in the atoms of any given 
element. Considering that it would be many years before electrons 
and protons were discovered and the structure of the atom unravelled, 
Mendeleev’s achievement seems all the more impressive.

The periodic table not only contains all of the atomic building blocks 
found so far, but also provides a framework for future finds. When 
the four most recent additions to the table (the synthetic elements 
nihonium, moscovium, tennessine and oganesson) were formally rec-
ognized in 2016, the remaining gaps on the bottom row were finally 
filled. This could give the impression that Mendeleev’s masterpiece is 
finally complete, but the search for element 119 — which would be the 
first in a brand new row — is already under way in some laboratories, 
including at the RIKEN Nishina Center for Accelerator-Based Science 
in Saitama, Japan. Its director, Hideto En’yo, predicted in 2017 that ele-
ments 119 and 120 would both be found within five years; the clock 
is ticking. Meanwhile, research on the existing superheavy elements 
might change the 
periodic table, too 
(see page 552).

As an educational 
tool and a research 

Periodic celebrations
The 150th anniversary of the publication of Dmitri Mendeleev’s first periodic table is about the 
future of chemistry as well as its past. 

“The table tells 
some fascinating 
stories of 
how science 
has become 
inextricably 
linked with 
society.” 

THE PERIODIC TABLE
A Nature special issue
go.nature.com/periodictable 
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Early detection
The growing capabilities of prenatal diagnostics 
are expanding the need for counselling.

There is perhaps no greater consumer of information than an 
expecting parent. Details abound about pregnancy, delivery, 
infant care and feeding, developmental milestones, and par-

enting philosophies. All are available to learn — and obsess over, for 
those so inclined.

That pool of information is now being topped up by a steady drip 
of genetic data. In coming years, as non-invasive methods of prenatal 
genetic testing become more sophisticated and expansive, that drip 
could become a flood. We need to prepare.

Perhaps the biggest priority should be the latest generation of tech-
niques that sample snippets of fetal DNA found floating in a mother’s 
blood. In some countries, the tests are increasingly being used to 
look for large chromosomal abnormalities, such as the extra copy of 
chromosome 21 that causes Down’s syndrome. Such screening tools 
can reduce the use of more invasive tests, such as amniocentesis and 
chorionic villi sampling, which carry a small risk of miscarriage. 

As the methods for isolating and sequencing such DNA improve, 
clinicians can gain information about more and more genetic disor-
ders before birth. A study published this week (J. Zhang et al. Nature 
Med. http://doi.org/cz4m; 2019) demonstrates how far the technology 
has come — and where it is heading — by describing a test that can 
screen for 30 spontaneously arising single-gene disorders.

The group tested it on 422 samples from 131 clinics around the world. 
Some of the samples came from pregnancies with abnormal ultrasound 
findings, or a family history of disease. Others had no indication of 
trouble ahead. Thirty-two tested positive for a genetic disorder.

The team was able to follow up on outcomes from 233 of these 
pregnancies and found no false positive or false negative results among 
those for which diagnostic data were available. But the test would need 
to be repeated on a grander scale to nail down the risks that would 
come with positive findings, and to establish who would benefit most 
from the technology. 

The expansion of non-invasive prenatal tests seems inevitable. This 
can benefit both parents and children. Prenatal testing could allow 
prospective parents and medical teams to prepare for the needs of 
the newborn, or, in some cases, to make the difficult decision to end 
a pregnancy. Many expectant parents welcome such tests. A survey 
of 186 women in the United States found that 83% thought prenatal 
tests that sequence all of the genome’s protein-coding genes should 
be offered (E. J. Kalynchuk et al. Prenat. Diagn. 35, 1030–1036; 2015). 
Such thorough sequencing of circulating fetal DNA is too complex 
and expensive to be practical at present, but it will become easier and 
cheaper in the future.

Still, prenatal screening based on circulating fetal DNA rarely offers 
definitive diagnoses: it must often be followed up by other tests to con-
firm the result, so parents can end up worrying unnecessarily. Further-
more, the effects of some disease-associated genetic variants could be 
masked by other variants elsewhere in the genome, or by environmen-
tal factors. Both of these factors mean additional, sometimes invasive, 
tests are often needed to back up genetic findings — and in many cases, 
genetics alone will never offer a clear indicator of disease risk. 

Researchers and clinicians must adapt to the changes that such tests 
will bring. Widespread use will increase demand for trained genetic 
counsellors, who are already in short supply. Efforts to educate physi-
cians and patients will need to be expanded, and the costs of counselling 
will need to be included in price estimates for implementing the tests. 

Meanwhile, clinicians, researchers, ethicists and the public need to 
come together to develop guidelines about when such testing should 
be deployed and for which conditions, and how the information 
should be handled once the results are in. ■

But these are still early-stage results. It is not clear yet whether the 
improvements are the result of the cells, or whether something else, 
such as the body’s own regenerative capacity, was at work. To find out, 
the company wants permission to move forward with a randomized, 
controlled phase 2 clinical trial. That’s the right way to do things: 
stepping carefully, slowly and rigorously forward. 

Meanwhile, in Japan, a more worrisome approach is unfolding. Last 
month, researchers at Sapporo Medical University leapfrogged all other 
spinal-cord injury treatments that use stem cells — including the one 
being investigated by Asterias — and received market approval for injec-
tions of a type of cell called a mesenchymal stem cell. There are reasons 
to be sceptical, or at least to delay the sale of this procedure to patients. 

The very nature of these cells — in particular, whether they function 
as stem cells and do turn into neurons as suggested by the Japanese 
group — is subject to fierce debate (D. Sipp et al. Nature 561, 455–457; 
2018). The clinical trials that demonstrated efficacy were based on only 
13 participants. There was no control group and the trial data remain 
unpublished.

Through a fast-track process for regenerative medicine, launched 
in 2014 to speed treatments to patients and spur innovation, the Japa-
nese government gave the mesenchymal stem-cell treatment, called 
Stemirac, ‘conditional approval’ to enter the market. It can be sold 
to patients, and the company was given seven years to show that it 
works. How that evidence will be collected once the treatment is on 
the market is an unanswered question. 

A better way would have been to run a randomized controlled 
clinical trial, with both participants and physicians unaware of who 
received the cells and who received a placebo. But under Japan’s fast-
track system, researchers at the university didn’t have to do this. The 
researchers also should have published the clinical data already col-
lected, but in Japan they are discouraged from doing so.

This seems surprising. Some companies might not want to publish 
clinical results to protect their trade secrets. But in this case, it is Japan’s 
health ministry that seems to be telling researchers not to publish data. 
Although it is not a blanket ban — the propriety of publishing such 
data is evaluated on a case-by-case basis — a ministry representa-
tive told Nature that in this instance it would be discouraged. That’s 
because published data could be used as “promotional materials” and 

unduly influence patients or officials, accord-
ing to the health ministry official. 

Japan has set up a bizarre situation. The uni-
versity has made promises about the treatment 
in an advertisement unencumbered by data, 
but the inclusion of scientific evidence, in a 
form that the world’s experts can evaluate, is 
considered too potentially misleading to pub-

lish. The Kafkaesque logic at play here seems to be that promoting a 
medicine without data is better than promoting it with.

The Japanese team has promised results so dramatically convincing 
that controlled trials would be unnecessary. Let’s hope that is the case. 
But it is more likely that ambiguous results from the uncontrolled trial 
will allow the treatment to continue in use indefinitely. That is fair 
neither to the patients who are willing to try the treatment, nor to other 
companies that are putting therapies through truly rigorous trials.

Japan could and should introduce a better and more transparent 
system, one that requires the production of sound clinical efficacy 
data through controlled trials, when possible, and that encourages 
broad evaluation of those data — in scientific publications, when 
feasible — by the international medical research community. Japan 
could, in other words, learn a lot from the way it’s being done in 
California. Until then, offering people such stem-cell treatments is 
premature and unfair. ■

“Japan could 
and should 
introduce a 
better and more 
transparent 
system.” 
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