
transplants can survive for 3 months, with at 
least 10 animals surviving for this time frame, 
and with some indication that longer survival 
is possible12. The current study goes some way 
to meeting these criteria. However, it seems 
likely that regulatory authorities such as the US 
Food and Drug Administration will require a 
longer period of follow-up and a greater per-
centage of successful experiments before per-
mitting human trials.

In addition, other issues should be given 
attention before pig-to-human transplants 
become a reality. One such issue is the poten-
tial for pig viruses such as porcine endogenous 
retroviruses (PERVs) to be transmitted to 
humans. The risk of PERV-related complica-
tions is considered to be small13, but regulatory 
authorities worldwide still view the possibility 
with some caution. However, the genome-
editing technology CRISPR–Cas has increased 
the speed with which pigs harbouring multiple 
genetic mutations can be generated, enabling 
researchers to produce live, healthy piglets in 
which PERVs have been deactivated14. This 
indicates one way of circumventing the risk of 
PERV transmission.

Another consideration is the fact that, in the 
past two decades, technology to improve blood 
circulation using mechanical support devices 
has evolved dramatically. These devices are 
used as a temporary fix while patients wait for a 
donor organ, but they can also be a permanent 
therapy for those with end-stage heart failure. 
The progress of this technology raises ethical 
questions regarding the use of pig hearts. For 
each patient, a case will have to be made for 
why a pig-heart transplant should be selected 
over mechanical support. 

Regardless of the issues surrounding pig-
to-human xenotransplantation, the blood-
perfusion protocol exploited by Längin and 
colleagues could have a beneficial impact on 
human-to-human transplants. Cold static 
storage is still the standard for human organ 
transplants, but a blood-based solution could 
help to improve both short- and long-term 
results in the clinic. Moreover, it might allow 
the pool of donor hearts to be extended to 
include organs that are currently considered 
suboptimal because the donors are old or 
have an underlying condition that reduces the 
heart’s ability to withstand the lack of a normal 
blood supply. ■
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A M A N D A  K A R A K A S

The origin of the chemical elements in the 
Universe is one of the most fascinating 
and enduring mysteries in astronomy. 

Progress so far has come from studies of stars, 
but here only elemental abundances can be 
determined reliably. Isotopic ratios are more 
difficult to obtain. On page 378, Schmidt et al.1 
study the composition of the young planetary 
nebula K4-47 — a glowing shell of gas and dust 
that formed from the outer layer of a Sun-like 
star and that was thrown off during the final 
stages of the star’s evolution. The authors find 
that the nebula is unusually enriched in rare 
isotopes of carbon (13C), nitrogen (15N) and 
oxygen (17O). The measured composition of 
K4-47 shows that this object is more enriched 
in these isotopes than is almost any other 
nebula or star examined so far.

Why is Schmidt and colleagues’ finding such 
a big deal? For one thing, it seems to suggest 
that stars similar to the Sun can make these 
rare isotopes — a result that was not expected. 
Computer simulations2 of Sun-like stars have 
shown that they can be factories for carbon and 
nitrogen, but only in the form of the dominant 
isotopes 12C and 14N. Furthermore, theory2 
predicts that the rarer isotopes are not made 
inside stars that become planetary nebulae. 
What about direct observations of ageing Sun-
like stars, as opposed to planetary nebulae? 
Such observations are difficult, but the avail-
able data3,4 mostly agree with theory, making 
K4-47 a particularly unusual object.

The only instance in which the isotopes 13C, 
15N and 17O are synthesized at the same time is 
in explosions. CNO cycles are a collection of 
thermonuclear reactions that involve the cap-
ture of protons by isotopes of carbon, nitrogen 

A S T R O N O M Y

Abundant rare isotopes 
in a planetary nebula
Observations reveal that a particular planetary nebula — the ejected envelope of 
an old star — is unusually enriched in rare carbon, nitrogen and oxygen isotopes. 
The finding could help to explain the origins of these isotopes. See Letter p.378

Figure 1 | A bipolar planetary nebula.  A planetary nebula is a glowing shell of gas and dust that is 
ejected from a Sun-like star during the final stages of the star’s evolution. Shown here is the planetary 
nebula M2-9 (also known as the Twin Jet nebula). Schmidt et al.1 report observations of the planetary 
nebula K4-47 that, like M2-9, has an hourglass (bipolar) shape and highly collimated outflows of material. 
The authors find that K4-47 contains an unexpectedly high abundance of rare isotopes of carbon, 
nitrogen and oxygen.
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and oxygen. These reactions are the workhorse 
of stellar energy production but do not make 
much 13C, 15N and 17O. Generating these iso-
topes requires conditions of high temperature 
and density, as well as plenty of protons. Such 
a mechanism is known as the hot CNO cycle. 
So far, the products of the hot CNO cycle have 
been found only in classical novae5 — nuclear 
explosions that occur in certain binary star 
systems.

So how can the presence of the rare isotopes 
in K4-47 be explained? One mechanism pro-
posed by Schmidt et al. is that the progenitor 
of K4-47 underwent an explosive event called 
a helium-shell flash immediately before it 
became a planetary nebula. This is, in essence, 
a mixing event that causes hot material from 
the core of a star, rich in 12C, to be moved 
to a cooler region, where hydrogen-fusion 
reactions are occurring. The mixing elevates 
the temperature of the cooler region, enabling 
reactions of the hot CNO cycle to proceed 
before the material is expelled to space.

Although the explosive nature of this 
scenario is unusual, similar mixing has previ-
ously been proposed to explain the composi-
tion of other chemically peculiar stars, such as 
Sakurai’s object6 (also known as V4334 Sagitta-
rii). Detailed computer simulations are needed 
to test this mechanism. If it can be verified, it 
will be evidence of previously unknown stellar 
behaviour that provides insight into how rare 
isotopes of common elements are generated.

But there are other possible explanations. 
The isotopic composition of K4-47 is similar to 
that of J-type carbon stars4, which have ratios 
of 12C to 13C of less than 15. The sequence of 
events that lead to a J-type star is unknown, 
and their existence is not predicted by the 
theory that describes the evolution of single 
stars. It has been suggested that J-type stars 
instead result from binary evolution7, in which 
two stars orbit each other and interact.

Such interactions have been proposed 
for all planetary nebulae that, like K4-47, 
have an hourglass (bipolar) shape and 
highly collimated outflows of material8,9 
(Fig. 1). Observations show that the central 
stars of planetary nebulae are more likely to 
be binary stars than was previously thought, 
giving further credence to this idea. K4-47 
could therefore be the product of an interaction 
or merger between two stars.

Alternatively, K4-47 might not be a 
planetary nebula at all. It has been speculated 
that it could be a planetary-nebula mimic, 
in which the extended nebula was ejected 
by a pair of interacting binary stars during 
an explosion10. The isotopic composition of 
K4-47 could be explained if the interaction 
of these stars resulted in an explosion akin to 
a classical nova that would allow for the hot 
CNO cycle. One prediction of this scenario is 
that gas would be ejected at high velocities. Has 
such ejection been observed?

Schmidt and colleagues say they have not 
seen these high-velocity outflows of material, 

so they rule out a nova-like explosion as an 
explanation. But this finding is in contrast 
to previous studies that have observed high-
velocity bullets of material ploughing through 
the surrounding medium11,12. So who is right? 
Answering this question will require follow-
up observations of K4-47 using astronomical 
instruments that can extract high-resolution 
spatial, dynamical and chemical information 
about the object.

Either way, K4-47, which is rich in the 
products normally associated with a nova but 
is embedded in something that looks like a 
planetary nebula, is one of the most isotopi-
cally unusual astronomical objects studied 
so far (along with CK Vulpeculae13). Detailed 
computer modelling and follow-up observa-
tions are required to tease out the true nature of 
the progenitor of K4-47. Such work could tell 
us something about how the rare isotopes of 
carbon, nitrogen and oxygen are made in stars. ■
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T I E N - P H A T  V.  H U Y N H  &  D A V I D  M .  H O L T Z M A N

In cerebral amyloid angiopathy (CAA) and 
Alzheimer’s disease, insoluble aggregates 
of a peptide known as amyloid-β (Aβ) 

progressively build up in the spaces between 
cells, forming amyloid deposits. In Alzhei-
mer’s disease, these aggregates are found 
between neurons, whereas in CAA, a related 
but not always coexisting condition, they are 
found in the walls of brain blood vessels. Aβ 
aggregates are thought to be early drivers of 
the pathological processes of CAA and Alzhei-
mer’s disease that culminate in neurodegen-
eration. In 2015, researchers reported evidence 
of early Aβ pathology in the brains of some 
people with growth deficiency who had been 
treated with human growth hormone collected 
from pituitary glands at autopsy1. This finding 
raised the possibility that Aβ pathology might 
be transmissible between humans under cer-
tain conditions through contaminated brain-
tissue derivatives. On page 415, Purro et al.2 
provide further support for this hypothesis.

From 1958 to 1985, approximately 
30,000 children with growth deficiency were 
treated with cadaver-derived growth hormone 

(c-hGH) worldwide3. In 1985, three recipients 
were found to have developed Creutzfeldt–
Jakob disease (CJD), which is fatal. CJD 
belongs to a group of diseases known as 
transmissible spongiform encephalopathies, 
which are characterized by progressive and 
irreversible brain damage resulting from 
the accumulation of a misfolded form of a 
brain protein called prion protein. These 
abnormal prion proteins can themselves cause 
normal prion proteins to misfold, and thus 
spread the disease. Given the evidence that 
contaminated c-hGH had caused CJD, this 
type of treatment was quickly stopped and syn-
thetic recombinant human growth hormone 
(rhGH) became the standard of care.

Alzheimer’s disease is not a classic prion dis-
ease, but shares characteristics with this type of 
disorder. Misfolded, aggregated Aβ peptides 
and tau proteins, which are toxic to neurons, 
are present in the brain as key components of 
Alzheimer’s disease. Inoculation of minute 
amounts of misfolded Aβ (known as Aβ 
‘seeds’) isolated from the brains of people with 
Alzheimer’s disease can induce build-up of Aβ 
deposits (called Aβ plaques) in non-human 
primates4, and brain extracts from people or 

N E U R O D E G E N E R AT I O N 

Amyloid-β ‘seeds’ in old 
growth-hormone vials
Some samples of human growth hormone used as therapy until the mid-1980s 
contain amyloid-β peptide and cause genetically modified mice to develop 
amyloid-β deposits in the brain. See Letter p.415
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