
plasma cytomas and Burkitt’s lymphoma11. The 
authors therefore investigated the relationship 
between MYC and IRF4 expression. They 
find that, in myeloma cells, these two proteins 
mutually reinforce each other’s expression. 
IRF4 seems to be a master regulator, as its 
direct targets — many of which are also MYC 
targets — include mediators of metabolic 
control, membrane biogenesis, cell cycle, cell 
death, regulation of transcription, plasma-
cell differentiation, glucose metabolism and 
the production of the cell’s energy molecule 
ATP. It is therefore plausible that, on IRF4 
depletion, ‘metabolic collapse’ also contributes 
to myeloma-cell death. 

As myeloma is a slow-growing tumour, it has 
been proposed12 that myeloma cells are differ-
entiated descendants of transformed B cells, 
which would be the myeloma progenitor cells. 
IRF4 is inactive in B cells, and IRF4-targeted 
shRNA does not kill these cells. So treatment 
of myeloma with IRF4 shRNA, which will kill 
the shRNA-sensitive plasma cells, should sup-
posedly reveal those rare cancerous myeloma 
progenitors that are resistant to IRF4 shRNA. 
But despite extensive investigations, Schaffer 
et al. did not observe such a phenomenon. This 
suggests that if a ‘myeloma stem cell’ does exist, 
it must reside at a stage in B-cell differentiation 
that requires IRF4. 

Despite remarkable improvements in the 
outcome of myeloma treatment over the 
past decade, cures are elusive and the clinical 
management of this cancer remains challeng-
ing13. The non-uniform and disseminated 
nature of myeloma, and an inherent and 
acquired drug resistance resulting from inter-
actions of tumour cells with the bone-marrow 
micro environment14, worsens the prospect of 
finding new treatments. So the fact that a non-
oncogene might be a new therapeutic target 
for nearly all forms of myeloma is a welcome 
advance (Fig. 1c). But before contemplating 
whether Shaffer and colleagues’ observa-
tions can be translated into the clinic, we must 
consider whether these data themselves have 
one or two weaknesses. 

The authors performed their studies in 
myeloma cell lines. All myeloma cell lines 
exhibit genetic features of highly aggressive 
disease, which are observed in only 15–20% 
of newly diagnosed myelomas7. Moreover, 
patients with such molecularly defined high-
risk features are not benefiting from current 
treatments. So, although the finding that deplet-
ing IRF4 can kill cells with high-risk genetic 
features is exciting, one wonders whether IRF4 
depletion has lethal effects only in the presence 
of these high-risk genetic features. 

Similarly, the multiple myeloma subtype 
known as hyperdiploid disease, which makes 
up nearly 50% of primary myeloma cases, is not 
represented in the myeloma cell lines Shaffer 
et al. studied. It is therefore unknown whether 
IRF4 depletion will have similar effects on this 
and othermyeloma sub types. The use of cell 
lines leaves yet another question open: can the 

bone-marrow microenvironment overcome the 
lethal effects of IRF4 loss on myeloma cells?

With Schaffer et al. testing only about 10% 
of human genes in their RNAi screen, is it 
possible that other genes exist that might be 
more amenable to therapeutic manipulation 
and whose depletion will have an effect simi-
lar to IRF4 loss? Cancer cells are notorious for 
developing resistance to chemotherapy; will 
the same hold true for the effect of shRNAs 
on IRF4?

The authors4 took advantage of extensive 
genome-wide expression-profiling data of 
primary myeloma disease7,11. This publicly 
available myeloma gene-expression atlas15 
provides a comprehensive genomic landscape 
of the cancer relative to a normal genome. 
Myeloma cells express about a third of their 
entire genome. An RNAi library designed 
to specifically target genes expressed only in 
myeloma might be a useful step in investigat-
ing their individual contribution to cancer and 
their potential as therapeutic targets. It would 
be equally important to take the converse 
approach and screen tumours for the lethal 
effects of introducing genes whose expression 
is lost in myeloma cells. 

With patient-specific, tailored therapies as 
a central goal in the post-genomic era, is it 

possible that more effective shRNAs or drugs 
emerging from them — easier to deliver and 
less likely to have adverse side effects — will 
be identified that target specific genes affected 
in particular subtypes of multiple myeloma? 
But perhaps the most crucial question of all is 
whether non-oncogene addictions are found 
in other cancer types, especially tumours of 
epithelial origin, which represent the bulk of 
human cancers. ■
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ASTEROIDS

How to make a flying saucer
William F. Bottke

Wherever we look in the Solar System, small bodies often seem to come in 
twos. Simulations show how asteroids spun in the Sun can produce such 
pairings — one of whose members acquires a strangely familiar shape.

When I was a kid, I used to stay up on week-
ends to watch the late-night monster movies 
on television. As I recall, a fair number of these 
films involved little green men (or women) 
arriving in flying saucers. The latest news 
from the Solar System’s recesses (Walsh et al.1, 
page 188) is that our martian neighbours 
might have had a little local inspiration in 
choosing the shape of their craft. It seems that 
thermal forces cause some asteroids to spin 
up, change shape and shed mass, and eventu-
ally evolve into binary systems with a flying-
saucer-shaped primary body.

How does this saucer production line work? 
The answer is that it is solar powered: the 
torques that modify the spin rates and pole 
directions of small asteroids are largely created 
by sunlight reflected and re-emitted from an 
asteroid at thermal infrared wavelengths. This 
is the Yarkovsky–O’Keefe–Radzievskii–Padd-
ack (YORP) effect — a mouthful coined by the 
geodynamicist David Rubincam in honour of 
four pioneers of the field2,3. It can slow down 
the spinning of an asteroid enough that it falls 

into a chaotic (tumbling) rotation state, or 
alternatively spin it up so much that it starts to 
cast off material from its surface3.

Walsh et al. now report a new addition to 
YORP’s repertoire of outcomes: for kilometre-
sized rubble-pile asteroids, their numerical 
simulations show that the YORP effect can 
knead the object so that its constituent boulders 
slide or roll over one another, moving from the 
poles towards the equator. Over time, this mass 
movement creates an oblate (slightly squashed) 
spinning-top-shaped object (Fig. 1, overleaf ). 
This body ends up with bald spots at its poles, 
where underlying bedrock might be seen if it 
exists, and a conspicuously fat equatorial belt 
from which fragments can escape into nearly 
circular orbits. The high likelihood that these 
flying saucers have freshly exposed surfaces 
would make them intriguing targets for our 
own spacecraft missions.

The authors’ simulations further show that 
fragments ejected from these objects mostly 
end up accumulating into a single satellite 
that grows over time. This satellite evolves in 
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response to the accretion of additional frag-
ments, sunlight-driven, non-gravitational 
forces, impacts, gravitational kicks from its 
progenitor and — in the case of ‘near-Earth’ 
asteroids whose orbits are close to, or even 
intersect, our own — from close encounters 
with planets. These mechanisms can also lead 
to a primary body losing a satellite, but through 
the YORP effect it readily produces new off-
spring as long as it has a sufficient reservoir of 
seed fragments.

A test of Walsh and colleagues’ model1 is its 
ability to reproduce the features of the radar-
observed binary near-Earth asteroid (NEA) 
1999 KY36 (refs 4, 5). The primary body of 
this binary is a top-shaped asteroid of dia meter 
1.5 kilometres, with an equatorial belt and a 
period of rotation — 2.8 hours — that is slightly 
outside the mass-shedding regime. Its bulk 
density of just 2 grams per cubic centi metre, 
estimated by precisely measuring the orbit of 
the binary and thus its gravitation, indicates 
that, when compared with meteorite data, 
the object is 50% porous. This is consist-
ent with its being an ‘unconsolidated’ body 
made up of loosely packed solid material. The 
secondary body, with a diameter of 0.5 km, 
resides on a nearly circular, nearly equatorial 
orbit 1.5 km from the surface of the primary. 
Observations of asteroids show that these 
kinds of diameter ratio, spin rate and orbital 
distance are common not only among NEA 
binaries, but also among small-body binaries 
in the inner ‘main belt’ of asteroids that lies 
between Mars and Jupiter6.

This is not to say that YORP is the only 

mechanism creating binary asteroids: they 
can also arise through impacts, and NEA bina-
ries in particular can originate in the splitting 
of rubble-pile asteroids into gravitationally 
bound fragments during a close encounter 
with a planet7,8. Whereas such ‘tidal’ disrup-
tion seems considerably less efficient at making 
NEA binaries than YORP is, impacts might be 
a more competitive mechanism. Numerical 
simulations indicate that large asteroid disrup-
tions produce numerous ‘escaping ejecta bina-
ries’ — fragments launched from the collision 
site that have similar enough trajectories that 
they become gravitationally bound together8. 
Such binaries, moving out of the main belt and 
into the NEA population, would look very 
different from the flying-saucer binaries.

The armada of flying saucers has outliers 
elsewhere in the Solar System. Pan and Atlas, 
two small satellites embedded within the 
rings of Saturn, also have prominent equa-
torial ridges, produced by ring particles that 
struck and piled up on their surfaces9. But the 
mother ship of all of the flying saucers has to be 
Iapetus. This 740-km-diameter, walnut-shaped 
moon of Saturn has a protruding waistline, 
squashed poles, and a discontinuous equa-
torial ridge that is 18 km high, 200 km wide 
and 1,600 km long10,11. The oblate shape and 
prominent ridge of Iapetus are reminiscent of 
features on the smaller flying saucers, and their 
formation mechanisms might share similarities 
as well — produced perhaps by a fast spin early 
in Iapetus’ history11 and/or collisional accre-
tion of particles within a localized disk around 
the moon12.

Flying saucers are not the alpha and omega 
of asteroid shapes and sizes. Since the ground-
breaking discovery of a main-belt asteroid 
with its own satellite (Ida and its moon Dac-
tyl), ground- and space-based searches using 
state-of-the-art observational techniques have 
turned up satellite systems in every popula-
tion of small bodies that we know of — from 
main-belt asteroids to near-Earth asteroids 
to Trojans (asteroids that share Jupiter’s 
orbit) to the bodies of the Kuiper belt beyond 
Neptune7.  By understanding these popula-
tions, what they are like, and how they formed, 
we can glean insights into the evolutionary 
history of small bodies throughout the Solar 
System — although I suspect we are fated 
never to find one actually carrying those little 
green men. ■

William F. Bottke is in the Department of Space 
Studies, Southwest Research Institute, 1050 
Walnut Street, Boulder, Colorado 80302, USA.
e-mail: bottke@boulder.swri.edu

1. Walsh, K. J., Richardson, D. C. & Michel, P. Nature 453, 
188–191 (2008).

2. Rubincam, D. P. Icarus 148, 2–11 (2000).
3. Bottke, W. F., Vokrouhlicky, D., Rubincam, D. P. & 

Nesvorny, D. Annu. Rev. Earth Planet. Sci. 34, 157–191 (2006).
4. Ostro, S. J. et al. Science 314, 1276–1280 (2006).
5. Scheeres, D. J. et al. Science 314, 1280–1283 (2006).
6. Pravec, P. & Harris, A. W. Icarus 190, 250–259 

(2007).
7. Richardson, D. C. & Walsh, K. J. Annu. Rev. Earth Planet. Sci. 

34, 47–81 (2006).
8. Durda, D. D. et al. Icarus 167, 382–396 (2004).
9. Charzoz, S., Brahic, A., Thomas, P. C. & Porco, C. C. Science 

318, 1622–1624 (2007).
10.  Porco, C. C. et al. Science 307, 1237–1242 (2005).
11. Castillo-Rogez, J. C. et al. Icarus 190, 179–202 (2007).
12. Ip, W.-H. Geophys. Res. Lett. 33, L16203 (2006).

SOLID-STATE CHEMISTRY

New order for lithium bromide
David C. Johnson

It’s all very well predicting which forms of crystal an inorganic solid 
can adopt, but how can proof be obtained if these structures aren’t 
thermodynamically stable? The answer is to build them up atom by atom.  

Some might say that organic chemists have it 
easy. When they run a reaction, they can be 
reasonably confident that the product will be 
the one they predicted. And if the reaction 
doesn’t proceed as expected, then at least the 
products will usually be structurally related 
to the starting materials. Solid-state chemists 
have no such luxury — the prediction of the 
atomic arrangements adopted by in organic 
structures is more challenging because of 
the wide variation in structural motifs and 
geometries that can be adopted by combinations 
of inorganic atoms1. But this looks set to change. 
Having devised computational methods to pre-
dict the atomic configurations of metastable 
solids2, Jansen and colleagues3 now report 
in Angewandte Chemie the preparation of a 

metastable form of lithium bromide (LiBr), in 
a process that avoids the formation of thermo-
dynamically stable arrangements. 

Quite apart from the difficulties in pre dicting 
the extended (lattice) structures of solid-state 
compounds, practical challenges mark out this 
field from that of molecular synthesis. When 
making a molecule, reactions are typically per-
formed in solution, where high diffusion rates 
allow the reactant molecules to move around 
and encounter each other readily. The rate-
limiting step in these reactions is typically the 
breaking of a specific chemical bond (which can 
be tuned by the proper choice of a catalyst), and 
a dynamic chemical equilibrium exists between 
the reactants and products. By contrast, the syn-
thesis of solid-state structures typically involves 

Figure 1 | Science fact. The spinning-up of 
celestial bodies by various mechanisms to make 
flying-saucer-shaped objects, identified by 
Walsh et al.1 in the progenitors of some binary 
asteroids, has amazing precedents in the 
literature. This artwork, by Alex Schomburg, 
comes from the cover of Amazing Stories, 
January 1964 (Ziff-Davis Publishing).

©
T

H
E 

ES
TA

T
E 

O
F 

A
LE

X
 S

C
H

O
M

BU
RG

174

NATURE|Vol 454|10 July 2008NEWS & VIEWS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice




