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VACCINES

Engineering immune evasion
John R. Mascola

One obstacle to realizing the promise of viral vectors for vaccine delivery is pre-existing immunity to such
vectors. An adroit application of structure-based design points to a way around that problem.

There are still no vaccines against such devas-
tating and widespread diseases as malaria,
tuberculosis and AIDS. Because the tradi-
tional approach of live-attenuated vaccination
is not feasible for most diseases, scientists have
turned to molecularly engineered viruses that
contain pathogen-specific gene inserts. Such
viral vectors direct host cells to produce the
foreign protein of interest, thus prompting a
pre-emptive immune response. Among the
most promising viral vectors is a form of com-
mon-cold virus known as adenovirus serotype
5. The recombinant adenovirus vectors (rAd5)
cannot replicate and can be safely adminis-
tered, and they elicit both of the two main
types of immune response — secreted anti-
bodies and disease-fighting T cells.

There is a problem, however. The existing
immunity to rAd5 in many adults means that
the vector could be neutralized before it can
have an effect. Hence the work of Roberts 
et al.1, described on page 239 of this issue.
They have taken a fresh approach to the mol-
ecular engineering of rAd5, one that has the
potential to circumvent anti-vector immunity
and expand the applicability of such vectors
for human vaccination.

Numerous viral vectors are being studied for
use in gene-based vaccine strategies. The most
commonly used vectors are derived from
poxviruses, alphaviruses and adenoviruses.
Among these, rAd5 is the best characterized
and is perhaps the most attractive for vaccine
development. As a stand-alone vaccine, rAd5
can elicit different types of T-cell immunity
(those due to CD4 and CD8 cells), and more
potent immune responses can be achieved with
a ‘prime-boost’ approach. For example, use of
vehicles known as DNA plasmids followed by
boosting with rAd5 can generate durable anti-
body and T-cell immune responses2,3. Preclin-
ical studies of rAd5 vaccines include vaccines
against Ebola, SARS, HIV-1 and anthrax4–7,
and phase II human clinical studies of rAd5
HIV-1 vectors are in progress. 

But anti-vector immunity may be a serious
limitation. Adenovirus serotype 5 is common
— depending on the geographical region of 
the world, most adults are exposed to it and

develop some level of immunity. This may
lessen the effectiveness of rAd5 as a vaccine
vector. Potential ways around this problem
include the use of adenoviruses derived from
other human serotypes or from non-human
animal species. Indeed, there are more than 50
known human adenoviral serotypes, some of
which are quite rare in the human population.
The genetic manipulation required to engineer
alternative serotypes is not trivial, however.
The rAd5 vectors contain specific genetic dele-
tions that render them unable to replicate. This
contributes to their safety, but also means that
specially engineered cells must be used to pro-
duce them. The advantages of rAd5 are that the
necessary groundwork has been laid, in terms

of basic molecular engineering and production
of the vector, and that it has been through the
regulatory approval process for use in humans.
Adaptation of other serotypes will require a
methodical process of research and develop-
ment, and safety testing. Furthermore, prelim-
inary data5,8 from other serotypes, such as
rAd35 and rAd11, suggest that they may be less
immunogenic — that is, less effective in pro-
ducing immunity — than rAd5. 

With this as background, Roberts and 
colleagues1 took advantage of our improved
understanding of anti-vector immunity, cou-
pled with structural data about viral proteins,
to derive a rational approach to re-engineering
the rAd5 vector. In adenoviruses, the viral
DNA is surrounded by a protein shell called a
capsid that contains hexon and penton sub-
units. Because host antibodies that neutralize
rAd5 are directed against the hexon subunit,
Roberts et al. studied the atomic structure of

this protein to understand where antibodies
would probably bind. Molecular modelling
revealed that the seven hypervariable regions
(HVRs) of the hexon form the outer surface of
the protein, making the HVRs a likely target
for antibody binding. 

By exchanging all seven HVRs of rAd5 
with those of the rare adenovirus serotype 48
(Ad48), the authors constructed a chimaeric
adenovirus that could potentially evade the
neutralizing antibody response against rAd5.
The core structure of the hexon protein was
not altered, so the resulting HVR-chimaeric
rAd5 vectors retained their ability to grow well
in culture and, importantly, the immuno-
genicity of the chimaeras was comparable to
that of rAd5. As Roberts et al. hoped, when the
HVR chimaeras were administered to mice 
or monkeys that had antibody immunity to
rAd5, there was no decrease in the immuno-
genicity of the vector. 

These data provide a proof-of-concept that
viral vaccine vectors can be engineered to
evade pre-existing immunity. The results are 
a tribute to the application of modern
immunology and structural biology to vaccine
design. The potential of this technology is con-
siderable. One can envisage the construction
of numerous HVR chimaeras that could be
used to vaccinate against various pathogens.
Thus, if rAd5 itself were used to vaccinate chil-
dren against malaria, a chimaeric vector could
still be used as an HIV vaccine. Furthermore,
the use of multiple chimaeric serotypes could
allow booster vaccinations to sustain the long-
term immune memory response needed for
durable immunity. 

Yet we are still some time away from studies
in humans. Vaccine developers will have to
show that these new HVR-chimaeric rAd5
vectors can be manufactured, and that they
have stable gene inserts, can pass regulatory
review and, finally, are immunogenic in
humans with pre-existing immunity. Current
rAd5 vectors for HIV-1 are being evaluated in
phase II human trials that will more precisely
define the extent and effect of pre-existing
anti-vector immunity. As we await these 
data, chimaeric vectors can be manufactured
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and  tested in humans, so that we can further
assess the potential effects of anti-vector
immunity. ■
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mechanism’) as the culprit. Still others employ
gravitational interactions or collisions with the
system of regular satellites already established
around the planet, or fortuitous encounters
with other planetesimals on heliocentric orbits
as they passed through the sphere of influence
of the planet.

But none of these mechanisms seem appro-
priate for Triton, Neptune’s huge retrograde
companion. Its mass — in another word, its
inertia — means it was unlikely to have been
captured by interactions with the existing
satellites or other passing planetesimals. Addi-
tionally, Neptune is assumed to have under-
gone slow growth, and never to have had an
extended atmosphere; both the pull-down and
gas-drag mechanisms would therefore have
been inefficient. 

Agnor and Hamilton postulate1 that Triton
was originally part of a binary object, for
instance similar to the Pluto–Charon system.
They show that if this binary had passed suf-
ficiently close to Neptune at low velocity, the
different forces acting on its two constituent
bodies would have ripped them apart. Each of
the constituents would have, relative to Nep-
tune, a velocity that was essentially the vector
sum of the velocity of the binary’s barycentre
(its centre of gravity) and its own orbital veloc-
ity relative to this barycentre (Fig. 1). Most of
the time, the orbital motion of one of the 
bodies is opposed to the barycentre’s motion,
so the net velocity of this body relative to 
Neptune could easily have been smaller than
the escape velocity from Neptune’s gravita-
tional field. Thus, it would have become 
captured in a bound, planetocentric trajectory.

To be a likely explanation of Triton’s capture,
this model requires that two conditions be met.
First, the protoplanetary disk in which Neptune
evolved must have contained a very large num-
ber of Pluto-sized objects2. This condition can-
not be checked directly, but is plausible: the
protoplanetary disk is presumed to have had 

a total mass of about 50 Earth masses3,4, or
5,000 times greater than that of the Kuiper belt5.
(This relic of the protoplanetary disk6, where
Pluto resides, now orbits the Sun beyond Nep-
tune.) Second, a substantial fraction of the large
objects in the protoplanetary disk must have
been binary. The likelihood of this is increased
by the observation that between 10 and 15% of
the objects in the Kuiper belt are two-bodied7.
In addition, three of the four largest Kuiper-belt
objects — in decreasing order of size, 2003
UB313, Pluto and 2003 EL61 — have satellites8.
(The third largest, 2005 FY9, is the odd one out.) 

Although Agnor and Hamilton focus exclu-
sively on Triton, it is tempting to conjecture
that this mechanism applies to the capture of
most of the irregular satellites. It has been
pointed out that for all four giant planets, the
number of irregular satellites larger than a 
specific size9 is about the same. This fact argues
against the gas-drag and pull-down mecha-
nisms for their capture: because the flux of
planetesimals through the giant planets’ orbits
was about the same7, both mechanisms should
have been much more effective for Jupiter and
Saturn, which grew rapidly as gas giants, than
for Uranus and Neptune, which formed more
slowly in a gas-starved environment10.

The only thing that the giant planets have in
common is the size of their sphere of gravita-
tional influence, or Hill sphere. This fact,
together with the giant planets’ similar number
of irregular satellites, suggests that some sort of
two-body interaction inside the Hill sphere
played the dominant role in the capture of such
satellites. Additional support for this picture

SOLAR SYSTEM

Interplanetary kidnap 
Alessandro Morbidelli 

Triton, Neptune’s largest moon, was probably part of a two-body object
similar to the Pluto–Charon system. This tandem might have been ripped
apart when it strayed too close to the planet that Triton is now orbiting. 

The neptunian moon Triton weighs in at 1.4
times the mass of Pluto, making it the largest
irregularly orbiting satellite in the Solar Sys-
tem. So how did this kept giant come to be
where it is? On page 192 of this issue1, Agnor
and Hamilton advance a capture mechanism
that, if correct, could have repercussions for
the life stories of other, similar moons. 

A cohort of satellites surrounds all four
giant planets in the Solar System — Jupiter,
Saturn, Uranus and Neptune. These satellites
are divided into two distinct groups, regular
and irregular, according to their orbital char-
acteristics. Regular satellites are closer to their
parent planet, with orbits that are essentially
circular and that lie on the planet’s equatorial
plane. These satellites thus constitute minia-
ture solar systems around their planet. And
just as the planets of the Solar System are
thought to have formed from a disk of gas and
dust (the protoplanetary disk) orbiting the
Sun, so the regular satellites are assumed 
to have formed from a ‘planetesimal disk’
orbiting their planet. 

Irregular satellites, in contrast, are more dis-
tant from their planet and typically have orbits
with larger eccentricities (a measure of devia-
tion from a perfect circle) and/or inclinations.
About half the irregular satellites orbit their
planet in the retrograde direction; that is, in
the opposite direction to the rotation of their
planet. Because of these strange orbital char-
acteristics, the general assumption is that these
satellites formed on heliocentric orbits, and
only later were captured on elliptic orbits
around giant planets.

Several mechanisms have been proposed for
this capture process. Some invoke the effect of
gas-drag exerted by the atmospheres of the
planets, which were more extensive when the
planets formed some 4.5 billion years ago than
they are now, owing to the heat generated by
the accretion process. Others posit the abrupt
growth of a planet’s mass (the ‘pull-down

Figure 1 | Imminent capture. A two-body object
approaches Neptune, the scenario envisaged by
Agnor and Hamilton1 for the capture of Triton.
Both constituents of the binary rotate around 
the trajectory of their mutual centre of mass
(barycentre), such that their own motion is
almost half of the time with, and almost half 
of the time against, the motion of the binary 
as a whole. The net velocity of the constituents
relative to the planet is accordingly increased 
or reduced; if the net velocity of a constituent
drops below the escape velocity from a planet’s
gravitational field, it is captured, entering a new
life as an irregular satellite of the planet.

1. Roberts, D. M. et al. Nature 441, 239–243 (2006).
2. Casimiro, D. R. et al. J. Virol. 77, 7663–7668 (2003).
3. Santra, S. et al. J. Virol. 79, 6516–6522 (2005).
4. Bangari, D. S. & Mittal, S. K. Vaccine 24, 849–862 

(2006).
5. Shiver, J. W. & Emini, E. A. Annu. Rev. Med. 55, 355–372

(2004).
6. Barouch, D. H. & Nabel, G. J. Hum. Gene Ther. 16, 149–156

(2005).
7. Sullivan, N. J. et al. Nature 424, 681–684 (2003).
8. Lemckert, A. A. et al. J. Virol. 79, 9694–9701 (2005).

Nature  Publishing Group ©2006


	Engineering immune evasion
	References



<<
  /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




