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The	current	inactivated	influenza	virus	vaccines	induce	antibodies	that	pro-
tect	against	closely	related	virus	strains.	They	do	not,	however,	protect	against	
antibody-escape	variants	of	seasonal	influenza	A	viruses	or	new	pandemic	
influenza	A	viruses	emerging	from	non-human	reservoirs.	Might	boosting	
influenza	A	virus–specific	CD8+	T	cell	memory	diminish	the	danger	posed	by	
these	variant	viruses?	Pre-existing	CD8+	T	cell–mediated	immunity	directed	
at	peptides	from	conserved	internal	proteins	of	the	influenza	A	virus	does	
not	prevent	infection,	but	it	can	promote	early	virus	clearance	and	decrease	
morbidity	in	mice.	In	this	issue	of	the	JCI,	Lee	et	al.	show	that	people	who	
have	not	been	exposed	to	avian	influenza	A	(H5N1)	viruses	have	cross-reac-
tive	CD8+	T	cell	memory	to	a	wide	range	of	H5N1	peptides	(see	the	related	
article	beginning	on	page	3478).	These	peptides	could	be	used	to	add	a	CD8+	
T	cell	component	to	current	antibody-focused	vaccine	strategies	with	a	view	
to	reducing	the	impact	of	infection	with	novel	influenza	A	viruses.

The recent spread of the extremely virulent 
avian influenza A subtype H5N1 viruses, 
herein referred to as H5N1, through Asia 
and to North Africa and Europe has raised 
serious concerns about the possibility of a 
novel human  influenza pandemic  (1, 2). 
Though the severe disease that can develop 

in humans exposed to H5N1-infected birds 
is  rare  and  sustained  human-to-human 
transmission of the virus has not yet been 
observed, the three influenza pandemics of 
the 20th century were all caused by influen-
za A viruses that originated from birds (3). 
Variant influenza A (H1N1), A (H3N2), and 
B viruses also cause regular seasonal epidem-
ics that are associated with substantial mor-
bidity and economic loss. It is bad enough 
that some 250,000–500,000 (particularly 
elderly) people die annually from influenza, 
but what if we should face an event like the 
1918–1919 influenza pandemic? That pan-

demic killed in excess of 40 million people 
worldwide — before the era of rapid air travel 
and at a time when the global population 
was less than a third of that today.

Limitations of current  
influenza vaccines
Inactivated influenza vaccines elicit neu-
tralizing antibody responses that provide 
reasonable protection against the homolo-
gous H1N1, H3N2, and B viruses (4). How-
ever, antibody-mediated selection drives 
changes  (known as  antigenic drift)  in  the 
viral HA (H) and neuraminidase (NA; N) 
surface glycoproteins, which in turn dictate 
the frequent production of a new vaccine, 
sometimes as often as annually, as has been 
the case in each of the last five years. The 
WHO recommends candidate vaccine virus 
strains that have been identified among 
the collections of emerging field isolates 
supplied by a global network of 124 WHO 
National Influenza Centers and other diag-
nostic laboratories and characterized by the 
four WHO Collaborating Centers for Influ-
enza (in London, Atlanta, Melbourne, and 
Tokyo). The WHO’s recommendations also 
inform the composition of the live vaccines 
produced from “cold-adapted” viruses that 
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are selected to grow at the lower tempera-
ture of the human nose and upper respi-
ratory tract. These vaccines have been used 
for many years in Russia and the former 
Soviet Union and are now available inter-
nationally, but are not approved for West-
ern use in the very young or the elderly.

Apart from the lack of protection against 
variant  viruses,  the  use  of  traditional 
inactivated vaccines in a future influenza 
pandemic will be constrained by the need 
for  specialized  egg-based  production 
facilities  and  long  production  times 
required for the creation of a new vaccine. 
Most  influenza vaccines are made  from 
viruses  grown  in  the  allantoic  cavity  of 
embryonated hen’s eggs. The viruses are 
then  inactivated,  purified,  and  in  most 
cases  “split”  to  produce  vaccines  that 
consist  largely  of  HA  and  NA  subunits. 
Recent advances include the use of reverse 
genetics  to  express  the  HA  and  NA  of 
extremely virulent viruses, such as H5N1, 
with  the  internal  proteins  of  standard 
vaccine strains (5) in order to enable the 
virus to replicate without killing the chick 
embryo, as well as the development of cell 
culture systems for high-titer virus growth. 

Even with these advances, however,  it  is 
likely  to  be  many  months  before  a  new 
vaccine based on a pandemic virus can be 
deployed globally.

Cross-protection by CTLs
While nobody is suggesting that we aban-
don the current antibody-based strategy, 
there is increasing interest in the possibil-
ity that it might be useful to add a CD8+  
T cell–activating component to the triva-
lent seasonal influenza vaccines (6). The 
early finding (7, 8) that influenza A virus–
specific CTLs are broadly cross-reactive for 
cells of the same MHC class I type	infected 
with serologically distinct H1N1 and H3N2 
viruses was  initially greeted with scepti-
cism, then by indifference. The argument 
is that if seasonal influenza infection does 
promote cross-reactive T cell  responses, 
then why do so many people get sick every 
one or two years? The counter-argument is, 
of course, that the majority of individuals 
may be protected from more serious disease 
by their T cell response. Healthy adults do 
not usually die from influenza, and it is the 
very young, who have not previously been 
exposed to the virus, and the frail elderly 

who  are  particularly  at  risk.  Adoptive  
T cell transfer or cross-priming experiments 
with H1N1 and H3N2 viruses in mice have 
demonstrated  conclusively  that  estab-
lished CD8+ T cell memory is protective 
(9). Primed mice may still show substantial 
weight loss and morbidity, but they clear 
serologically different influenza A viruses 
from the lung more rapidly than mice that 
are not primed and can even survive respi-
ratory challenge with highly virulent H7N7 
and H5N1 viruses (9).

The identity of the antigen recognized by	
influenza A virus–specific CTLs remained 
obscure for the best part of a decade until 
Alain  Townsend  and  John  Skehel  in  the 
United  Kingdom  and  Jon  Yewdell,  Jack 
Bennink, Geoff Smith, and Bernie Moss 
at the NIH showed (10, 11) that the cross-
reactive  CTLs  generated  in  a  number  of 
mouse strains of different MHC class I types 
recognize the conserved internal influenza 
A virus nucleoprotein (NP). Subsequently, 
Townsend and colleagues broke open the 
CTL/MHC class I story by demonstrating 
that  NP-specific  CD8+  T  cells  recognize 
short  viral  peptides  bound  by  the  MHC 
class I molecules (12). This was a paradigm-
shifting experiment that led to the creation 
of the field of research on protein/peptide 
processing in the cytoplasmic compartment. 
Subsequently, a number of other internal 
proteins  in  the  virus,  particularly  the 
acid and basic polymerases (PA and PB1, 
respectively)  and  the  structural  matrix 
protein 1 (M1), have been found to provide 
additional  peptides  that  make  up  the 
peptide–MHC class I complexes recognized 
by influenza virus–specific CTLs in both 
mice and humans (13).

The case for CTL-mediated  
cross-protective vaccines
The article by Lee et al. in this issue of the 
JCI presents a detailed analysis, in individu-
als in the United Kingdom and Viet Nam, 
of the specificities of pre-existing CD8+ and 
CD4+ T cells for peptides encompassing all 
the proteins of an H5N1 and an H3N2 virus 
(14). Although citizens of the United King-
dom are not likely to have encountered an 
H5N1 virus, and the Vietnamese subjects 
were laboratory workers who were serone-
gative for H5, most subjects in both groups 
did possess memory T cells that were able 
to recognize cells displaying H5N1 pep-
tides. A broad spectrum of peptides was 
recognized, predominantly from the viral 
NP and M1 proteins and, as subjects were 
not HLA typed, presumably reflecting a 

Figure 1
The CTL response to influenza A virus infection. Influenza A viruses rapidly grow to very high 
titers in the lungs of infected mice (primary virus growth). Virus clearance is only enhanced 
(secondary virus growth) by approximately 2–3 days (21) in those animals that have memory 
CD8+ CTL numbers at what might be considered normal, physiological prevalence (<0.5% in 
spleen). Boosting those CTL counts (to >5%) a few weeks before viral challenge by some form 
of secondary stimulation can cause the period before the virus is successfully eliminated to be 
shortened by 48 hours or more (tertiary virus growth) (22). As shown in this issue of the JCI in 
the study by Lee et al. (14), most people already possess memory CTLs specific for the influ-
enza A viruses. In the face of a rapidly emerging seasonal influenza epidemic, or a pandemic 
caused by a novel influenza A virus, a possible future strategy to mitigate the impact would be 
to stockpile a vaccine for emergency use that increases CD8+ CTL numbers.



commentaries

	 The	Journal	of	Clinical	Investigation      http://www.jci.org      Volume 118      Number 10      October 2008  3275

range of MHC class I–restriction specifici-
ties. Some, but by no means all, of these 
peptides were conserved between the H3N2 
and H5N1 strains used.

Would  it  be  worthwhile  to  boost  this  
T cell memory in order to strengthen cross-
protective immunity (Figure 1)? Though 
CD8+  CTL  immunotherapy  can  control 
Epstein-Barr  virus–induced  lympho-
magenesis  in  humans  (15),  experience 
with  vaccines  that  function  exclusively 
by  promoting  CD8+  T  cell–mediated 
immunity in higher primates and humans 
has largely been restricted to the HIV and 
SIV lentiviruses. The results have generally 
been disappointing. Experiments with SIV 
vaccines  have  shown,  for  example,  that 
the virus is controlled for a time following 
vaccination  but  then  mutates  to  avoid 
CD8+  T  cell  surveillance  (16).  However, 
the situation with influenza A viruses  is 
different, as these viruses neither integrate 
cDNA into the host genome nor persist in 
the host in any form. Enhanced control of 
influenza viruses in the short term is thus 
likely to be sufficient to limit disease and 
reduce transmission. Although expansion 
of the population of pre-existing memory 
T cells may only serve to change the disease 
profile  from mortality to morbidity,  the 
impact could be substantial in the event of 
a pandemic or a severe seasonal epidemic.

What type of vaccine might be appropriate 
to induce cross-protective CTLs? Inactivated 
vaccines  induce  negligible  CD8+  T  cell 
responses, and live, cold-adapted vaccines 
can  induce  CD8+  T  cell  memory  cells, 
but  the  numbers  are  low.  For  repeated 
administration,  the  most  practicable 
possibilities  would  be  the  use  of  either 
DNA encoding, particularly, the whole M1 
and NP proteins (17), or of a spectrum of 
immunogenic  peptides  from  these  and 
other  viral  components  (18).  Another 
approach  would  be  to  separate  NP  and 
M1 proteins made in the current vaccine 
production protocol and then to deliver 
them with an adjuvant or linker molecule to 
promote their entry into, and degradation 
via, the cytoplasmic processing pathway for 
presentation with MHC class I molecules. 
However,  repeated  use  of  viral  proteins 
or  viral  vectors  (e.g.,  vaccinia  viruses  or 
alphaviruses) has the problem that bound 
antibodies  would  tend  to  target  the  NP 
or M1 protein for lysosomal degradation 
so that they do not enter the cytoplasmic 

processing pathway. Whatever strategy is 
used, a major advantage of a broad-spectrum 
CD8+ T cell vaccine is its potential for large-
scale stockpiling prior to need.

Are there risks  in giving regular doses 
of  a  vaccine  that  promotes  CD8+  T  cell 
responses? Some have expressed concern 
that primed CD4+ and CD8+ T cells might 
contribute  to  the  excessive  immune 
response known as a cytokine storm  (19), 
which can cause early mortality in those 
individuals  infected with the H5N1 and 
(most likely) the H1N1 virus responsible 
for the 1918 influenza pandemic. However, 
as  the  analysis  of  this  systemic  shock 
phenomenon progresses,  it appears that 
the  chemokines  and  cytokines  involved 
are  produced  by  elements  of  the  innate 
response,  especially  monocytes  and 
neutrophils  (20).  The  first  goal  must 
therefore be to remove the virus from the 
equation as soon as possible after infection, 
an effect that can be mediated by a rapidly 
emerging recalled CD8+ T cell  response. 
All  in  all,  as  suggested  by  Lee  et  al.  in 
their  current  study  (14),  the  possibility 
of  developing  a  vaccination  strategy 
for  the  regular  boosting  of  influenza  A 
virus–specific T cell–mediated immunity 
would seem eminently worthy of further 
consideration and experiment.
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Tracing the molecular pathogenesis  
of antiphospholipid syndrome
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Fetal	loss	induced	by	antiphospholipid	antibodies	(aPLs)	in	mice	is	a	
complement-driven	inflammatory	condition.	Engagement	of	the	comple-
ment	receptor	C5aR	on	neutrophils	induces	expression	of	the	principal	
initiator	of	the	blood	clotting	mechanism,	tissue	factor	(TF),	and	block-
ing	this	downstream	event	of	complement	activation	prevents	antibody-
induced	fetal	loss.	In	this	issue	of	the	JCI,	the	study	by	Redecha	et	al.	clari-
fies	that	in	mice,	the	contribution	of	TF	to	this	pathogenic	mechanism	
is	independent	of	its	role	in	coagulation	and	thrombosis,	but	involves	
inflammatory	signaling	through	the	receptor	PAR2	(see	the	related	article	
beginning	on	page	3453).	The	study	not	only	sheds	light	on	a	critical	effec-
tor	mechanism	of	aPL-induced	fetal	loss,	but	also	suggests	that	treatment	
with	statins,	which	decrease	TF	and	PAR2	expression,	may	hold	prom-
ise	as	a	therapeutic	approach	to	antiphospholipid	syndrome–associated	
pregnancy	complications.

Antiphospholipid syndrome (APS) is char-
acterized by the presence of autoreactive 
antiphospholipid antibodies (aPLs), which 
recognize  specific  plasma  proteins  that 
possess an affinity for anionic phospho-
lipids, combined with clinical evidence of 
thrombosis. In pregnant females, aPLs trig-
ger severe pregnancy complications, such 
as miscarriage, intrauterine growth restric-
tion, and fetal death, and also increase the 
likelihood of preeclampsia (1–3). Infusion 
of aPLs isolated from human patients into 
pregnant mice is sufficient to reproduce 
fetal  loss and fetal growth restriction. A 
remarkable series of genetic and pharma-
cologic intervention studies in this mouse 
model has led to a detailed understand-
ing of the pathogenesis underlying aPL-
induced fetal loss (1, 4, 5).

Clinically,  the  most  relevant  antigen 
recognized  by  aPLs  is β2-glycoprotein  I 
(β2GPI), a plasma protein with poorly char-
acterized functions. Binding of aPL induc-
es  the  formation  of β2GPI  dimers  with 
increased affinity for anionic phospholip-
ids. Binding to negatively charged mem-

brane surfaces is also essential for the func-
tion of key coagulation proteins, including 
prothrombin. Competition between aPL/
β2GPI complexes and coagulation factors 
for binding to phosphatidylserine explains 
the anticoagulant effect exerted by aPLs in 
in vitro coagulation assays. The affinity for 
negatively charged membranes directs the 
selective allocation of aPL/β2GPI complex-
es to the phosphatidylserine-rich surface of 
fetal trophoblast cells in the placenta.

A  critical  milestone  in  understanding 
aPL-induced  fetal  loss  was  the  observa-
tion of massive accumulation of comple-
ment component C3 in the placenta and 
the finding that that genetic deficiency of 
maternal C3 or administration of the C3 
inhibitor Cryy-IgG prevents fetal loss (6). 
It has since been shown that downstream 
of C3 in this signaling pathway, interac-
tions  between  complement  component 
C5a and the C5a receptor (C5aR), rather 
than the classic cell-destroying formation 
of the C5b-C9 membrane attack complex, 
are responsible for fetal loss (7).

Thus  far,  2  specific  consequences  of 
C5a-C5aR engagement are known to con-
tribute to fetal loss: augmented release of 
TNF (8) and induction of tissue factor (TF) 
expression  by  maternal  neutrophils  (9). 
TNF-α may exert direct cytotoxic effects 
on  trophoblast  cells  that  line  maternal 
blood spaces in the placenta, or sustain the 
activation of immune cells in the placenta. 
Accordingly, genetic ablation or functional 

inhibition of TNF-α and its interactions 
with  its  receptors prevents aPL-induced 
fetal loss (8). More recent work shows that 
the aPL-induced expression of TF on neu-
trophils is a critical second link between 
C5aR engagement and fetal loss (9). C5aR-
deficient neutrophils fail  to  increase TF 
expression in response to aPL, and phar-
macologic or genetic suppression of TF in 
maternal neutrophils is sufficient to pre-
vent the formation of reactive oxygen spe-
cies and fetal loss.

TF mediates fetal loss independent 
of thrombosis
In the study by Redecha et al. in this issue 
of the JCI (10), the authors distinguish the 
relative role of the 2 known functions of 
TF. TF is a transmembrane receptor for 
the  circulating  coagulation  Factor  VII 
(FVII)  (11). Upon  formation of  the TF/
FVII complex, TF gains affinity for plasma 
coagulation Factor X (FX) and converts it 
— via partial proteolysis — from an inactive 
zymogen to the active protease form (FXa). 
After release from the ternary TF/FVIIa/
FXa complex, FXa assembles with FVa on 
negatively charged membranes to form the 
principal enzymatic complex (prothrombi-
nase) driving the generation of thrombin. 
Formation of the ternary complex of TF, 
FVIIa, and FX is regulated at the level of 
TF expression as well as by the redox sta-
tus of preformed TF (12). With few excep-
tions, constitutive TF expression is  lim-
ited to cell types that are sequestered from 
access to blood and blood components by 
the endothelial cell barrier of blood ves-
sels. Injury to the endothelial cell barrier 
facilitates physical contact of TF and FVII 
and thereby triggers the blood coagula-
tion  reaction.  Inflammatory  mediators 
compromise endothelial barrier function 
and induce expression of TF in endothelial 
cells and various immune cell populations. 
This activates blood coagulation at sites of 
inflammation. However, the TF/FVIIa/FXa 
complex not only  initiates coagulation, 
but can also elicit cellular signaling pro-
cesses via proteolytic activation of G pro-

Nonstandard	abbreviations	used: -a, activated; aPL, 
antiphospholipid antibody; APS, antiphospholipid 
syndrome; β2GPI, β2-glycoprotein I; C5aR, C5a recep-
tor; FVII, Factor VII; PAR, protease-activated receptor; 
TF, tissue factor.
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