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Hepatitis	A	virus	(HAV)	usually	results	in	asymptomatic	infection	or	mild	
disease,	but	in	a	small	subset	of	patients	it	can	lead	to	severe	disease	and	
even	liver	failure.	In	this	issue	of	the	JCI,	Kim	et	al.	identify	a	polymorphism	
associated	with	this	increased	disease	risk	in	the	gene	that	encodes	the	HAV	
receptor	—	TIM1.	Importantly,	this	TIM1	gene	polymorphism	protects	from	
the	development	of	atopic	diseases	in	HAV-seropositive	individuals.

The genetic control of the severity of viral 
diseases is clearly polygenic. Little is known 
yet  about  the  nature  of  the  susceptibil-
ity genes and about their interaction with 
environmental factors other than the caus-
al virus. Identifying these genes is, however, 
of the utmost  importance for both fun-
damental and clinical  reasons. This was 
first attempted by investigating possible 
associations between infection and major 
immune  response  genes  such  as  those 
encoding class  I and class  II MHC mol-
ecules. One particularly relevant finding 
was the preferential development of chron-
ic aggressive hepatitis B in hemodialyzed 
patients with an HLA-A1 B8 haplotype (1). 
The second method was a candidate gene 
approach. It has thus been reported that 
HIV resistance is associated with a partial 
deletion of CCR5 resulting in a frameshift 
that generates a nonfunctional receptor (2). 
It has also been shown that herpes simplex 
virus–induced meningoencephalitis is asso-
ciated with mutations in UNC-93B encod-
ing a highly conserved molecule found in 
the endoplasmic reticulum and involved 
in Toll-like receptor signaling (3, 4). Fur-
thermore, recent reports have revealed an 
unexpected diversity among the killer cell 
immunoglobulin-like receptors (KIRs), and 
the polymorphisms in this gene class and 
in that of their HLA class I ligands have led 
to interesting associations in both viral and 
inflammatory disorders (5).

In this context one must consider with 
very special interest data reported by Kim 
et al. in this issue of the JCI (6) demonstrat-
ing an association of severe progression of 

hepatitis A with a particular polymorphism 
of TIM1, whose encoded protein was identi-
fied as the hepatitis A virus (HAV) receptor.

Cloning disease susceptibility genes
This work stems from an original obser-
vation the authors made in 2001, when, 
to  analyze  asthma  susceptibility  genes 
located at human chromosome 5q23–q35, 
they studied congenic mice that differed 
at  the  orthologous  chromosomal  seg-
ment (7). With this approach they identi-
fied  a  Mendelian  trait  encoded  by  Tapr, 
the T cell and airway phenotype regulator. 
Positional cloning identified a gene fam-
ily that encodes T cell, immunoglobulin, 
and mucin domain proteins (TIMs); major 
sequence variants of this gene family com-
pletely cosegregated with Tapr.  Interest-
ingly, the human ortholog of TIM-1 is the 
hepatitis A virus (HAV) receptor, a finding 
that provided the first robust molecular 
explanation  for  the  inverse  relationship 
between HAV infection and the develop-
ment of allergic hypersensitivity (7).

In the present report, the authors iden-
tify  a  polymorphism  in  TIM1  (157ins-
MTTTVP)  that  is  associated  with  the 
development of HAV-induced disease of 
extreme severity, in contrast to the asymp-
tomatic or mild disease experienced by 
the majority of patients. The study pre-
sented is a case-control, cross-sectional, 
observational analysis performed on 30 
patients  presenting  with  HAV-induced 
acute  liver failure and 102 healthy case 
controls (blood donors with a past his-
tory of mild or asymptomatic HAV infec-
tion confirmed by serology).

The first part of the study showed that 
having one or two copies of the long form 
of TIM1 — the form that includes the inser-
tion — was associated with a greater risk of 

developing severe HAV-induced liver fail-
ure, while having the short form was asso-
ciated with protection against severe hepa-
titis. In addition, the authors performed a 
series of mechanistic studies to dissect the 
molecular basis of the modulation of HAV-
induced hepatitis severity by TIM1 using 
several TIM-1–Fc fusion protein constructs 
containing the IgV domain of TIM-1 and 
different lengths of the mucin domain in 
an HAV neutralization assay. They found 
that the length of the TIM-1 mucin domain 
significantly affected binding of HAV; the 
long form of TIM-1 bound HAV more effi-
ciently than the short form.

Selecting for disease severity?
As a whole,  these results are convincing 
despite the borderline statistical signifi-
cance of the human genetics studies, and 
clearly point to the existence of a popu-
lation at high risk for HAV disease. The 
authors  suggest  that  the  low  frequency 
of the long form of TIM1 associated with 
disease severity in the general population 
might result from selective evolutionary 
pressure  favoring  the  survival  of  HAV-
infected individuals. Although very inter-
esting, this finalistic hypothesis unfortu-
nately remains pure speculation.

It  is particularly notable that the sus-
ceptibility gene polymorphism in ques-
tion  is directly associated with a major 
functional feature of one of the key play-
ers in the infection, namely the affinity of 
the HAV receptor for the virus. This is to 
our knowledge the first demonstration of 
such an association that enhances viral 
disease severity.

Unexpected link with protection  
from allergic diseases
An intriguing question is the relationship 
of severe progression of hepatitis A and 
HAV-induced protection against allergic 
diseases, particularly allergic asthma, both 
associated with the long form of TIM-1. 
This HAV-associated protection has been 
known for some time. It was first reported 
that the frequency of multiple sclerosis and 
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type 1 diabetes, two autoimmune diseases, 
was negatively correlated with anti-HAV 
seropositivity, used as a marker of poor 
hygiene (8). It was thereafter established 
in a case-control study that patients with 
anti-HAV antibodies developed  reduced 
frequency of allergic asthma when com-
pared with HAV antibody–negative subjects 
(9). Furthermore, it was shown that among 
anti-HAV  antibody  carriers,  individuals 
expressing the  long form of TIM-1 were 
protected from allergic asthma (10).

How can one reconcile these observations? 
An interesting possibility is that the long 
form of TIM-1 is associated with a “strong” 
response  to  HAV,  which  will  contribute 
first to severity of hepatitis and secondly to 
protection against allergy (Figure 1). If this 
were the case, it would suggest that it is not 
only the existence of an anti-HAV response 
that affords protection, but rather its inten-
sity, the underlying molecular mechanisms 
of which remain to be defined. This expla-
nation would fit with some of the mecha-
nisms  proposed  to  explain  the  hygiene 
hypothesis, notably antigenic competition, 
which suggests that strong anti-infectious 
immune responses compete with responses 
against weak antigens such as allergens and 
autoantigens (11, 12).

Returning to the selection pressure of 
evolution, one may note that according to 
the hygiene hypothesis, selecting against a 
virus sensitivity gene such as the 157ins-
MTTTVP  TIM1  polymorphism  should 
lead to a higher frequency of allergic and 

autoimmune diseases, independent of the 
global effect of hygiene on contamination 
by HAV and other infectious agents.

The role of NKT cells
Kim et al. demonstrate that the expression 
of the long form of TIM-1 in natural killer T 
(NKT) cells resulted in greater cytolytic activ-
ity against HAV-infected liver cells (6). These 
data are potentially interesting, yet puzzling. 
One would like to have the possibility to 
validate this working hypothesis with more 
direct evidence in vivo, which is difficult to 
approach in the human in the absence of 
pharmacologically safe means to block NKT 
cell function; this approach is only presently 
feasible in animal models using mice devoid 
of NKT cells, such as CD1d-knockout mice.

More importantly, Kim et al. failed to 
consider the role of other cytotoxic cells, 
notably NK cells and CD8+ cytotoxic lym-
phocytes, which have well-established roles 
in  hepatitis  B  and  C  infection  (13–15).  
It  is  true, as  the authors mention,  that 
the only article studying CD8+ T cells in 
HAV argued against their major role  in 
disease  pathophysiology  (16),  but  this 
was an isolated work that contrasts with 
the large bulk of evidence accumulated in 
the study of hepatitis B and C. This is an 
important point, since it remains formally 
possible that TIM-1 expression plays a role 
in forms of cytotoxicity other than that 
mediated by NKT cells.  It  is  interesting 
in this regard to mention that CD8+ cyto-
toxic T cells preferentially express various 

proteins such as PD-1, CTLA4, and TIM-3  
in  hepatitis  C  that  contribute  to  their 
defective function at the origin of disease 
severity and chronicity (17).

After many years of intensive research, the 
role of NKT cells in immunopathology still 
remains elusive. It is tempting to equate the 
effector function of NKT cells to that of NK 
cells, with which they share many molecular 
features, including the expression of acti-
vatory and inhibitory KIR receptors, par-
ticularly since NK cells are known to play a 
major role in antiviral defense. Incidentally, 
it would be important to determine whether 
NK cells express TIM-1. NKT cells once acti-
vated secrete a wide spectrum of cytokines, 
some of which, such as IFN-g, could stimu-
late conventional cytotoxic T cells. NKT 
cells have also been shown to control the 
onset of autoimmune disease,  including 
autoimmune diabetes in NOD mice (18, 
19).  On  the  other  hand,  NKT  cells  may 
promote the onset of OVA-induced murine 
allergic asthma, which emphasizes the com-
plexity of NKT cell function depending on 
the environment in which they develop (i.e., 
CD1d-presented  ligands  and  cytokines) 
(20). This complexity, in addition to the very 
low percentage of NKT cells in peripheral 
blood and lymphoid organs in comparison 
with particular sites, notably the liver, calls 
into question the importance of NKT cells 
and their pathophysiological role.

The article by Kim et al. (6) introduces 
original concepts such as the link between 
virus receptor affinity and disease severity 

Figure 1
The immunopathology of hepatitis A and its relationship to allergic disease. There is a reciprocal relationship between the incidence of hepatitis A 
and the prevalence of allergic disease, as evidenced by rates of each in the United States and Argentina (where the patients included in the Kim 
et al. study were recruited). A minority of HAV-infected individuals exhibit a very severe form of the disease, and there is compelling evidence that 
HAV infection protects from allergic diseases. The work by Kim et al. (6) suggests that both features are under the genetic control of TIM1.
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and the shared genetic control of viral dis-
ease severity and protection from allergic 
diseases. In addition, this work reveals a 
mechanistic link with NKT cells, opening 
a new avenue for better understanding the 
pathophysiology of viral diseases in con-
junction with more conventional and well-
established cytotoxic pathways involving 
NK cells and antigen-specific CD8+ T cells.
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