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You are preparing risotto for a dinner party. 
Because you do not cook often, you attempt to 
follow the recipe meticulously. But the product 
of your labors is a bland dish that disappoints 
you and your guests. And then it dawns on you 
that you omitted an essential spice, the saffron.

Cooking risotto and having a disease are 
vastly different events, but each depends on a 
combination of circumstances. For disease, we 
categorize those circumstances as genetic, envi-
ronmental, and stochastic. On occasion, all the 
factors that are necessary for disease seem to be 
present, but fortunately no disease develops. 
What is the missing ingredient?

Celiac disease, also known as gluten-sensitive 
enteropathy, is an example of an illness for 
which much is known about both the genetic 
and environmental factors that lead to disease. 
However, Bouziat and colleagues1 have recently 
further defined the “recipe” that triggers disease. 
This team made use of recombinant human vi-
ruses and transgenic mice that express human 
genes predisposing to human disease. Their ob-
servations implicate the reovirus in the patho-
genesis of celiac disease. Their analysis of hu-
man serum samples showed results consistent 
with those in the mouse model, which suggests 
that their conclusions are relevant to human 
biology.

As is true of all complex, immune-mediated 
diseases, dozens of genes have been implicated 
as potential contributors to celiac disease.2 As is 
also true for most immune-mediated diseases, 
variant HLA genes are the most important. Un-
less you express one of the critical HLA alleles, 
it is extremely unlikely that your body will ever 
develop the sensitivity to gluten that leads to ce-
liac disease.3 The main known function of HLA 
molecules is to allow the presentation of antigen 
from a cell such as a dendritic cell or a macro-

phage to a cell such as a T cell so that the T cell 
can be educated to make an antigen-specific im-
mune response. HLA-DQ2 and HLA-DQ8 desig-
nate proteins that have a known association with 
celiac disease. These proteins activate T cells by 
presenting a peptide fragment derived from glu-
ten.4 This fragment is created by the enzymatic 
activity of transglutaminase 2, which is also the 
targeted autoantigen used in screening for pos-
sible gluten-sensitive enteropathy. So it would 
seem that for celiac disease, the recipe is com-
plete: a gene in the form of HLA, an environmen-
tal factor (the ingestion of gluten derived from 
several grains), and an endogenous enzyme to 
catalyze the formation of antigen and to serve as 
a bystander autoantigen in the process. And the 
combination should result in the characteristic 
change of villous atrophy in the small intestine. 
But this list of ingredients must be incomplete, 
since celiac disease does not develop in 95 to 
98% of persons who carry alleles that encode 
either HLA-DQ2 or HLA-DQ8.5 Bouziat and col-
leagues found that a missing ingredient could be 
a reovirus.

Reoviruses are not virulent in the mouse; they 
infect the intestine without causing any symp-
toms. The investigative team separately infected 
mice with two similar reoviruses, one strain 
called Lang and a reassortant generated from a 
strain called Dearing. The Lang virus activates 
dendritic cells in the small intestine, whereas 
the Dearing virus does not. The two viruses also 
differ in their ability to induce a transcription 
factor known as interferon regulatory factor 1 
(IRF1), which is potentially the critical differ-
ence. When the transgenic mice expressing 
HLA-DQ8 were infected with Lang and then fed 
gluten, antibodies against gluten and activation 
of transglutaminase developed in the small in-
testine. In contrast, transgenic mice that were 
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infected with Dearing did not have these re-
sponses. Bouziat et al. also found that patients 
with celiac disease were more likely to have an-
tibodies to reovirus than were healthy controls, 
although the significance of this finding was 
borderline. However, a subgroup of patients with 
celiac disease had much higher levels of anti-
bodies against reovirus than did healthy con-
trols. These patients also had dysregulated ex-
pression of IRF1, which supports a role for 
reovirus infection in this subgroup of patients. 
A variety of other viral infections such as rotavi-
rus can probably serve as cofactors to activate 

the intestinal immune response and create a 
predisposition to celiac disease.

The recipe described herein is a simplifica-
tion. HLA is the most important gene that has 
been associated with celiac disease, but it is not 
the only gene. Additional factors that have been 
implicated in the development of celiac disease 
include the bacterial microbiome, the innate im-
mune system, various cytokines (e.g., interleu-
kin-15), and the enzyme fucosyltransferase 2.5

Moreover, the combination in a mouse of Lang 
reovirus infection, the HLA transgene, and the 
feeding of gluten produced antibodies to gluten 
but not villous atrophy, which indicates that in 
the model described by Bouziat et al., at least 
one “ingredient” in the recipe for a true model 
of celiac disease is still lacking (Fig. 1).

However, it is clear that in the mouse, at 
least, a virus that by itself causes no symptoms 
can combine with genetic factors and other en-
vironmental factors to result in a potentially 
harmful immune response. And it is not difficult 
to extrapolate findings regarding celiac disease 
to other diseases that are influenced by a strong 
HLA class II effect, such as type 1 diabetes, 
rheumatoid arthritis, and systemic lupus. If a 
virus is an essential part of the trigger, prevent-
ing or treating that viral infection may become 
effective prophylaxis: perhaps vaccination could 
block the development of autoimmunity. Prepar-
ing a dinner that fails to please is a disappoint-
ment; preventing the development of disease is a 
triumph of medical science.

Disclosure forms provided by the author are available at 
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Figure 1. Susceptibility to Celiac Disease.

The majority of autoimmune and immune-mediated diseases result from a 
combination of genetic and environmental factors. In the case of celiac dis-
ease, contributors such as HLA-DQ2 and HLA-DQ8 and ingestion of gluten 
in the diet are essential. These factors, however, are not sufficient, and other 
genetic factors (e.g., some that affect cytokines and others that affect the 
innate immune response) and other environmental factors (e.g., the bacterial 
microbiome) also contribute. Bouziat and colleagues1 recently found that a 
reovirus infection could be a critical environmental factor. The label “other 
risk factors” has been included in the figure because, at least in the mouse 
model, a combination of HLA-DQ8 genetic makeup, gluten in the diet, and 
reovirus infection was insufficient to cause the characteristic change of vil-
lous atrophy in the small intestine.
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