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sary safety requirements are present, as suggested by others 
[12,13], is a question still open for debate. 

Another possible mode of reducing the prevalence of food 
allergy may be by eliminating the allergy before it begins. The 
notion that early nutritional manipulation can affect the atopic 
predisposition of an individual is interesting. The literature is 
not conclusive and the subject is reviewed by one of the leaders 
in this field [15]. Less attention has been placed on the possible 
effect of feeding practices on the development of celiac disease. 
Shamir [16] suggests that there is a window of opportunity 
between 4 and 7 months of age whereby one can introduce 
gluten into the infant diet, preferably along with breastfeeding, 
and thereby reduce the risk of celiac disease developing. The 
early introduction of cow's milk formulae should not, however, 
downplay the importance and beneficial effects of breastfeed-
ing. Lubetzky and colleagues [17] suggest that prolonged 
breastfeeding may provide higher concentrations of C12 and 
C14 saturated fatty acids in breast milk, which may confer 
important immunological advantages, among others. 

In summary, this issue of IMAJ provides an excellent oppor-
tunity to be acquainted with various and controversial aspects 
of food allergy in general, and possible mechanisms by which 
to reduce its burden through the induction of tolerance. 
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Interleukin 17 receptor E (IL-17RE) is an orphan receptor of 
the IL-17 receptor family. Song and team show that IL-17RE 
is a receptor specific to IL-17C and has an essential role in 
host mucosal defense against infection. IL-17C activated 
downstream signaling through IL-17RE-IL-17RA complex for 
the induction of genes encoding antibacterial peptides as 
well as pro-inflammatory molecules. IL-17C was upregulated 
in colon epithelial cells during infection with Citrobacter 
rodentium and acted in synergy with IL-22 to induce the 

expression of antibacterial peptides in colon epithelial cells. 
Loss of IL-17C-mediated signaling in IL-17RE-deficient mice 
led to lower expression of genes encoding antibacterial 
molecules, greater bacterial burden and early mortality 
during infection. Together these data identify IL-17RE as a 
receptor of IL-17C that regulates early innate immunity to 
intestinal pathogens.

Nature Immunol 2011; 12: 1151
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il-17re is the functional receptor for il-17c and mediates mucosal immunity to infection with 
intestinal pathogens

“when the flag is unfurled, all reason is in the trumpet”
Ukrainian proverb 
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kosher or non-kosher, they probably obtain an adequate supply 
of omega-3 or 6 fatty acids, assuming they consume two por-
tions a week as suggested by the American Heart Association 
[22]. The price of fish in Israel is usually higher than that of 
poultry, meat and dairy products, which might be a deterrent 
to adequate fish intake in the Israeli diet. Indeed, an interna-
tional comparison shows that the average percent of total food 
expenditure in Israel is 14.11% for meat products, 12.97% for 
dairy products, and only 2.51% for fish products [23]. 

We conclude that women who lactated for more than 1 year 
had higher C12 and C14 fatty acid percentages in their milk 
than women who lactated for 2–6 months. This finding must 
be confirmed in a longitudinal prospective approach. Whether 
or not clinical outcomes – both short term (such as visual 
and early motor and cognitive outcomes, etc.) and long term 
(better IQ scores, improved immunological health, reduced 
atherosclerosis risk, etc.) – in an individual are affected by the 
composition of human milk fat remains to be studied.
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Invariant natural killer T cells (iNKT cells) have a prominent 
role during infection and other inflammatory processes, 
and these cells can be activated through their T cell antigen 
receptors by microbial lipid antigens. However, increasing 
evidence shows that they are also activated in situations 
in which foreign lipid antigens would not be present, which 
suggests a role for lipid self-antigen. Brennan et al. found that 
an abundant endogenous lipid, β-D-glucopyranosylceramide 
(β-GlcCer), was a potent iNKT cell self antigen in mouse and 

human and that its activity depended on the composition of 
the N-acyl chain. Furthermore, β-GlcCer accumulated during 
infection and in response to Toll-like receptor agonists, 
contributing to iNKT cell activation. Thus, the authors 
propose that recognition of β-GlcCer by the invariant T cell 
antigen receptor translates innate danger signals into iNKT 
cell activation.

Nature Immunol 2011; 12: 1202
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invariant natural killer t cells recognize lipid self-antigen induced by microbial danger signals
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scribed to the patients because the contact urticaria was the only 
clinical sign at OFC. However, it is our opinion that pediatric 
cases of suspected IgE-mediated allergy to fish with a history of 
contact urticaria should undergo the OFC in order to verify the 
presence or absence of symptoms after ingestion of the trigger 
food and that excessive dietary restrictions should be avoided.
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Most of the currently available drugs for osteoporosis 
inhibit osteoclastic bone resorption; only a few drugs 
promote osteoblastic bone formation. It is thus becoming 
increasingly necessary to identify the factors that regulate 
bone formation. Negishi-Koga and colleagues found that 
osteoclasts express semaphorin 4D (Sema4D), previously 
shown to be an axon guidance molecule, which potently 
inhibits bone formation. The binding of Sema4D to its 
receptor Plexin-B1 on osteoblasts resulted in the activation 
of the small GTPase RhoA, which inhibits bone formation 
by suppressing insulin-like growth factor-1 (IGF-1) signaling 

and by modulating osteoblast motility. Sema4d-/- mice, 
Plxnb1-/- mice and mice expressing a dominant-negative 
RhoA specifically in osteoblasts showed an osteosclerotic 
phenotype due to augmented bone formation. Notably, 
Sema4D-specific antibody treatment markedly prevented 
bone loss in a model of postmenopausal osteoporosis. 
Thus, Sema4D has emerged as a new therapeutic target for 
the discovery and development of bone-increasing drugs.

 Nature Med 2011; 17: 1473
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suppression of bone formation by osteoclastic expression of semaphorin 4d

The mammary epithelium is composed of several cell 
lineages including luminal, alveolar and myoepithelial cells. 
Transplantation studies have suggested that the mammary 
epithelium is maintained by the presence of multipotent 
mammary stem cells. To define the cellular hierarchy of 
the mammary gland during physiological conditions, 
Van Keymeulen et al. performed genetic lineage-tracing 
experiments and clonal analysis of the mouse mammary 
gland during development, adulthood and pregnancy. The 
authors found that in postnatal unperturbed mammary 
gland, both luminal and myoepithelial lineages contain 

long-lived unipotent stem cells that display extensive 
renewing capacities, as demonstrated by their ability to 
clonally expand during morphogenesis and adult life as 
well as undergo massive expansion during several cycles 
of pregnancy. The demonstration that the mammary 
gland contains different types of long-lived stem cells has 
profound implications for our understanding of mammary 
gland physiology and will be instrumental in unraveling the 
cells at the origin of breast cancers.

Nature 20111; 479: 189
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distinct stem cells contribute to mammary gland development and maintenance

“who will watch the watchman?”
Decimus Junius Juvenal (2nd century AD), Roman poet
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Dendritic cells (DCs), which are known to support immune 
activation during infection, may also regulate immune 
homeostasis in resting animals. Hammer et al. show that 
mice lacking the ubiquitin-editing molecule A20 specifically 
in DCs spontaneously showed DC activation and population 
expansion of activated T cells. Analysis of DC-specific 
epistasis in compound mice lacking both A20 and the 
signaling adaptor MyD88 specifically in DCs showed that 
A20 restricted both MyD88-independent signals, which 
drive activation of DCs and T cells, and MyD88-dependent 

signals, which drive population expansion of T cells. In 
addition, mice lacking A20 specifically in DCs spontaneously 
developed lymphocyte-dependent colitis, seronegative 
ankylosing arthritis and enthesitis, conditions stereotypical 
of human inflammatory bowel disease (IBD). These findings 
indicate that DCs need A20 to preserve immune quiescence 
and suggest that A20-dependent DC functions may underlie 
IBD and IBD-associated arthritides.

Nature Immunol 2011; 12: 118

Eitan Israeli

capsule

expression of a20 by dendritic cells preserves immune homeostasis and prevents colitis and 
spondyloarthritis

In the search for specific genes regulated by DNA methylation 
in rheumatoid arthritis (RA), Karouzakis and associates 
investigated the expression of CXCL12 in synovial fibroblasts 
(SFs) and the methylation status of its promoter and determined 
its contribution to the expression of matrix metalloproteinases 
(MMPs). 5-azacytidine demethylation increased the expression 
of CXCL12 and reduced the methylation of CpG nucleotides. A 
lower percentage of CpG methylation was found in the CXCL12 
promoter of RASFs compared with OASFs. Overall, the authors 
observed a significant correlation in the mRNA expression and 

the CXCL12 promoter DNA methylation. Stimulation of RASFs 
with CXCL12 increased the expression of MMPs. CXCR7 but not 
CXCR4 was expressed and functional in SFs. The researchers 
show that RASFs produce more CXCL12 than OASFs due to 
promoter methylation changes and that stimulation with 
CXCL12 activates MMPs via CXCR7 in SFs, thereby describing 
an endogenously activated pathway in RASFs, which promotes 
joint destruction.

Genes Immunity 2011; 12: 643
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dna methylation regulates the expression of cXcl12 in rheumatoid arthritis synovial fibroblasts
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With regard to the safety of our SOTI regimen, inducing 
tolerance to egg is more complicated than for cow’s milk: 
the percentage of patients experiencing at least one adverse 
reaction during the treatment is high (about two-thirds of 
the patients), with a mean number of reactions per patient 
of almost 6, and the reactions are somewhat more severe (no 
patient needed adrenaline in our previous protocol with milk, 
versus four patients in the protocol with egg). Also, more 
than half the reactions involved the gastrointestinal tract with 
the particularity that these reactions could have a delayed 
onset (in one case, even 9 hours after the dose intake) and 
took longer to resolve than those affecting other organs. It is 
paramount, therefore, to explain these facts to the patients 
and parents and provide them with a telephone number 
that they can call around the clock to receive instructions 
if needed.

cOnclusiOns

We report the efficacy and tolerability outcomes of a home-
based SOTI regimen with liquid pasteurized egg in egg-
allergic children. The results show fairly good tolerance rates, 
allowing us to include this therapy in our services portfolio. 
However, this treatment has to be given in well-selected 
patients and under close supervision (regular follow-up visits 
and 24 hour phone service) by a specially trained allergist. 
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Chronic pain is a common neurological disease involving 
lasting, multifaceted maladaptations ranging from gene 
modulation to synaptic dysfunction and emotional disorders. 
Sustained pathological stimuli in many diseases alter the  
output activities of certain genes through epigenetic modifi- 
cations, but it is unclear how epigenetic mechanisms operate 
in the development of chronic pain. Zhang et al. show that in  
the rat brainstem nucleus raphe magnus, which is important 
for central mechanisms of chronic pain, persistent inflamm- 
atory and neuropathic pain epigenetically suppresses Gad2  
[encoding glutamic acid decarboxylase 65 (GAD65)] trans- 

cription through histone deacetylase (HDAC)-mediated histone  
hypoacetylation, resulting in impaired γ-aminobutyric acid (GABA) 
synaptic inhibition. Gad2 knockout mice showed sensitized pain 
behavior and impaired GABA synaptic function in their brainstem 
neurons. In wild-type but not Gad2 knockout mice, HDAC inhibitors 
strongly increased GAD65 activity, restored GABA synaptic 
function and relieved sensitized pain behavior. These findings 
suggest GAD65 and HDACs as potential therapeutic targets in an 
epigenetic approach to the treatment of chronic pain.

 Nature Med 2011; 17: 1448
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not a sufficient protein source. In the case of significant dietary 
restrictions, guidance from a nutritionist is essential. The recom-
mended protein intake for children aged 0–6 months is 1.5 g/kg, 
1.2 g/kg for children aged 7–12 months, and 1.1 g/kg/day for chil-
dren aged 1–3 years. Hydrolyzed or elemental formulas provide a 
safe alternative for children allergic to cow’s milk or soy. 
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Patient
age at onset of 
hypoproteinemia (mos)

length of elimination  
diet (mos)

albumin at  
presentation (g/dl)

absolute  
eosinophil count

infectious  
complications

Other  
complications

1 19 6 1.6 Bactermia: Pseudomonas aeruginosa Acute renal failure

H1N1; osteopenia

265–1065 Fungemia: Candida glabrata Left tibial fracture

2 16 4 1.2 422–539 None Anemia

3 12 5 2.9 104–182 None Failure to thrive

table 1. Patient characteristics and complications of elimination diets

calories Protein (g) fat (g) calcium vitamin d (iu)

Cow's milk 150 8 8 300 120

Soy milk 100–130 6 3-4 300–350 100–133

Rice milk 120–130 1 2.5 300 0–100

Coconut milk 80 1 5 100–450 100–133

Hemp milk 100 4 6 300 100

Oat milk 120–130 4 2.5 100 0-100

Potato milk 70–110 0 0 300 60

Almond milk 60–90 1 2.5 200–450 100

Elemental formula (infant) 160 4.5–5 7.2–8.6 154–199 82–98

Elemental formula (pediatric) 240 6–8.4 8.4–12 149–288 74–146

Numbers above refer to a serving size of 240 ml (8 oz)

table 2. Nutritional values for milk/milk substitutes

Many primary immunodeficiency disorders of differing etiologies 
have been well characterized, and much understanding of 
immunological processes has been gained by investigating the  
mechanisms of disease. Green et al. have used a whole-ge- 
nome approach, employing single-nucleotide polymorphism and  
gene expression microarrays, to provide insight into the mol- 
ecular etiology of a novel immunodeficiency disorder. Using 
DNA copy number profiling, the researchers defined a hyperploid 
region on 14q11.2 in the immunodeficiency case associated 

with the interleukin (IL)-25 locus. This alteration was associated 
with significantly heightened expression of IL-25 following T cell 
activation. An associated dominant type 2 helper T cell bias in 
the immunodeficiency case provides a mechanistic explanation 
for recurrence of infections by pathogens met by Th1-driven 
responses. Furthermore, this highlights the capacity of IL-25 to 
alter normal human immune responses.

Genes Immunity 2011; 12: 663
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challenge in clinical practice. In contrast, 
a teenager with a distant history of peanut 
anaphylaxis, peanut IgE 5 kU/L, SPT wheal 
size 10 mm and a recent accidental inges-
tion of a small amount of peanut candy 
without symptoms would be considered 
for a challenge with a score of 3. The 
authors also did not discuss the difference 
between their proposed score and the epi-
demiological risk factors for anaphylaxis, 
such as asthma, that was not included in 
their score. It might have been due to the 
high frequency of asthma among the study 
subjects, but without a better characteriza-
tion of the baseline clinical features of the 
study population it is not possible to draw 
conclusions on this issue.

Nevertheless, the Food Challenge 
Score seems to identify subjects at high 
risk for a severe reaction during the oral 
food challenge and may merit validation 
in studies with a more rigorous design 
and in different patient populations. 
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Biologic therapies have revolutionized the treatment of 
rheumatic diseases in the past decade. As with any drug, 
however, a variety of important safety concerns affect 
the choice and use of these agents. Several issues, such 
as the risk of infection, malignancy, or administration 
reactions, apply to all of these compounds, although some 
conditions that affect patient selection and management 
within these categories seem to be specific to particular 
biologic treatments. Other safety concerns with biologic 
agents, such as congestive heart failure, demyelinating 
disease, and hyperlipidemia, are associated with individual 

agents. Despite all these concerns, the therapeutic indices 
for biologic agents remain fairly high in relation to non-
biologic DMARDs. Available safety data for all biologic 
agents approved for the treatment of rheumatoid arthritis 
were reviewed by Woodrick and Ruderman, who conclude 
that with careful patient selection and appropriate vigilance 
on the part of treating physicians and other care providers, 
these compounds can be safely integrated into the 
therapeutic plan.

Nature Rev Rheumatol 2011; 7: 639
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A researcher at Tel Aviv University has developed a fast-
track gene-based technology to diagnose hearing loss. Prof. 
Karen Avraham, working in a unique collaboration with Prof. 
Moein Kannan from Bethlehem University, used “exome 
deep sequencing” – a method that sequences thousands 
of genes at a time. Exome sequencing collects relevant 
DNA from specific sites of the body. The process was used 
to identify five genetic mutations leading to deafness in a 
population of 11 Jewish Israelis and Palestinian Authority 
Arabs. None were related to each other, but all had deafness 

in their families. This method is faster and cheaper than 
current methods. Of the more than 28 million Americans who 
are hearing impaired, at least half of the cases can be traced 
to genetic causes. The condition is especially challenging 
for children born with hearing impairment, because spoken 
language, reading and cognitive development are all tied to 
hearing. Prof. Avraham commented: “This new technology 
is changing the way we practice genomic medicine, and 
revolutionizing genetic diagnostics.”

Israel High-Tech & Investment Report

capsule

israeli scientist develops technology to diagnose hearing loss

“Money is better than poverty, if only for financial reasons”
Woody Allen (born 1935), American screenwriter, director, actor, comedian, jazz musician, author, and playwright. Allen's films  

draw heavily on literature, sexuality, philosophy, psychology and Jewish identity



reviews

52 

IMAJ • VOL 14 • JANUARY 2012

Ascher H, Krantz I, Rydberg L, et al. Influence of infant feeding and gluten 21. 
intake on coeliac disease. Arch Dis Child 1997; 76: 113-17.

Welander A, Tjernberg AR, Montgomery SM, et al. Infectious disease and 22. 
risk of later celiac disease in childhood. Pediatrics 2010; 125: e530-6. 

Myléus A, Ivarsson A, Webb C, et al. Celiac disease revealed in 3% of Swedish 23. 
12-year-olds born during an epidemic. J Pediatr Gastroenterol Nutr 2009; 49: 
170-6.

Akobeng AK, Ramanan AV, Buchan I, Heller RF. Effect of breast feeding on 24. 
risk of coeliac disease: a systematic review and meta-analysis of observational 
studies. Arch Dis Child 2006; 91: 39-43. 

Akobeng AK, Heller RF. Assessing the population impact of low rates 25. 
of breast feeding on asthma, coeliac disease and obesity: the use of a new 
statistical method. Arch Dis Child 2007; 92: 483-5. 

Norris JM, Barriga K, Hoffenberg EJ, et al. Risk of celiac disease autoimmunity 26. 
and timing of gluten introduction in the diet of infants at increased risk of 
disease. JAMA 2005; 293: 2343-51.

Hogen Esch CE, Rosén A, Auricchio R, et al. PreventCD Study Group. The 27. 
PreventCD Study design: towards new strategies for the prevention of coeliac 
disease. Eur J Gastroenterol Hepatol 2010; 22: 1424-30.

Shulman RJ, Schanler RJ, Lau C, et al. Early feeding, antenatal glucocorticoids, 13. 
and human milk decrease intestinal permeability in preterm infants. Pediatr 
Res 1998; 44: 519-23.
Kau AL, Ahern PP, Griffin NW, et al. Human nutrition, the gut microbiome 14. 
and the immune system. Nature 2011; 474: 327-36.
Ou G, Hedberg M, Hörstedt P, et al. Proximal small intestinal microbiota 15. 
and identification of rod-shaped bacteria associated with childhood celiac 
disease. Am J Gastroenterol 2009; 104: 3058-67.
Nova E, Pozo T, Sanz Y, Marcos A. Dietary strategies of immunomodulation 16. 
in infants at risk for celiac disease. Proc Nutr Soc 2010; 69: 347-53.
Auricchio S, Follo D, de Ritis G, et al. Does breast feeding protect against 17. 
the development of clinical symptoms of celiac disease in children? J Pediatr 
Gastroenterol Nutr 1983; 2: 428-33.
Greco L, Auricchio S, Mayer M, Grimaldi M. Case control study on nutritional 18. 
risk factors in celiac disease. J Pediatr Gastroenterol Nutr 1988; 7: 395-9.
Fälth-Magnusson K, Franzén L, Jansson G, et al. Infant feeding history shows 19. 
distinct differences between Swedish celiac and reference children. Pediatr 
Allergy Immunol 1996; 7: 1-5. 
Ivarsson A, Hernell O, Stenlund H, Persson LA. Breast-feeding protects 20. 
against celiac disease. Am J Clin Nutr 2002; 75: 914-21.

Retinoic-acid-inducible gene-I (RIG-I, also known as DDX58) is 
a cytoplasmic pathogen recognition receptor that recognizes 
pathogen-associated molecular pattern (PAMP) motifs to 
differentiate between viral and cellular RNAs. RIG-I is activated 
by blunt-ended double-stranded (ds)RNA with or without a 
5'-triphosphate (ppp), by single-stranded RNA marked by a 
5'-ppp and by polyuridine sequences. Upon binding to such 
PAMP motifs, RIG-I initiates a signaling cascade that induces 
innate immune defenses and inflammatory cytokines to 
establish an antiviral state. The RIG-I pathway is highly 
regulated and aberrant signaling leads to apoptosis, altered 
cell differentiation, inflammation, autoimmune diseases and 
cancer. The helicase and repressor domains (RD) of RIG-I 
recognize dsRNA and 5'-ppp RNA to activate the two amino-
terminal caspase recruitment domains (CARDs) for signaling. 
In order to understand the synergy between the helicase and 
the RD for RNA binding, and the contribution of ATP hydrolysis 
to RIG-I activation, Jiang and fellow researchers determined 
the structure of human RIG-I helicase-RD in complex with 

dsRNA and an ATP analog. The helicase-RD organizes into a 
ring around dsRNA, capping one end, while contacting both 
strands using previously uncharacterized motifs to recognize 
dsRNA. Small-angle X-ray scattering, limited proteolysis and 
differential scanning fluorimetry indicate that RIG-I is in an 
extended and flexible conformation that compacts upon 
binding RNA. These results provide a detailed view of the role 
of helicase in dsRNA recognition, the synergy between the 
RD and the helicase for RNA binding and the organization of 
full-length RIG-I bound to dsRNA, and provide evidence of a 
conformational change upon RNA binding. The RIG-I helicase-
RD structure is consistent with dsRNA translocation without 
unwinding and cooperative binding to RNA. The structure 
yields unprecedented insight into innate immunity and has 
a broader impact on other areas of biology, including RNA 
interference and DNA repair, which utilize homologous 
helicase domains within DICER and FANCM.

Nature 2011; 479: 423
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The process of autophagy, through which cells can digest 
their own components, has complicated, sometimes 
contradictory, effects on cancer cells. Whereas loss of auto- 
phagy can lead to genomic instability and favor generation 
of cancer cells, maintained or enhanced autophagy can help 
cancer cells survive in a stressful environment. Michaud et 
al. found that in mice autophagy could also have a strong 

influence on the response of the immune system to tumor 
cells dying in response to chemotherapy. Autophagy caused 
release of adenosine triphosphate from such cells, which 
helped to recruit immune cells that contributed to cancer cell 
clearance. 

Science 2011; 334: 1573
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Glycoconjugate vaccines have provided enormous health 
benefits globally, but they have been less successful in some 
populations at high risk for developing disease. To identify new 
approaches to enhancing glycoconjugate effectiveness, Avci et 
al. investigated molecular and cellular mechanisms governing 
the immune response to a prototypical glycoconjugate 
vaccine. The authors found that in antigen-presenting cells 
a carbohydrate epitope is generated upon endolysosomal 
processing of group B streptococcal type III polysaccharide 
coupled to a carrier protein. In conjunction with a carrier 
protein-derived peptide, this carbohydrate epitope binds major 
histocompatibility class II (MHCII) and stimulates carbohydrate-
specific CD4+ T cell clones to produce interleukins 2 and 4 

– cytokines essential for providing T cell help to antibody-
producing B cells. An archetypical glycoconjugate vaccine that 
was constructed to maximize the presentation of carbohydrate-
specific T cell epitopes is 50–100 times more potent and 
substantially more protective in a neonatal mouse model of 
group B Streptococcus infection than a vaccine constructed by 
methods currently used by the vaccine industry. This discovery 
of how glycoconjugates are processed resulting in presentation 
of carbohydrate epitopes that stimulate CD4+ T cells has key 
implications for glycoconjugate vaccine design that could result 
in greatly enhanced vaccine efficacy.
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Impaired innate inflammatory response has a key role in the 
Crohn’s disease (CD) pathogenesis. Abad et al. investigated 
the possible role of the TLR10–TLR1–TLR6 gene cluster in 
CD susceptibility; their study population comprised 508 CD 
patients (284 in cohort 1 and 224 in cohort 2) and 576 controls. 
TLR10–TLR1–TLR6 cluster single-nucleotide polymorphisms 
genotyping, NOD2 mutations and TLR10 mRNA quantification 
were performed using TaqMan assays. One TLR10 haplotype 
(TLR10GGGG) was found associated with CD susceptibility in 
both cohorts; individuals with two copies had approximately 
twofold more risk of CD susceptibility than individuals having 
no copies (odds ratio 1.89, P = 0.0002). No differences in 

the mRNA levels were observed among the genotypes. The 
strongest model for predicting CD risk according to the MDR 
analysis was a two-locus model including NOD2 mutations 
and TLR10GGGG haplotype (P < 0.0001). The interaction gain 
attributed to the combination of both genes was negative (IG 
= −2.36%), indicating redundancy or independent effects. 
These results support association of the TLR10 gene with 
CD susceptibility. The effect of TLR10 would be independent 
of NOD2, suggesting different signaling pathways for both 
genes.
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“the difference between fiction and reality is that fiction has to make sense”
Tom Clancy (born 1947), American author, best known for his technically detailed  

espionage, military science, and techno thriller storylines 




