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Why does our immune system protect us so well against 
infection but not against cancer? In part, this is because cancer 
cells use clever ways to escape immune responses designed 
to destroy them. A therapeutic strategy called “immune 
checkpoint blockade” thwarts these escape tactics and 
renders cancer cells vulnerable to immune attack. Although 
remarkably effective, only a subset of patients respond to 
it. Seeking possible explanations for this limited response, 

Kim et al. identified a specific immune cell population that 
interferes with the therapy in mouse tumor models. When 
the authors co-administered drugs that reduced the levels 
of these cells (called myeloid-derived suppressor cells), the 
efficacy of immune checkpoint blockade therapy improved 
considerably.

Proc Natl Acad Sci USA 2014; 10.1073/pnas.1410626111 
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How to boost cancer immunotherapy

Although we think of the genome as fixed, errors in DNA 
replication and recombination can cause changes. As the 
organism develops, individual nucleotides may mutate, or 
genetic material may duplicate or be deleted. Such “somatic 
mosaicism” means that different cells and tissues in the 
body may have different genomes. To determine whether this 
affects human disease, Campbell et al. took blood samples 
from 100 families with children who have genetic disorders. 

They found that approximately 4% of the parents (who were 
all healthy) exhibited somatic mosaicism, which suggests 
that the affected children inherited the mutation from a 
mosaic parent. These results suggest that somatic mosaicism 
is probably more common than previously thought and 
affects human health. 

Am J Human Genet 2014; 10.1016/j.ajhg.2014.07.003 
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When genetic diversity hurts the kids

Patients with cystic fibrosis have difficulty breathing because 
their airways are clogged with thick mucus. Does this 
mucus accumulate because there is a defect in the way it is 
produced? Or does it accumulate because of other disease 
features, such as dehydration or airway wall remodeling? 
Distinguishing between these possibilities is important for 
future drug development. In a study of piglets with cystic 

fibrosis, Hoegger and fellow-researchers identified mucus 
production as the primary defect. The airway glands of the 
piglets synthesized strands of mucus normally, but the 
strands were never released and stayed tethered to the 
gland ducts. 

Science 2014; 345: 818 
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A breathtaking tale of sticky mucus in cystic fibrosis
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inflammatory-related biomarkers, such as IL-1β and IL-18. 
IL-1β can act on lymphocytes in several ways, favouring the 

expansion of autoreactive Th1 and Th17 lymphocytes [9,10], 
and the down-regulation of regulatory T cells [9]. Moreover, it 
yields the up-regulation of IL-2 receptor expression, prolonging 
survival of T cells [10]. All these mechanisms may induce and 
enhance the development of autoimmune diseases in geneti-
cally predisposed individuals [Figure 1].

Finally, the involvement of inflammation in autoimmunity 
was recently underlined by the positive effects of the admin-
istration of anakinra in autoimmune patients, leading to the 
amelioration of arthritis not only in rheumatoid arthritis, 
but also in SLE and in PM/DM patients. In addition, chloro-
quine, used widely in SLE, has been shown to decrease aber-
rant NLRP3 expression, a mechanism that might be related 
to its therapeutic effect. 

Conclusions

From a pathogenic point of view, autoinflammatory and auto-
immune diseases share the chronic activation of the immune 
system, which eventually leads to tissue inflammation. The 
specific effectors of damage are different in the two groups of 
diseases. Nevertheless, in the past decade we began to understand 
the involvement of AIF processes in AIm disease. However, the 
effects of IL-1β and IL-18 on lymphocyte programming and 
function have not been extensively studied and require further 
research to expand our knowledge in this field and to hypothesize 
new therapeutic approaches in autoimmune diseases. 

Microorganisms evolve via a range of mechanisms that may  
include or involve sexual/parasexual reproduction, mutators, 
aneuploidy, Hsp90 and even prions. Mechanisms that may  
seem detrimental can be repurposed to generate diversity. 
Calo et al. show that the human fungal pathogen Mucor circ- 
inelloides develops spontaneous resistance to the antifungal 
drug FK506 (tacrolimus) via two distinct mechanisms. One 
involves Mendelian mutations that confer stable drug 
resistance; the other occurs via an epigenetic RNA interference 
(RNAi)-mediated pathway resulting in unstable drug resistance. 
The peptidylprolyl isomerase FKBP12 interacts with FK506 
forming a complex that inhibits the protein phosphatase 
calcineurin. Calcineurin inhibition by FK506 blocks M. circ- 
inelloides transition to hyphae and enforces yeast growth. 
Mutations in the fkbA gene encoding FKBP12 or the calcineurin 
cnbR or cnaA genes confer FK506 resistance and restore hyphal 

growth. In parallel, RNAi is spontaneously triggered to silence 
the fkbA gene, giving rise to drug-resistant epimutants. FK506-
resistant epimutants readily reverted to the drug-sensitive 
wild-type phenotype when grown without exposure to the drug. 
The establishment of these epimutants is accompanied by 
generation of abundant fkbA small RNAs and requires the RNAi 
pathway as well as other factors that constrain or reverse the 
epimutant state. Silencing involves the generation of a double-
stranded RNA trigger intermediate using the fkbA mature 
mRNA as a template to produce antisense fkbA RNA. This 
study uncovers a novel epigenetic RNAi-based epimutation 
mechanism controlling phenotypic plasticity, with possible 
implications for antimicrobial drug resistance and RNAi-
regulatory mechanisms in fungi and other eukaryotes.

Nature 2014; 513: 555
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Antifungal drug resistance evoked via RNAi-dependent epimutations

“Kindness is in our power, even when fondness is not”
Samuel Johnson (1709-1784), British poet, essayist, moralist, literary critic, biographer, editor and lexicographer 
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remyelination in EAE is therefore relevant to its therapeutic 
effect in MS, supporting the notion that the repair process in 
the CNS can be up-regulated by therapy, irrespective of the 
inflammatory process.
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non-pathological conditions, when injected on postnatal days 
7–21 [9]. Immunohistological and ultrastructural analyses 
revealed significant elevation in the number of myelinated axons 
as well as in the thickness of the myelin encircling them and the 
resulting g-ratios, in spinal cords of GA-injected mice compared 
to their phosphate-buffered saline (PBS)-injected littermates, on 
postnatal day 14 [Figure 1C & D]. GA induced also an increase 
in the axonal diameter, implying an effect on the overall devel-
opment of the nervous system. It should be noted that when 
the myelination process was apparently completed (postnatal 
day 21), the extent of myelinated axons and their morphologi-
cal appearance did not differ between the GA-injected and the 
PBS-injected mice. Thus, GA accelerates myelin development 
without inducing an excessive or aberrant myelination. 

A prominent elevation in the amount of OPCs and their 
proliferation (detected by BrdU incorporation) as well as in 
mature oligodendrocytes indicated that similar to the findings 
in EAE, the effect of GA in postnatal myelination is linked to 
differentiation along the oligodendroglial maturation cascade. 
As previously found in EAE, GA-postnatal injection resulted in 
increased expression of BDNF and insulin-like growth factor 
(IGF-1), which are known to promote myelination, suggesting 
that the mode of action of GA can be linked to its neurotrophic 
effect. Notably, the GA-injected newborn mice exhibited better 
performance in a rotating rod test than their PBS-injected lit-
termates, suggesting that the accelerated myelin development 
results in functional advantage in sensorimotor functions.

During remyelination, features of developmental myelina-
tion are recapitulated. For example, some exons of the MBP 
gene that are present during fetal development are expressed 
again in oligodendrocytes during demyelinating diseases 
[10]. The effect of GA on postnatal myelogenesis as well as on 

Chromatin modifications are crucial for development, yet 
little is known about their dynamics during differentiation. 
Hematopoiesis provides a well-defined model to study chromatin 
state dynamics; however, technical limitations impede profiling 
of homogeneous differentiation intermediates. Lara-Astiaso 
et al. developed a high sensitivity indexing-first chromatin 
immunoprecipitation approach to profile the dynamics of four 
chromatin modifications across 16 stages of hematopoietic 
differentiation. The authors identified 48,415 enhancer regions 
and characterized their dynamics. They found that lineage 

commitment involves de novo establishment of 17,035 lineage-
specific enhancers. These enhancer repertoire expansions 
foreshadow transcriptional programs in differentiated cells. 
Combining our enhancer catalog with gene expression profiles, 
we elucidate the transcription factor network controlling 
chromatin dynamics and lineage specification in hematopoiesis. 
Together, these results provide a comprehensive model of 
chromatin dynamics during development. 

Science 2014; 345: 942
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Chromatin state dynamics during blood formation

“Others have seen what is and asked why. I have seen what could be and asked why not”
Pablo Picasso (1881-1973), Spanish painter, sculptor, printmaker, ceramicist, stage designer, poet and playwright. One of the 

greatest and most influential artists of the 20th century, he is known for co-founding the Cubist movement  
and collage, and for the wide variety of styles that he helped develop and explore
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level may produce false negatives, bringing about a delay in 
non-ST segment elevation myocardial infarction (NSTEMI) 
diagnosis [10].

Conclusions

Our results strongly suggest that the role of ASCAs in clinical 
practice, as well as the dietary recommendations for specific 
groups of patients, should be further explored in order to 
evaluate their predictive or prognostic relevance. New manu-
facturing challenges may need to be considered for vaccines 
containing S. cerevisiae. 
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Microbial co-infections challenge the immune system – different 
pathogens often require different flavors of immune responses 
for their elimination. Two teams studied what happens when 
parasitic worms and viruses infect mice at the same time. Reese 
et al. (Science 2014; 345: 73) found that parasite co-infection 
woke up a dormant virus. Osborne et al. (Science p. 517) found 

that mice already infected with parasitic worms were worse at 
fighting off viruses. In both cases, worms skewed the immune 
response so that the immune cells and the molecules they 
secreted created an environment favorable for the worm at the 
expense of antiviral immunity.
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Parasites make it hard to fight viruses

McMurray et al. compared the angiotensin receptor-neprilysin 
inhibitor LCZ696 with enalapril in patients who had heart failure 
with a reduced ejection fraction. In previous studies, enalapril 
improved survival in such patients. In this double-blind trial, 
the authors randomly assigned 8442 patients with class II, III, or 
IV heart failure and an ejection fraction of 40% or less to receive 
either LCZ696 (at a dose of 200 mg twice daily) or enalapril 
(at a dose of 10 mg twice daily) in addition to recommended 
therapy. The primary outcome was a composite of death from 
cardiovascular causes or hospitalization for heart failure, but 
the trial was designed to detect a difference in the rates of 
death from cardiovascular causes. The trial was stopped early, 
according to prespecified rules, after a median follow-up of 27 
months, because the boundary for an overwhelming benefit 
with LCZ696 had been crossed. At the time of study closure, 
the primary outcome had occurred in 914 patients (21.8%) in 

the LCZ696 group and 1117 patients (26.5%) in the enalapril 
group [hazard ratio in the LCZ696 group 0.80, 95% confidence 
interval (CI) 0.73–0.87, P < 0.001]. A total of 711 patients (17.0%) 
receiving LCZ696 and 835 patients (19.8%) receiving enalapril 
died (hazard ratio for death from any cause 0.84, 95%CI 0.76–
0.93, P < 0.001); of these patients, 558 (13.3%) and 693 (16.5%), 
respectively, died from cardiovascular causes (hazard ratio 
0.80, 95%CI 0.71–0.89, P < 0.001). As compared with enalapril, 
LCZ696 also reduced the risk of hospitalization for heart failure 
by 21% (P < 0.001) and decreased the symptoms and physical 
limitations of heart failure (P = 0.001). The LCZ696 group had 
higher proportions of patients with hypotension and nonserious 
angioedema but lower proportions with renal impairment, 
hyperkalemia, and cough than the enalapril group. 

N Engl J Med 2014; 371: 993
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Angiotensin-neprilysin inhibition versus enalapril in heart failure
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Conclusions

The recent increase in incidence of autoimmune diseases is 
gaining interest. A number of environmental factors have 
been shown to participate in this phenomenon. Following 
the discovery of the broad endocrine properties of WAT 
and particularly its immunomodulatory effects, numerous 
studies have highlighted the involvement of obesity and its 
adipokines in the pathogenesis of various autoimmune con-
ditions. Thus, obesity is clearly associated with an increased 
risk of RA, MS, psoriasis and PsA, and is suggested to pro-
mote IBD, T1D and HT. Furthermore, obese patients exhibit 
a more severe course of RA, SLE, IBD, psoriasis and PsA and 
reduced therapeutic response in RA, IBD, psoriasis and PsA. 
clearly, obesity has emerged as a new piece in the mosaic of 
autoimmunity [Figure 1]. 
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Is it possible to streamline the complex task of finding new 
drugs to fight resistant bacteria and other disease targets? 
Most biological processes are controlled by complicated 
regulatory networks, so combinations of two or more drugs 
are likely to be more effective than any single agent. Finding 
combinations that work means first screening enormous 
numbers of possibilities. Cheng et al. examined mixtures 
of genetic elements in millions of different combinations. 

Those combinations with the desired effect in a biological 
test could be identified afterward by highthroughput 
sequencing capable of detecting associated DNA “barcode” 
identifier sequences. Results are promising and revealed 
combinations of transcription factors that enhanced lethal 
effects of an antibiotic by a millionfold. 

Proc Natl Acad Sci USA 2014;10.1073/pnas.1400093111
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Combinations of antibiotics to fight bacteria

Chronic pain is not only extremely disturbing and unpleasant, 
it can also make people depressed and demotivated. What 
causes these effects? Schwartz and co-researchers discovered 
that chronic pain causes changes in the way a neuropeptide 
called galanin affects certain neurons in a brain region 
called the nucleus accumbens. Galanin influences a variety 

of behaviors, including feeding and certain aspects of pain. 
In this case, it depresses synaptic transmission at specific 
excitatory synapses. It does so, in part, by changing the ratio 
of subunits of an important receptor protein. 

Science 2014; 345: 535 
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A neuropeptide kills patient’s motivation

“Being in the same room with people and creating something together is a good thing”
Robin Williams (1951-2014), American actor and comedian. His film career included acclaimed work such as Popeye (1980), The 

World According to Garp (1982), Good Morning, Vietnam (1987), Dead Poets Society (1989), Awakenings (1990), The Fisher  
King (1991), and Good Will Hunting (1997), as well as financial successes, Mrs. Doubtfire among others. Williams  

received numerous awards. He died of an apparent suicide at his home in California
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Gastric cancer is a leading cause of cancer deaths, but 
analysis of its molecular and clinical characteristics has been 
complicated by histological and etiological heterogeneity. 
The Cancer Genome Atlas Research Network describe a comp- 
rehensive molecular evaluation of 295 primary gastric aden- 
ocarcinomas as part of The Cancer Genome Atlas (TCGA) 
project. The authors propose a molecular classification dividing 
gastric cancer into four subtypes: tumors positive for Epstein-
Barr virus, which display recurrent PIK3CA mutations, extreme 
DNA hypermethylation, and amplification of JAK2, CD274 
(also known as PD-L1) and PDCD1LG2 (also known as PD-L2); 

microsatellite unstable tumors, which show elevated mutation 
rates, including mutations of genes encoding targetable 
oncogenic signaling proteins; genomically stable tumors, which 
are enriched for the diffuse histological variant and mutations 
of RHOA or fusions involving RHO-family GTPase-activating 
proteins; and tumors with chromosomal instability, which show 
marked aneuploidy and focal amplification of receptor tyrosine 
kinases. Identification of these subtypes provides a roadmap 
for patient stratification and trials of targeted therapies. 

Nature 2014; 513: 202
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Comprehensive molecular characterization of gastric adenocarcinoma

The androgen-receptor isoform encoded by splice variant 
7 lacks the ligand-binding domain, which is the target of 
enzalutamide and abiraterone, but remains constitutively 
active as a transcription factor. We hypothesized that detection 
of androgen-receptor splice variant 7 messenger RNA (AR-V7) 
in circulating tumor cells from men with advanced prostate 
cancer would be associated with resistance to enzalutamide 
and abiraterone. Antonarakis et al. used a quantitative 
reverse-transcriptase-polymerase chain reaction assay to 
evaluate AR-V7 in circulating tumor cells from prospectively 
enrolled patients with metastatic castration-resistant prostate 
cancer who were initiating treatment with either enzalutamide 
or abiraterone. We examined associations between AR-V7 
status (positive vs. negative) and prostate-specific antigen 
(PSA) response rates (the primary end-point), freedom from 
PSA progression (PSA progression-free survival), clinical or 
radiographic progression-free survival, and overall survival. A 
total of 31 enzalutamide-treated patients and 31 abiraterone-
treated patients were enrolled, of whom 39% and 19%, 

respectively, had detectable AR-V7 in circulating tumor cells. 
Among men receiving enzalutamide, AR-V7-positive patients 
had lower PSA response rates than AR-V7-negative patients 
(0% vs. 53%, P = 0.004) and shorter PSA progression-free 
survival (median 1.4 months vs. 6.0 months, P < 0.001), clinical 
or radiographic progression-free survival (median 2.1 vs. 6.1 
months, P < 0.001), and overall survival (median 5.5 months 
vs. not reached, P = 0.002). Similarly, among men receiving 
abiraterone, AR-V7-positive patients had lower PSA response 
rates than AR-V7-negative patients (0% vs. 68%, P = 0.004) and 
shorter PSA progression-free survival (median 1.3 months vs. 
not reached, P < 0.001), clinical or radiographic progression-
free survival (median 2.3 months vs. not reached, P < 0.001), 
and overall survival (median 10.6 months vs. not reached, 
P = 0.006). The association between AR-V7 detection and 
therapeutic resistance was maintained after adjustment for 
expression of full-length androgen receptor messenger RNA. 

N Engl J Med 2014; 371:1028
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AR-V7 and resistance to enzalutamide and abiraterone in prostate cancer

“Keep your eyes on the stars, and your feet on the ground”
Theodore Roosevelt (1858-1919), American politician, author, naturalist, explorer, and historian  

who served as the 26th President of the United States
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physician discordance, not being under a rheumatologist’s 
care, comorbidities, and others. There is sparse literature on 
adherence specifically in fibromyalgia, and even less on adher-
ence to specific medications. Of the little that is known, only 
33% of patients prescribed duloxetine were considered highly 
adherent, with a higher adherence to lower dosages. When 
compared to pregabalin, duloxetine had better adherence rates 
with less titration of dosage during the first year. 

It is of utmost importance to investigate adherence in fibro-
myalgia, addressing the many issues that affect it in order to 
better our practice. Addressing compliance and adherence, 
particularly in these patients, might lead to reduced health care 
costs and improved quality of care. More data on this issue are 
therefore warranted. 
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Mutations that deregulate Notch1 and Ras/phosphoinositide 
3 kinase (PI3K)/Akt signaling are prevalent in T cell acute 
lymphoblastic leukemia (T-ALL), and often coexist. Dail and 
colleagues show that the PI3K inhibitor GDC-0941 is active 
against primary T-ALLs from wild-type and KrasG12D mice, 
and addition of the MEK inhibitor PD0325901 increases its 
efficacy. Mice invariably relapsed after treatment with drug-
resistant clones, most of which unexpectedly had reduced 
levels of activated Notch1 protein, down-regulated many 
Notch1 target genes, and exhibited cross-resistance to 
γ-secretase inhibitors. Multiple resistant primary T-ALLs that 

emerged in vivo did not contain somatic Notch1 mutations 
present in the parental leukemia. Importantly, resistant 
clones up-regulated PI3K signaling. Consistent with these 
data, inhibiting Notch1 activated the PI3K pathway, providing 
a likely mechanism for selection against oncogenic Notch1 
signaling. These studies validate PI3K as a therapeutic 
target in T-ALL and raise the unexpected possibility that dual 
inhibition of PI3K and Notch1 signaling could promote drug 
resistance in T-ALL. 

Nature 2014; 513: 512
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Loss of oncogenic Notch1 with resistance to a PI3K inhibitor in T cell leukemia

The high rate of mortality in the current Ebola epidemic has  
made it difficult for researchers to collect samples of the 
virus and study its evolution. Gire et al. describe Ebola ep- 
idemiology on the basis of 99 whole-genome sequences, 
including samples from 78 affected individuals. The authors 
analyzed changes in the viral sequence and conclude that 
the current outbreak probably resulted from the spread of 

the virus from central Africa in the past decade. The outbreak 
started from a single transmission event from an unknown an- 
imal reservoir into the human population. Two viral lineages 
from Guinea then spread from person to person into Sierra 
Leone. 

 Science 2014; 345: 1369
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Evolution of Ebola virus over time

“Quality is never an accident. It is always the result of intelligent effort”
John Ruskin (1819-1900), leading English art critic of the Victorian era, also an art patron, draughtsman, watercolorist,  

a prominent social thinker and philanthropist. Today, his ideas and concerns are widely recognized  
as having anticipated interest in environmentalism and sustainability
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process that reflects a balance between degradation and synthesis. 
Under physiological conditions, the chemical cross-linking of 
collagen molecules incorporated in collagen fibrils is critical for 
the mechanical stability of these fibrils. Moreover, the presence 
of chemical cross-links makes fibril-incorporated collagen mol-
ecules more resistant to proteolysis. Formation of cross-links is an 
enzymatic process catalyzed by lysyl-oxidase (LOX).

LOX is a copper-dependent amine oxidase that initiates 
the covalent cross-linking of collagen and elastin by catalyzing 
oxidative deamination of lysine and hydroxylysine residues 
to aminoadipic semi-aldehydes. These highly reactive semi-
aldehydes can spontaneously condense to assure extracellular 
matrix (ECM) stability. LOX activity is essential to maintain 
the tensile and elastic features of connective tissues of skeletal, 
pulmonary, and cardiovascular systems, among others. LOX 
is synthesized as a pre-pro-LOX and is secreted into the extra-
cellular environment where it is proteolytically processed to 
release the mature and active 32 kDa form and its pro-peptide.

LOX has been evaluated in patients with diffuse cutane-
ous systemic sclerosis by immune staining of the skin and was 
found to be increased in interstitial fibroblastic cells compared 
with normal skin, but was not increased in SSc patients with 
skin atrophy [14]. LOX has been evaluated in other states of 
fibrosis, including primary myelofibrosis (PMF), hepatic and 
myocardial fibrosis [10], and was found to be overexpressed in 
the relevant tissues. We therefore conducted a study to evaluate 
LOX serum levels in SSc patients compared to normal controls 
and patients with PMF, as a disease control, and correlated these 
levels with clinical parameters. The study population comprised 
26 SSc patients who were compared with healthy and primary 
myelofibrosis patients as the disease control. Ten SSc patients 
had diffuse disease with lung fibrosis and 16 had limited cuta-
neous disease. LOX serum concentration in SSc patients was 
higher than in healthy controls and similar to the disease control 
(58.4 ± 4.8 vs. 28.4 ± 2.5 ng/ml vs. 44.6 ± 9.4 ng/ml respectively, 
P < 0.001). LOX serum level was significantly higher in patients 
with diffuse vs. limited disease (73 ± 6.6 vs. 49.3 ± 5.5 ng/ml, P 

< 0.01). LOX serum concentration correlated with mRSS (P < 
0.01) and with severity score (P < 0.001) in patients with SSc. 
This was the first study to demonstrate high serum levels of LOX 
in SSc patients, which specifically correlate with skin fibrosis 
and disease severity. 

These correlations suggest that LOX levels can serve as a novel 
biomarker for fibrosis and severity in SSc. Future studies are war-
ranted to determine LOX as a potential therapy target in SSc. 
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Gain-of-function mutations in the fibroblast growth factor recep- 
tor 3 gene (FGFR3) result in skeletal dysplasias, such as than- 
atophoric dysplasia and achondroplasia (ACH). The lack of disease 
models using human cells has hampered the identification of 
a clinically effective treatment for these diseases. Yamashita 
et al. show that statin treatment can rescue patient-specific 
induced pluripotent stem cell (iPSC) models and a mouse model 
of FGFR3 skeletal dysplasia. The authors converted fibroblasts 
from thanatophoric dysplasia type I (TD1) and ACH patients into  

iPSCs. The chondrogenic differentiation of TD1 iPSCs and ACH 
iPSCs resulted in the formation of degraded cartilage. They 
found that statins could correct the degraded cartilage in both 
chondrogenically differentiated TD1 and ACH iPSCs. Treatment 
of ACH model mice with statin led to a significant recovery of 
bone growth. These results suggest that statins could represent 
a medical treatment for infants and children with TD1 and ACH. 
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Kill it: That is the immune system’s response to most viral 
infections, including influenza. Eliminating infected cells 
rids the body of the infection. Heaton and group report that a 
special type of epithelial cell in the lungs of mice – called club 
cells – survive influenza infection. How do they do it? Gene 
expression analysis suggests that club cells express high 
amounts of antiviral genes in response to infection. Although 

this process probably helps the animal contain the virus during 
early infection, club cells also produced pro-inflammatory 
molecules that cause lung pathology. Whether club cells play 
a role in inflammation-induced mortality, as seen in the H5N1 
and H1N1 influenza pandemics, remains to be seen. 

 J Exp Med 2014;10.1084/jem.20140488
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Flu survivors are an inflammatory club

Drugs delivered throughout the body often cause collateral 
damage to healthy tissues. When disease or injury is localized, 
patients can avoid this problem by using a drug delivery device 
implanted in the target tissue. However, such devices eventually 
run out of drugs and must be removed surgically and refilled. 
Brudno et al. designed a drug-delivery device that can be refilled 
non-invasively and tested it in a mouse tumor model. They made  

the device from a gel tethered to short DNA sequences. To 
refill it, they coupled gel strands to drugs and tethered them 
to complementary DNA sequences, then injected the strands 
intravenously into the mice. Because of the complementary DNA 
sequences, the strands homed directly to the device. 

Proc Natl Acad Sci USA 2014;10.1073/pnas.1413027111
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Refilling drug delivery devices

The hormone erythropoietin (EPO), which is synthesized in the 
kidney or liver of adult mammals, controls erythrocyte production 
and is regulated by the stress-responsive transcription factor 
hypoxia-inducible factor-2 (HIF-2). Xu and co-authors previously 
reported that the lysine acetyltransferase CREB-binding protein 
(CBP) is required for HIF-2α acetylation and efficient HIF-2-
dependent EPO induction during hypoxia. Now the authors 
(show that these processes require acetate-dependent acetyl 
CoA synthetase 2 (ACSS2). In human Hep3B hepatoma cells and 
in EPO-generating organs of hypoxic or acutely anemic mice, 
acetate levels rise and ACSS2 is required for HIF-2αacetylation, 

CBP-HIF-2α complex formation, CBP-HIF-2α recruitment to the 
EPO enhancer and efficient induction of EPO gene expression. In 
acutely anemic mice, acetate supplementation augments stress 
erythropoiesis in an ACSS2-dependent manner. Moreover, in 
acquired and inherited chronic anemia mouse models, acetate 
supplementation increases EPO expression and the resting 
hematocrit. Thus, a mammalian stress-responsive acetate 
switch controls HIF-2 signaling and EPO induction during path- 
ophysiological states marked by tissue hypoxia. 

Nature Med 2014; 20: 1018
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primary infection following exposure to patients with active 
TB [6]. 

Variables associated with significantly increased risk for 
infection among patients with RA include older age, smok-
ing, and presence of other comorbid diseases such as chronic 
lung and kidney diseases and diabetic mellitus, as well as the 
use of immunosuppressive medications [5,7]. 

Sepsis

Systemic inflammatory response syndrome (SIRS) is an inflam-
matory state in which various mechanisms of the immune sys-
tem are activated. This response is frequently associated with 
infection. Sepsis refers to the existence of these processes in the 
presence of infection [8,9]. Sepsis is the second leading cause 
of mortality among patients admitted to the ICU [9]. During 
the last decade, there was a steady increase in the incidence rate 
of sepsis in the general population, and the mortality rate as a 
result of sepsis is still around 70% [9,10]. Case-fatality rates of 
patients with sepsis is 1.5 to 2.5-fold more common than those 
of patients admitted to the ICU due to other causes [9,10]. In 
2000, 28 day mortality rates were 7% for SIRS, 16–25% for 
sepsis and 20–54% for severe sepsis and septic shock. Mortality 
rates from sepsis correlate with the number of organ systems 
involved. The mortality rate is 15% risk for death when there is 
no sign of organ dysfunction or tissue hypoperfusion, and 70% 
in patients presenting a dysfunction in three or more organ 
systems [8-10]. Despite the vast number of papers studying 
infections in SLE and RA, a literature review did not reveal 
large controlled studies of sepsis in SLE and RA. 

Clalit Health Services is the largest health fund in Israel 
and seven major hospitals are affiliated to this organization. 
SEPSIS-ISR is an ongoing prospective study that collects data 
on all patients admitted with the diagnosis of sepsis to the ICUs 
of all seven Clalit hospitals during the period 2002–2012. From 
the database we identified all patients with SLE and RA aged 18 
years or more who were diagnosed with sepsis and admitted 
to the general ICU [10]. 

This ongoing study aims to assess whether SLE and/or RA 
are independent risk factors for short- and long-term mortality 
in patients admitted to the ICU with sepsis. Age- and gender-
matched subjects with a diagnosis of sepsis but without SLE or 
RA were selected for each patient with SLE/RA at a 1:3 and 1:2 
ratio respectively. The diagnosis of sepsis was based on well-
defined criteria. 
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To determine the epigenetic mechanisms that direct blood 
cells to develop into the many components of our immune 
system, the BLUEPRINT consortium examined the regulation 
of DNA and RNA transcription to dissect the molecular traits 
that govern blood cell differentiation. By inducing immune 
responses, Saeed et al. document the epigenetic changes 
in the genome that underlie immune cell differentiation. 
Cheng et al. demonstrate that trained monocytes are highly 
dependent on the breakdown of sugars in the presence of 

oxygen, which allows cells to produce the energy needed to 
mount an immune response. Chen’s group examined RNA 
transcripts and found that specific cell lineages use RNA 
transcripts of different length and composition (isoforms) to 
form proteins. Together, the studies reveal how epigenetic 
effects can drive the development of blood cells involved in 
the immune system. 

Science 2014; 10.1126.1251086, 1250684, 1251033 
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for public autoreactive repertoires [8]. The recent observation 
that one such public homuncular peptide epitope, p277, can sig-
nal the immune system to desist from an autoimmune attack in 
T1D [4] suggests that some homuncular self-antigens may func-
tion as immune modulators. The immune system responds to 
these self-molecules as biomarkers for regulating inflammation; 
indeed, the immune system seems to be poised to recognize 
HSP60 and peptide p277 using many different receptors, innate 
TLR as well as somatically generated antigen receptors. Whether 
homuncular self-molecules can be used to treat other autoim-
mune diseases is an open question; we are now developing 
treatments based on HSP70 and HSP90 homuncular molecules. 
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How do we learn from past errors? Herzfeld et al. found that when 
we practice a movement, the human brain has a memory for  
errors that is then used to learn faster in new conditions. This memory  
for error exists in parallel with motor memory’s two traditional 
forms: memory of actions and memory of external perturbations. 

They also proposed a mathematical model for learning from errors.  
This model explained previous experimental results and pre- 
dicted other major findings that they later verified experimentally. 

Science 2014; 345: 1349
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Practice makes perfect — or does it?

FOXP3+ regulatory T cells (Treg cells) are abundant in the 
intestine, where they prevent dysregulated inflammatory 
responses to self and environmental stimuli. It is now ap- 
preciated that Treg cells acquire tissue-specific adaptations 
that facilitate their survival and function; however, key host 
factors controlling the Treg response in the intestine are 
poorly understood. The interleukin (IL)-1 family member IL-
33 is constitutively expressed in epithelial cells at barrier 
sites, where it functions as an endogenous danger signal, 
or alarmin, in response to tissue damage. Recent studies in 
humans have described high levels of IL-33 in inflamed lesions 
of inflammatory bowel disease patients, suggesting a role for 
this cytokine in disease pathogenesis. In the intestine, both 
protective and pathological roles for IL-33 have been described 
in murine models of acute colitis, but its contribution to chronic 
inflammation remains ill defined. Schiering and team show 

in mice that the IL-33 receptor ST2 is preferentially expressed 
on colonic Treg cells, where it promotes Treg function and 
adaptation to the inflammatory environment. IL-33 signaling in T 
cells stimulates Treg responses in several ways. First, it enhances 
transforming growth factor (TGF)-β1-mediated differentiation of 
Treg cells and, second, it provides a necessary signal for Treg cell 
accumulation and maintenance in inflamed tissues. Strikingly, 
IL-23, a key pro-inflammatory cytokine in the pathogenesis of 
inflammatory bowel disease, restrained Treg responses through 
inhibition of IL-33 responsiveness. These results demonstrate a 
hitherto unrecognized link between an endogenous mediator 
of tissue damage and a major anti-inflammatory pathway, and 
suggest that the balance between IL-33 and IL-23 may be a key 
controller of intestinal immune responses. 

Nature 2014; 513: 564
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Individuals who witnessed a moral deed are more likely than 
non-witnesses to perform a moral deed themselves and are 
also more likely to allow themselves to act immorally. Hofmann 
et al. asked smartphone users to report their encounters with 
morality. Most moral judgment experiments are lab-based and 
don’t allow for conclusions based on what people experience 

in their daily lives. This field experiment revealed that people 
experience moral events frequently in daily life. A respondent’s 
ideology influenced the kind of event reported and the 
frequency, which is consistent with moral foundations theory. 

Science 2014; 345: 1340
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Moral homeostasis in real life vs. the lab

The notochord, the developmental backbone precursor, defines 
chordates – the group of animals to which humans belong. The 
origin of the notochord remains mysterious. Lauri and co-workers 
report the identification of a longitudinal muscle in an annelid 
worm that displays striking similarities to the notochord regarding 
position, developmental origin, and expression profile. Similar 

muscles, termed axochords, are found in various invertebrate 
phyla. These data suggest that the last common ancestor of bila- 
terians already possessed contractile midline tissue that, via 
stiffening, developed into a cartilaginous rod in the chordate line. 

Science 2014; 345: 1365
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Origin of the spine lies in a worm

Crizotinib, a selective tyrosine kinase inhibitor (TKI), shows 
marked activity in patients whose lung cancers harbor 
fusions in the gene encoding anaplastic lymphoma receptor 
tyrosine kinase (ALK), but its efficacy is limited by variable 
primary responses and acquired resistance. In work arising 
from the clinical observation of a patient with ALK fusion-
positive lung cancer who had an exceptional response to 
an insulin-like growth factor 1 receptor (IGF-1R)-specific 
antibody, Lovly and fellow researchers define a therapeutic 
synergism between ALK and IGF-1R inhibitors. Similar to IGF-
1R, ALK fusion proteins bind to the adaptor insulin receptor 
substrate 1 (IRS-1), and IRS-1 knockdown enhances the 

antitumor effects of ALK inhibitors. In models of ALK TKI 
resistance, the IGF-1R pathway is activated, and combined 
ALK and IGF-1R inhibition improves therapeutic efficacy. 
Consistent with this finding, the levels of IGF-1R and IRS-1 
are increased in biopsy samples from patients progressing 
on crizotinib monotherapy. Collectively these data support 
a role for the IGF-1R–IRS-1 pathway in both ALK TKI-sensitive 
and ALK TKI-resistant states and provide a biological 
rationale for further clinical development of dual ALK and 
IGF-1R inhibitors. 

Nature Med 2014; 20: 1027 
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Rationale for co-targeting IGF-1R and ALK in ALK fusion-positive lung cancer

“Choose your corner, pick away at it carefully, intensely and to the best of your ability and that 
way you might change the world”

Charles Eames (1907-1978), American designer who (with his wife Bernice Alexandra “Ray”) made major contributions to modern 
architecture and furniture. They also worked in the fields of industrial and graphic design, fine art and film. The “Eames chair”  

has become iconic with Modern style design; an example is in the permanent collection of New York’s Museum of Modern Art
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many patients become refractory to current treatment options 
or develop side effects, it is important to find new and effective 
drugs for the treatment of PsA.
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is a mAb against IL-17 receptor A (IL-17RA). They have all 
been shown to improve skin psoriasis: a phase IIb RCT of 
secukinumab found a psoriasis area severity index (PASI) of 
75 and PASI improvements in respectively 81% and 57% of the 
patients after 12 weeks, compared with 9% for placebo; and a 
randomized dose-finding study of ixekizumab showed signifi-
cant PASI improvements in > 77% of patients compared with 
8% for placebo [6]. Brodalumab has also been studied in PsA: 
subcutaneous doses of 140 mg and 280 mg respectively led to 
12 week ACR 20 responses (36.8% and 39.3% of the patients, 
compared with 18.2% for placebo). However, further longer-
term studies are necessary to define the effects of IL-17 inhibi-
tors on the various manifestations of PsA [6].

• Apremilast

Apremilast is an oral phosphodiesterase-4 inhibitor that 
regulates inflammatory mediators. Phosphodiesterase-4, the 
dominant phosphodiesterase expressed in immune cells, 
degrades cyclic AMP (cAMP) into AMP [6]. Thus, its inhibition 
increases intracellular cAMP levels, which can down-regulate 
inflammatory responses by partially inhibiting the expression 
of the inflammatory cytokines IL-12, IL-23, TNFα and IFNγ, 
and increasing the expression of the anti-inflammatory media-
tor IL-10. Apremilast has been used in several studies of PsA 
patients and was shown to be efficacious and well tolerated, with 
minimal effects on any laboratory parameters.

Conclusions 

Although pharmacological treatment often begins with MTX, 
anti-TNF therapies remain the gold standard. However, since 

Alopecia areata (AA) is a common autoimmune disease 
resulting from damage of the hair follicle by T cells. The 
immune pathways required for autoreactive T cell activation 
in AA are not defined, limiting clinical development of ration- 
al targeted therapies. Genome-wide association studies 
(GWAS) implicated ligands for the NKG2D receptor (product 
of the KLRK1 gene) in disease pathogenesis. Xing et al. show 
that cytotoxic CD8+NKG2D+ T cells are both necessary and 
sufficient for the induction of AA in mouse models of disease. 
Global transcriptional profiling of mouse and human AA skin 
revealed gene expression signatures indicative of cytotoxic T 
cell infiltration, an interferon-gamma (IFNγ) response and up-
regulation of several γ-chain (γc) cytokines known to promote 
the activation and survival of IFNγ-producing CD8+NKG2D+ 
effector T cells. Therapeutically, antibody-mediated blockade 

of IFNγ, interleukin-2 (IL-2) or interleukin-15 receptor β (IL-15Rβ) 
prevented disease development, reducing the accumulation 
of CD8+NKG2D+ T cells in the skin and the dermal IFN 
response in a mouse model of AA. Systemically administered 
pharmacological inhibitors of Janus kinase (JAK) family protein 
tyrosine kinases, downstream effectors of the IFNγ and γc 
cytokine receptors, eliminated the IFN signature and prevented 
the development of AA, while topical administration promoted 
hair regrowth and reversed established disease. Notably, 
three patients treated with oral ruxolitinib, an inhibitor of 
JAK1 and JAK2, achieved near-complete hair regrowth within 5 
months of treatment, suggesting the potential clinical utility of 
JAK inhibition in human AA. 

Nature Med 2014; 20: 1043
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Alopecia areata is driven by cytotoxic T lymphocytes and is reversed by JAK inhibition
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patients (five females and two males, mean age 55 years) with 
new-onset or recently relapsed PM/DM. SCIg infusions were 
given as previously described. In all patients we documented 
improvement in the MRC score and Rankin modified score, 
associated with a reduction in serum creatine kinase levels. 

In both trials most of the patients were able to significantly 
reduce the dose of prednisone and, if applicable, of immuno-
suppressants as well. 

Conclusions

Based on our experience, the use of SCIg may be a valid option 
alternative to IVIg in patients with refractory PM/DM or as 
first-line treatment when the use of glucocorticoids or immu-
nosuppressants is contraindicated or if the patient is poorly 
compliant with these drugs and IVIg therapy [Table 1]. 

The sequential protocol with IVIg-SCIg in patients with 
new-onset myositis allows complete clinical and functional 

recovery with a long-term stable remission. The direct proto-
col should be considered in moderately active inflammatory 
myopathies as add-on treatment to glucocorticoids in patients 
with either new-onset or recently relapsed PM/DM or refrac-
tory disease.
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Table 1. Recommendations for SCIg use as first-line treatment in 
idiopathic inflammatory myositis

Possible indications for SCIg as first-line therapy in patients with PM/DM
•	Cancer-associated myositis, with recent cancer or with pre-neoplastic 

disease 
•	Contraindications to the use of immunosuppressants (hepatitis C virus, 

hepatitis B virus, human immunodeficiency virus, common variable 
immunodeficiency and/or other situation of immunodepression)

•	Young women who wish to fall pregnant
•	Contraindications to continued glucocorticoid treatment (i.e., poorly 

controlled diabetes, arterial hypertension, osteoporosis)

Possible indications for SCIg as preferred to IVIg in subjects with
•	Difficulty of venous access
•	Past thromboembolic events 
•	Selective IgA deficit 
•	Impaired renal function
•	Heart involvement due to myositis or other causes

Chemoresistance is a serious limitation of cancer treatment. 
Until recently, almost all the work done to study this limitation 
has been restricted to tumor cells. Tavora et al. have identified 
a novel molecular mechanism by which endothelial cells 
regulate chemosensitivity. The authors established that 
specific targeting of focal adhesion kinase (FAK, also known 
as PTK2) in endothelial cells is sufficient to induce tumor cell 
sensitization to DNA-damaging therapies and thus inhibit 
tumor growth in mice. The clinical relevance of this work is 
supported by our observations that low blood vessel FAK 
expression is associated with complete remission in human 
lymphoma. This study shows that deletion of FAK in endothelial 
cells has no apparent effect on blood vessel function per se, 
but induces increased apoptosis and decreased proliferation 
within perivascular tumor cell compartments of mice treated 

with doxorubicin and radiotherapy. Mechanistically, we 
demonstrate that endothelial cell FAK is required for DNA 
damage-induced NF-κB activation in vivo and in vitro, and 
the production of cytokines from endothelial cells. Moreover, 
loss of endothelial cell FAK reduces DNA damage-induced 
cytokine production, thus enhancing chemosensitization 
of tumor cells to DNA-damaging therapies in vitro and in 
vivo. Overall, their data identified endothelial cell FAK as a 
regulator of tumor chemosensitivity. Furthermore, the authors 
anticipate that this proof-of-principle data will be a starting 
point for the development of new possible strategies to 
regulate chemosensitization by targeting endothelial cell FAK 
specifically. 

Nature 2014; 514: 112
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Endothelial cell FAK targeting sensitizes tumors to DNA-damaging therapy
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according to gene array results. Moreover, FACS analysis dem-
onstrated a marked decrease of CD8+T cells and an increase of 
CD4+T cells following treatment [Figure 1 C & D]. Interestingly, 
we also observed an increase of centrocytes (CD23- CD27- 
IgM- IgD- B cells) [Figure 1 E]. The phenotypic modifications 
observed with the FACS analysis are in agreement with the gene 
expression data. Indeed, the expression of the TNFRSF25 gene, 
able to promote CD8+T cell survival, was up-regulated before 
therapy and returned to baseline levels after IVIg infusion, in 
accordance with the reduction of CD8+T cells. The LEPR gene, 
which has a crucial role in CD4+T cell proliferation, was down-
regulated before infusion returned to baseline levels after the 
treatment. Therefore, the modulation of TNFRSF25 and of LEPR 
genes may be related to the decrease of CD8+ cells and to the 
increase of CD4+ T cells after IVIg. Similarly, modulation of 
genes involved in B cell development such as RGS1 may result in 
modification of the B cell phenotype induced by IVIg infusion, 
i.e., increased number of switched memory B cells.

Conclusions

Our results provide further support to the hypothesis that the 
benefits of IVIg therapy [8-10] are not only related to antibody 
replacement but also to its ability to modulate the immune 
response in common variable immunodeficiency.
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The role of long non-coding RNA (lncRNA) in adult hearts 
is unknown; also unclear is how lncRNA modulates 
nucleosome remodeling. An estimated 70% of mouse genes 
undergo antisense transcription, including myosin heavy 
chain 7 (Myh7), which encodes molecular motor proteins 
for heart contraction. Han and group identified a cluster of 
lncRNA transcripts from Myh7 loci and demonstrated a new 
lncRNA-chromatin mechanism for heart failure. In mice, 
these transcripts, which they named myosin heavy chain-
associated RNA transcripts (Myheart, or Mhrt), are cardiac-
specific and abundant in adult hearts. Pathological stress 
activates the Brg1-Hdac-Parp chromatin repressor complex 
to inhibit Mhrt transcription in the heart. Such stress-
induced Mhrt repression is essential for cardiomyopathy 
to develop: restoring Mhrt to the pre-stress level protects 
the heart from hypertrophy and failure. Mhrt antagonizes 
the function of Brg1, a chromatin-remodeling factor that is 
activated by stress to trigger aberrant gene expression and 
cardiac myopathy. Mhrt prevents Brg1 from recognizing its 

genomic DNA targets, thus inhibiting chromatin targeting 
and gene regulation by Brg1. It does so by binding to the 
helicase domain of Brg1, a domain that is crucial for tethering 
Brg1 to chromatinized DNA targets. Brg1 helicase has dual 
nucleic-acid-binding specificities: it is capable of binding 
lncRNA (Mhrt) and chromatinized – but not naked – DNA. 
This dual-binding feature of helicase enables a competitive 
inhibition mechanism by which Mhrt sequesters Brg1 from 
its genomic DNA targets to prevent chromatin remodeling. 
A Mhrt-Brg1 feedback circuit is thus crucial for heart 
function. Human MHRT also originates from MYH7 loci and is 
repressed in various types of myopathic hearts, suggesting 
a conserved lncRNA mechanism in human cardiomyopathy. 
These studies identified a cardioprotective lncRNA, defined 
a new targeting mechanism for ATP-dependent chromatin-
remodeling factors, and established a new paradigm for 
lncRNA-chromatin interaction. 

Nature 2014; 514: 102
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A long non-coding RNA protects the heart from pathological hypertrophy
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first infusion, we attributed this event to high disease activity 
rather than to belimumab itself.

In summary, although it is premature to draw firm conclu-
sions, our preliminary observations suggest that the improve-
ment in clinical and serological parameters seems to occur 
at least after 3–6 months of treatment. Perseverance with the 
treatment until the first 6–12 months, supported by its toler-
ability and safety, can provide benefit to the patient in terms of 
reduced steroid dosage as well.
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In auditory fear conditioning, mice learn to associate auditory 
cues, such as a tone, with mild footshocks. Forming associations 
like this, then remembering them long-term (called fear memory 
consolidation), is an important strategy for navigating one’s 
environment. To understand the molecular basis of fear memory 
consolidation, Dias et al. investigated the contribution of micro- 
RNAs, small bits of RNA that modulate gene expression. They 

discovered an important role for the microRNA-34a, which targeted 
components of a particular signaling pathway (the so-called Notch 
pathway) that is normally involved in development. MicroRNA-34a 
caused a transient decrease in Notch-dependent signaling in the 
amygdala, which was important for fear memory consolidation. 

Neuron 2014; 83: 906 
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Animal behavior follows dopamine rewards

Medulloblastoma, the most common malignant childhood 
brain tumor, exhibits distinct molecular subtypes and 
cellular origins. Genetic alterations driving medulloblastoma 
initiation and progression remain poorly understood. He et 
al. identified GNAS, encoding the G protein Gαs, as a potent 
tumor suppressor gene that, when expressed at low levels, 
defines a subset of aggressive Sonic hedgehog (SHH)-driven 
human medulloblastomas. Ablation of the single Gnas gene 
in anatomically distinct progenitors in mice is sufficient to 
induce Shh-associated medulloblastomas, which recapitulate 
their human counterparts. Gαs is highly enriched at the 
primary cilium of granule neuron precursors and suppresses 

Shh signaling by regulating both the cAMP-dependent path- 
way and ciliary trafficking of Hedgehog pathway components. 
Elevation in levels of a Gαs effector, cAMP, effectively inhibits 
tumor cell proliferation and progression in Gnas-ablated 
mice. Thus, these gain- and loss-of-function studies identify 
a previously unrecognized tumor suppressor function for  
Gαs that can be found consistently across Shh-group medullo- 
blastomas of disparate cellular and anatomical origins, 
highlighting G protein modulation as a potential therapeutic 
avenue. 

Nature Med 2014; 20: 1035
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The G protein α subunit Gαs is a tumor suppressor in Sonic hedgehog-driven medulloblastoma

“No one means all he says, and yet very few say all they mean, for words are slippery and 
thought is viscous”
Henry Brooks Adams (1838-1918), American historian and member of the Adams political family, being descended from two U.S. Presidents 
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iron uptake and iron storage; on the other hand, during the 
resolution of inflammation, “M2 macrophages” are involved 
in iron release. These “M2 macrophages” usually express 
scavenger receptors, and CD163, involved in haptoglobin–
hemoglobin complex uptake, is one of the best characterized. 
sCD163 represents the serum form of this molecule and it is 
released by shedding into the sera during inflammatory con-
ditions. Its precise function has not yet been defined; however, 
different stimuli are responsible for its production including 
Toll-like receptor (TLR) activation [10]. This molecule was 
found over-expressed in several infectious conditions; none-
theless, it has been proposed as a biomarker for MAS. Over 
the course of MAS the sCD163 levels positively correlate with 
ferritin serum levels, suggesting a possible pathogenic rela-
tionship between these molecules. Thus, according to such 
findings, the sCD163 is considered one of the main markers 
of macrophage activation [10]. 

CD163 AND adult-onset Still’s disease 

To determine the possible link between ferritin production and 
macrophage activation, sCD163 expression was recently evalu-
ated for the first time by our group in patients with AOSD (in 
press). We evaluated the expression of sCD163, with the aim of 
defining its possible utility as a biomarker of disease activity as 
well as identifying a possible correlation with ferritin serum lev-
els. Patients with sepsis and healthy subjects served as control 
groups. Despite the lack of specificity, sCD163 was significantly 
increased in active patients with AOSD when compared with 
non-active patients. Importantly, a positive correlation between 
sCD163 and ferritin serum levels supports the hypothesis of a 
possible role of macrophages in ferritin production. 

Thus, in the unfinished puzzle of autoinflammatory diseases, 
new players have arrived on the scene and their exact role has 
still to be defined.
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Without an approved vaccine or treatments, Ebola outbreak 
management has been limited to palliative care and barrier 
methods to prevent transmission. These approaches, 
however, have yet to end the 2014 outbreak of Ebola after 
its prolonged presence in West Africa. Qiu et al. show that a 
combination of monoclonal antibodies (ZMapp), optimized 
from two previous antibody cocktails, is able to rescue 100% 
of rhesus macaques when treatment is initiated up to 5 
days post-challenge. High fever, viremia and abnormalities 
in blood count and blood chemistry were evident in many 

animals before ZMapp intervention. Advanced disease, as 
indicated by elevated liver enzymes, mucosal hemorrhages 
and generalized petechia could be reversed, leading to full 
recovery. ELISA and neutralizing antibody assays indicate 
that ZMapp is cross-reactive with the Guinean variant of 
Ebola. ZMapp exceeds the efficacy of any other therapeutics 
described so far, and results warrant further development of 
this cocktail for clinical use. 

Nature 2014; 514: 47
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Reversion of advanced Ebola virus disease in non-human primates with ZMapp

“In matters of style, swim with the current; in matters of principle, stand like a rock”
Thomas Jefferson (1743-1826), American Founding Father, principal author of the Declaration of Independence (1776),  

and third President of the United States (1801–1809). He was a spokesman for democracy,  
embracing the principles of republicanism and the rights of the individual 
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ferritin levels are normal. Perhaps in this subgroup of patients 
the disease has a different etiology with a different pathogen-
esis. However, there are other diseases characterized by high 
levels of ferritin that do not have an inflammatory response, 
such as hyperferritinemia-cataract syndrome [1].

This concept of hyperferritinemia as a major contributor in 
the pathogenesis of these conditions may be extremely relevant 
when considering more targeted therapy. In order to recall the 
importance of this concept, we propose to include these clinical 
conditions under a single classification: “The Hyperferritinemic 
Syndrome.”
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Every day billions of cells die within the body. Specialized cells 
called phagocytes patrol the blood and act as cellular garbage 
collectors, clearing dead cells to prevent tissue damage and 
inflammation. Phagocytes recognize dead cells because they 
express molecular “eat me” signals on their surfaces. Zagórska 
and group examined how mouse phagocytes use different 
cellular protein receptors, called TAMs, during this process. 

The TAM receptors Mer and Axl recognize the “eat me” signals 
on the surface of dead cells. Mer kept the peace by removing 
the dead cells that accumulate during normal wear and tear. 
In contrast, during inflammation, Axl protein expression 
increased and it took over the removal process from Mer. 

Nat Immunol 2014; 10.1038/ni.2986
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Bring out your dead — hungry receptors await

Self-renewal is the hallmark feature both of normal stem cells 
and cancer stem cells. Since the regenerative capacity of 
normal hematopoietic stem cells is limited by the accumulation 
of reactive oxygen species and DNA double-strand breaks, 
scientists speculated that DNA damage might also constrain 
leukemic self-renewal and malignant hematopoiesis, and 
here Santos et al. show that the histone methyl-transferase 
MLL4, a suppressor of B cell lymphoma, is required for stem 
cell activity and an aggressive form of acute myeloid leukemia 
harboring the MLL-AF9 oncogene. Deletion of MLL4 enhances 
myelopoiesis and myeloid differentiation of leukemic blasts, 
which protects mice from death related to acute myeloid 
leukemia. MLL4 exerts its function by regulating transcriptional 
programs associated with the antioxidant response. Addition 

of reactive oxygen species scavengers or ectopic expression of 
FOXO3 protects MLL4−/− MLL-AF9 cells from DNA damage and 
inhibits myeloid maturation. Similar to MLL4 deficiency, loss of 
ATM or BRCA1 sensitizes transformed cells to differentiation, 
suggesting that myeloid differentiation is promoted by loss 
of genome integrity. Indeed, the authors show that restriction 
enzyme-induced double-strand breaks are sufficient to induce 
differentiation of MLL-AF9 blasts, which requires cyclin-
dependent kinase inhibitor p21Cip1 (Cdkn1a) activity. In sum- 
mary, they uncovered an unexpected tumor-promoting role 
of genome guardians in enforcing the oncogene-induced 
differentiation blockade in acute myeloid leukemia. 

Nature 2014; 514: 107
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DNA damage induced differentiation of leukemic cells as an anti-cancer barrier
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A better understanding of the mechanisms allowing S. marcescens 
to attach to, and translocate along the mycelia of eukaryotic fungi 
may provide better ways to prevent and treat bacterial colonization 
of biotic and abiotic surfaces, thus decreasing the need for 
antibiotics. 

Gene expression biomarkers to 
predict the outcome of  
immune-modulatory treatment  
in patients with relapsing- 
remitting multiple sclerosis
S. Anis, M. Gurevich, E. Hanael, P. Sonis and A. Achiron
Laboratory of Neurogenomics, Multiple Sclerosis Center, Sheba Medical 

Center, Tel Hashomer, affiliated with Sackler Faculty of Medicine, Tel Aviv 

University, Israel [saaranis@gmail.com]

Background: Several immune-modulatory treatments are known 
to be effective for relapsing-remitting multiple sclerosis (RRMS), 
in terms of reducing the number of relapses and the disease 
progression. However, each treatment is characterized by patients 
with an unsatisfactory response. Currently, there is no effective 
tool to predict treatment efficacy in the individual patient prior to 
administration. 
Objectives: To evaluate peripheral blood predictive biomarkers 
for glatiramer acetate (GA) and interferon-beta (IFNβ) treatment 
outcome in RRMS patients.
Methods: We used 85 HG-U133A2 (Affymetrix) gene-expression 

microarrays to analyze peripheral blood samples taken prior to 
treatment initiation with GA [n=37, age 38.6 ± 10.3 years, disease 
duration 6.4 ± 1.2 years, expanded disability status scale (EDSS) 
2.1 ± 0.2] and interferon-beta (IFNβ) (n=48, age 37.8 ± 10.5 years, 
disease duration 6.6 ± 1.1 years, EDSS 2.0 ± 0.2). Good treatment 
response at 2 years of treatment was defined as a reduction of at 
least one relapse compared with the 2 year rate prior to treatment 
combined with annual increase of up to 0.5 in the EDSS score. 
Statistical comparison of the baseline expression of differentiating 
genes between responders and non-responders was performed to 
identify potential markers for treatment response. 
Results: Good clinical outcome was observed in 25/37 (67%) 
GA treated patients. A signature of 762 gene-transcripts 
differentiated between good and poor responders at baseline, 
significantly enriched with genes related to apoptosis (P = 5.27E-
05) and inflammation (P = 6.28E-05). A three-gene classifier 
including ACTR5, WDR45 and PPP1R13B, all known to be related 
to apoptosis, showed a robust discrimination rate for treatment 
response. Good clinical outcome was observed in 34 of 48 
(70%) IFNβ-treated patients. A signature of 627 gene transcripts 
differentiated between good and poor responders. This signature 
was significantly enriched with genes related to T cell growth 
and proliferation (P = 1.37E-03) being over-expressed in good 
responders at baseline. A three-gene classifier including PRUNE, 
POU6F1 and TRD, known to be related to cellular growth, showed 
a robust discrimination rate for treatment response.
Conclusions: Our results suggest that baseline gene expression 
biomarkers can predict treatment response for GA and IFNβ 
treatment, offering future clinical applications. 

Ebola Virus Disease Outbreak – West Africa, September 2014 
Updated data on the Ebola virus disease outbreak in West 
Africa indicate that, as of September 23, a total of 6574 cases 
had been reported from five West African countries (Guinea, 
Liberia, Nigeria, Senegal, and Sierra Leone). The highest 
reported case counts were from Liberia (3458 cases), Sierra 
Leone (2021) and Guinea (1074). 

Incident Management System Ebola Epidemiology Team, CDC; 
Ministries of Health of Guinea, Sierra Leone, Liberia, Nigeria, and 
Senegal; Viral Special Pathogens Branch, National Center for 
Emerging and Zoonotic Infectious Diseases, CDC. 

MMWR 2014;63(Early Release):1-2 

Ebola Virus Disease Outbreak – Nigeria, July-September 2014
On July 20, an acutely ill traveler from Liberia arrived at the 
international airport in Lagos, Nigeria, and was confirmed 
to have Ebola virus disease after being admitted to a private 
hospital. The Federal Ministry of Health, with the Lagos State 
government and international partners, activated an Ebola 

Incident Management Center as a precursor to the current 
Emergency Operations Center to rapidly respond to this 
outbreak. The index patient died on July 25; as of September 
24, there were 19 laboratory-confirmed Ebola cases and one 
probable case in two states, with 894 contacts identified and 
followed during the response.

Shuaib et al. MMWR 2014;63(Early Release):1-6 

Importation and Containment of Ebola Virus Disease – Senegal, 
August-September 2014
On 29 August 2014, Senegal confirmed its first case of Ebola 
virus disease in a Guinean man, aged 21 years, who had traveled 
from Guinea to Dakar, Senegal, in mid-August to visit family. 
Senegalese medical and public health personnel were alerted 
about this patient after public health staff in Guinea contacted 
his family in Senegal on August 27. This report describes the 
investigation and containment measures that followed. 

Mirkovic et al. MMWR 2014;63 (Early Release):1-2 
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MMWR Early Release on the Ebola outbreak 




