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The microbiome is the sum of all organisms living within a specific
ecological niche. Until recently, only common, culturable members
of a community could be identified. The development of novel
technologies for inexpensively sequencing hundreds of thousands of
DNA strands has allowed us to see the broad spectrum of bacteria,
fungi, and even viruses inhabiting various niches on and within the
human body. High throughput sequencing detects organisms that have
not been cultured, revealing richer biodiversity than was previously
thought to exist. Early microbiome studies involved creating libraries
of cloned 16S rDNA or random DNA fragments. This method did not
require organisms to be cultured, but was strongly biased towards the
most abundant species in a sample. The advent of Roche 454 barcoded
pyrosequencing and Illumina fluorescent dye-based sequencing freed
researchers to more deeply characterize microbial communities.'

Microbiome studies have led to surprising discoveries, such as
the role of the microbial flora in promoting or preventing obesity,
inflammatory bowel disease, chronic rhinosinusitis, skin diseases,
and many other diseases.>® The American Gut Project (americangut.
org) has analyzed the fecal flora of over 3,000 volunteers. This project
has revealed that a person’s diet, age, exercise level, and alcohol
consumption influence microbiome composition and diversity. Each
individual harbors his or her own unique microbiome; however, some
patterns have emerged. The microbiomes of diseased individuals
often differ from those of healthy individuals. Pathological alterations
are termed “dysbiosis”.

Common forms of dysbiosis include oral thrush, vaginosis,
and small intestinal bacterial overgrowth (SIBO). Antibiotics or
antifungals have historically been used to treat dysbiosis; however,
these treatments can create additional problems by killing beneficial
members of the microbiome and leaving patients vulnerable to
infection with pathogenic organisms such as Clostridium difficile.
Research on the use of probiotics as sole treatments or in addition to
antibiotics has intensified over the past decade.”” Probiotic therapy
involves administration of a limited number of microbial species,
such as Lactobacilli and Bifidobacteria. Probiotic treatment is limited
to culturable organisms. Oral probiotic treatment has been used
with limited success to treat ulcerative colitis, allergic rhinitis and
sinusitis.!*!? The effects of oral probiotics on allergy are likely due
to immune system shifts.!” The disadvantage of these treatments is
that there is no evidence that the microbiome is permanently altered
by probiotics, meaning that long-term treatment is required.” Shifts
in the microbiome associated with disease typically involve changes
in the prevalences of many species, rather than the absence of a few
species. Therefore, a large shift in the microbial composition may be
required to achieve lasting disease remission.

In addition to the above diseases, bacteria are increasingly being
recognized as mediators of carcinogenesis. Helicobacter pylori were
the first bacterial species classified as a carcinogen.'* H. pylori is
known to cause stomach cancer and is suspected of causing some
colorectal cancer and a rare peritoneal cancer.'>!¢ Other bacteria are
being investigated for their roles in cancer as well. Mouse models of
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colorectal cancer clearly demonstrate that certain bacteria promote or
inhibit colon cancer development when germ-free mice are infected
with one or a few bacterial species.'”?? Investigators are attempting
to dissect the role of bacteria in human colorectal cancer by studying
microbiomes of healthy and cancer patients.

Microbiome studies have provided a wealth of promising data,
but determining which bacteria are present within a given location is
only the start. As we know, correlation is not the same as causation.
Are certain bacteria causing a disease, or are they present due to host
physiological changes that result from the disease? The bacteria that
initially promote carcinogenesis-associated cellular changes may be
different from the bacteria that later drive continued tumor growth.?
Some tumors have necrotic regions that are favored by anaerobic
bacteria. The anaerobic bacteria present within the tumor may not
have anything to do with tumor development or progression. It is
believed that H. pylori are often cleared from the stomach as gastric
cancer progresses.” Therefore, the causative agent may no longer
be present by the time the cancer is detected. Zackular et al.,”® have
attempted to address these issues by studying the gut microbiomes
of healthy individuals compared with patients who have developed
colonic adenomas, a precursor of colon cancer, and with those who
have progressed to carcinoma.? Significant microbiome differences
were seen among these three groups, and this may lead to improved
diagnosis.

In spite of the copious data provided by high throughput sequencing
methods, existing methods and analysis software have shortcomings.
Current microbiome sequencing methods are only able to detect
relatively abundant microbial species (>10° microorganisms per gram
of feces).” This leaves out certain important pathogens that may be
present in small numbers, such as intestinal H. pylori and Salmonella
typhi. The depth of sequence analysis will have to be increased still
more in order to find needle-in-a-haystack species that could impact
health. Roche-454 and Illumina sequencing platforms generate
prodigious amounts of data, but read lengths are less than 500 base
pairs. This allows sequencing of one to three 16S rDNA variable
regions, which is not always adequate to identify organisms at the
species level.! Newer technologies promise longer reads; however,
analyzing this amount of data requires more computing power than
standard desktop computers can provide. One must also devote a
considerable amount of time to mastering the existing microbiome
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analysis software. Given the speed of progress over the past decade,
the above problems will no doubt be overcome.

Identification of the organisms present in various niches is only
the beginning. Proving causation and developing new treatment and
prevention strategies will require more than analysis of microbiomes.
Animal models, in vitro models, and clinical trials are needed. Many
of the organisms discovered during microbiome analysis have not yet
been cultured. Therefore, novel and improved culture methods must
be developed. E. coli and some other common bacteria can synthesize
their own amino acids and use simple carbon sources, such as glucose.
Other bacteria have more complex nutritional requirements. Many of
the classical bacteriological media and methods were developed before
1940. Perhaps it is time for a renaissance in the study of bacterial
culture methods. One pioneering study utilized 212 different culture
conditions to isolate fecal bacteria, resulting in greater diversity
than had been obtained previously and 31 new species.”’ Human-
associated bacteria may be adapted to obtain nutrients from mucins,
skin lipids, host iron binding molecules, DNA, and other bacteria.
Therefore, mimicking the host environment to the greatest extent
possible may increase recovery of novel organisms. Methods for
growing bacteria in contact with their natural environments have been
very successful in culturing environmental organisms.?® This involves
using semi-porous membranes to physically separate bacteria from
the environment while allowing nutrients, bacterial products, and
siderophores to flow freely. In some cases, a new species is discovered
to grow only in the presence of a helper strain. Thus far, the critical
factors provided by the helper bacteria have turned out to be heme,
NAD, and catalase;?® however it is possible that other bacterial or host
factors are essential for some organisms.

Once the bacteria are identified and cultured, the big questions
remain; which bacteria are doing what and how can the microbiome
be safely adjusted to improve health? Although animal models have
limitations and do not always predict results in humans, they are
currently the best tool available for studying the complex interactions
between humans and microbes. Mouse models of inflammatory bowel
disease have elucidated interactions between certain components
of the immune system and several bacterial genera that contribute
to chronic inflammation.” Various mouse models of colon cancer
have demonstrated that germ free mice are immune to cancer
development.'® Moreover, colonization of mice with some bacterial
species (e.g. Fusobacterium nucleatus, Helicobacter, enterotoxigenic
Bacteroides fragilis) promotes cancer while colonization with specific
Lactobacillus strains does not.'”!*%

Current antimicrobial agents are not a suitable means for adjusting
the microbiome due to antibiotic resistance and the unwanted side
effect of reducing overall diversity. Species- or genus-specific
antimicrobial agents or vaccines would be useful, but will likely
take many years to develop. Other methods will have to be used
to manipulate the microbiome. “Fecal transplants”, which involve
transferring fecal material from a healthy individual to the intestines
of a sick individual, can alter the recipient’s microbiome. Fecal
transplants have proven far more successful than antibiotics in the
treatment of diarrhea and colitis caused by Clostridium difficile
infection and are gaining acceptance among physicians.® Fecal
transplants are often successful in treating other inflammatory bowel
diseases as well, including Crohn’s disease and ulcerative colitis.*
Thus far, it appears that fecal transplants are more effective for
treating inflammatory bowel diseases than treatment with probiotics.’!

While fecal transplants have saved many lives, the method is too
crude and risky for use in less serious diseases, not to mention the
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“yuck” factor. A core set of bacteria capable of ousting C. difficile
from the gut must be identified so that a safe, standardized treatment
method can be developed. Similarly, the species that promote or
prevent obesity, inflammatory bowel disease, cancer, and other
disorders need to be identified. Evidence suggests that increased
microbiome diversity contributes to disease and allergy resistance,’?3
but how much diversity is needed and how can diversity be
generated? Creating defined mixtures of hundreds of species in a
stable form is a daunting proposition, though not impossible. Once
a diverse microbiome is generated, it must be maintained. Major
dietary alterations can maintain biodiversity, but would it be possible
to develop a dietary supplement that would achieve the same goal?
Prebiotics are food components that can alter the growth of specific
groups of microbes. Currently, nondigestable oligosaccharides are
most commonly used as prebiotics. Oligosaccharides are fermented
by certain gut bacteria, producing beneficial metabolites.’**” Fungal
chitin-glucan, plant polyphenols, peptides, and lipids are also being
tested.’®** There is some clinical evidence that prebiotics can reduce
plasma cholesterol, improve glucose tolerance.*’ Enrichment of pasta
and bakery products with prebiotics has been proposed as one method
for making prebiotics widely available to the general public.’* The
use of live microbes and prebiotics to foster maintenance of healthy
microbiomes may one day be as routine as supplementing foods with
folate, vitamins, and minerals.

Bacteria are no longer mere “germs” to be feared eradicated.
They are also more than food digesters and vitamin providers. Our
microbiomes protect us from invaders, shape our immune systems,
modulate our metabolisms, and may even alter our moods.*' Just as
determining the structure of DNA and cracking the genetic code were
only the first steps in understanding the roles of genes, identifying the
members of localized microbiomes is the beginning of a race towards
a new form of health management.

Acknowledgments

This work was supported by a grant from the National Institutes of
Health (NIH P20GM103641).

Conflicts of interest

Author declares that there is no conflict of interest.

References

1. Weinstock GM. Genomic approaches to studying the human microbiota.
Nature. 2012;489(7415):250-256.

2. KimBS, Jeon YS, Chun J. Current status and future promise of the human
microbiome. Pediatr Gastroenterol Hepatol Nutr. 2013;16(2):71-79.

3. Grice EA. The skin microbiome: potential for novel diagnostic and
therapeutic approaches to cutaneous disease. Semin Cutan Med Surg.
2014;33(2):98-103.

4. Missaghi B, Barkema HW, Madsen KL, et al. Perturbation of the human
microbiome as a contributor to inflammatory bowel disease. Pathogens.
2013;3(3):510-527.

5. Moran CP, Shanahan F. Gut microbiota and obesity: role in aetiology
and potential therapeutic target. Best Pract Res Clin Gastroenterol.
2014;28(4):585-597.

6. Wilson MT, Hamilos DL. The nasal and sinus microbiome in health and
disease. Curr Allergy Asthma Rep. 2014;14(12):485.

7. Grace E, Shaw C, Whelan K, et al. Review article: small intestinal
bacterial overgrowth-prevalence, clinical features, current and
developing diagnostic tests, and treatment. Aliment Pharmacol Ther.
2013;38(7):674-688.

Citation: Testerman TL. Fulfilling the promise of microbiomes to revolutionize medicine. | Microbiol Exp.2015;2(3):106—108.

DOI: 10.15406/jmen.2015.02.00050


https://doi.org/10.15406/jmen.2015.02.00050
http://www.ncbi.nlm.nih.gov/pubmed/22972298
http://www.ncbi.nlm.nih.gov/pubmed/22972298
http://www.ncbi.nlm.nih.gov/pubmed/24010110/
http://www.ncbi.nlm.nih.gov/pubmed/24010110/
http://www.ncbi.nlm.nih.gov/pubmed/25085669
http://www.ncbi.nlm.nih.gov/pubmed/25085669
http://www.ncbi.nlm.nih.gov/pubmed/25085669
http://www.ncbi.nlm.nih.gov/pubmed/25438009/
http://www.ncbi.nlm.nih.gov/pubmed/25438009/
http://www.ncbi.nlm.nih.gov/pubmed/25438009/
http://www.ncbi.nlm.nih.gov/pubmed/25194177
http://www.ncbi.nlm.nih.gov/pubmed/25194177
http://www.ncbi.nlm.nih.gov/pubmed/25194177
http://www.ncbi.nlm.nih.gov/pubmed/25342392
http://www.ncbi.nlm.nih.gov/pubmed/25342392
http://www.ncbi.nlm.nih.gov/pubmed/23957651
http://www.ncbi.nlm.nih.gov/pubmed/23957651
http://www.ncbi.nlm.nih.gov/pubmed/23957651
http://www.ncbi.nlm.nih.gov/pubmed/23957651

Fulfilling the promise of microbiomes to revolutionize medicine

20.

21.

22.

23.

24.

. Borges S, Silva J, Teixeira P. The role of lactobacilli and probiotics in

maintaining vaginal health. Arch Gynecol Obstet. 2014;289(3):479—489.

. Ishikawa KH, Mayer MP, Miyazima TY, et al. A multispecies probiotic

reduces oral Candida colonization in denture wearers. J Prosthodont.
2015;24(3):194-199.

Ozdemir O. Various effects of different probiotic strains in allergic
disorders: an update from laboratory and clinical data. Clin Exp Immunol.
2010;160(3):295-304.

. Kramer MF, Heath MD. Probiotics in the treatment of chronic

rhinoconjunctivitis and chronic rhinosinusitis. J Allergy (Cairo).
2014;2014:983635.

Saez-Lara MJ, Gomez-Llorente C, Plaza-Diaz J, et al. The role of
probiotic lactic acid bacteria and bifidobacteria in the prevention and
treatment of inflammatory bowel disease and other related diseases: a
systematic review of randomized human clinical trials. Biomed Res Int.
2015;2015:505878.

. Shanahan F, Quigley EM. Manipulation of the microbiota for treatment

of IBS and IBD-challenges and controversies. Gastroenterology.
2014;146(6):1554-1563.

Anonymous. Schistosomes, Liver Flukes, and Helicobacter pylori.
IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans. IARC Monographs Eval Carcinog Risks Hum. 1994;61:1-241.

. Gilbreath JJ, Semino-Mora C, Friedline CJ, et al. A core microbiome

associated with the peritoneal tumors of pseudomyxoma peritonei.
Orphanet J Rare Dis. 2013;8:105.

Semino-Mora C, Testerman TL, Liu H, et al. Antibiotic treatment
decreases microbial burden associated with pseudomyxoma
peritonei and affects beta-catenin distribution. Clin Cancer Res.
2013;19(14):3966-3976.

Fukui M, Fujino T, Tsutsui K, et al. The tumor-preventing effect of a
mixture of several lactic acid bacteria on 1,2-dimethylhydrazine-induced
colon carcinogenesis in mice. Oncol Rep. 2001;8(5):1073-1078.

Yang L, Pei Z. Bacteria, inflammation, and colon cancer. World J
Gastroenterol. 2006;12(42):6741-6746.

Maggio-Price L, Treuting P, Bielefeldt-Ohmann H, et al. Bacterial
infection of Smad3/Rag2 double-null mice with transforming growth
factor-beta dysregulation as a model for studying inflammation-
associated colon cancer. Am J Pathol. 2009;174(1):317-329.

Wu S, Rhee KJ, Albesiano E, et al. A human colonic commensal
promotes colon tumorigenesis via activation of T helper type 17 T cell
responses. Nat Med. 2009;15(9):1016-1022.

Khazaie K, Zadeh M, Khan MW, et al. Abating colon cancer polyposis
by Lactobacillus acidophilus deficient in lipoteichoic acid. Proc Natl
Acad Sci U S 4. 2012;109(26):10462—-10467.

Kostic AD, Chun E, Robertson L, et al. Fusobacterium nucleatum
potentiates intestinal tumorigenesis and modulates the tumor-immune
microenvironment. Cell Host Microbe. 2013;14(2):207-215.

Zackular JP, Rogers MA, Ruffin MT, et al. The human gut microbiome
as a screening tool for colorectal cancer. Cancer Prev Res (Phila).
2014;7(11):1112-1121.

Tjalsma H, Boleij A, Marchesi JR, et al. A bacterial driver-passenger
model for colorectal cancer: beyond the usual suspects. Nat Rev
Microbiol. 2012;10(8):575-582.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Copyright:

©2015 Testerman 108

Persson C, Jia Y, Pettersson H, et al. H. pylori seropositivity before
age 40 and subsequent risk of stomach cancer: a glimpse of the true
relationship? PLoS One. 2011;6(3):e17404.

Lagier JC, Million M, Hugon P, et al. Human gut microbiota: repertoire
and variations. Front Cell Infect Microbiol. 2012;2:136.

Lagier JC, Armougom F, Million M, et al. Microbial culturomics:
paradigm shift in the human gut microbiome study. Clin Microbiol
Infect. 2012;18(12):1185-1193.

Stewart EJ. Growing unculturable bacteria. J  Bacteriol.

2012;194(16):4151-4160.

Gkouskou KK, Deligianni C, Tsatsanis C, et al. The gut microbiota
in mouse models of inflammatory bowel disease. Front Cell Infect
Microbiol. 2014;4:28.

Sha S, Liang J, Chen M, et al. Systematic review: faccal microbiota
transplantation therapy for digestive and nondigestive disorders in adults
and children. Aliment Pharmacol Ther. 2014;39(10):1003-1032.

Gollwitzer ES, Marsland BJ. Microbiota abnormalities in
inflammatory airway diseases - Potential for therapy. Pharmacol Ther.
2014;141(1):32-39.

Abreu NA, Nagalingam NA, Song Y, et al. Sinus microbiome diversity
depletion and Corynebacterium tuberculostearicum enrichment mediates
rhinosinusitis. Sci Transl Med. 2012;4(151):151-124.

Haahtela T, Holgate S, Pawankar R, et al. The biodiversity hypothesis
and allergic disease: world allergy organization position statement.
World Allergy Organ J. 2013;6(1):3.

Hippe B, Remely M, Bartosiewicz N, et al. Abundance and diversity
of GI microbiota rather than IgG4 levels correlate with abdominal
inconvenience and gut permeability in consumers claiming
food intolerances. Endocr Metab Immune Disord Drug Targets.
2014;14(1):67-75.

Seto CT, Jeraldo P, Orenstein R, et al. Prolonged use of a proton pump
inhibitor reduces microbial diversity: implications for Clostridium
difficile susceptibility. Microbiome. 2014;2:42.

Kellow NJ, Coughlan MT, Reid CM. Metabolic benefits of dietary
prebiotics in human subjects: a systematic review of randomised
controlled trials. BrJ Nutr. 2014;111(7):1147-1161.

Rastall RA, Gibson GR. Recent developments in prebiotics to selectively
impact beneficial microbes and promote intestinal health. Curr Opin
Biotechnol. 2015;32:42-46.

Geurts L, Neyrinck AM, Delzenne NM, et al. Gut microbiota controls
adipose tissue expansion, gut barrier and glucose metabolism: novel
insights into molecular targets and interventions using prebiotics. Benef
Microbes. 2014;5(1):3—17.

Padma Ishwarya S, Prabhasankar P. Prebiotics: application in bakery and
pasta products. Crit Rev Food Sci Nutr. 2014;54(4):511-522.

Beserra BT, Fernandes R, do Rosario VA, et al. A systematic review
and meta-analysis of the prebiotics and synbiotics effects on glycaemia,
insulin concentrations and lipid parameters in adult patients with
overweight or obesity. Clin Nutr. 2014;5614(14):256-258.

Mayer EA, Knight R, Mazmanian SK, et al. Gut microbes and the brain:
paradigm shift in neuroscience. J Neurosci. 2014;34(46):15490-15496.

Citation: Testerman TL. Fulfilling the promise of microbiomes to revolutionize medicine. | Microbiol Exp.2015;2(3):106—108.
DOI: 10.15406/jmen.2015.02.00050


https://doi.org/10.15406/jmen.2015.02.00050
http://www.ncbi.nlm.nih.gov/pubmed/24170161
http://www.ncbi.nlm.nih.gov/pubmed/24170161
http://www.ncbi.nlm.nih.gov/pubmed/25143068
http://www.ncbi.nlm.nih.gov/pubmed/25143068
http://www.ncbi.nlm.nih.gov/pubmed/25143068
http://www.ncbi.nlm.nih.gov/pubmed/20345982
http://www.ncbi.nlm.nih.gov/pubmed/20345982
http://www.ncbi.nlm.nih.gov/pubmed/20345982
http://www.ncbi.nlm.nih.gov/pubmed/24872820
http://www.ncbi.nlm.nih.gov/pubmed/24872820
http://www.ncbi.nlm.nih.gov/pubmed/24872820
http://www.ncbi.nlm.nih.gov/pubmed/25793197/
http://www.ncbi.nlm.nih.gov/pubmed/25793197/
http://www.ncbi.nlm.nih.gov/pubmed/25793197/
http://www.ncbi.nlm.nih.gov/pubmed/25793197/
http://www.ncbi.nlm.nih.gov/pubmed/25793197/
http://www.ncbi.nlm.nih.gov/pubmed/24486051
http://www.ncbi.nlm.nih.gov/pubmed/24486051
http://www.ncbi.nlm.nih.gov/pubmed/24486051
http://www.ncbi.nlm.nih.gov/pubmed/7715068
http://www.ncbi.nlm.nih.gov/pubmed/7715068
http://www.ncbi.nlm.nih.gov/pubmed/7715068
http://www.ncbi.nlm.nih.gov/pubmed/23844722
http://www.ncbi.nlm.nih.gov/pubmed/23844722
http://www.ncbi.nlm.nih.gov/pubmed/23844722
http://www.ncbi.nlm.nih.gov/pubmed/23743566
http://www.ncbi.nlm.nih.gov/pubmed/23743566
http://www.ncbi.nlm.nih.gov/pubmed/23743566
http://www.ncbi.nlm.nih.gov/pubmed/23743566
http://www.ncbi.nlm.nih.gov/pubmed/11496319
http://www.ncbi.nlm.nih.gov/pubmed/11496319
http://www.ncbi.nlm.nih.gov/pubmed/11496319
http://www.ncbi.nlm.nih.gov/pubmed/17106919
http://www.ncbi.nlm.nih.gov/pubmed/17106919
http://www.ncbi.nlm.nih.gov/pubmed/19119184
http://www.ncbi.nlm.nih.gov/pubmed/19119184
http://www.ncbi.nlm.nih.gov/pubmed/19119184
http://www.ncbi.nlm.nih.gov/pubmed/19119184
http://www.ncbi.nlm.nih.gov/pubmed/19701202
http://www.ncbi.nlm.nih.gov/pubmed/19701202
http://www.ncbi.nlm.nih.gov/pubmed/19701202
http://www.ncbi.nlm.nih.gov/pubmed/22689992
http://www.ncbi.nlm.nih.gov/pubmed/22689992
http://www.ncbi.nlm.nih.gov/pubmed/22689992
http://www.ncbi.nlm.nih.gov/pubmed/23954159
http://www.ncbi.nlm.nih.gov/pubmed/23954159
http://www.ncbi.nlm.nih.gov/pubmed/23954159
http://www.ncbi.nlm.nih.gov/pubmed/25104642
http://www.ncbi.nlm.nih.gov/pubmed/25104642
http://www.ncbi.nlm.nih.gov/pubmed/25104642
http://www.ncbi.nlm.nih.gov/pubmed/22728587
http://www.ncbi.nlm.nih.gov/pubmed/22728587
http://www.ncbi.nlm.nih.gov/pubmed/22728587
http://www.ncbi.nlm.nih.gov/pubmed/21399687
http://www.ncbi.nlm.nih.gov/pubmed/21399687
http://www.ncbi.nlm.nih.gov/pubmed/21399687
http://www.ncbi.nlm.nih.gov/pubmed/23130351
http://www.ncbi.nlm.nih.gov/pubmed/23130351
http://www.ncbi.nlm.nih.gov/pubmed/23033984
http://www.ncbi.nlm.nih.gov/pubmed/23033984
http://www.ncbi.nlm.nih.gov/pubmed/23033984
http://www.ncbi.nlm.nih.gov/pubmed/22661685
http://www.ncbi.nlm.nih.gov/pubmed/22661685
http://www.ncbi.nlm.nih.gov/pubmed/24616886
http://www.ncbi.nlm.nih.gov/pubmed/24616886
http://www.ncbi.nlm.nih.gov/pubmed/24616886
http://www.ncbi.nlm.nih.gov/pubmed/24641570
http://www.ncbi.nlm.nih.gov/pubmed/24641570
http://www.ncbi.nlm.nih.gov/pubmed/24641570
http://www.ncbi.nlm.nih.gov/pubmed/23969226
http://www.ncbi.nlm.nih.gov/pubmed/23969226
http://www.ncbi.nlm.nih.gov/pubmed/23969226
http://www.ncbi.nlm.nih.gov/pubmed/22972842
http://www.ncbi.nlm.nih.gov/pubmed/22972842
http://www.ncbi.nlm.nih.gov/pubmed/22972842
http://www.ncbi.nlm.nih.gov/pubmed/23663440
http://www.ncbi.nlm.nih.gov/pubmed/23663440
http://www.ncbi.nlm.nih.gov/pubmed/23663440
http://www.ncbi.nlm.nih.gov/pubmed/24502607
http://www.ncbi.nlm.nih.gov/pubmed/24502607
http://www.ncbi.nlm.nih.gov/pubmed/24502607
http://www.ncbi.nlm.nih.gov/pubmed/24502607
http://www.ncbi.nlm.nih.gov/pubmed/24502607
http://www.ncbi.nlm.nih.gov/pubmed/25426290/
http://www.ncbi.nlm.nih.gov/pubmed/25426290/
http://www.ncbi.nlm.nih.gov/pubmed/25426290/
http://www.ncbi.nlm.nih.gov/pubmed/24230488
http://www.ncbi.nlm.nih.gov/pubmed/24230488
http://www.ncbi.nlm.nih.gov/pubmed/24230488
http://www.ncbi.nlm.nih.gov/pubmed/25448231
http://www.ncbi.nlm.nih.gov/pubmed/25448231
http://www.ncbi.nlm.nih.gov/pubmed/25448231
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/23886976
http://www.ncbi.nlm.nih.gov/pubmed/24237001
http://www.ncbi.nlm.nih.gov/pubmed/24237001
http://www.ncbi.nlm.nih.gov/pubmed/25456608
http://www.ncbi.nlm.nih.gov/pubmed/25456608
http://www.ncbi.nlm.nih.gov/pubmed/25456608
http://www.ncbi.nlm.nih.gov/pubmed/25456608
http://www.ncbi.nlm.nih.gov/pubmed/25392516
http://www.ncbi.nlm.nih.gov/pubmed/25392516

	Title
	Perspective 
	Acknowledgments 
	Conflicts of interest 
	References 

