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COPD Heterogeneity - COPD as a Clinical Syndrome

 According to the definition of the Global Strategy for the Control 
and Prevention of COPD, 2017, COPD is a common disease that is 
treatable, preventable and is characterized by persistent pulmonary 
symptoms and airflow limitation. COPD is the consequence of 
a pathology of the airways and the alveolar sacs that is usually 
associated with a significant exposition to noxious particles and gases 
[1]. The respiratory symptoms (dyspnea, cough, sputum production), 
airflow limitation are not specific for COPD and may be met in other 
respiratory diseases. Most of the people may have such symptoms 
combined with normal spirometry [2]; the reverse may be also 
true - presence of abnormal spirometry when there are no clinical 
symptoms. The clinical presentation of COPD is enriched by the CT 
findings of emphysema or airway thickening (indication of airway 
pathology) in patients that have normal spirometry and no complaints 
[3]. COPD may be the result of various noxious agents - genetic 
anomalies (alpha-1 antitrypsin deficiency), smoking, exposition to 
biofuels, respiratory diseases in the past, history of asthma or /and 
inherited respiratory abnormalities. In a low percent of the patients it 
is not possible to say which is the exact reason for COPD pathogenesis 
[4]. COPD may occur alongside with the clinical presentation of 
another disease - asthma [5]. All the data make us assume that COPD 
is a clinical syndrome. It is associated with certain clinical signs and 
symptoms that develop alone or in combination; and may be the 
result of different pathological agents [6-9]. That is why the different 
pathological conditions that are characterized as COPD may have 
different evolution.

Preclinical Stage - COPD Bеfore Spirometry Changes

 Early COPD encompasses the period before the clinical 
manifestation (preclinical phase) [10] as well as the time during 
which the disease has not reached its typical clinical presentation 
- early disease [11]. The preclinical disease is present in smokers 
with recurrent respiratory symptoms, which may progress to airflow 
limitation according to the genetic factors and the endotype (the 
biological response of the individual to a certain noxious agent). This 
stage is traditionally associated with the definition of the Medical 
Research Council for the Chronic Mucous Hypersecretion (CMH) 
the presence of chronic cough and sputum; and /or the presence of 
dyspnea without airflow limitation. The early COPD is associated 
with minimal loss of lung function, detected by spirometry FEV1/
FVC<70% and FEV1>80% (FEV1 - Forced Expiratory Volume 
in 1sec; FVC - forced vital capacity). They coincide with the time 
when COPD may be diagnosed for the first time. In some of the 
patients this lung function change corresponds to certain symptoms; 
in the rest these are not present. This the reason for the high rate of 
undiagnosed cases at early COPD - it varies between 12-56% in some 
countries and may reach the number of already diagnosed cases [11]. 
The symptomatic patients with early COPD are characterized by an 
essential functional loss of the small airways, as well with extra-
pulmonary complications - cardiovascular, depression, anxiety and  
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Abstract
 The clinical manifestation of smoking related diseases may be 
associated with physiological abnormalities - abnormal values of a 
certain spirometry parameter with/without clinical symptoms; and/or 
may appear as a non-spirometry disease - the presence of certain 
symptoms from the lungs with/without CT data of structural abnor-
malities of the airways and lung parenchyma. These two forms of the 
disease are determined as early Chronic Obstructive Pulmonary Dis-
ease (COPD). The preclinical disease is present in smokers with re-
current respiratory symptoms, which may progress to airflow limita-
tion according to the genetic factors and the endotype. Early COPD 
is detected by spirometry, but coincides with an essential functional 
loss of the small airways, as well with extra-pulmonary complica-
tions - cardiovascular, depression, anxiety and diminished physical 
activity. The contemporary genetic miRNA profiling of sputum and 
blood samples from mild COPD confirms the clinical heterogeneity of 
early disease. It raises the demand for an individualized therapeutic 
plan and the need of screening programmers for its timely diagnosis. 
The physiological profiling - the analysis of the parameters of the 
respiratory and the cardiovascular system during physical activity in 
early COPD, also validates its clinical heterogeneity and facilitates 
the discrimination of different functional groups even in mild stage 
disease.
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diminished physical activity [12]. The physiological profiling of the 
respiratory and the cardiovascular system during physical activity 
facilitates the discrimination of different functional groups even in 
the early stage of the disease [13-15]. The contemporary genetic 
miRNA profiling of sputum and blood samples from mild COPD 
patients is another approach confirming the clinical heterogeneity of 
early COPD.

Early Detection of the Disease - Challenge and 
Clinical Problems
 Although it is associated with a lot of health care resources, the 
early chronic obstructive pulmonary disease, is often unrecognized, 
undiagnosed and untreated [16]. A lot of patients with COPD show 
rapid decline of the lung function and progression of the disease 
to advanced clinical stages, especially if smoking cessation is 
not observed. Although there is much available data regarding the 
heterogeneity at this stage, there is still a lack of knowledge regarding 
the pathophysiological characteristics of the cluster groups, as well 
as a gap of prognostic markers for the activity of the disease [17]. 
The clinical significance of the early chronic obstructive pulmonary 
disease is determined by the fact that there is a possibility for 
pharmacotherapy that may slow down the lung function loss, may 
decrease the rate of exacerbations and may improve the quality of 
life at this disease stage [18]. Due to the heterogeneity in COPD the 
stratification of patients within the GOLD classification system that is 
based on the clinical, biochemical or genetic markers will enable the 
construction of a more precise diagnostic and treatment plan for the 
control of the disease [19]. The severity of the bronchial obstruction 
in COPD patients is just a simple model of the complexity of the 
disease. According to the GOLD criteria mild COPD is classified as a 
disease in which the forced expiratory volume to forced vital capacity 
ratio is under 70% and the forced expiratory volume in 1 sec is under 
80% of the predicted. In the Burden of Obstructive Lung Disease, 
BOLD study, the COLD criteria from 2006 have been applied for the 
mild COPD patients. They have been 54% of all the patients and the 
rest of the patients were GOLD stage II-IV [20]. Consequently, the 
phenotypisation of COPD may be a promising approach, overcoming 
the clinical heterogeneity of the disease and may improve the clinical 
and therapeutic approach [21].

Physiological Penotypization

 Gagnon et al, show the heterogeneity of GOLD I patients. 
There are three clusters of patients with mild COPD: 1) Patients 
with diminished FEV1/FVC ratio and diffusion capacity which 
can be misdiagnosed as healthy; 2) Patients with static pulmonary 
hyperinflation and normal physical activity; 3) Patients with 
significantly reduced physical activity, ventilatory reserve at peak 
load, greater dyspnea score and metabolic acidosis in comparison to 
the other two cluster groups of patients. Authors have investigated 
a cohort of symptomatic and asymptomatic patients with mild 
COPD [22]. Participants have been characterized by five different 
parameters: 1) The basic characteristic; 2) Symptoms; 3) Baseline 
lung function; 4) Physiological parameters during peak load; 5) 
Level of physical activity (steps per day, energy expenditure above 
3 Metabolic Equivalents - MET (the time with physical activity 
above 3 MET is estimated). Having in mind the clinical heterogeneity 
of COPD GOLD II-IV stage the authors assume that in GOLD I 
there is also clinical heterogeneity. Gagnon et al, prove the clinical  

heterogeneity of GOLD I patients according to GOLD, 2014. They 
determine the presence of three different COPD groups in GOLD I 
applying cluster analysis. The first group is characterized by a limited 
diffusion capacity, low BDI score (Baseline Dyspnea Index) scale (in 
comparison to the control group), preserved lung function, physical 
capacity and physical activity; the second group is characterized by a 
significant static pulmonary hyperinflation, but with reserved physical 
activity; the third group of patients shows significantly limited 
physical activity, respiratory quotient at peak load and higher VE/
MVV, Ve/VO2. The clinical heterogeneity of COPD is present among 
patients in ECLIPSE study (Evaluation of COPD Longitudinally 
to Identify Predictive Surrogate Endpoints) [21-23]. Gagnon et al, 
improve our knowledge about GOLD I - it is not a homogeneous 
group of patients with similar clinical presentation [22]. Some of 
GOLD I patients are with normal pulmonary function and functional 
capacity, despite the reduced values of pulmonary indicators. This can 
be confirmed by the fact that in 39% of the patients the ratio FEV1/
FVC is more than the lower referent value. Vice versa, the decreased 
score of BDI scale and the reduced diffused capacity in this group of 
patients show that they have the pathophysiological characteristics 
of a pulmonary disease (COPD) [6]. The cluster analysis shows that 
79% (67/85) of the patients with mild COPD differ significantly from 
the healthy controls, which confirms that these patients are with the 
characteristics of a real pulmonary disease. The patients with COPD 
from the second cluster group are with more pack years (>50), and 
have functional residual capacity and end-tidal volume more than 
120%, as well as, reduced but still preserved physical capacity. 
Similar data is described by other authors [24]. Patients with mild 
COPD in the third group are characterized by reduced FEV1/FVC 
ratio, reduced physical capacity and activity. Although diminished 
physical activity has already been described in GOLD I, Gagnon et 
al, show that only some of the patients are with unfavorable prognosis 
[25]. Gagnon et al, show a dissociation between peak physical load 
and maximal physical activity shows that these two physiological 
parameters show different aspects of COPD [26]. The first group 
of patients demonstrate reduced ventilatory reserve at peak load in 
comparison to the other two groups and higher levels of dyspnea 
at peak load [27]. The greater values of VE/VO2 and respiratory 
quotient are indicators for a more severe metabolic acidosis during 
physical activity and muscle dysfunction, as it is also described by 
other authors [28].

MiRNA Profiling in Early COPD
 Recent studies have led attention to miRNAs profiling in 
COPD. It is reported that miRNAs play a key role in inflammation 
- a determinant feature in many lung diseases - COPD, asthma, 
interstitial fibrosis. MiRNAs are a class of endogenous, short non-
coding RNAs 19-25 nucleotides in length that negatively regulate 
gene expression via translational repression or mRNA degradation 
[29]. More than 2000 human miRNAs have been identified. MiRNAs 
have been implicated in the pathogenesis of cancer, cardiovascular, 
endocrine and neurological diseases. Their stability in tissue samples 
and biofluids, as well as, their ability to accurately detect diseases 
have positioned miRNA quantification as a promising approach for a 
wide range of diagnostic applications. MiRNAs are rapidly released 
from cells into the circulation with the progression of a disease. They 
are circulating freely in blood and can be assumed as ‘biomarkers’ for 
early diagnosis of many neurological, malignant and cardiovascular  
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diseases [30]. MiRNAs are usually secreted as microvesicles. 
Exosomes and apoptotic bodies may also be responsible for their 
release into the circulation [31]. Significant development has been 
made toward unraveling the contribution of miRNAs in pathogenesis 
of pulmonary diseases [32].

Inflammation and MiRNA Profiling
 Wang et al, state that plasma miRNAs - miR-1229-3p, miR-145-5p, 
miR-338-3p, miR-3620-3p, miR-4485, miR-4707-3p and miR-636 
distinguish early COPD from asthma patients and healthy smokers. 
These miRNAs played important role in regulating interferon-gamma 
inducible protein, tumor necrosis factor receptor superfamily, insulin-
like growth factor-2 receptor, fibroblast growth factor binding protein 
3, gammaglutamyl-transferase 6 and serine proteases [19].

 Shen et al, showed the gradual down-regulation of another 
miRNA, responsible for inflammation [33]. Authors demonstrate 
down-regulation of miR-149-3 in blood samples of early COPD 
smokers, COPD non-smokers, non-COPD smokers and non-COPD 
non-smokers. They predicted a target gene of miR-149 through 
3′UTR sequence analysis and performed simulated experiments in 
T-Helper-1 (THP-1) cells. Simulation with Cigarette Smoke Extratct 
(CSE) resulted in a decrease in miR-149 expression and an increase 
in the expression of its target gene - TLR-4 in bronchial cell lines. 
Furthermore, transfection of miR-149 inhibitors induced the up-
regulation of TLR-4. Finally, miR-149 overexpression reversed the 
effect of CSE on THP-1 cells [34]. Shen et al, speculated that the 
miR-149 negatively regulates the inflammatory response in THP-
1 cells by targeting TLR-4. Previous reports found that miR-149 
might be an immune modulator for TLR/MyD88 signaling pathway 
in macrophages [35]. TLR-4 is regulated by members of the let-7 
miRNA family. Shen et al, demonstated that the change in miR-149 
expression caused alteration of TLR-4 and NF-κB p65 protein levels. 
Many studies have investigated the expression of TLRs on both 
immune and epithelial cells in COPD. Nadigel et al, described that 
CD8+ T cells exposed to CSE increased TLR-4 and TLR-9 levels 
and also increased cytokine production [36]. Another study found that 
acute cigarette exposure results in lipopolysaccharides-independent 
TLR4 activation, leading to IL-1 production and IL-1R1 signaling, 
which is crucial for inflammation in COPD [37]. It corresponds to 
increased TLR-4/NF-κB signaling pathways and elevated secretion 
of IL-1β and TNF-α - major triggers in COPD related inflammation.

Small Airways and miRNA Profiling
 Small airway fibrosis and chronic mucus hypersecretion are 
also among the characteristic features in COPD pathogenesis. Cig-
arette smoke activates epithelial cells to release TGFβ and Fibro-
blast Growth Factor (FGF). They induce fibroblast proliferation and 
smallairway fibrosis [38]. TGFβ is a potent stimulus for myofibro-
blast differentiation and induction of pulmonary fibrosis. To simulate 
COPD in vitro, Shen et al, applied TGFβ treatment to Bronchial Ep-
ithelial cell line (BEAS2B) [39]. They demonstrated that miR4835p 
transfection led to TGFβmediated decrease in cell proliferation and 
αSMA and fibronectin expression. Authors hypothesise that, during 
COPD progression, low levels of miR4835p may upregulate the ex-
pression of these two proteins. This indicates that the abrogation of 
TGFβdecreased cell proliferation by miR4835p may be associated 
with the expression of αSMA and fibronectin.

Cellular Senescnece and miRNA Profiling
 Fibroblasts play a role in the regulation of airway epithelial 
mucociliary differentiation and mucus production in COPD patients. 
In addition to lowered cell proliferation lung fibroblasts demonstrate 
increased senescence. They release a spectrum of inflammatory 
proteins known as the Senescence-Associated Secretory Profile 
(SASP) - IL-6, CXCL8, MMP2 and MMP9, Plasminogen Activator 
Inhibitor-1 (PAI-1). MicroRNAs play a key role in linking oxidative 
stress to senescence by sirtuin-1 and -6 inhibition [40]. There is an 
increase in miR-34a via activation of the Phosphoinositide-3 Kinase 
- Mammalian Target of Rapamycin (PI3K-mTOR), with parallel 
reduction of sirtuins-1 and -6 in COPD small airways. Specific 
antagomirs of these miRNAs restore sirtuins, reduce markers of 
senescence and secretion of SASP mediators and also restore cellular 
growth of lung fibroblasts (rejuvenation effect).

Chronic Mucus Hypersecretion and miRNA Profiling

 Chronic Mucus Hypersecretion (CMH) is typical in COPD. 
Goblet cells within the airway epithelial layer together with mucous 
glands in the airway sub-mucosa are responsible for the secretion of 
mucins, the principal components of mucus [41]. The most abundant 
gel-forming mucins are MUC5AC and MUC5B [42]. The expression 
profiles of miRNA and mRNA in bronchial biopsies from 63 COPD 
patients were associated with chronic mucus hypersecretion CMH - 
20 miRNAs and 539 mRNAs were associated with CMH in COPD. 
MiR-134-5p, miR-146a-5p and the let-7 family had the highest 
representation of CMH-associated mRNAs. They are involved in 
several other biological processes, including cilium development and 
function, neurohormonal activities, cyclic nucleotide metabolism and 
ion transport [43].

 Ciliary dysfunction has been observed in COPD airways [44]. 
The movement of cilia is dependent, at least partially, on cyclic 
nucleotides and in particular on cAMPs [45]. Ion transport, such as 
Ca2+, Na+ and Cl- plays an important role in regulating mucus viscosity 
and muco-ciliary clearance [46]. Neuro-hormonal signaling regulates 
Cyclic Guanosine Monophosphate (cGMP) induced mucin secretion 
[47]. KRAS, EDN1, PRKAR2A, GSK3B and POLR2H miRNAs are 
presnted as hub genes and potential regulators of CMH.

Conclusion
 Clinical assessment of COPD is challenging especially in terms 
of early diagnosis and individualized treatment. At present there is no 
validated imaging, physiological, clinical or molecular approach for 
COPD classification and phenotypisation. Assuming the heterogeneity 
of this syndrome and the devastating statistics of respiratory related 
morbidity and mortality more sensitive physiological techniques of 
small airway function are demanded; new imaging methods of small 
airway fibrosis should be developed. The data from basic research 
shows that small airway fibrosis and the miRNAs responsible 
for them, are expected to be the new markers for COPD disease 
activity. A promising pharmacotherapy approach is to target cellular 
senescence, either by inhibiting pro-senescence signaling pathways or 
by induction of apoptosis. Any effect on fibrosis is expected to slow 
progression of COPD.

Conflict of Interests
 All the authors state no conflict of interests and leave the copyright 
of the article if accepted.

http://dx.doi.org/10.24966/PMRD-8670/100021
http://dx.doi.org/10.24966/PMRR-0177/100035


Citation: Cherneva RV, Yurukova VM, Cherneva ZV (2020) Physiological and miRNA phenotyping of Early Chronic Obstructive Pulmonary Disease - Two 
Sides of a Coin. J Pulm Med Respir Res 6: 035.

• Page 4 of 6 •

J Pulm Med Respir Res ISSN: 2573-0177, Open Access Journal
DOI: 10.24966/PMRR-0177/100035

Volume 6 • Issue 1 • 100035

References

1. Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, et al. 
(2017) Global strategy for the diagnosis, management, and prevention of 
chronic obstructive lung disease 2017 report: GOLD executive summary. 
Eur Respir J 49: 1700214.

2. Rodriguez-Roisin R, Han MK, Vestbo J, Wedzicha JA, Woodruff PG, et al. 
(2017) Chronic respiratory symptoms with normal spirometry. A reliable 
clinical entity? Am J Respir Crit Care Med 195: 17-22.

3. Alcaide AB, Sanchez-Salcedo P, Bastarrika G, Campo A, Berto J, et al. 
(2017) Clinical features of smokers with radiological emphysema but 
without airway limitation. Chest 151: 358-365.

4. Lamprecht B, McBurnie MA, Vollmer WM, Gudmundsson G, Welte T, 
et al. (2011) COPD in never smokers: Results from the population-based 
burden of obstructive lung disease study. Chest 139: 752-763.

5. Bui DS, Burgess JA, Lowe AJ, Perret JL, Lodge CJ, et al. (2017) Child-
hood lung function predicts adult chronic obstructive pulmonary disease 
and asthma-COPD overlap syndrome (ACOS). Am J Respir Crit Care Med 
196: 39-46.

6. Beasley R, Weatherall M, Travers J, Shirtcliffe P (2009) Time to define the 
disorders of the syndrome of COPD. Lancet 374: 670-672.

7. Bateman ED, Reddel HK, van Zyl-Smit RN, Agusti A (2015) The asth-
ma-COPD overlap syndrome: towards a revised taxonomy of chronic air-
ways diseases? Lancet Respir Med 3: 719-728.

8. Rennard SI, Vestbo J (2008) The many “small COPDs”: COPD should be 
an orphan disease. Chest 134: 623-627.

9. Fabbri LM, Rabe KF (2007) From COPD to chronic systemic inflammato-
ry syndrome? Lancet 370: 797-799.

10. Regan EA, Lynch DA, Curran-Everett D, Curtis JL, Austin JH, et al. 
(2015) Clinical and radiologic disease in smokers with normal spirometry. 
JAMA Intern Med 175: 1539-1549.

11. Decramer M, Miravitlles M, Price D, Román-Rodríguez M, Llor C, et al. 
(2011) New horizons in early stage COPD-improving knowledge, detec-
tion and treatment. Respir Med 105: 1576-1587.

12. Domingo-Salvany A, Lamarca R, Ferrer M, Garcia-Aymerich J, Alonso J, 
et al. (2002) Health-related quality of life and mortality in male patients 
with chronic obstructive pulmonary disease. Am J Respir Crit Care Med 
166: 680-685.

13. Agusti A, Edwards L, Celli B, Macnee W, Calverley PM, et al. (2013) 
Characteristics, stability and outcomes of the 2011 GOLD COPD groups 
in the ECLIPSE cohort. Eur Respir J 42: 637-647.

14. Han MK, Muellerova H, Curran-Everett D, Dransfield MT, Washko GR, 
et al. (2013) GOLD 2011 disease severity classification in COPDGene: A 
prospective cohort study. Lancet Respir Med 1: 43-50.

15. Soriano JB, Alfajame I, Almagro P, Casanova C, Esteban C, et al. (2013) 
Distribution and prognostic validity of the new global initiative for chronic 
obstructive lung disease grading classification. Chest 143: 694-702.

16. Rycroft CE, Heyes A, Lanza L, Becker K (2012) Epidemiology of chronic 
obstructive pulmonary disease: a literature review. Int J Chron Obstruct 
Pulmon Dis 7:457-494.

17. Hvidsten SC, Storesund L, Wentzel-Larsen T, Gulsvik A, Lehmann S 
(2010) Prevalence and predictors of undiagnosed chronic obstructive pul-
monary disease in a Norwegian adult general population. Clin Respir J 4: 
13-21.

18. Decramer M, Janssens W, Miravitlles M (2012) Chronic obstructive pul-
monary disease. Lancet 379: 1341-1351.

19. Wang R, Xu J, Liu H, Zhao Z (2017) Peripheral leukocyte microRNAs as 
novel biomarkers for COPD. Int J Chron Obstruct Pulmon Dis 12: 1101-
1112.

20. Buist AS, McBurnie MA, Vollmer WM, Gillespie S, Burney P, et al. (2007) 
International variation in the prevalence of COPD (the BOLD Study): a 
population-based prevalence study. Lancet 370: 741-750. 

21. Han MK, Agusti A, Calverley PM, Celli BR, Criner G, et al. (2010) Chron-
ic obstructive pulmonary disease phenotypes: the future of COPD. Am J 
Respir Crit Care Med. 182: 598-604.

22. Gagnon P, Casaburi R, Saey D, Porszasz J, Provencher S, et al. (2015) 
Cluster Analysis in Patients with GOLD 1 Chronic Obstructive Pulmonary 
Disease. PLoS One 10: 27-32.

23. Agusti A, Calverley PM, Celli B, Coxson HO, Edwards LD, et al. (2010) 
Characterisation of COPD heterogeneity in the ECLIPSE cohort. Respir 
Res.11: 122.

24. Guenette JA, Jensen D, Webb KA, Ofir D, Raghavan N, et al. (2011) Sex 
differences in exertional dyspnea in patients with mild COPD: physiolog-
ical mechanisms. Respiratory physiology & neurobiology. 177: 218-227.

25. Troosters T, Sciurba F, Battaglia S, Langer D, Valluri SR, et al. (2010) 
Physical inactivity in patients with COPD, a controlled multi-center pi-
lot-study. Respir Med.104: 1005-1011.

26. Remoortel HV, Hornikx M, Demeyer H, Langer D, Burtin C, et al. (2013) 
Daily physical activity in subjects with newly diagnosed COPD. Thorax 
68: 962-963.

27. Coronell C, Orozco-Levi M, Méndez R, Ramírez-Sarmiento A, Gáldiz JB, 
et al. (2004) Relevance of assessing quadriceps endurance in patients with 
COPD. Eur Respir J 24: 129-136.

28. Seymour JM, Spruit MA, Hopkinson NS, Natanek SA, Man WD, et al 
(2010) The prevalence of quadriceps weakness in COPD and the relation-
ship with disease severity. Eur Respir J 36: 81-88.

29. Iorio MV, Croce CM (2009) MicroRNAs in cancer: Small molecules with 
a huge impact. J Clin Oncol 27: 5848-5856.

30. Latronico MV, Condorelli G (2009) MicroRNAs and cardiac pathology. 
Nat Rev Cardiol 6: 418-429. 

31. Chen X, Liang H, Zhang J, Zhang CY (2012) Secreted microRNAs: A new 
form of intercellular communication.Trends Cell Biol 22: 125-132.

32. Van Pottelberge GR, Mestdagh P, Brachke KR, Thas O, van Durme 
YM, et al. (2011) MicroRNA expression in induced sputum of smokers 
andpatients with chronic obstructive pulmonary disease. AmJ Respir Crit 
Care Med 183: 898-906.

33. Shen W, Liu J, Guohou G, Fan M, Song G, et al. (2017) Repression of Toll-
like receptor-4 by microRNA-149-3p is associated with smoking-related 
COPD. Int J Chron Obstruct Pulmon Dis 12: 705-715.

34. Zhang X, Guo J, Fan S, Li Y, Wei L, et al. (2013) Screening and 
identificationof six serum microRNAs as novel potential combination 
biomarkers for pulmonary tuberculosis diagnosis. PLoS One 8: 81076.

35. Xu G, Zhang Z, Xing Y, Wei J, Ge Z, et al. (2014) MicroRNA-149 
negatively regulates TLR-triggered inflammatory response in macrophages 
by targeting MyD88. J Cell Biochem 115: 919-927. 

36. Nadigel J, Préfontaine D, Baglole CJ, Maltais F, Bourbeau J, et al. (2011) 
Cigarette smoke increases TLR4 and TLR9 expression and induces 
cytokine production from CD8+ T cells in chronic obstructive pulmonary 
disease. Respir Res 12: 1214-1216. 

37. Doz E, Noulin N, Boichot E, Guénon I, Fick L, et al. (2008) Cigarette 
smoke-induced pulmonary inflammation is TLR4/MyD88 and IL-1R1/
MyD88 signaling depen¬dent. J Immunol 180: 1169-1178.

http://dx.doi.org/10.24966/PMRD-8670/100021
http://dx.doi.org/10.24966/PMRR-0177/100035
https://pubmed.ncbi.nlm.nih.gov/28182564/
https://pubmed.ncbi.nlm.nih.gov/28182564/
https://pubmed.ncbi.nlm.nih.gov/28182564/
https://pubmed.ncbi.nlm.nih.gov/28182564/
https://www.atsjournals.org/doi/full/10.1164/rccm.201607-1376PP
https://www.atsjournals.org/doi/full/10.1164/rccm.201607-1376PP
https://www.atsjournals.org/doi/full/10.1164/rccm.201607-1376PP
https://pubmed.ncbi.nlm.nih.gov/27818328/
https://pubmed.ncbi.nlm.nih.gov/27818328/
https://pubmed.ncbi.nlm.nih.gov/27818328/
https://www.sciencedirect.com/science/article/pii/S0012369211601748
https://www.sciencedirect.com/science/article/pii/S0012369211601748
https://www.sciencedirect.com/science/article/pii/S0012369211601748
https://pubmed.ncbi.nlm.nih.gov/28146643/
https://pubmed.ncbi.nlm.nih.gov/28146643/
https://pubmed.ncbi.nlm.nih.gov/28146643/
https://pubmed.ncbi.nlm.nih.gov/28146643/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)61541-5/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)61541-5/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S2213260015002544
https://www.sciencedirect.com/science/article/abs/pii/S2213260015002544
https://www.sciencedirect.com/science/article/abs/pii/S2213260015002544
https://pubmed.ncbi.nlm.nih.gov/18779197/
https://pubmed.ncbi.nlm.nih.gov/18779197/
https://pubmed.ncbi.nlm.nih.gov/17765529/
https://pubmed.ncbi.nlm.nih.gov/17765529/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4564354/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4564354/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4564354/
https://www.sciencedirect.com/science/article/pii/S0954611110005603
https://www.sciencedirect.com/science/article/pii/S0954611110005603
https://www.sciencedirect.com/science/article/pii/S0954611110005603
https://www.atsjournals.org/doi/pdf/10.1164/rccm.2112043
https://www.atsjournals.org/doi/pdf/10.1164/rccm.2112043
https://www.atsjournals.org/doi/pdf/10.1164/rccm.2112043
https://www.atsjournals.org/doi/pdf/10.1164/rccm.2112043
https://pubmed.ncbi.nlm.nih.gov/23766334/
https://pubmed.ncbi.nlm.nih.gov/23766334/
https://pubmed.ncbi.nlm.nih.gov/23766334/
https://pubmed.ncbi.nlm.nih.gov/24321803/
https://pubmed.ncbi.nlm.nih.gov/24321803/
https://pubmed.ncbi.nlm.nih.gov/24321803/
https://pubmed.ncbi.nlm.nih.gov/23187891/
https://pubmed.ncbi.nlm.nih.gov/23187891/
https://pubmed.ncbi.nlm.nih.gov/23187891/
https://www.bresmed.com/article/epidemiology-of-chronic-obstructive-pulmonary-disease-a-literature-review/
https://www.bresmed.com/article/epidemiology-of-chronic-obstructive-pulmonary-disease-a-literature-review/
https://www.bresmed.com/article/epidemiology-of-chronic-obstructive-pulmonary-disease-a-literature-review/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-699X.2009.00137.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-699X.2009.00137.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-699X.2009.00137.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1752-699X.2009.00137.x
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(11)60968-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(11)60968-9/fulltext
https://www.dovepress.com/peripheral-leukocyte-micrornas-as-novel-biomarkers-for-copd-peer-reviewed-fulltext-article-COPD
https://www.dovepress.com/peripheral-leukocyte-micrornas-as-novel-biomarkers-for-copd-peer-reviewed-fulltext-article-COPD
https://www.dovepress.com/peripheral-leukocyte-micrornas-as-novel-biomarkers-for-copd-peer-reviewed-fulltext-article-COPD
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(07)61377-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(07)61377-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(07)61377-4/fulltext
https://pubmed.ncbi.nlm.nih.gov/20522794/
https://pubmed.ncbi.nlm.nih.gov/20522794/
https://pubmed.ncbi.nlm.nih.gov/20522794/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2944278/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2944278/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2944278/
https://www.sciencedirect.com/science/article/abs/pii/S1569904811001467
https://www.sciencedirect.com/science/article/abs/pii/S1569904811001467
https://www.sciencedirect.com/science/article/abs/pii/S1569904811001467
https://pubmed.ncbi.nlm.nih.gov/20167463/
https://pubmed.ncbi.nlm.nih.gov/20167463/
https://pubmed.ncbi.nlm.nih.gov/20167463/
https://pubmed.ncbi.nlm.nih.gov/23604460/
https://pubmed.ncbi.nlm.nih.gov/23604460/
https://pubmed.ncbi.nlm.nih.gov/23604460/
https://erj.ersjournals.com/content/erj/24/1/129.full.pdf
https://erj.ersjournals.com/content/erj/24/1/129.full.pdf
https://erj.ersjournals.com/content/erj/24/1/129.full.pdf
https://www.researchgate.net/publication/38074785_The_Prevalence_of_Quadriceps_Weakness_in_COPD_and_the_Relationship_with_Disease_Severity
https://www.researchgate.net/publication/38074785_The_Prevalence_of_Quadriceps_Weakness_in_COPD_and_the_Relationship_with_Disease_Severity
https://www.researchgate.net/publication/38074785_The_Prevalence_of_Quadriceps_Weakness_in_COPD_and_the_Relationship_with_Disease_Severity
https://pubmed.ncbi.nlm.nih.gov/19884536/
https://pubmed.ncbi.nlm.nih.gov/19884536/
https://pubmed.ncbi.nlm.nih.gov/19434076/
https://pubmed.ncbi.nlm.nih.gov/19434076/
https://pubmed.ncbi.nlm.nih.gov/22260888/
https://pubmed.ncbi.nlm.nih.gov/22260888/
https://pubmed.ncbi.nlm.nih.gov/21037022/
https://pubmed.ncbi.nlm.nih.gov/21037022/
https://pubmed.ncbi.nlm.nih.gov/21037022/
https://pubmed.ncbi.nlm.nih.gov/21037022/
https://pubmed.ncbi.nlm.nih.gov/28260877/
https://pubmed.ncbi.nlm.nih.gov/28260877/
https://pubmed.ncbi.nlm.nih.gov/28260877/
https://pubmed.ncbi.nlm.nih.gov/24349033/
https://pubmed.ncbi.nlm.nih.gov/24349033/
https://pubmed.ncbi.nlm.nih.gov/24349033/
https://pubmed.ncbi.nlm.nih.gov/24375488/
https://pubmed.ncbi.nlm.nih.gov/24375488/
https://pubmed.ncbi.nlm.nih.gov/24375488/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3260101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3260101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3260101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3260101/
about:blank
about:blank
about:blank


Citation: Cherneva RV, Yurukova VM, Cherneva ZV (2020) Physiological and miRNA phenotyping of Early Chronic Obstructive Pulmonary Disease - Two 
Sides of a Coin. J Pulm Med Respir Res 6: 035.

• Page 5 of 6 •

J Pulm Med Respir Res ISSN: 2573-0177, Open Access Journal
DOI: 10.24966/PMRR-0177/100035

Volume 6 • Issue 1 • 100035

38. Barnes PJ (2008) The cytokine network in asthma and chronic obstructive 
pulmonary disease. J Clin Invest 118: 3546-3556.

39. Shen Z, Tang W, Guo J, Sun S (2017) Mir-483-5p plays a protective role in 
chronic obstructive pulmonary disease. Int J Mol Med 40: 193-200.

40. Baker J, Vuppusetty C, Colley T, Hassibi S, Fenwick PS, et al. (2019) 
MicroRNA-570 is a novel regulator of cellular senescence and 
inflammaging. FASEB J 33: 1605-1616.

41. Ramos FL, Krahnke JS, Kim V (2014) Clinical issues of mucus 
accumulation in COPD. Int J COPD 9: 139-150.

42. Kirkham S, Sheehan JK, Knight D, Richardson PS, Thornton DJ (2002) 
Heterogeneity of airways mucus: Variations in the amounts and glycoforms 
of the major oligomeric mucins MUC5AC and MUC5B. Biochem J 546: 
537-546.

43. Rogers DF (2005) Mucociliary dysfunction in COPD: Effect of current 
pharmacotherapeutic options. Pulm Pharmacol, Ther 18: 1-8.

44. González C, Droguett K, Rios M, Cohen N, Villalónet M (2016) TNFα af-
fects ciliary beat response to increased viscosity in humanpediatric airway 
epithelium. Biomed Res Int 2016: 3628-3651.

45. Kaupp UB, Seifert R (2002) Cyclic nucleotide-gated ion channels. Physiol 
Rev 82: 769-824. 

46. Wyatt TA, Forge MA, Sisson JH (2003) Ethanol stimulates ciliary beating 
by dual cyclic nucleotide kinase activation in bovine bronchial epithelial 
cells. Am J Pathol 163: 1157-1166.

47. Shelhamer H, Marom I, Kaliner M (1980) Immunologic and 
neuropharmacologic stimulation of mucousglycoprotein release from 
human airways in vitro. J Clin Invest 66: 1400-1408.

http://dx.doi.org/10.24966/PMRD-8670/100021
http://dx.doi.org/10.24966/PMRR-0177/100035
https://pubmed.ncbi.nlm.nih.gov/18982161/
https://pubmed.ncbi.nlm.nih.gov/18982161/
https://pubmed.ncbi.nlm.nih.gov/28534971/
https://pubmed.ncbi.nlm.nih.gov/28534971/
https://pubmed.ncbi.nlm.nih.gov/30156909/
https://pubmed.ncbi.nlm.nih.gov/30156909/
https://pubmed.ncbi.nlm.nih.gov/30156909/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3908831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3908831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1222336/
https://pubmed.ncbi.nlm.nih.gov/15607121/
https://pubmed.ncbi.nlm.nih.gov/15607121/
https://www.hindawi.com/journals/bmri/2016/3628501/
https://www.hindawi.com/journals/bmri/2016/3628501/
https://www.hindawi.com/journals/bmri/2016/3628501/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1868238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1868238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1868238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC371626/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC371626/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC371626/


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: contact@heraldopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: http://www.heraldopenaccess.us/Online-Submission.php

 Advances In Industrial Biotechnology | ISSN: 2639-5665

 Advances In Microbiology Research | ISSN: 2689-694X

 Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

 Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

 International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X

 Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

 Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

 Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

 Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594

 Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

 Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562

 Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608

 Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

 Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

 Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751

 Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

 Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

 Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

 Journal Of Cardiology Study & Research | ISSN: 2640-768X

 Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

 Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

 Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844

 Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801

 Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978

 Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

 Journal Of Dairy Research & Technology | ISSN: 2688-9315

 6783-2473 :Journal Of Dentistry Oral Health & Cosmesis | ISSN

 Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

 Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798

 Journal Of Environmental Science Current Research | ISSN: 2643-5020

 Journal Of Food Science & Nutrition | ISSN: 2470-1076

 Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

 Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

 

 Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

 Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999

Journal Of Hospice & Palliative Medical Care

 Journal Of Human Endocrinology | ISSN: 2572-9640

 Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

 Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044

 Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

 Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

 Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

 Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419

 Journal Of Obesity & Weight Loss | ISSN: 2473-7372

 Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

 Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

 Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

 5649-2639 :Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN

 Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670

 Journal Of Plant Science Current Research | ISSN: 2639-3743

 Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

 Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

 Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177

 Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574

 Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060

 Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

 Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

 Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193

Journal Of Virology & Antivirals

 Sports Medicine And Injury Care Journal | ISSN: 2689-8829

 Trends In Anatomy & Physiology | ISSN: 2640-7752

mailto:contact@heraldopenaccess.us
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

