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ABSTRACT

INTRODUCTION The discovery of the secretory function of adipose tissue has led to a new direction in
research on obesity-related health problems. Adipokines are present not only in blood but also in saliva.
Numerous studies have indicated that obesity affects salivary concentrations of adipokines.

OBJECTIVES

The aim of this study was to evaluate the levels of selected inflammatory markers in saliva

and to determine their discriminatory value in obese individuals.

PATIENTS AND METHODS The study included 125 patients (82 women and 43 men), aged from 20 to
65 years. There were 59 patients with obesity (body mass index [BMI] >30 kg/m?) and 66 controls
with normal body weight (BMI <25 kg/m?). Mixed saliva samples were collected from all participants
to determine the concentrations of the following inflammatory markers: tumor necrosis factor-a recep-
tors 1 and 2, pentraxin 3, interleukin 15, monocyte chemoattractant protein 1, soluble intercellular
adhesion molecule 1, and soluble CD40 ligand (sCD40L).

RESULTS Compared with controls, individuals with obesity had significantly higher levels of all inflam-
matory markers except sCD40L levels, which were lower. The salivary marker sCD40L seems to have
the best discriminatory value in obesity regardless of sex, with the optimal cutoff point of 3.28 pg/ml
and the area under the curve of 0.8.

concLusions  Obesity may be associated with altered levels of selected inflammatory markers in saliva.
The discriminatory values determined in this study may facilitate the diagnosis of metabolic diseases.

INTRODUCTION Adipose tissue plays an impor-
tant role in storage of excessive nutrients and reg-
ulating energy balance. Due to limited ability of
adipocytes for fat deposition, overnutrition gen-
erates the production of oxygen free radicals re-
sulting in oxidative stress and, consequently, in-
flammation. In obesity, low-grade inflammatory
status is primarily caused by the activity of adi-
pocytes and immune cells secreting various pro-
inflammatory molecules, such as tumor necro-
sis factor-a receptors 1 (TNF-o-R1) and 2 (TNE-
-0-R2), pentraxin 3 (PTX3), interleukin 15 (IL-15),
monocyte chemoattractant protein 1 (MCP-1), sol-
uble intercellular adhesion molecule 1 (SICAM-1),
or soluble CD40 ligand (sCD40L). All these sig-
naling molecules are responsible for such pro-
cesses as chronic systemic inflammation, adipo-
genesis, atherosclerosis, or insulin resistance, as
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well as their severe consequences like cardiovas-
cular disease, diabetes, metabolic disorders, car-
cinogenesis, and severe asthma.'-®

New molecular technologies within the last de-
cade have focused on analyses of salivary proteome
and transcriptome. Saliva has been studied as an al-
ternative biological fluid in the noninvasive diag-
nostics of several systemic diseases, such as endo-
crine, cardiovascular, autoimmune, or infectious
diseases.®” Saliva is generally composed of water
(about 99%), proteins (eg, enzymes and immuno-
globulins), and electrolytes (eg, sodium and calci-
um). All these substances are delivered to saliva
mainly by salivary glands, gingival crevices, and
upper respiratory mucosa. The majority of blood
components pass to saliva via intracellular mech-
anisms, such as passive or active transport or ul-
trafiltration between cell junctions, by analogy to
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WHAT'S NEW?

It is known that obesity is an inflammatory disease and that it is possible to
determine the levels of proinflammatory cytokines in saliva. We found differ-
ences between the concentrations of selected salivary cytokines in individuals
with obesity and normal weight. The salivary marker soluble CD40 ligand has
the best discriminatory value for obesity. Our research can help determine
the appropriate reference values for selected inflammatory cytokines in saliva,
thus improving the diagnosis of inflammatory diseases.
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renal production of urine. In patients with obesity,
correlations have been reported between the con-
centrations of several markers in blood and saliva
(eg, inflammatory cytokines, adipokines, or cor-
tisol).® Saliva collection is less stressful for pa-
tients, is easy to perform, and requires no qual-
ified personnel. These findings indicate that sali-
vary biomarkers have a valuable potential for de-
veloping new noninvasive diagnostic techniques.

We aimed to evaluate the salivary levels of se-
lected inflammatory markers and to determine
their discriminatory values in people with obe-
sity. Saliva was chosen as an alternative biologi-
cal fluid to blood.

PATIENTS AND METHODS Patients The study
included 125 patients (82 women and 43 men)
aged from 20 to 65 years. There were 59 patients
with obesity (body mass index [BMI] >30 kg/m?)
recruited from the Department of Internal and
Metabolic Diseases, Poznan University of Medi-
cal Sciences (Poznan, Poland). The control group
included 66 patients with normal body weight
(BMI <25 kg/m?) from the Department of Con-
servative Dentistry and Periodontology, Poznan
University of Medical Sciences. The exclusion cri-
teria were as follows: diabetes, change in body
weight (+3 kg) within the last 3 months, history
of surgical treatment for obesity, and pregnancy
or use of contraceptive agents.

The study was approved by the Bioethical Com-
mission at the Poznan University of Medical Sci-
ences (No. 189/14). Every patient was informed
about the aim and type of research to be carried
out, and signed informed consent forms were ob-
tained from all patients. All procedures involv-
ing human participants were in accordance with
the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Saliva collection Unstimulated mixed saliva
was used for laboratory studies. Saliva was col-
lected at a specific time of the day, that is, be-
tween 10 AM and 1 PM. All samples were collect-
ed at least 2 hours after a meal. For proper saliva
flow into calibrated tubes on ice, patients were
seated in an upright position with their trunks
bent forward and were asked to hold swallowing.
The tubes containing saliva were kept on ice at all
times during the experiment. The unstimulated
saliva was collected for a total of 20 minutes and
the secreted amount was calculated in ml/min.
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Immediately after calculation, the saliva was
centrifuged for 10 minutes at 2000 rpm using
the MPW-223e centrifuge (MPW Med. Instru-
ments, Warsaw, Poland), aliquoted into tubes,
and frozen at a temperature of —-80 °C until it
was used for the measurement of inflammato-
ry markers. No protease inhibitors were used.

Biochemical and immunological analyses The pH
of saliva after collection was measured using the
CG840 pH meter (Schott, Mainz, Germany). To
estimate the salivary concentrations of select-
ed inflammatory markers such as TNF-a-R1,
TNF-a-R2, PTX3, IL-15, MCP-1, sICAM-1, and
sCD40L, an enzyme-linked immunosorbent as-
say was used (DuoSet Immunoassay Develop-
ment kit; R&D Systems, Minneapolis, Minneso-
ta, United States). The spectrophotometric read-
out of the results was executed using the VERSA
microplate reader (Molecular Devices LLC, San
Jose, California, United States).

Statistical analysis The Shapiro-Wilk test was
used to verify the normal distribution of the re-
sults, and nonparametric methods were used for
analyses of results that were not normally dis-
tributed. The Mann-Whitney test was used to
compare variables between the study and control
groups. The Spearman rank test was used to mea-
sure the degree of association between variables.
Also, receiver operating characteristic curves were
analyzed for tested salivary markers. The signif-
icance level was estimated at an o level of 0.05.
The analyses were performed using the Statistica
13.1 software (StatSoft, Krakéw, Poland).

RESULTS The characteristics of patients, includ-
ing the detailed demographic and physical param-
eters, are shown in TABLE 1.

The amount of unstimulated saliva secreted by
patients with obesity was lower when compared
with normal-weight individuals. However, sali-
vary pH was not lower in the group with obesity.

There were significant differences in the con-
centrations of all inflammatory markers in sali-
va between patients with obesity and controls
(FIGURE 1A-1G). Significant correlations were not-
ed between different inflammatory markers of
both groups. The correlation coefficients are pre-
sented in TABLE 2.

Also, the analysis of the receiver operating
characteristic curves by sex was performed to
assess the ability of salivary markers to discrimi-
nate obesity and determine their potentially opti-
mal cutoff points. The results are shown in TABLE 3
and FIGURE 2. All markers had a discriminatory
value for obesity, but the best value was noted
for sCD40L. Importantly, unlike other markers,
lower levels of this ligand were related to a high-
er risk of obesity.

DISCUSSION Individuals with obesity showed
higher concentrations of all studied cytokines in
saliva, except sCD40L. The present study shows



TABLE 1 Baseline characteristics in the study and control groups
Variable Study group (n = 59) Control group (n = 66) All patients (n = 125)
Sex Female 46 (78) 36 (54.5) 82 (65.6)
Male 13 (22) 30 (45.5) 43 (34.4)
Age, y 34 (27-40) 30 (24-36) 32 (25-37)
BMI, kg/m? 37.1(32.7-41.4) 21.8(19.4-23.9) 28.0 (21.7-36)
WHR 0.92 (0.85-0.96) 0.80 (0.75-0.89) 0.86 (0.77-0.92)
Unstimulated saliva, ml/min 0.30 (0.23-0.38) 0.38 (0.25-0.63) 0.33 (0.25-0.5)
Salivary pH 7.0 (6.8-7.2) 7.0 (6.7-7.3) 7.0 (6.7-7.3)

Quantitative variables are expressed as median (Q1-Q3) and categorical variables as number (percentage).

Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio

that there are significant differences between
components and properties of saliva originating
from patients with obesity and individuals with
normal body weight.

Previous studies have shown that individuals
with obesity have moderate persistent underly-
ing inflammation in the parotid glands coupled
with inflammatory mediators secreted by adi-
pose tissue and acting along the hypothalamic-
pituitary-adrenal axis, which might contribute
to the reduced activity of the salivary glands.'®
Although the amount of saliva was lower, we did
not observe any difference in pH of saliva be-
tween study groups.

Our results demonstrate that the concentra-
tions of cytokines produced in the cells of adipose
tissue can be estimated not only in blood but also
in saliva. A recognized marker of inflammation is
MCP-1. Blood MCP-1 concentrations have been
used in the diagnosis and prognostication of sev-
eral diseases, such as nephritis, rheumatoid ar-
thritis, and cardiovascular disorders.!"'? Current-
ly, an increased number of investigators analyze
the concentrations of cytokines in saliva, in addi-
tion to blood. In a very interesting report, Khan'?
estimated 57 cytokines, chemokines, growth fac-
tors, and acute-phase proteins of 20 healthy vol-
unteers and compared their concentrations in se-
rum, urine, and saliva. He reported a mean sali-
vary MCP-1 concentration of 105.0 pg/ml, which
is 2-fold higher than the mean concentration ob-
tained in our control group.

More recently, Goodson et al'* studied 10- to
12-year-old children with obesity and confirmed
that the analysis of saliva can be successfully used
to detect metabolic abnormalities induced by ex-
cessive body weight, especially in young patients
in whom blood sampling may be difficult. The sal-
ivary biomarkers of obesity and metabolic dis-
turbances analyzed by Goodson et al' includ-
ed the monocyte chemotactic factor, MCP-1. Its
mean concentration in children with obesity was
174.1 pg/ml, similar to the level seen in our study.
Currently ongoing investigations have continued
to use salivary MCP-1 in the evaluation of tissue
damage and prognosis of head and neck tumors.'®

Another cytokine investigated in this study was
the CD40/CD40L complex, which is involved in

ORIGINAL ARTICLE Salivary cytokines in obesity

the inflammatory cascade in several autoimmune
diseases, including systemic lupus and rheuma-
toid arthritis.'® The results of several studies have
shown that the CD40/CD40L complex, estimat-
ed either in blood or serum, is a useful biomarker
for the diagnosis of Sjégren syndrome.'” It was
also shown that the CD40/CD40L complex par-
ticipates in the process of programmed cell death
or apoptosis in patients with Sjégren syndrome.
We found that sCD40L had the best discrimina-
tory value for obesity, regardless of sex. It had
the highest area under the curve values among
the tested markers. As sCD40L is a destimulant,
based on a determined optimal cutoff point, its
median salivary concentrations below 3.28 pg/ml
can be considered as a potential prognostic mar-
ker of obesity. In contrast, all other parameters
are stimulants and their cutoff threshold is a mea-
surement above which the probability of obesity
potentially increases.

The concentration of SICAM-1 in saliva is sig-
nificantly higher in individuals with obesity when
compared with individuals with normal weight
(609.12 pg/ml vs 395.89 pg/ml). This difference
may point to an increased risk for leukocyte (par-
ticularly monocyte) adhesion to the vascular en-
dothelium, which, consequently, leads to the for-
mation of foam cells in arteriosclerotic plaques.'®
According to previous studies, increased blood
concentrations of SICAM-1 may be observed in
asthma, allergic or autoimmune inflammation of
the skin, and malignant disease. Another study
has reported high levels of sSICAM-1 in the sa-
liva of individuals diagnosed with periodontal
disease."

In our study, a significant difference was detect-
ed in median salivary TNF-a-R1 concentrations
in individuals with obesity (237.38 pg/ml) when
compared with healthy individuals (113.11 pg/ml).
This may indicate an increase in TNF-a concentra-
tions and could explain the persistent moderate
inflammation and a tendency for cell apoptosis
in obese patients. The level of salivary TNF-a-R2
in individuals with obesity (67.87 pg/ml) was also
higher than that in the control group (47.91 pg/
ml). The available studies assessing TNF-a-R2 lev-
els in saliva pertained to the diagnosis and prog-
nosis of Lichen planus invasions.?’ Ghallab et al,'
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FIGURE 1

factor-a receptor 1 (TNF-a-R1); P <0.05 according to the Mann—Whitney test
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FIGURE 1  Concentrations of selected inflammatory markers
in the saliva of patients with normal weight (control) and
obesity: E — tumor necrosis factor-a receptor 2 (TNF-a-R2);

F — pentraxin 3 (PTX3); G — interleukin 15 (IL-15); P <0.05
according to the Mann—Whitney test

examining patients with Lichen planus invasions,
analyzed the alterations in salivary TNF-o-R2 con-
centrations after prednisone treatment. Before
the application of prednisone, the average sali-
vary concentration of TNF-a-R2 was 350 pg/ml,
and this level decreased to 14 pg/ml following
treatment. The mean salivary TNF-a-R2 concen-
tration in healthy individuals was only 45 pg/ml.

We also assessed changes in PTX3 levels,
a known serum biomarker used for the evalua-
tion of cardiovascular complications and for the
evaluation of cardiovascular complications and
the severity of atherosclerotic vascular disease.??
Recent studies have shown that, in addition
to the known uses of PTX3, its estimation in
the saliva is helpful in early diagnosis and esti-
mation of prognosis related to periodontal dis-
eases.”® Our study showed a higher median con-
centration of PTX3 in individuals with obesity
(420.28 pg/ml) when compared with normal-

-weight individuals (272.33 pg/ml).

We also noted a significant difference in

the levels of another important inflammato-

ry cytokine, IL-15, between study groups. In

the group with obesity, the median concentra-
tion was 11.71 pg/ml, as compared with 8.6 pg/ml

Variable TNF-a-R1  TNF-a-R2  IL-15 sCD40L  sICAM-1  PTX3

MCP-1 0.3272 0.5042 0.112 -0.021 0.5122 0.337°
TNF-a-R1 - 0.5472 -0.011  -0.006 0.457° 0.391°
TNF-a-R2 - - -0.048  0.199° 0.679° 0.634°
IL-15 - - - -0.243=  -0.008 0.076
sCD40L - - - - 0.031 0.019
sICAM-1 - - - - - 0.437°

a P<0.05

Abbreviations: see FIGURE 1
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in the control group. Phalane et al?* report-
ed the mean salivary IL-15 level of 0.6 pg/ml
in patients with tuberculosis, while IL-15 was
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TABLE 3  Analysis of receiver operating characteristic curves for tested salivary markers

Variable Women Men

AUC P value P value

Overall
AUC P value Optimal cutoff point, pg/ml

MCP-1 0.658 0.009 0.8 <0.001 0.696  <0.001 56.12
sCD40L 0.801 <0.001 0.8 0.004 0.8 <0.001 3.28
sICAM-1 0.702 <0.001 0.687 0.03 0.685 <0.001 606.09
TNF-a-R1 0.778 <0.001 0.697 0.02 0.747  <0.001 182.8
TNF-a-R2 0.624 0.047 0.595 0.28 0.62 0.02 56.39
PTX-3 0.628 0.049 0.641 0.1 0.637  0.006 319.44
IL-15 0.623 0.047 0.831  <0.001 0.721  <0.001 13.03

A P value of less than 0.05 was considered significant.

Abbreviations: AUC, area under the curve; others, see FIGURE 1
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FIGURE 2 Comparison of receiver operating characteristic curves for tested salivary markers

Abbreviations: see FIGURE 1 and TABLE 3

undetected in serum. In addition, Khan'? stated
that the concentration of IL-15 could not be es-
timated in blood, urine, or saliva.

Conclusions The results of our study add to
the current knowledge on the link between in-
flammation and obesity. This may allow a better
monitoring of patients with obesity and also fa-
cilitate a more accurate estimation of prognosis.
Our study has revealed several positive correla-
tions inflammatory markers and excessive body
weight. Hopefully, this will aid the implementa-
tion of appropriate steps to screen individuals
at risk for obesity, leading to the development
of proper preventive guidelines.

The saliva of patients with obesity contained
higher concentrations of all the measured in-
flammatory markers except for sCD40L levels.

POLISH ARCHIVES OF INTERNAL MEDICINE  2020; 130 (4)

Salivary biomarkers have the potential to facil-
itated the diagnosis of other systemic diseas-
es, including many of those which are a conse-
quence of obesity. Our study could help elucidate
the pathomechanism of obesity. Establishing ref-
erence values for the proinflammatory cytokines
in saliva would allow a better monitoring of gen-
eral health in patients with obesity. Further re-
search is necessary to implement systemic solu-
tions for patients with obesity.

ARTICLE INFORMATION

ACKNOWLEDGMENTS We would like to thank Editage (www.editage.com)
for English language editing.

CONTRIBUTION STATEMENT APL and AS conceived the concept of
the study and contributed to the design of the research. All authors were in-
volved in data collection. APL and KN analyzed the data. All authors edited
and approved the final version of the manuscript.

CONFLICT OF INTEREST  None declared.



OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Inter-
national License (CC BY-NC-SA 4.0), allowing third parties to copy and re-
distribute the material in any medium or format and to remix, transform, and
build upon the material, provided the original work is properly cited, distrib-
uted under the same license, and used for noncommercial purposes only. For
commercial use, please contact the journal office at pamw@mp.pl.

HOW TO CITE Lehmann AP, Nijakowski K, Swora-Cwynar E, et al. Char-
acteristics of salivary inflammation in obesity. Pol Arch Intern Med. 130:
297-303. doi:10.20452/pamw. 15186

REFERENCES

1 Pirsean C, Negut C, Stefan-van Staden R-l, et al. The salivary levels of
leptin and interleukin-6 as potential inflammatory markers in children obesi-
ty. PloS One. 2019; 14: 0210288. (7

2 Maliszewska K, Adamska-Patruno E, Kretowski A. The interplay be-
tween muscle mass decline, obesity, and type 2 diabetes. Pol Arch Intern
Med. 2019; 129: 809-816. (7'

3 Miethe S, Guarino M, Alhamdan F, et al. Effects of obesity on asthma:
immunometabolic links. Pol Arch Intern Med. 2018; 128: 469-477. (%'

4 Nunes LAS, Mussavira S, Bindhu 0S. Clinical and diagnostic utility of sa-
liva as a non-invasive diagnostic fluid: a systematic review. Biochem Med-
ica. 2015; 25: 177-192. (£

5 Desai GS, Mathews ST. Saliva as a non-invasive diagnostic tool for in-
flammation and insulin-resistance. World J Diabetes. 2014; 5: 730-738. ('

6 Carrio A, Sampedro C, Sanchez-Lopez JL, et al. Automated low-cost
smartphone-based lateral flow saliva test reader for drugs-of-abuse detec-
tion. Sensors. 2015; 15: 29569-29593. (£

7 Roi A, Rusu LC, Roi Cl, et al. A new approach for the diagnosis of sys-
temic and oral diseases based on salivary biomolecules. Dis Markers. 2019;
2019. (2

8 Kaczor-Urbanowicz KE, Martin Carreras-Presas C, Aro K, et al. Saliva di-
agnostics - Current views and directions. Exp Biol Med Maywood NJ. 2017;
242: 459-472. (%

9 Zhang C-Z, Cheng X-Q, Li J-Y, et al. Saliva in the diagnosis of diseases.
Int J Oral Sci. 2016; 8: 133-137. (£

10 Amar S, Zhou Q, Shaik-Dasthagirisaheb Y, Leeman S. Diet-induced
obesity in mice causes changes in immune responses and bone loss
manifested by bacterial challenge. Proc Natl Acad Sci USA. 2007; 104:
20466-20471. (7

11 Cassini MF, Kakade VR, Kurtz E, et al. MCP1 promotes macrophage-
-dependent cyst expansion in autosomal dominant polycystic kidney
disease. J Am Soc Nephrol JASN. 2018; 29: 2471-2481. (7

12 Bianconi V, Sahebkar A, Atkin SL, Pirro M. The regulation and impor-
tance of monocyte chemoattractant protein-1. Curr Opin Hematol. 2018; 25:
44-51. (7

13 Khan A. Detection and quantitation of forty eight cytokines,
chemokines, growth factors and nine acute phase proteins in healthy hu-
man plasma, saliva and urine. J Proteomics. 2012; 75: 4802-4819. ('

14  Goodson JM, Kantarci A, Hartman ML, et al. Metabolic disease risk
in children by salivary biomarker analysis. PloS One. 2014; 9: e98799. (7"

15  Citrin DE, Hitchcock YJ, Chung EJ, et al. Determination of cytokine pro-
tein levels in oral secretions in patients undergoing radiotherapy for head
and neck malignancies. Radiat Oncol Lond Engl. 2012; 7: 64. ('

16 Xie JX, Alderson H, Ritchie J, et al. Circulating CD40 and sCD40L pre-
dict changes in renal function in subjects with chronic kidney disease. Sci
Rep. 2017; 7: 7942. (%'

17 Delaleu N, Immervoll H, Cornelius J, Jonsson R. Biomarker profiles in
serum and saliva of experimental Sjogren’s syndrome: associations with
specific autoimmune manifestations. Arthritis Res Ther. 2008; 10: R22. (4"

18 Gregory MA, Manuel-Apolinar L, Sanchez-Garcia S, et al. Soluble In-
tercellular Adhesion Molecule-1 (sICAM-1) as a biomarker of vascular cog-
nitive impairment in older adults. Dement Geriatr Cogn Disord. 2019; 47:
243-253. (7

19 Saffi MAL, Rabelo-Silva ER, Polanczyk CA, et al. Periodontal therapy
and endothelial function in coronary artery disease: a randomized controlled
trial. Oral Dis. 2018; 24: 1349-1357. ('

20 Zhang, Lin M, Zhang S, et al. NF-kappaB-dependent cytokines in sali-
va and serum from patients with oral lichen planus: a study in an ethnic Chi-
nese population. Cytokine. 2008; 41: 144-149. ('

21 Ghallab NA, el-Wakeel N, Shaker OG. Levels of salivary IFN-gamma,
TNF-alfa, and TNF receptor-2 as prognostic markers in (erosive) oral lichen
planus. Mediators Inflamm. 2010; 2010: 847632. (%'

22 Asanuma YF, Aizaki Y, Noma H, et al. Plasma pentraxin 3 is associated
with progression of radiographic joint damage, but not carotid atherosclero-
sis, in female rheumatoid arthritis patients: 3-year prospective study. Mod
Rheumatol. 2019; 1-24. (7'

23 Agilli M, Aydin FN, Cayci T, Kurt YG. Letter to the editor: re: Saliva and
serum levels of pentraxin-3 and interleukin-1p in generalized aggressive or
chronic periodontitis. J Periodontol. 2015; 86: 486. (4"

ORIGINAL ARTICLE Salivary cytokines in obesity

24 Phalane KG, Kriel M, Loxton AG, et al. Differential expression of host
biomarkers in saliva and serum samples from individuals with suspected
pulmonary tuberculosis. Mediators Inflamm. 2013; 2013: 981984. (7

303


https://doi.org/10.1155/2013/981984
https://doi.org/10.1155/2013/981984
https://doi.org/10.1155/2013/981984
http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1371/journal.pone.0210288
https://doi.org/10.1371/journal.pone.0210288
https://doi.org/10.1371/journal.pone.0210288
https://doi.org/10.20452/pamw.15025
https://doi.org/10.20452/pamw.15025
https://doi.org/10.20452/pamw.15025
https://doi.org/10.20452/pamw.4304
https://doi.org/10.20452/pamw.4304
https://doi.org/10.11613/BM.2015.018
https://doi.org/10.11613/BM.2015.018
https://doi.org/10.11613/BM.2015.018
https://doi.org/10.4239/wjd.v5.i6.730
https://doi.org/10.4239/wjd.v5.i6.730
https://doi.org/10.3390/s151129569
https://doi.org/10.3390/s151129569
https://doi.org/10.3390/s151129569
https://doi.org/10.1155/2019/8761860
https://doi.org/10.1155/2019/8761860
https://doi.org/10.1155/2019/8761860
https://doi.org/10.1177/1535370216681550
https://doi.org/10.1177/1535370216681550
https://doi.org/10.1177/1535370216681550
https://doi.org/10.1038/ijos.2016.38
https://doi.org/10.1038/ijos.2016.38
https://doi.org/10.1073/pnas.0710335105
https://doi.org/10.1073/pnas.0710335105
https://doi.org/10.1073/pnas.0710335105
https://doi.org/10.1073/pnas.0710335105
https://doi.org/10.1681/ASN.2018050518
https://doi.org/10.1681/ASN.2018050518
https://doi.org/10.1681/ASN.2018050518
https://doi.org/10.1097/MOH.0000000000000389
https://doi.org/10.1097/MOH.0000000000000389
https://doi.org/10.1097/MOH.0000000000000389
https://doi.org/10.1016/j.jprot.2012.05.018
https://doi.org/10.1016/j.jprot.2012.05.018
https://doi.org/10.1016/j.jprot.2012.05.018
https://doi.org/10.1371/journal.pone.0098799
https://doi.org/10.1371/journal.pone.0098799
https://doi.org/10.1186/1748-717X-7-64
https://doi.org/10.1186/1748-717X-7-64
https://doi.org/10.1186/1748-717X-7-64
https://doi.org/10.1038/s41598-017-08426-8
https://doi.org/10.1038/s41598-017-08426-8
https://doi.org/10.1038/s41598-017-08426-8
https://doi.org/10.1186/ar2375
https://doi.org/10.1186/ar2375
https://doi.org/10.1186/ar2375
https://doi.org/10.1159/000500068
https://doi.org/10.1159/000500068
https://doi.org/10.1159/000500068
https://doi.org/10.1159/000500068
https://doi.org/10.1111/odi.12909
https://doi.org/10.1111/odi.12909
https://doi.org/10.1111/odi.12909
https://doi.org/10.1016/j.cyto.2007.11.004
https://doi.org/10.1016/j.cyto.2007.11.004
https://doi.org/10.1016/j.cyto.2007.11.004
https://doi.org/10.1155/2010/847632
https://doi.org/10.1155/2010/847632
https://doi.org/10.1155/2010/847632
https://doi.org/10.1080/14397595.2019.1681583
https://doi.org/10.1080/14397595.2019.1681583
https://doi.org/10.1080/14397595.2019.1681583
https://doi.org/10.1080/14397595.2019.1681583
https://doi.org/10.1902/jop.2015.140480
https://doi.org/10.1902/jop.2015.140480
https://doi.org/10.1902/jop.2015.140480

