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ABSTRACT

Tonsillar or adenoid hypertrophy is a common childhood finding which can cause significant health 
problems like respiratory infections and sleep apnea. Though normal growth of children is also 
attributed to such enlargement, infection, environmental pollutants, allergens, and gastroesophageal 
reflux are proposed triggering factors for tonsillar hypertrophy. While tonsilar enlargement in adults 
is more associated with malignancy and chronic infections like the human immunodeficiency virus, 
the immunology of childhood adenotonsillar hypertrophy is less understood. We postulate that 
upon stimulation, mesenchymal stem cells are found to reduce the secretion of interferon-gamma but 
increase the secretion of interleukin-4 from activated T cells. Both of these factors inhibit apoptosis in 
the tonsillar tissue leading to its hypertrophy. Under the umbrella of evidence, it implicates the role 
of mesenchymal stem cells in tonsillar hypertrophy. However, further longitudinal large studies are 
needed to validate the proposition.
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INTRODUCTION

Adenotonsillar hypertrophy contributes to significant 
childhood maladies like recurrent upper respiratory and 
middle ear infections, jaw and tongue misalignment 
and obstructive sleep apnea (OSA). Glue ear, difficulty 
in eating, open bite and reduced appetite are also 
found to result from tonsillar hypertrophy.1

Tonsillar hypertrophy accounts for 80% of cases of 
obstructive sleep apnea in children.2-4 In this article pre-
existing theories of tonsillar hypertrophy are discussed 
and a new hypothesis concluding mesenchymal stem 
cells as the cause of tonsillar enlargement is presented. 
It can open new frontiers for future research on this 
common childhood problem.  

PRE-EXISTING THEORIES

In light of the causes of tonsillar hypertrophy, 
there are few existing theories.  However, each of 
these theories has certain limitations. Some have 
postulated that previous infections like respiratory 
syncytial viruses (RSV) and allergies led to changes in 
neurotrophins, nerve growth factors and inflammatory 
pathways while others have proposed that innate and 

inflammatory responses are favoured by tonsillar 
hypertrophy.5 Though there are multiple postulates for 
common hypertrophic changes in tonsils, the embryo-
immunological basis of it is not explored yet. Some of 
the existing theories on the pathogenesis of tonsillar 
hypertrophy are analysed here.

1.	 Increase in bacterial infection load: It is implicated 
to be one of the causes of tonsillar hypertrophy. 
The size of the tonsil directly depends upon 
the mean bacterial load. Increased bacterial 
load causes  B  and  T  cells number to increase 
in the diseased tonsils.6 Viral (e.g. RSV) and 
bacterial infections by  Haemophilus influenza 
and Staphylococcus aureus are described to be 
associated with lymphoid hyperplasia.7,8 Tonsil 
size is directly proportional to the mean bacterial 
load per gram of tonsil (colony forming unit (CFU)/
gram). A mean bacterial load of 2.4±2.1x104 CFU/
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gram was seen in diseased tonsils as compared to 
1.6±2.4x104 CFU/gram in normal controls (p<0.01).6 
A study suggested the presence of Haemophilus 
influenza and Staphylococcus aureus in the core 
tissue of tonsillar hypertrophy cases. However, 
these are also present in recurrent tonsillitis. The 
exact pathophysiology by which these bacteria 
behave differently leading to tonsillar hypertrophy 
is still unexplained.9

2.	 Allergic reactions: Allergic response causes the 
recruitment of basophils in both the early and late 
phases.10 Basophils release interleukin (IL)-4, which 
inhibits the activity of apoptotic endonuclease. 
This causes uncontrolled proliferation of tonsillar 
epithelium.11 However, there are studies which 
show that there is no apparent relationship 
between allergic disorders and enlarged tonsils.1,12

3.	 Mutations: Mutations in the DNA of key cell cycle or 
apoptosis genes are suggested to cause tonsillar 
hypertrophy. Changes in DNA methylation can 
cause modification of gene expression. This can 
alter many biological processes like cell cycle and 
apoptosis. Study shows an increased incidence 
of hypomethylation in patients with tonsillar 
hypertrophy compared to those with recurrent 
tonsillitis. DNA hypomethylation is responsible for 
tonsillar hypertrophy as it can alter the expression 
of genes related to the cell cycle or apoptosis or 
activate basophils which leads to an increase 
in IL-4 level.13 However, the exact cause of DNA 
hypomethylation in tonsillar hypertrophy remains 
unexplained.

NOVEL POSTULATE 

Our postulate is aimed at alluding that the abnormal 
stimulation of mesenchymal stem cells (MSC) could be 
one of the causative factors in tonsillar hypertrophy. 
There are studies suggesting the presence of 
mesenchymal stem cells in the tonsils.14 Palatine tonsil 
is a good source of MSC. The tonsillar epithelium is 
originated from the endoderm and develops through 
the second pharyngeal pouch. However, the tonsil is 
invaded by mesodermal lymphoid tissue during fetal 
development. So embryologically, the tonsil also 
contains MSC.15

1.	 Effect of endotoxin on MSC: TNF-α, an endotoxin 
(lipopolysaccharide) and hypoxia stimulate 
human mesenchymal stem cells.16 Tonsillar 
epithelium is under constant exposure to bacterial 
lipopolysaccharide (LPS) leading to CD14 
expression. LPS is binding to lipopolysaccharide 
(LPS) binding protein (LBP) forming the LPS-
LBP complex which then binds to CD14.17 CD14 

and enhances the ability of mononuclear cells to 
synthesise tumour necrosis factor-alpha (TNF-α) 
in response to endotoxin.18

2.	 Effect of hypoxia on MSC: Hypoxic condition is 
the best microenvironment for mesenchymal 
stem cell proliferation.19 Study shows Wharton 
Jelly-MSC (WJ-MSC) cultured under hypoxic 
conditions differentiated into a higher number of 
large and flattened cells. The increased cell size 
provides an increased surface area to enhance 
the oxygen diffusion rate.20 Thus hypoxia causes 
both hypertrophy and hyperplasia of the MSC in 
tonsillar tissues leading to tonsillar hypertrophy. 
Tonsillar hypertrophy further results in more 
hypoxia thus leading to a vicious cycle.

3.	 MSCs properties: Tonsillar organs are palatine 
(oral) lingual tonsils, and pharyngeal (adenoids). 
All of them are nodular bodies filled with reticular 
and fibrous mesh filled with immunological 
cells like macrophages, lymphocytes, mast cells, 
granulocytes, and MSCs. Germinal centres and 
follicles are the predominant sites of B cells 
whereas T cells are found around germinal 
centres. On the whole tonsils are guards against 
the microbes entering through oro-nasal epithelial 
pathways. MSCs are multipotent stem cells initially 
found in bone marrow but later found in different 
hematopoietic sites to contribute to hemostasis, 
regeneration, ageing and wound healing through 
their ability to differentiate into mesodermal and 
non-mesodermal tissues. As a result, these MSCs 
can differentiate into a variety of tissues like 
bone, cartilage, adipose, muscle tissue and non-
mesodermal derived tissues too.21,22 These cells 
are also being studied for engraftment in the site 
of ischemic injuries to grow new potent organ-
specific stem cells.

4.	 Interferon-gamma (IFN-γ) and IL-4 in MSCs: 
MSC also shares immunosuppressive and 
immunomodulatory properties. On one hand, 
MSCs catalyze the complex interaction of anti-
inflammatory monocytes and regulatory T-cells 
(Tregs). They also bring functional changes to the 
wide array of cells namely T cells, B cells, natural 
killer cells and dendritic cells. They suppress 
plasmablast and T-cell proliferation. MSCs may 
contribute to the secretion of programmed 
death ligands (PDL) resulting in an irreversible 
reduction of T cell response.23 Basically reduced 
expression of major histocompatibility complex 
class 2 (MHC-II), CD40, and CD86 on dendritic 
cells, MSCs contribute largely via the role of 
IL-6 to reduce CD differentiation and T cell 
proliferation.24–26 Invitro studies performed to 
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assess the immunomodulatory effect of tonsil-
derived MSC on T lymphocyte proliferation 
and specific T-lymphocyte cytokine production 
showed that the presence of tonsil-derived MSC 
resulted in decreased proliferation of T cells, 
decreased interferon-gamma (IFN-γ) production, 
and increased IL-4 production.14 Compared to 
controls, IFN-γ secretion in T-helper-1(Th1) cells 
decreased by more than 50% and IL-4 production 
in Th2 cells increased by more than 300% when 
they are cocultured with tonsil derived MSCs.14

5.	 Effects of IFN-γ: IFN-γ activates cell cycle inhibitors, 
p21 and p27, which leads to hypo-phosphorylation 
of the tumour suppressor gene, Rb. This causes 
suppression of the activity of the E2F family of 
transcription factors leading to the reduction in 
the activation of genes (e.g. c-Myc) involved in 
cell cycle progression. IFN-γ also induces IRF1, a 
tumour suppressor, and decreases cell survival 
by decreasing the amount of Bcl2, increasing 
Bak amounts, reducing mitochondrial function, 
enhancing the release of Cytochrome c and 
activation of Caspases. These lead to apoptosis.27

IFN-γ synergistically enhances TNF-α induced MSC 
apoptosis by activating caspase-3. In addition to 
this, these inflammatory cytokines also induce the 
autophagy of MSCs. They do this by inducing the 
expression of Beclin-1. Autophagy downregulates 
the immunosuppressive function of MSC. Autophagy 
also inhibits the expression of Bcl-2 via suppression 
of reactive oxygen species (ROS)/mitogen-activated 
proteinkinase-1/3 (ERK) pathway. Bcl-2 promotes 
activation of caspase-3and lead to MSC apoptosis.12,23 
Therefore, a decrease in IFN-γ promotes the activity of 

MSC which can lead to tonsillar hypertrophy.

6.	 Effects of IL-4: The inducible lymphocyte Ca2+/Mg2+ 
dependent endonuclease (ILCME) is located in the 
nucleus of the cell. This enzyme is responsible 
for apoptotic cell death.29 IL-4 inhibits the activity 
of apoptotic endonuclease and leads to tonsillar 
hypertrophy.25, 26

This hypothesis is based upon the findings from 
various studies conducted on mesenchymal stem 
cells as discussed above. None of the previous studies 
has implicated the role of mesenchymal stem cells in 
tonsillar hypertrophy. On the basis of strong embryo-
immunological evidence, we postulate that MSC plays 
an important role in this pathogenesis. However, this 
hypothesis needs to be validated through further large 
longitudinal controlled studies before coming to a 
concluding point.

WAY FORWARD

The immunological basis of the pathophysiology 
of tonsillar hypertrophy is an unexplored arena. 
Literature on the embryological and immunological 
links of tonsillar enlargement in children is scarce. 
The role of MSC in it is completely unexplored. We 
postulated that repeated tonsillar infection, the release 
of inflammatory mediators like TNF-α, and a hypoxic 
environment are responsible for the stimulation 
of multipotent MSC. Upon stimulation, they cause 
decreased secretion of IFN-γ and increased secretion 
of IL-4 from activated T cells. Under these conditions, 
MSCs become activated which results in tonsillar 
hypertrophy.

Conflict of Interest: None.

5.	 Goldbart AD, Mager E, Veling MC, Goldman JL, 
Kheirandish-Gozal L, Serpero LD, et al. Neurotrophins and 
tonsillar hypertrophy in children with obstructive sleep 
apnea. Pediatr Res. 2007 Oct;62(4):489-94. [PubMed | Full 
Text | DOI]

6.	 Brodsky L, Moore L, Stanievich JF, Ogra PL. The 
immunology of tonsils in children: the effect of bacterial load 
on the presence of B- and T-cell subsets. Laryngoscope. 1988 
Jan;98(1):93-8. [PubMed | Full Text | DOI]

7.	 Brodsky L, Moore L, Stanievich J. The role of Haemophilus 
influenzae in the pathogenesis of tonsillar hypertrophy in 
children. Laryngoscope. 1988 Oct;98(10):1055-60. [PubMed 
| Full Text | DOI]

8.	 Kuhn JJ, Brook I, Waters CL, Church LW, Bianchi DA, 
Thompson DH. Quantitative bacteriology of tonsils removed 
from children with tonsillitis hypertrophy and recurrent 
tonsillitis with and without hypertrophy. Ann Otol Rhinol 
Laryngol. 1995 Aug;104(8):646-52. [PubMed | Full Text | 
DOI]

REFERENCES
1.	 Yumoto E, Kozawa T, Yanagihara N. [Influence of tonsillar 

hypertrophy to physical growth and diseases of the nose 
and ear in school-age children]. Nihon Jibiinkoka Gakkai 
Kaiho. 1991 Apr;94(4):534-40. Japanese. [PubMed | Full Text 
| DOI]

2.	 Kara CO, Ergin H, Kocak G, Kilic I, Yurdakul M. Prevalence 
of tonsillar hypertrophy and associated oropharyngeal 
symptoms in primary school children in Denizli, Turkey. 
Int J Pediatr Otorhinolaryngol. 2002 Nov 11;66(2):175-9. 
[PubMed | Full Text | DOI]

3.	 Akcay A, Kara CO, Dagdeviren E, Zencir M. Variation in 
tonsil size in 4- to 17-year-old schoolchildren. J Otolaryngol. 
2006 Aug;35(4):270-4. [PubMed | Full Text | DOI]

4.	 Choi JH, Oh JI, Kim TM, Yoon HC, Park IH, Kim TH, 
et al. Long-term subjective and objective outcomes of 
adenotonsillectomy in Korean Children With Obstructive 
Sleep Apnea Syndrome. Clin Exp Otorhinolaryngol. 2015 
Sep;8(3):256-60. [PubMed | Full Text | DOI]

Pokharel et al. Role of Mesenchymal Stem Cells on Tonsillar Hypertrophy: An Unexplored Enigma

http://www.jnma.com.np
https://pubmed.ncbi.nlm.nih.gov/17667845/
https://www.nature.com/articles/pr2007260
https://www.nature.com/articles/pr2007260
https://doi.org/10.1203/pdr.0b013e31814257ed
https://pubmed.ncbi.nlm.nih.gov/3257286/
https://onlinelibrary.wiley.com/doi/abs/10.1288/00005537-198801000-00019
https://doi.org/10.1288/00005537-198801000-00019
https://pubmed.ncbi.nlm.nih.gov/3262802/
https://onlinelibrary.wiley.com/doi/abs/10.1288/00005537-198810000-00006
https://doi.org/10.1288/00005537-198810000-00006
https://pubmed.ncbi.nlm.nih.gov/7639475/
https://journals.sagepub.com/doi/10.1177/000348949510400810
https://doi.org/10.1177/000348949510400810
https://pubmed.ncbi.nlm.nih.gov/2061733/
https://www.jstage.jst.go.jp/article/jibiinkoka1947/94/4/94_4_534/_pdf/-char/ja
https://doi.org/10.3950/jibiinkoka.94.534
https://pubmed.ncbi.nlm.nih.gov/12393253/
https://www.sciencedirect.com/science/article/abs/pii/S0165587602002471?via%3Dihub
https://doi.org/10.1016/s0165-5876(02)00247-1
https://pubmed.ncbi.nlm.nih.gov/17176803/
http://journals.bcdecker.com/CrossRef/showText.aspx?path=JOT/volume%2035%2C%202006/issue%2004%2C%20July/jot_2006_0118/jot_2006_0118.xml
https://doi.org/10.2310/7070.2005.0118
https://pubmed.ncbi.nlm.nih.gov/26330921/
https://www.e-ceo.org/journal/view.php?doi=10.3342/ceo.2015.8.3.256
https://doi.org/10.3342/ceo.2015.8.3.256


JNMA I VOL 61 I ISSUE 257 I January 202394
Free Full Text Articles are Available at www.jnma.com.np

Pokharel et al. Role of Mesenchymal Stem Cells on Tonsillar Hypertrophy: An Unexplored Enigma

9.	 Jeong JH, Lee DW, Ryu RA, Lee YS, Lee SH, Kang JO, et 
al. Bacteriologic comparison of tonsil core in recurrent 
tonsillitis and tonsillar hypertrophy. Laryngoscope. 2007 
Dec;117(12):2146-51. [PubMed | Full Text | DOI]

10.	 Schroeder JT, Kagey-Sobotka A, MacGlashan DW, 
Lichtenstein LM. The interaction of cytokines with human 
basophils and mast cells. Int Arch Allergy Immunol. 1995 
May-Jun;107(1-3):79-81. [PubMed | Full Text | DOI]

11.	 Paul WE. Interleukin-4 production by Fc epsilon R+ cells. 
Skin Pharmacol. 1991;4 Suppl 1:8-14. [PubMed | Full Text 
| DOI]

12.	 Ameli F, Brocchetti F, Tosca MA, Schiavetti I, Ciprandi 
G. Tonsil volume and allergic rhinitis in children. Allergy 
Rhinol (Providence). 2014 Jan;5(3):137-42. [PubMed | Full 
Text | DOI]

13.	 Jimenez A, Lopez-Gonzalez MA, Solano F, Chadli A, 
Delgado F, Pintado E, et al. Hypomethylation of DNA and 
resistance to apoptosis in tonsillar hypertrophy in children. 
Pediatr Allergy Immunol. 2006 May;17(3):218-20. [PubMed 
| Full Text | DOI]

14.	 Bacic A, Prgomet D, Janjanin S. Tonsil-derived mesenchymal 
stem cells exert immunosuppressive effects on T cells. Croat 
Med J. 2019 Feb 28;60(1):12-19. [PubMed | Full Text | DOI]

15.	 Janjanin S, Djouad F, Shanti RM, Baksh D, Gollapudi K, 
Prgomet D, et al. Human palatine tonsil: a new potential 
tissue source of multipotent mesenchymal progenitor cells. 
Arthritis Res Ther. 2008;10(4):R83. [PubMed | Full Text | 
DOI]

16.	 Crisostomo PR, Wang Y, Markel TA, Wang M, Lahm T, 
Meldrum DR. Human mesenchymal stem cells stimulated 
by TNF-alpha, LPS, or hypoxia produce growth factors by 
an NF kappa B- but not JNK-dependent mechanism. Am J 
Physiol Cell Physiol. 2008 Mar;294(3):C675-82. [PubMed | 
Full Text | DOI]

17.	 Ben-Yaakov A, Maly B, Abu-Ita R, Elidan J, Gross M. 
Identification and immunolocalization of the innate immune 
receptor CD14 in hypertrophic adenoids and tonsils. 
Immunol Invest. 2011;40(2):150-9. [PubMed | Full Text | 
DOI]

18.	 Zamorano J, Rivas MD, Perez GM. Interleukin-4: A 
multifunctional cytokine. Immunologia. 2003;22(2):215–24. 
[Full Text]

19.	 Widowati W, Wijaya L, Bachtiar I, Gunanegara RF, 
Sugeng SU, Irawan YA, et al. Effect of oxygen tension on 
proliferation and characteristics of Wharton’s jelly-derived 
mesenchymal stem cells. Biomarkers and Genomic Medicine. 
2014;6(1):43–8. [Full Text | DOI]

20.	 Nekanti U, Dastidar S, Venugopal P, Totey S, Ta M. Increased 
proliferation and analysis of differential gene expression 
in human Wharton's jelly-derived mesenchymal stromal 
cells under hypoxia. Int J Biol Sci. 2010 Sep 9;6(5):499-512. 
[PubMed | Full Text | DOI]

21.	 Williams AR, Hare JM. Mesenchymal stem cells: biology, 
pathophysiology, translational findings, and therapeutic 
implications for cardiac disease. Circ Res. 2011 Sep 
30;109(8):923-40. [PubMed | Full Text | DOI]

22.	 Levy-Lahad E, Catane R, Eisenberg S, Kaufman B, Hornreich 
G, Lishinsky E, et al. Founder BRCA1 and BRCA2 mutations 
in Ashkenazi Jews in Israel: frequency and differential 
penetrance in ovarian cancer and in breast-ovarian cancer 
families. Am J Hum Genet. 1997 May;60(5):1059-67. 
[PubMed]

23.	 Weiss ARR, Dahlke MH. Immunomodulation by 
Mesenchymal Stem Cells (MSCs): Mechanisms of Action of 
Living, Apoptotic, and Dead MSCs. Front Immunol. 2019 
Jun 4;10:1191. [PubMed | Full Text | DOI]

24.	 Di Nicola M, Carlo-Stella C, Magni M, Milanesi M, Longoni 
PD, Matteucci P, Grisanti S, Gianni AM. Human bone 
marrow stromal cells suppress T-lymphocyte proliferation 
induced by cellular or nonspecific mitogenic stimuli. Blood. 
2002 May 15;99(10):3838-43. [PubMed | Full Text | DOI]

25.	 Djouad F, Plence P, Bony C, Tropel P, Apparailly F, Sany 
J, Noël D, Jorgensen C. Immunosuppressive effect of 
mesenchymal stem cells favors tumor growth in allogeneic 
animals. Blood. 2003 Nov 15;102(10):3837-44. [PubMed | 
Full Text | DOI]

26.	 Djouad F, Charbonnier LM, Bouffi C, Louis-Plence P, Bony C, 
Apparailly F, Cantos C, Jorgensen C, Noel D. Mesenchymal 
stem cells inhibit the differentiation of dendritic cells 
through an interleukin-6-dependent mechanism. Stem Cells. 
2007 Aug;25(8):2025-32. [PubMed | Full Text | DOI]

27.	 Zhou Y, Weyman CM, Liu H, Almasan A, Zhou A. 
IFN-gamma induces apoptosis in HL-60 cells through 
decreased Bcl-2 and increased Bak expression. J Interferon 
Cytokine Res. 2008 Feb;28(2):65-72. [PubMed | Full Text | 
DOI]

28.	 Dang S, Yu ZM, Zhang CY, Zheng J, Li KL, Wu Y, et al. 
Autophagy promotes apoptosis of mesenchymal stem cells 
under inflammatory microenvironment. Stem Cell Res Ther. 
2015 Dec 15;6:247. [PubMed | Full Text | DOI]

29.	 Khodarev NN, Ashwell JD. An inducible lymphocyte 
nuclear Ca2+/Mg(2+)-dependent endonuclease associated 
with apoptosis. J Immunol. 1996 Feb 1;156(3):922-31. 
[PubMed | Full Text]

30.	 Lopez-Gonzalez MA, Diaz P, Delgado F, Lucas M. Lack 
of lymphoid cell apoptosis in the pathogenesis of tonsillar 
hypertrophy as compared to recurrent tonsillitis. Eur J 
Pediatr. 1999 Jun;158(6):469-73. [PubMed | Full Text | DOI]

31.	 Onal M, Yılmaz T, Bilgic E, Muftuoglu SF, Kuscu O, 
Gunaydın RO. Apoptosis in chronic tonsillitis and 
tonsillar hypertrophy. Int J Pediatr Otorhinolaryngol. 2015 
Feb;79(2):191-5. [PubMed | Full Text | DOI]

© The Author(s) 2023. 

This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article 
are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the 
Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit https://creativecommons.org/licenses/by/4.0/

http://www.jnma.com.np
https://pubmed.ncbi.nlm.nih.gov/17909446/
https://onlinelibrary.wiley.com/doi/abs/10.1097/MLG.0b013e31814543c8
https://doi.org/10.1097/mlg.0b013e31814543c8
https://pubmed.ncbi.nlm.nih.gov/7542107/
https://www.karger.com/Article/Abstract/236937
https://doi.org/10.1159/000236937
https://pubmed.ncbi.nlm.nih.gov/1837220/
https://www.karger.com/Article/Abstract/210978
https://doi.org/10.1159/000210978
https://pubmed.ncbi.nlm.nih.gov/25565049/
https://journals.sagepub.com/doi/pdf/10.2500/ar.2014.5.0095
https://journals.sagepub.com/doi/pdf/10.2500/ar.2014.5.0095
https://doi.org/10.2500/ar.2014.5.0095
https://pubmed.ncbi.nlm.nih.gov/16672010/
https://onlinelibrary.wiley.com/doi/10.1111/j.1399-3038.2006.00388.x
https://doi.org/10.1111/j.1399-3038.2006.00388.x
https://pubmed.ncbi.nlm.nih.gov/30825273/
http://www.cmj.hr/2019/60/1/30825273.htm
https://doi.org/10.3325/cmj.2019.60.12
https://pubmed.ncbi.nlm.nih.gov/18662393/
https://arthritis-research.biomedcentral.com/articles/10.1186/ar2459
https://doi.org/10.1186/ar2459
https://pubmed.ncbi.nlm.nih.gov/18234850/
https://journals.physiology.org/doi/pdf/10.1152/ajpcell.00437.2007
https://doi.org/10.1152/ajpcell.00437.2007
https://pubmed.ncbi.nlm.nih.gov/21062235/
https://www.tandfonline.com/doi/full/10.3109/08820139.2010.517589?scroll=top&needAccess=true
https://doi.org/10.3109/08820139.2010.517589
https://d1wqtxts1xzle7.cloudfront.net/51353662/597-with-cover-page-v2.pdf?Expires=1667922295&Signature=P9TzJk2M2VV-sxEgcwT~J-R2-NvDhMhLrgOcaAHxpsLK-L3HsePML0QrStXG2H2JZJDmDgTtZOGBL1RJsAeCZQzf25nCb4ZPVS2G7eQ6tekGIvSrLoh8SB04EFFDRleG0pIhufxEqrrswwcg2lbf-NP0t8ARTpN2DPUCpo~JAuwAZeA~U8~FA8df~~g9uwYeqI5MeXhFX4Pa9EiSenVo1DvUIqfZ4DKZRlj~SYS3C2NqHEMEzyNvjwXUAKlmG26RkZefCQfv55GUq~3MRt2hzq6-ycrOp3stUxTZrhdH7OBukmp~NOb7294j523OpHZK9qg5zpP5BL~doiGhFAuc2A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://reader.elsevier.com/reader/sd/pii/S2214024714000069?token=F0F379EAF48FD56449734034C4D4FC6A775B28A0ED36D58BA6671C45356D9EF7163A9EE87E31624D92AF51A15018B778&originRegion=eu-west-1&originCreation=20221102024229
https://doi.org/10.1016/j.bgm.2014.02.001
https://pubmed.ncbi.nlm.nih.gov/20877435/
https://www.ijbs.com/v06p0499.pdf
https://doi.org/10.7150/ijbs.6.499
https://pubmed.ncbi.nlm.nih.gov/21960725/
https://oce.ovid.com/article/00003012-201109300-00014?sequence=0&clickthrough=y
https://doi.org/10.1161/circresaha.111.243147
https://pubmed.ncbi.nlm.nih.gov/9150153/
https://pubmed.ncbi.nlm.nih.gov/31214172/
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01191/full
https://doi.org/10.3389/fimmu.2019.01191
https://pubmed.ncbi.nlm.nih.gov/11986244/
https://ashpublications.org/blood/article/99/10/3838/106967/Human-bone-marrow-stromal-cells-suppress-T
https://doi.org/10.1182/blood.v99.10.3838
https://pubmed.ncbi.nlm.nih.gov/12881305/
https://ashpublications.org/blood/article/102/10/3837/16981/Immunosuppressive-effect-of-mesenchymal-stem-cells
https://doi.org/10.1182/blood-2003-04-1193
https://pubmed.ncbi.nlm.nih.gov/17510220/
https://watermark.silverchair.com/stmcls_25_8_2025.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAABNYwggTSBgkqhkiG9w0BBwagggTDMIIEvwIBADCCBLgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMaxH24do4Gib0pIIsAgEQgIIEiRo5SSipmT9tSc1YbRcLOk8FxXl-HZXH3ry2f9_tFqYRpZ6fxIVABUp_DadIW2Pnn2paULBtCwoxlgOIxP-pGlLAaajWWzZFbwaiOmYIAtqDZ_DxsFvyM3I18E8gpDuhI4KSJaAO12vnUXwZWAicxfgjIW_MkOqB1-6CCosjl-EeALLQ0AysMwWD5DaZjd8vSYPyWSfTfZ5WIFu1d9EXGsslK6Spse94GAHXbi0j7Hw-N6jQpJWM9ROl7f7lLRl6M3Z0PhoDona-kQdYOXuiXGxFE5zFdBXeCGAjMUqGjRxOCEx0rE4nuElesRMeSSdGa0jBcfk123RtyYnCFFRQ0fyIcHmfuH9Wxxi5R0IHdjB0cwTSH8qJU7Q6doL7EFnjsHIT-XO4rVW4We9HeoifsRZ9Tw4wEF9SMv8itoNw8TJjQo0GFR7gPySjmjFUmnFjtN7l_WS-Lbcb9XiajPz9Ez31chRkyeCylFG0togLow8VZNEmBVMxwr6451nLBEj6of8i0AWHC79gUw7J11t9xNdtgVSiBJiI0qOUjyH3zf98lZjJCtHh57rnIyGwyKiAftobYAsoTGfhTGc2byMz9LDWLqXlI0ZEglRlYM63ysO9xG6FV8BWsbegQnfZvuLo7G_MleTlt01Pxbt56iCdWtbshvTgSxENOefJIUwDue13aUJznuZkEGtdoij53XecbqIg8r39bYYr1c5sxN7YXBSz7t1_3H2AOh6D3KJNCvcEdQoh8q0moM5Q1DjRuCJdrJa474oaJewqlDmiGF_gbxNA3wnR9TI4CQ_H-ZAm0T5H6Dsm_oRc5KurPR4QYwwAFm6Ydabg66HAmQ4JWkSXz9GmXkYIwCnW1ApwrNTu-zKHnfFttb5boTG9JTwOJdVpff-gAKBiAYk7vFrJogz5iHousCOCAHnk6R0u24TCi4p_qxMJTXDfUAudvUWob2K4-wqu0PVZ6XRdvzcsaL3h_0GrH9K3IvbNvO5yNKW-UyxAJnJ6sY0Eof8_sU04kbFCH6jSXIgarxTcHlf4TaSCdgFR491KZl4eR-avmO86xzGI-nGmYCRa9sH2Ac1wQGNtWMeRCnT16iRop_pqhNzycu0ppkfekfds8s_HNzjXurZA-5WJ4zNsLnWL8f6Ul-gI2XIlQVdOWY2TXWtlDemecu8AQ_qQ5c19RqUC5EJtnzSH90CclKn-Pg3VUq3uJYhEWJGnuSOvV0ZF_643a9p2_uHjEo6z8_zLdL5-ZBcojFf6QIJUUSiThwos3HD_G9kZdLTxaRg3_Tw3-MCm3Wpk4pWDg2WK9CH34nTPcFKsUHFu4dBFWsBLo-o7WJ-a0vEMpeyXReJTJupPHaKX2jy37gL0D6-u_PAkgAc2dtjk26SPNVkBEVZ1YfvxbUus-i_38b7M_GfOgnHfI6bevc2hvmI9_4atkTEL2JbdbKtW60FqZs5cNkBp3rMZIWoPotDscZLmOZQy70GeDpFjp2MSFdgKT4UxgP-AF12NVLCVneMAh32FvK1Wu295iesCPwYO4O1UqS1eYL5fUg
https://doi.org/10.1634/stemcells.2006-0548
https://pubmed.ncbi.nlm.nih.gov/18279102/
https://www.liebertpub.com/doi/10.1089/jir.2007.0025
https://doi.org/10.1089/jir.2007.0025
https://pubmed.ncbi.nlm.nih.gov/26670667/
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-015-0245-4
https://doi.org/10.1186/s13287-015-0245-4
https://pubmed.ncbi.nlm.nih.gov/8558018/
https://www.jimmunol.org/content/156/3/922
https://pubmed.ncbi.nlm.nih.gov/10378394/
https://link.springer.com/article/10.1007/s004310051122
https://doi.org/10.1007/s004310051122
https://pubmed.ncbi.nlm.nih.gov/25555639/
https://www.sciencedirect.com/science/article/abs/pii/S0165587614006703?via%3Dihub
https://doi.org/10.1016/j.ijporl.2014.12.005
https://creativecommons.org/licenses/by/4.0/

	_heading=h.gjdgxs
	_GoBack
	_GoBack

