Extracellular Vesicles in Osteoarthritis
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Along with cytokines, extracellular vesicles (EVs) released by immune cells in the joint contribute to osteoarthritis (OA)
pathogenesis. By high-resolution flow cytometry, we characterized 18 surface markers and 4 proinflammatory cytokines
carried by EVs of various sizes in plasma and synovial fluid (SF) from individuals with knee OA, with a primary focus on
immune cells that play a major role in OA pathogenesis.
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| 1. Introduction

Autologous plasma products, with cell-free platelet rich plasma (PRP) being chief among them, have been used as intra-
articular therapies for osteoarthritis (OA) since the first randomized controlled trials in 2012 W&, However, there is great
heterogeneity among products and even PRP preparation methods lack a standardized protocol BEl. A recent meta-
analysis suggested that PRP may be more efficacious than intra-articular hyaluronan (an established OA therapy) 4.
However, another meta-analysis failed to demonstrate clear evidence for intra-articular PRP efficacy Bl. On the other
hand, in preclinical models, extensive studies of mesenchymal stem cell (MSC)-derived EVs demonstrate beneficial
effects in OA 87, such as increased cell proliferation, anti-inflammatory and immunomodulatory effects, and decreased
apoptosis 8. This evidence supports the emerging understanding that EVs can mediate cell-to-cell communication by
transferring their cargo effectors to recipient cells BIRILALLNAZ] Taken together, these data suggest that refined plasma
products, based on a comprehensive understanding of the therapeutic elements of plasma, could result in safer and more
efficacious autologous therapies for arthritis.

EVs could be particularly advantageous as arthritis therapies. First, body fluids contain a high amount of circulating EVs,
released by almost all mammalian cells. Second, their surface markers can serve as fingerprints of their parent cell origin
and provide a means to isolate EVs from specific cell subsets, such as MSCs [BIQILALLLS] Third, EVs can be isolated
from fresh or stored specimens; the use of stored specimens could greatly facilitate subsequent processing to create a
defined autologous therapeutic. Thus, to advance to the next generation autologous cell-free biological therapies for OA,
there is a critical need to determine the plasma EV surface markers and effects of their cargo effectors (e.g., cytoplasmic
proteins, DNA, mRNA, miRNA, small non-coding RNAs, mitochondria, and cytokines) in the context of an individual with
OA. In addition, the amount, composition, surface markers, and cargo of EVs can reflect the physiological and
pathological condition of the body; therefore, an improved understanding of EVs in OA could produce new biomarkers of
disease and elucidate disease pathogenesis.

Evidence for a role of EVs in OA disease pathogenesis exists, believed to be mediated through release of EVs by immune
cells in joint tissues and synovial fluid (SF) 2413 However, only limited studies are available that profile EVs in OA
biofluids, such as plasma and SF, with a primary focus limited to small EVs (SEVs) 1817 For example, exosomes (a type
of SEVs) derived from IL-1B-stimulated synovial fibroblasts induce OA-related gene expression patterns in articular
chondrocytes 8. In addition to EVs, joint tissue related cytokines play a role in the pathogenesis of OA L9[201[21](22] Both
EVs and cytokines may originate from multiple joint components including chondrocytes, synovial fibroblasts, subchondral
bone, infrapatellar fat pad, tendons, and ligaments 1213123 The EVs and cytokines derived from these sources can be
secreted into SF. Due to potential involvement in OA pathogenesis, EVs and cytokines in SF have the potential to be
‘direct’ biomarkers in the causal pathway of disease (61124,

| 2. Sample Characteristics

A total of 78 study participants with knee OA had available plasma (n = 46) and SF (n = 48) specimens for EV profiling. Of
these, a total of 16 participants provided both plasma and SF specimens (age 69 + 12 years); 30 participants provided
only plasma specimens (age 69 + 8 years); 32 participants provided only SF specimens (age 65 + 13 years). Age was not
significantly different (Kruskal-Wallis test p = 0.4151) between the three cohorts. The sample was 73% older adults (over



60 years of age); and 48% (SF cohort) to 52% (plasma cohort) female. Since the participants were an older adult
population with OA, they were taking medicines (such as nonsteroidal anti-inflammatory agents, nutraceuticals-
glucosamine and chondroitin sulfate, aspirin, statins, beta-blockers, hormones, anti-depressants) for OA and other
common diseases and conditions associated with aging.

3. Multiple Immune Cell-Related EVs Accumulate in SF Compared to
Plasma

Recently, we identified three major subsets of plasma EVs in human healthy controls (HCs) using high resolution
multicolor flow cytometry: large EVs (LEVs), 1000-6000 nm; medium EVs (MEVs), 100-1000 nm; and SEVs, <100 nm;
these major subsets based on size were confirmed using dynamic light scattering 1. Similarly, these major subsets of
EVs were also identified in plasma (Figure 1A) and SF (Figure 1B) of knee OA participants. All 18 tested surface markers
of human stem cells and progenitor cells, immune cells, activated pro-inflammatory fibroblasts, epithelial and endothelial
cells (Figure 1C) [LL25][261271[281[29][30][31](32][33] \yere detected on LEVs, MEVs and SEVs from plasma (Figure 1A) and SF
(Figure 1B) using high resolution multicolor flow cytometry.
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Figure 1. Plasma and SF EVs from OA participants carry surface markers from the major hematopoietic cell subsets
indicating their cell origins. EVs from plasma and SF of OA participants were profiled with the indicated surface markers
by high-resolution multicolor flow cytometry. (A,B) The graphs present the representative color dot plots of all tested
surface markers in gated large (LEVs), medium (MEVs) and small (SEVs) EVs from the matched plasma (A) and SF (B)
of one OA participant. (C) The table summarizes the tested surface markers and their major expressing cells in human.
HSCs: hematopoietic stem cells; ASCs: adipose stem cells; MSCs, mesenchymal stem cells; NK cells: natural killer cells;
APCs: antigen presenting cells (including monocytes, macrophages and dendritic cells); HLA-ABC: HLA-A, HLA-B and
HLA-C; HLA-DRDPDQ: HLA-DR, -DP and -DQ.

To increase the quantitative informational content of data and simultaneously reduce the data complexity, we analyzed the
integrated mean fluorescence intensity (iMFI) of each marker; iIMFI is the product of the percentage of the positive
population (reflecting frequency of EVs carrying a particular marker) and the MFI of the population (reflecting the mean
intensity of the marker infon the positive EVs) 2435 Compared to the matched plasma EVs, the iMFI in SF EVs was
significantly higher for several EV subpopulations: EVs of all sizes with surface markers CD81*, CD29*, CD63*, CD8",
CD56*, CD68*, CD14*, and major histocompatibility complex (MHC)-class Il antigens HLA-DR, -DP and -DQ (HLA-
DRDPDQ)*; MHC-class | antigen HLA-G* LEVs and MEVs; CD9* MEVs and SEVs; CD19" LEVs; and CD235a*, CD31*,
and MHC-class | antigens HLA-A, HLA-B and HLA-C (HLA-ABC)* SEVs (Figure 2A). The HLA-DRDPDQ" LEVs, MEVs
and SEVs, reflecting antigen-presenting cells (APCs, including monocytes, macrophages and dendritic cells), activated T
cells and pro-inflammatory fibroblasts, were the most enriched EV subpopulations in SF relative to plasma (25-, 50-, and
37-fold higher, respectively), suggesting a major contribution to the SF EV pool from infiltrating immune cells in OA joint
tissues L8I25136] | contrast, the CD34* MEVs and SEVs, reflecting hematopoietic stem cells (HSCs), progenitor cells,
and endothelial cells, were the most significantly enriched EV subpopulations in plasma relative to SF (7.7-, and 7.3-fold
higher, respectively). The same surface marker panel yielded similar results in unmatched plasma and SF samples,
confirming that the differential profiles between plasma and SF EVs are a general phenomenon in OA (Figure 2B).
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Figure 2. Compared to plasma, multiple immune cell-related EVs are enriched in synovial fluid (SF). EVs from both
matched and unmatched plasma and SF of OA participants were profiled with the indicated surface markers by high-
resolution multicolor flow cytometry. (A) Comparisons between the matched plasma and SF EVs (n = 16 pairs) were
performed using Wilcoxon matched-pairs signed rank test with desired FDR g < 0.05. Volcano plots were generated using
-Log 10 (g value) and Log 2 (Fold Changes of iMFI of the individual surface marker in LEVs, MEVs, and SEVs from SF vs
Plasma). A positive fold change reflects a higher level of SF EVs relative to plasma EVs; a negative fold change reflects a
lower level of SF EVs relative to plasma EVs). (B) These graphs plot the correlation of fold changes (SF ratio to plasma)
of iIMFI of each surface marker in gated LEVs, MEVs, or SEVs in matched (n = 16 SF-plasma pairs, x axis) and
unmatched (n = 32 SF, n = 30 plasma, y axis) SF and plasma EVs.

4. Plasma and SF Correlation of Several Immune Cell-Related EVs and
Ratio of Neutrophil-EVs to Lymphocyte-EVs

Although EVs of multiple subpopulations differed in plasma and SF, based on iMFI, several EV subpopulations were
significantly correlated between plasma and SF including: positive correlations of CD34" EVs of all sizes, CD29* LEVs,
and CD15" and CD19* MEVSs; and negative correlations CD81* SEVs (Figure 3). In addition, the ratio of neutrophil-EVs
to lymphocyte-EVs (which at the cell level represents a pro-inflammatory marker) was also positively correlated between
plasma and SF including the ratio of neutrophil-EVs to: EVs related to total lymphocytes (CD15/CD8+4+56+19) and
lymphocyte subsets, including T cells (CD15/CD8 and CD15/CD4), NK cells (CD15/CD56), and B cells (CD15/CD19)
(Figure 3).
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Figure 3. The amount of several immune cell-related EVs and ratio of neutrophil-EVs to lymphocyte-EVs was positively
correlated between plasma and SF. EVs from the matched plasma and SF of OA participants (n = 16) were profiled with
the indicated surface markers by high-resolution multicolor flow cytometry. Spearman correlation was used for assessing
correlations between the matched plasma and SF for the iMFI of individual surface markers and the iMFI ratio of CD15*
neutrophil-related EVs to lymphocyte (CD8* and CD4* T cell, CD19* B cell, and CD56" NK cell)-related EVs in gated
LEVs, MEVs and SEVs. The heat maps were generated using the Spearman correlation coefficient r value with * p < 0.05
and ** p < 0.01.

| 5. Exo-EV and Endo-EV Cytokines in Plasma and SF

In plasma, based on the same unit volume, the mean concentrations of endo-EV (in lysate of EV pellets) IL-1 and TNF-a
were significantly higher, and IL-6 and IFN-y significantly lower, than the corresponding mean concentrations of exo-EV (in



EV-depleted supernatants) cytokines (Figure 4A). Comparing relative concentrations of endo-EV and exo-EV cytokines in
SF, the mean concentrations of endo-EV IL-6, TNF-a, and IFN-y were significantly lower than the corresponding exo-EV
cytokines (Figure 4B).
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Figure 4. Exo-EV and endo-EV cytokines generally correlated in plasma and SF. (A,B) The concentrations of exo-EV and
endo-EV cytokines in plasma and SF of OA participants were measured by multiplex immunoassay. The floating bars (min
to max with line at mean) represent the differential concentrations between exo-EV and endo-EV cytokines in plasma (A),
n = 46) and SF (B), n = 48). Comparisons between the concentrations of the matched exo-EV and endo-EV cytokines
were performed using Wilcoxon matched-pairs signed rank test with desired FDR g < 0.05, and the results are indicated
as q value *** < 0.0001. (C,D) EVs from the matched plasma and SF of OA participants (n = 8) were profiled for the
indicated intra-vesicle cytokines by high-resolution multicolor flow cytometry. The graphics are representative color dot
plots of all tested intra-vesicle cytokines in gated LEVs, MEVs, and SEVs from the matched plasma (C) and SF (D) of one
OA participant. (E) The floating bars represent a summary of iMFI (min to max with line at mean) of the tested endo-EV
cytokine in gated LEVs, MEVs, or SEVs. Comparisons between the matched plasma and SF EVs (n = 8 each group) were
performed using Wilcoxon matched-pairs signed rank test with significant results defined by FDR q < 0.05, asterisks
indicate the g value as * < 0.05. (F) Spearman correlation was used for assessing correlations between the concentration
of each exo-EV and endo-EV cytokine in plasma (n = 46) and SF (n = 48). The heat maps were generated using the
correlation coefficient r value with * p < 0.05, *** p < 0.001, and **** p < 0.0001. (G) Spearman correlation was used for
assessing correlations between the matched plasma and SF (n = 8 each group) for the concentration of each exo-EV and
endo-EV cytokine. The heat maps were generated using the correlation coefficient r value with * p < 0.05 and ** p < 0.01.

Further analyses based on the same unit volume, EVs from SF were more pro-inflammatory that EVs from plasma. Flow
cytometry confirmed that all tested cytokines were carried by EVs of all sizes from OA plasma (Figure 4C) and OA SF
(Figure 4D). Among the tested cytokines, TNF-a* EVs were the most abundant in both plasma and SF (Figure 4E).
Moreover, compared to the matched plasma EVs, the iMFI of all tested endo-EV pro-inflammatory cytokines (IL-1(3, IL-6,
TNF-a and IFN-y), were higher in SF EVs of all sizes, with statistically significant differences for IL-1B in LEVS, IL-6 in
MEVs and SEVs, and IFN-y in EVs of all sizes (Figure 4E).

Evaluating correlations of endo-EV and exo-EV cytokines within each type of biospecimen (SF and plasma), with the
exception of IL-1B in plasma (in low concentration), revealed that concentrations of endo-EV cytokines were significantly
positively correlated with the corresponding exo-EV cytokines (Figure 4F). Evaluating correlations of endo-EV and exo-
EV cytokines across each type of biospecimen (SF and plasma), indicated that concentrations were significantly positively
correlated for: exo-EV IL-1B, IL-6, TNF-a and IFN-y, and endo-EV IL-6 and TNF-a (Figure 4G).

| 6. Conclusions

EVs from plasma and SF of OA participants consist of LEVS, MEVs and SEVs that carry cytokines and surface markers
related to stem cells and progenitor cells, immune cells, activated pro-inflammatory fibroblasts, epithelial and endothelial
cells. Multiple immune cell-derived EV subpopulations were enriched in SF compared with plasma, consistent with OA as
an inflammatory arthritis (Figure 5A). The pro-inflammatory phenotype of SF EVs was supported by their pro-
inflammatory cytokine cargo (Figure 5A). In contrast, HSC-, progenitor cell-, and endothelial cell-associated EV
populations were enriched in plasma relative to SF (Figure 5B). Ratios of neutrophil-EVs to lymphocyte-EVs were
positively correlated between plasma and SF (Figure 5C); the ability to derive ratios of neutrophils to lymphocytes from
frozen samples by EV profiling can potentially provide a powerful biomarker of OA pathology and other comorbidities,
such as cardiovascular disease. EVs related to several types of stem cells, progenitor cells, neutrophils and B cells, and
endo-EV pro-inflammatory cytokines IL-6 and TNF-a were highly correlated between SF and plasma (Figure 5D),
suggesting plasma EVs have the potential to reflect OA joint inflammation and disease severity. These subpopulations in
particular may be direct biomarkers of disease, involved in disease pathogenesis and informing on disease activity.



References

1.

10.

11.

12.

13.

14.

15.

16.

Filardo, G.; Kon, E.; Di Martino, A.; Di Matteo, B.; Merli, M.L.; Cenacchi, A.; Fornasari, P.M.; Marcacci, M. Platelet-rich
plasma vs hyaluronic acid to treat knee degenerative pathology: Study design and preliminary results of a randomized
controlled trial. BMC Musculoskelet. Disord. 2012, 13, 229.

. Bennell, K.L.; Hunter, D.J.; Paterson, K.L. Platelet-Rich Plasma for the Management of Hip and Knee Osteoarthritis.

Curr. Rheumatol. Rep. 2017, 19, 24.

. Cook, C.S.; Smith, P.A. Clinical Update: Why PRP Should Be Your First Choice for Injection Therapy in Treating

Osteoarthritis of the Knee. Curr. Rev. Musculoskelet. Med. 2018, 11, 583-592.

. Han, Y.; Huang, H.; Pan, J.; Lin, J.; Zeng, L.; Liang, G.; Yang, W.; Liu, J. Meta-analysis Comparing Platelet-Rich

Plasma vs Hyaluronic Acid Injection in Patients with Knee Osteoarthritis. Pain Med. 2019, 20, 1418-1429.

. Kanchanatawan, W.; Arirachakaran, A.; Chaijenkij, K.; Prasathaporn, N.; Boonard, M.; Piyapittayanun, P,;

Kongtharvonskul, J. Short-term outcomes of platelet-rich plasma injection for treatment of osteoarthritis of the knee.
Knee Surg. Sports Traumatol. Arthrosc. 2016, 24, 1665-1677.

. D'Arrigo, D.; Roffi, A.; Cucchiarini, M.; Moretti, M.; Candrian, C.; Filardo, G. Secretome and Extracellular Vesicles as

New Biological Therapies for Knee Osteoarthritis: A Systematic Review. J. Clin. Med. 2019, 8, 1867.

. Wu, X.; Wang, Y.; Xiao, Y.; Crawford, R.; Mao, X.; Prasadam, |. Extracellular vesicles: Potential role in osteoarthritis

regenerative medicine. J. Orthop. Transl. 2020, 21, 73-80.

. Samanta, S.; Rajasingh, S.; Drosos, N.; Zhou, Z.; Dawn, B.; Rajasingh, J. Exosomes: New molecular targets of

diseases. Acta Pharmacol. Sin. 2018, 39, 501-513.

. Thery, C.; Ostrowski, M.; Segura, E. Membrane vesicles as conveyors of immune responses. Nat. Rev. Immunol. 2009,
9, 581-593.
Phinney, D.G.; Di Giuseppe, M.; Njah, J.; Sala, E.; Shiva, S.; Croix, C.M.; Stolz, D.B.; Watkins, S.C.; Di, Y.P.; Leikauf,

G.D.; et al. Mesenchymal stem cells use extracellular vesicles to outsource mitophagy and shuttle microRNAs. Nat.
Commun. 2015, 6, 8472.

Zhang, X.; Hubal, M.J.; Kraus, V.B. Immune cell extracellular vesicles and their mitochondrial content decline with
ageing. Immun. Ageing 2020, 17, 1.

Ni, Z.; Zhou, S.; Li, S.; Kuang, L.; Chen, H.; Luo, X.; Ouyang, J.; He, M.; Du, X.; Chen, L. Exosomes: Roles and
therapeutic potential in osteoarthritis. Bone Res. 2020, 8, 25.

Hough, K.P.; Trevor, J.L.; Strenkowski, J.G.; Wang, Y.; Chacko, B.K.; Tousif, S.; Chanda, D.; Steele, C.; Antony, V.B.;
Dokland, T.; et al. Exosomal transfer of mitochondria from airway myeloid-derived regulatory cells to T cells. Redox
Biol. 2018, 18, 54-64.

Caruso, S.; Poon, I.K.H. Apoptatic Cell-Derived Extracellular Vesicles: More Than Just Debris. Front. Immunol. 2018, 9,
1486.

De Lange-Brokaar, B.J.; loan-Facsinay, A.; van Osch, G.J.; Zuurmond, A.M.; Schoones, J.; Toes, R.E.; Huizinga, TW.;
Kloppenburg, M. Synovial inflammation, immune cells and their cytokines in osteoarthritis: A review. Osteoarthr. Cartil.
2012, 20, 1484-1499.

Gao, K.; Zhu, W.; Li, H.; Ma, D.; Liu, W.; Yu, W.; Wang, L.; Cao, Y.; Jiang, Y. Association between cytokines and
exosomes in synovial fluid of individuals with knee osteoarthritis. Mod. Rheumatol. 2020, 30, 758-764.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Domenis, R.; Zanutel, R.; Caponnetto, F.; Toffoletto, B.; Cifu, A.; Pistis, C.; Di Benedetto, P.; Causero, A.; Pozzi, M.;
Bassini, F.; et al. Characterization of the Proinflammatory Profile of Synovial Fluid-Derived Exosomes of Patients with
Osteoarthritis. Mediat. Inflamm. 2017, 2017, 4814987.

Kato, T.; Miyaki, S.; Ishitobi, H.; Nakamura, Y.; Nakasa, T.; Lotz, M.K.; Ochi, M. Exosomes from IL-1beta stimulated
synovial fibroblasts induce osteoarthritic changes in articular chondrocytes. Arthritis Res. Ther. 2014, 16, R163.

Leung, Y.Y.; Huebner, J.L.; Haaland, B.; Wong, S.B.S.; Kraus, V.B. Synovial fluid pro-inflammatory profile differs
according to the characteristics of knee pain. Osteoarthr. Cartil. 2017, 25, 1420-1427.

Lopez-Armada, M.J.; Carames, B.; Lires-Dean, M.; Cillero-Pastor, B.; Ruiz-Romero, C.; Galdo, F; Blanco, F.J.
Cytokines, tumor necrosis factor-a and interleukin-1[3, differentially regulate apoptosis in osteoarthritis cultured human
chondrocytes. Osteoarthr. Cartil. 2006, 14, 660—669.

Bondeson, J.; Wainwright, S.D.; Lauder, S.; Amos, N.; Hughes, C.E. The role of synovial macrophages and
macrophage-produced cytokines in driving aggrecanases, matrix metalloproteinases, and other destructive and
inflammatory responses in osteoarthritis. Arthritis Res. Ther. 2006, 8, R187.

Wojdasiewicz, P.; Poniatowski, L.A.; Szukiewicz, D. The role of inflammatory and anti-inflammatory cytokines in the
pathogenesis of osteoarthritis. Mediat. Inflamm. 2014, 2014, 561459.

Hui, A.Y.; McCarty, W.J.; Masuda, K.; Firestein, G.S.; Sah, R.L. A systems biology approach to synovial joint lubrication
in health, injury, and disease. Wiley Interdiscip. Rev. Syst. Biol. Med. 2012, 4, 15-37.

Fruhbeis, C.; Helmig, S.; Tug, S.; Simon, P.; Kramer-Albers, E.M. Physical exercise induces rapid release of small
extracellular vesicles into the circulation. J. Extracell. Vesicles 2015, 4, 28239.

Chou, C.H.; Jain, V.; Gibson, J.; Attarian, D.E.; Haraden, C.A.; Yohn, C.B.; Laberge, R.M.; Gregory, S.; Kraus, V.B.
Synovial cell cross-talk with cartilage plays a major role in the pathogenesis of osteoarthritis. Sci. Rep. 2020, 10,
10868.

Wright, M.D.; Moseley, G.W.; van Spriel, A.B. Tetraspanin microdomains in immune cell signalling and malignant
disease. Tissue Antigens 2004, 64, 533-542.

Park, K.R.; Inoue, T.; Ueda, M.; Hirano, T.; Higuchi, T.; Maeda, M.; Konishi, I.; Fujiwara, H.; Fujii, S. CD9 is expressed
on human endometrial epithelial cells in association with integrins a6, a3 and 31. Mol. Hum. Reprod. 2000, 6, 252—-257.

Lin, K.K.; Rossi, L.; Boles, N.C.; Hall, B.E.; George, T.C.; Goodell, M.A. CD81 is essential for the re-entry of
hematopoietic stem cells to quiescence following stress-induced proliferation via deactivation of the Akt pathway. PLoS
Biol. 2011, 9, e1001148.

Iwasaki, T.; Takeda, Y.; Maruyama, K.; Yokosaki, Y.; Tsujino, K.; Tetsumoto, S.; Kuhara, H.; Nakanishi, K.; Otani, Y.; Jin,
Y.; et al. Deletion of tetraspanin CD9 diminishes lymphangiogenesis in vivo and in vitro. J. Biol. Chem. 2013, 288,
2118-2131.

Jin, Y.; Takeda, Y.; Kondo, Y.; Tripathi, L.P.; Kang, S.; Takeshita, H.; Kuhara, H.; Maeda, Y.; Higashiguchi, M.; Miyake,
K.; et al. Double deletion of tetraspanins CD9 and CD81 in mice leads to a syndrome resembling accelerated aging.
Sci. Rep. 2018, 8, 5145.

Privratsky, J.R.; Newman, P.J. PECAM-1: Regulator of endothelial junctional integrity. Cell Tissue Res. 2014, 355, 607—
619.

Sarangi, P.P.; Hyun, Y.M.; Lerman, Y.V.; Pietropaoli, A.P.; Kim, M. Role of betal integrin in tissue homing of neutrophils
during sepsis. Shock 2012, 38, 281-287.

Togarrati, P.P.; Dinglasan, N.; Desai, S.; Ryan, W.R.; Muench, M.O. CD29 is highly expressed on epithelial,
myoepithelial, and mesenchymal stromal cells of human salivary glands. Oral Dis. 2018, 24, 561-572.

Shooshtari, P.; Fortuno, E.S., 3rd; Blimkie, D.; Yu, M.; Gupta, A.; Kollmann, T.R.; Brinkman, R.R. Correlation analysis of
intracellular and secreted cytokines via the generalized integrated mean fluorescence intensity. Cytom. Part A 2010, 77,
873-880.

Brummelman, J.; Mazza, E.M.C.; Alvisi, G.; Colombo, F.S.; Grilli, A.; Mikulak, J.; Mavilio, D.; Alloisio, M.; Ferrari, F.;
Lopci, E.; et al. High-dimensional single cell analysis identifies stem-like cytotoxic CD8+ T cells infiltrating human
tumors. J. Exp. Med. 2018, 215, 2520-2535.

Hsueh, M.F,; Zhang, X.; Wellman, S.S.; Bolognesi, M.P.; Kraus, V.B. Synergistic Roles of Macrophages and
Neutrophils in Osteoarthritis Progression. Arthritis Rheumatol. 2021, 73, 89-99.

Retrieved from https://encyclopedia.pub/entry/history/show/32881






