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Platelet lysate enhancgsynovial fluid multipotential stromal cells functions,

implications for therapeutic use

Ala Altaie, Thomas G BaboolaDwen Wall,Elena Jones, Dennis McGonagle.

Leeds Institute of Rheumatic aMusculoskeletal Medicine

Objective: Whilst intra-articular injection of platelet products is increasingly being used for
joint regenerative approaches, there is limited data onlifedogical effects on joint resident
multipotential stromal cellsMSC9 which are directly exposed to the effects thése
therapeutic strategies. Thereforeiststudy investigated the effect of platelet lysate (PL) on
synovial fluidderived MSCs (SIMSCs), whichin vivo have direct acas to sites of cartilage
injury.

Methods: SFMSCs were obtained duringnee arthroscopicprocedures (N7). Colony
forming unitfibroblastic (CFUF), flow-cytometric phenotyping, CFSE based
immunomodulatiorfor T cellsand trilineage differentiation assays were perfornmsdg PL
andcompare to standard conditions.

Results PL enhancedSFMSCs proliferationas CFU-F colonieswere 1.44fold largerand
growing cultureshad shortepopulation doublingimes PL-MSCs andFCSMSCs hadthe
same immunophenotype arsimilar immunomodulation activitiesin chondrogenic and
osteogenic differentiation assaydSCsgrown in PL or “PL:MSCs” produced 10% more
sulphatedglycosaminoglycan(sGAG) and 45 % less Ca" compared to FGH®SCs,
respectively Replacingchondrogenic medi@dGF33 with 20% or 50% PL furtherincreasd
SGAG productionof PL-MSCs by 69 % and 95 % respectively, comparetb complete
chondrogenic medi&dlso, DMEM-(high-glucosé plus 50 %PL inducedmorechondrogenesis
comparedto DMEM-(high-glucose) plus @ % FCS and was comparable toomplete

chondrogenic media.



Conclusion: This is the first study tassesSFMSCsresponses to Pandprovides biological
support that PL may be capable of modulating multiple functional aspects ofgsidémt
MSCs which have direct access to injured cartilage.
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Introduction:

Osteoarthritis (OA) is the most common musculoskeletal digbasaffectsan increasing
proportion of the population and is a major cause of globalthcare expenditufé]. The OA
process can start multiple locations within the joint includinthe artilage, bone, ligamesit
synovum andmeniscus with eventual wholgoint failure [2]. To date, there are limited
therapeutic optionfor the treatment ojoint dysfunction in OAFor early OAemanating in
cartilage or “chondrogenic”’ OA, symptomatic treatments with analgesics, -staroid
medications, steroid injectiomd physical therapyrather than regenerative approaches are
invariably offered [3, 4]. In more advaced disease, total knee replacement is generally
considered in patients oveb years and more than 160,000 of these are carried out annually
in the UK aloneg(according toNational JointRegistry, 2017). However, iryounger patients
with small sized chondral lesions, regenerative therapies includiimgofracture and
autologous chondrocytenplantation (ACIl)may be used. Although these approaches are
associated with goaghort ternpain relief they mostly lead to formation ébrocartilaginous

tissue which isot capablef withstanding mechanical stresses over {i5é].

There is arurgentneed fomovelregenerativéreatment options fasolatedarticular cartilage
defectsbefore they lead to advanced cartilage .I&se experimental strategy is the use of
bone marrowderivedMSCs(BM-MSCs)[8, 9], or adipcsetissuedeaived MSCs(AT-MSC)

[10, 11], with preclinical and clinical results showgulomisng resuls. Howeve, due to the
expensand timeconsuming nature of these proceduasshey require clinical gradiacilities

and times to expand the cellhiere is an increasing interest in harnessing the power of
endogenous joint residemMSCs in conjunction with scaffolds or growth factors ar

combinationas part ofa one stage predure.



One potential source of endogenous MSCs that could play a role in OA jointanepgirovial
fluid-derivedMSCs (SFMSCs) that are present in OA,rheumatoid arthritifRA) and non
arthritic jointfluid [12]. Elevation in SAMSC numbers has been reportecarly OA,and
following meniscal injurysuggesting their potential role in physiological joint repEs; 14]
Furthermore, SIMSCs areeasy to isolatdy aspirationand they arehought to be derived
from the adjacent synovium, whichasissuerich in MSCswith strongchondrogenic potential
[15, 16] Finally, animal model studies show#thtsynovialorigin MSCsfacilitated cartilage
repairfollowing injection directly to the defect araaith or withoutscaffold[17, 18] Since
boththetopography and high chondrogenic potentfab~MSCs indicateheir potential role
in endogenous joint repair, the question arises as to whethprabes<ould be exploited or

furtherenhanced

Platelet LysateRL) is a biological plateletlerivativerich in growth factors and cytokines that
encourage tissue repair, which is driven by a multitude of growth factors mglbdsic
fibroblastderived growth factor (bFGFjransforminggrowth factor betg TGFp), platelet
derived growth facteAA (PDGFAA), PDGFAB, PDGFBB, [19, 20] Increasingly, PL is
being injected directly into OA knee joints with some encouraging reRiisbut the
mechanisms of its #on remain unknownin 2005, Doucet proposed theseof PL asa
substitute to FCS for MS€xpansion intended farellular therapy22]. Subsequent studies
have shownthe capacity of PL to promote cell proliferation while maintaining
immunophenotype and trigage differentiation of BMMSCs,AT-MSCsandumbilical cord
blood MSCs[20, 2326]. The potential interactionsetween PL and SMSCs have not thus

far been exploredut could be key towardmhancing thendogenous MSC repair responses



The aim of this study was therefore ®valuate the impact oPL on SFMSCs
immunophenotype,proliferation, immunomodulation, andrilineage differentiation in
comparison toFCS containing standard expansion media, with a particular focus of the
capacity of PL to act as chondrogenic indu¥ee studiel commercial PL((Stemulate) from
Cook Regentecas ithasa more constentgrowth factorcontentas it is produced in large

batches to avoid lot to lot variation andhigilableoff the shelf in large quantities

Patients and Methods:

Isolation and culture of SFMSCs

Approval for the study was obtained from thational researchethics committeg(Rec
reference:14/YH/0087).énples were collected afterformedwritten consent from all study
participantswho wereundergoing electiviknee diagnostior therapeutic arthroscopy. No
effusion was present at time of arthroscopy and patients with inflamed synowtannat
included as inflammation might have an impactbondrogenesis [15].0 ensure collection
of all SEFMSCs, SF wasollected after amitial injection ofsaline(up to50ml) (N=7 patients)
The aspirated fluidwas centrifuged at 50@f for 5 minutesand @lls were re-suspendedin
10mlI DMEM media(with no FCS. For expansion2ml of cell suspension were cultured
PL-media containing DMEM (Gibco PaisleyUK) supplemented witl6% PL-fibrinogen
depleted(Stemulate Cook RegergcUS) (referredto asPL-MSCs)or standard FC$nedia
(StemMACS mediaMiltenyi Biotec-UK) (referredto asFCSMSCs); eachcontaining 100
units/ml penicillin, 100rg/ml streptomycin (all from Gibco) Cells wereincubated ina
humidified atmospherat 37°C and 36 CO;, with a full media change after 48 hours, followed
by media changes twice weekly. Once the cells reachéd 80nfluence, the adherent cells
were harvested with 0.2 trypsin/ImM ethylenediaminetetraacetic acid (EDTA) solution

(SigmaAldrich, Dorset,UK) and passaged aseedinglensity of5—7 x 1G cells/cnf. Donor-



matched culturesvere used in all experimentsvhen theyreached passagé SFMSCs
doubling time was calculatefdom the number of population doublings up to passags 0
previouslydescribed27]. According to the following formula: days in culture till the end of
passage O/population doubling number up to passagéd.latter (population doubling
number) was calculated as Fog> (N total cell ountat pO/Total CFUF number).
Characterisation of the surface marker expression

The following antibodies were usealcompare immunophenotype of Find FCS expanded
SFMSCs: CD90-PECy7, CD45PECy7 and CD19-PE (BD Biosciences PharmigduK),
CD105PE(AbD SeroteeUK), PECD73, CD34APC andCD14FITC (Miltenyi biotecUK),
with appropriate isotype controls. DAPI was used to gate out dead cells eSaengacquired
using athreelaserflow cytomeer, LSRII (BD Biosciencesand analysgéby FacsDivaversion

8.

Colony-formi ng unitfibroblast (CFU-F) assay:

FreshlyobtainedSF cells wereplated induplicate 6dnm diameter petri digs(Greiner bio
UK) eitherwith FCS or PL-media Cells wereincubated ira humidified atmospherat 37°C
and 5% COp, with a full media changafter 48 hoursfollowed byhalf media changethree
times aweek Colonieswere stainedvith 1 % methylene bluafter 2weeksof culturefor
countingand measung colony sizeusing mageJversion 2.0.0.

To ensure that any potential differences in colony counts were dueNtSSE§ proliferation

in thedifferent media rather than differential adhesion;,MB5Cs adhesion to the plastic under
both conditionswas asses®d After the initial seeding and attachment phasdula media
change was performed after 48 hours aells were washed with Phosphate Buffer Saline
(PBS. PL-media was added to the cells which were originally plated with-tR€&8a and

vice versaAfter 14 days colonieswere fixedand stained with % methyleneblue.



Standard trilineage differentiation assays:

Trilineagedifferentiation potentiabf PL-MSCswas initially examinedn comparison t-CS
MSCs. For chondrogenic differentiation, domaatched replicate cultures of FG&Cs and
PL-MSCs 6 replicates oR.5x1@ cells each were placedn screwcappedEppendorf tubes
(BDH ChemicalsUK) in 0.5ml of completechondrogenic medieonsisting oDMEM (high
glucose), 50ug/ml Ascorbic-2-phosphate (As2P), 1Q@/ml Sodium Pyavate 40 ug/ml
Proline, 1.25mg/ml bovine serum albumii:100 ofmixture of recombinant human insulin,
human transferrin, and sodium seler(iteS+), 10 nM dexamethason@OEX) and 10ng/ml
transforming growth factebbeta (3TGFf3), all from Sigma[14]. Half media changewere
performed 3 times a weelfter 3 weeks, sGAGroductionwas visualized o um frozen
sections stainedith 1 % toluidine blue (Sigma). Production &BAG wasfurther quantified
using an Alcian blue binding assay (Immunodiagnostic Systems, Boldon, UK) following
digeston in 100 ul of papain solutiofl4]. For osteogenidifferentiation 5replicates of donor-
matched=CSMSCs and P1-MSCs (10 cell/well) were seedeth 12 welltissue culturelates
with freshly preparedompleteosteogenic medi€dOMEM, 10% FCS,100uM As2P, 10mM

B glycerophosphate and 100 MMEX, all from Sigma) [28]. Media waschanged twice a week
and dter 21 days cells were washed with PBSfixed and stained witll % Alizarin red
(Sigma). Forcalciumquantification, cells were incubateddrbN HCl for 5 minutes and gently
scraped off the surfadeforeagitatingfor 4 hoursat £C. Quantification waperformed using
the Ca™ liquid assay accordintp manufactures instructionSgninel DiagnosticsUK) [14].
For adipogenesi24 well platesvere seeded with replicate cultursof donor matche#CS
MSCs and PEMSCs (5x10 cells/wel) in freshly prepareccomplete adipogenic media
DMEM (low glucose) supplementedwith 10 % FCS, 10% horse serum, 0.5nM

isobutylmethylxantine, 6@M indomethacine and 0.8\M hydrocortisongall from sigm3g



[14]. Media was changetvice a week andfeer 3 weeksquantitativeanalysis was performed
by initially staining cells with DAPI (§ig/ml) and measurinffluorescencérom excitation and
emissionat 355/460nm. Cells werefurther stained withNile red (1 ug/ml) andfluorescace
measuredrom excitation anagmissionat 485/535 nmusing Berthold plate readg29]. The
ratio of Nile red to DAPI washencalculatel [29]. For Oil Red staining, cells weffexed in 10
% (v/v) formalin (BiostairReady Reagentdanchester, UK) andtained with oil red solution

0.5% oil red (w/v) (Sigma) in isopropanol, as previously described [29].

PL asatrilineage differentiation inducer:

Toinvestigate whether PL can act as chondrogenic ingddi¢irent chondrogenic media were
prepared as follog First, to examine if PL can replacBGF33, basal chondrogenimedia
was preparedwhich containedDMEM (high glucose), 5qug/ml As2P, 100ug/ml Sodium
Pymuvate 40 pug/ml Proline, 1.25mg/ml bovine serum albuminl:100 of mixture of
recombinant human insulin, human transferrin, @t and10 nM DEX). Insteadof TGF
B3, this basal media was supplementeath 20 % R. and 50% PL (referredto as basal
chondro-20 % PL an®b0 % PL respectively)Secondly, to investigate if PL alone can induce
chondrogenesis without adidin of any otheiinducermolecules present in basddondrogenic
medig DMEM (high glucog) mediawas supplementedith 50 % PL alone (eferredto as
DMEM, 50 % PL). DMEM with 10 % FCS andho inducersnvas used aegative control,
chondrogenesigas performed aslescribed earliefin osteogeniand adipogenicomplete
media, D % FCSwasreplaced with 10 %L (referredto as OsteePL and AdipoPL), assays

were performed as describedrlier.

Immunomodulation assay:



Peripheral blood mononuclear cells (PBMCs) were obtained using Lymphopreptri@ags
Shield, Oslo, Norwaylrom heathy dnors, with informed conserfrior toco-culture, donor-
matchedPL-MSCsor FCSMSCswere irradiated (30 Gy) to prevent further proliferatadn
MSCs PBMCs were stained with Carboxyfluorescein succinimidyl ester (CKFSErogen

UK) according tahe manufacturgs protocol. Cecultures wereperformed in 24 well plage
with following ratios of PBMCsto SFMSCs1:1, 2:1 5:1 and 10:1Wellscontainingno MSCs
were used as positive consoHuman CD3/CD28 Dynabeads (Invitroged) were used to
stimulate T-Lymphocyte proliferation [30]. Non-stimulatedPBMCs in the absence dbF
MSCs were used as negative controls. Glutamax™ RPMI 16d0ia (InvitrogenUK)
supplementeavith 10% FCSwas added to all wells. Flow cytometry analysis was performed
five days after stimulatianCD4" T cells were gated based on viability (usinghAAD),
followed by gating on the CD90D45" population (to exclude any MSGand finally, on the
CD14CD4" population. Tymphocyte proliferation was analysed using ModFit software
version 5.0.9 (Verity Softare HouseTopsham, ME. USA)T-lymphocyte proliferatiorwas
calculated usin@ proliferationindex, theratio of the starting population plus daughter cells

divided by thestarting population cetiount [31].

Statistics:

All statistical analysewere carried outising GraphPad Prism software (GraphPad software).
Wilcoxon matchedpairs signed rank testas used to compare proliferatiamd standard
trilineage differentiationof PL-MSCs to FCSMSCs Two-Way ANOVA-Bonferroni's
multiple comparisons testor group analysisvere performed to compam@munosuppression

of SFMSCs at differento-culture ratios andnmunosuppressioof PL-MSCs to FCSVISCs,

trilineage differentiatiorof PL-MSCs and FCS-MSCs with different induction media.

Results:



PL maintains the SMSCs phenotype

Flow cytometric analysis showdtCSMSCs lackedexpression o£D14, CDB, CD34 and
CD45 cell surface markers and positively expressed CD73 £95.@ %), CD90 (96.33 £.Q

%) and CD105 (92 2.8 %) Figure 1). Similarly, PL-MSCs lackedexpressionof CD14,
CD19, CD34and expresseabsitive forCD73 ©8.5 + 1.1 %, CD90 (97.6t 2.8 %)and CD105
(89.6 £ 10 %). Thughe immunophenotype d?L-MSCswas consistent withnternational
Society for Cell Therapy (ISCT) basic requirements for expanded MSCs as they were

compared to donamatched~FCSMSCs.

PL enhancement of SFMSCs proliferation

Usingthe CFU-F assaycomparisons were madeitvestigate thempact of PLon SFMSCs
proliferation comparéd to FCS containing media PL significantly increasedSFMSCs
proliferation, with 1.4fold changecomparedto FCS (p<0.05,N=7, Figure 2A-C). In
agreementvith the CFUF results PL significantly shortered the doubling time of SAMSC
cultures as comparei FCSexpanded cells dhe end opassage 0p<0.05 N=7, Figure2D).
There was no significant difference éolony numbes of SFMSCsplated withPL or FCS
(Figure 2E). To confirm that PL ha no impact on SIMSCs adhesiomo the plasticwhile
affecting their proliferationcolony numbers wereomparedn different attachmergonditions.
Resultsshowed that cellplated witheitherPL in the first 48 houréPL48) or with FCS in the
first 48 haurs (FCS48)hadno significantdifference in thecolony numbersKigure Z). In
conclusiorPL, significantly increasgproliferation of SFMSCs and had nsignificant impact

ontheiradhesioro plastic.
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Comparisons of PLMSCs and FCSMSC:s trilineage differentiation

To assesdhe differentiation potentialof PL-MSCs towards osteoblasts, adipocytes and
chondrocytescompared toFCSMSCs MSC differentiationassays were performeaasing
donor matched cultures grown in PL ander standard conditionsPL-MSCs showed
significant potential to undergo chondrogenesis in complete chondrogenic mieea
comparedio FCSMSCs. After 21 daysin culturewith completechondrogenic medjePL-
MSCsand FCSMSCspelles wereobtained,and positively stained foglycosaminoglycans
(Figure3A). The sGAGproduction quantified after pellet digesticgvealed thaPL-MSCs
produced on averagE) % more sGAG compared to FENSCs (p<0.05, N5, Figure 3).
However PL-MSCscultured with complete osteogenic media for 21 degmosited on average
45%less Ca' compared to FCMSCs(p<0.05, N=5Figure B). Alizarin red staining of PL
MSCs confirmedless Ca* deposition compared to FE8SCs (Figure 3B). Finally, using
completeadipogenic medid?L-MSCsshowedo difference in the accumulatigoid vacuoles

andthe Nile red/DAPI ratiowas comparableo FCSMSCs (Figure3Q0).

PL has the potential to act as chondrogenic inducer

PL wasalsoevaluated aachondrogenic inducer lsitherreplacing TGH33 in the complete
media oras chondrogenic inducer alofidnese datahowed thateplacing 10hg TGF3 with
20 % or 50% PL in thebasalchondrogenianedialed to 69 % and95 % increass in sSGAG
productionby PL-MSCs respectively (p<0.0001 N5, Figure 4). Additionally, 20% and
50 % of PL increased theGAG produed FCSMSCs50 %and 84% (p<0.05, N=5, Figure
4A). Furthermoreusing high glucosBMEM with 50 % PL alone induced chondrogenasis
both culturescompared tdhe negativecontrol (DMEM high glucose with @ % FCS)with

SGAG productiortomparable tthat ofcompletechondrogenic medigp<0.0001N=5, Figure
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4A). In conclusionreplacingTGF3 with 20% or 50% PL has enhancedhondrogenic
induction, whilePL alonewas sufficient to act as @éhondrogenic inducer.

In osteogenesis, replacing FCS with FPLthe completeosteogenicmedia significantly
enhanced Ca deposition inPL-MSCs (y 135 %)and FCSMSCs (by 96 %), (p<0.0002,
Figure 4B).Although, the replacement of FCS with PL in tkempleteosteogenic media
enhanced Cadeposition, PEMSCsshowed less potential for osteogenesis compare€S
MSCs with Ostee-PL media(p<0.01, Figure 4B. Similarly, replacing FCS with PL in
adipogenic mediaignificanty increasd the adipogenic inductioby 40 %for PL-MSCs and
30 %for FCSMSCscompared tahe completeadipogenic media (p<008, Figure 4).

PL maintains SFMSCs immunomodulatory function

In order to assess whether the immunomodulatory function -®fiSEsis maintained in the
presence of PL, PL-MSCs and FE&E&Cs were caultured withactivatedPBMCs for 5 days
(Figure5A). Clustess of lymphocytes in stimulated cultures lacking-BISCswere clearly
visible, indicating lymphocyte proliferation (FigufB). However,in co-cultures with PL
MSCs or FCSMSCs, stimulated Iymphocytes did not clusteindicating the
immunomodulatory effectsfdhe SFMSCs (Figure B). The poliferation index of viabé
CD14CD4'CFSE cells significantly decreased with increasa PL-MSCs or FCSMSCs
numbers (p<0.000fbr bothco-cultures N=3, Figure 5C-Ip. This indicated that SMSCs had
the capacity to inhibit th€D4" T cellsproliferation in a dose-dependent manner tiad PL-
MSCs maintained this immunosuppression capacity at all ralmsignificant difference in
the inhibition of CD4" T cells proliferation between eitheFCSMSCs or PL-MSCs was
observedFigure5D).

Other studies have reported the immunosuppression capacity BMH4SCs and ATMSC

which is comparable t8FMSCs,as 1:10ratio of T-cells: MSCs was capable of suppressing

12



stimulated Tcells proliferationand PL dd not alterimmunosuppression capacity thie BM-

MSCs[32] andAT-MSCcells[33].

Discussion:

Althoughit washistoricallythought that carfiage repair was the remit of BMSCs, there is
increasing evidenckom animal modelgor a pivotal or even dominant role for joint cavity
MSCs including synovial fluid MSGs cartilage repaifl7, 18, 34, 35]While there is a large
amount ofliteratureon the effect of PL on BM-MSCs, to the best of our knowledgadhise
first study to investigate the effect of PL on-BISCs which argoint resident MSCshat have
direct access tmjuredsuperficial cartilagdn this study, low number SMSCs were obtained
from joint cavity and culture expanded bed effects were studieiven thatSFMSCs are
likely to derive from synovium where native MS@ppear to be abundaint vivo[35],it is
possible that the endogenous immunomodulatory actikityn the joint is actually quite hig
Our ex vivo findings indicate that PL has multiple effects on8&Cs includingbeneficial
effects ortheirproliferation and chondrogesis These findings provide biological support for
the concept that intra articular PL may have the potential tmenigartilage regeneration.
Our findings of SAMSCs immunomodulatory activity raise the possibility tlalbgenicSF
MSCs could be used in conjunction with PL for therapy development. These findings provide

the impetus for furthen vivo clinical researchio optimally define the use of this strategy.

SinceSFMSCs havehe advantage of direct accefgsthe site of injurywithout the need to
breach the subchondral plag86], combning PL with SFMSCs might beelevant for early
cartilage repairQur results showed that PL maintained theitro phenotype in agreement
with the recommendation of th8CT [37]. Moreover PL shortened~MSCs doubling times
and increast SFMSCs proliferationas they displayed biggecolony sizes. Similar
observations hae been reporteth severaktudies with other types of MSCs, which promoted

13



PL asthe gold standard focell proliferation[22, 38] There is data to show that activated
plateletrich plasma PRP injected into subchondral bone with full thickness cartilaggsdefe

can profoundly affect SF-MSC numbers [39].

The trilineage differentiation potential of $FSCs expanded in PL revealed that PL
preconditioned SIMSCs towardstwondrogenesis compared to FOISCs.ThePL expansion

of MSCsaccording to their sourcgbonemarrow or synovial derivedpfluencingex vivo
differentiationis intrigung. It has been showthat BM-MSCs expanded in PL i@ a greater
capacity towardssteogeasis, while adiposederived MSCs have more potential towards
adipogeness [24, 40, 41] In this currentvork, we showedor the first timethat PLfavorably
influenced SAMSCs chondrogenesis (Figure .4)aking these findings together, PL might
modulate BMMSCs towards osteogenesis andNM&Cs towards chondrogenesis, with the
latter capability being a potentially advantageous for 4atteular MSC manipulation
especiallyif PL were also to suppress $#5Cs osteogenesis ithe repainf partial thickness
cartilagedefects A proposed mechanism of Ririming BM-MSCs toward osteogenesis
suggestselevation of osteoblastic genes expression alkaline phosphatase (ALP) and
ostegontin (CP), as ALP and OP expression were significantly high compared to FCS
expanded cellf24] and futurestudy is warranted to investigate the molecular mechanisms of
chondrogenic induction by PL in S#SCs

There is an interest in the use of third party “off the shelf’ allogeneic MSGftvenient
intra articular injectiomr in combinatiorwith scaffoldsor one stage cartilage repair strategies.
In this work, wedemonstrated for the first tinllkatSFMSCs has immunosuppression capacity
which could support use of third party allogen8iEMSCs in addition to their enhanced
chondrogenic differentiationapacity.A similar observatiorwasreported for BMMSCs and
AT-MSC expanded in P32, 33, 42] However, wo previous studies haveported that PL

expansiommight in fact reduceMSCs immune suppressiaapability[43, 44] yetin these

14



studies different methods of PL preparatioere usedgompared to the PL used in this study.
Coplandet al suggested this suppression of MSi@munomodulatiowasdue tothe presence
of fibrinogen since a direct interaction between MSCs filbdnogen lead to increaséevels

of IL-6, IL-8 and MCP1 protein production and redut¢he MSCs ability to wpegulate
indoleamine dioxygenase (ID@J3]. Although other studies have used fibrinogen rich PL,
pooled from group Otyped andAB plasmadonors,which showedthat PL maintained
immunomodulatin of MSCg[20, 45] Therefore the presence of fibrinogen and ABO blood
donor pooling might impact PL immunomodulation capadityhis study, we used fibrinogen
depleted PL in our culturesthich may explain our observations thBL hadno detrimental
effect of SEFMSCs ability to suppresSD4" T cellsproliferation This couldindicate thathe
introduction of PL in the joint cavityunlikely to alter the SHMSCs capacity for
immunosuppression. Further studies are required to invedtigai@mpact of fibrinogem PL

on SFMSCsimmunomodulation

TGFp is an importantfactor for cartilagemaintenancen vivo and it is a major inducer of
chondrogenesis vitro [46]. Moreover,TGF3 reduces activity of It31, degradation ofype

Il collagen and proteoglycann OA [47]. Completechondrogeniomedia is composed of
severalinducerscombined withTGF-3 and it was shown thaihe combination of TGIB and
IGF-I enhanes chondrogenic differentiatiofd8, 49] To the best of our knowledge, our
strategy of incremental TG substitution with PL and loakg at ensuing degrees of vitro
chondogenesis is novel since there was no data oma®lchondrogenic inducer and as
replacement of TGIB in complete chondrogenic medithereis alsoonly limited dateof the
use of PRP conograte(as a gel) witltompletechondrogenic medja&onsistent with our study
it showed enhanced chondrogend5i3]. The resuk presented here showed tHt hasa

potential to act as chondrogenic indycas chondrogenic media containir®) % PL was

1t



sufficient to replace 18g TG and induce chondrogenesi$ie amount of GFf in 100%
PL (Stemulate) is approximately A, according to the manufacturén this study wause 20
% PLwhich contairs approximately 14.4 n§GF to successfully induce chondrogenesis of
SFMSCs As theincrease of sGAG production with 20 PLwasmore than 696 compared
to complete chondrogenic media, this suggtstse areother induces in PL whichaidedin
the chondrogenic enhancemelmtterestingly,our findings shoved that PL alone caalso
induce chondrogenesis similar to complete chondrogenic mediandicated bysGAG
production.

On the other hand, iasteogenesigeplacing FCS with PL enhanced Cdeposition for both
PL-MSCs and FC3/SCs. HoweverPL-MSCs showed less Cadeposition compareBCS
MSCs which collectively supports that RISCs are peconditioned toward chondrogenesis.
Taking the above findings our data suppanis concepbf usingPL and SAMISCsastool for

cartilage repair

In summary, PL has the potential to promote-MBECs proliferation, maintain
immunghenotype and immunosuppression, andore-conditions SFMSCs toward
chondrogenesig.hese findings suggest that PL introduced into the joint cavity could influence
local, resicent MSCs and that this might be relevant for OA therapy developi®@entindings
provide a basitowardthe further exploration of PL and SASCstherapycellular therapy for
early OA
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Figure Legends

Figure 1.Immunophenotype afulturedFCSMSC and PEMSC analyzed by flow cytometry.
Isotype control (dark histograms) and cells stained with antibody against theesprbteins
(light histogram). The results presented are Maganrtentage expressianSD, N=3 donos-

matched
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Figure 2. SFMSCs proliferation(A) A representativ€ FU-F plate seeded in FCS mediad
single colony under 100x magnification. (BJFU-F plate seeded iRPL mediaand single
colony under 100x magnificatio(C) Average colongliameter in mm(D) CulturedSF-MSCs
doubling time at pQ(E) Average colony numbers CFU-F/ml. (F) Impact of PL on SAMSCs
adhesioncells were divided into 2 groups: FC&hN): cells seeded in FCS media for 48 hours
before exchanging to 5% PL media the next 12 days. P{48h): cells seeded with % PL
media for 48 hours before exchanging to FCS media for the nebetys2Vilcoxon matched

pairs test*p<0.01, N=7 donormatched samples

Figure 3. SFMSCs expanded with PLalre greatechondrogerit capacity(A) PL-MSCs and
FCSMSCs pellets after 21 daygsilture in complete chondrogenic media, scaledaresents
1 mm. Insert,stained section of the chondrogenic pellet wit¥o oluidine blueandsGAG
production from donor matched culturgB) Alizarin Red staining of PIMSCs and FCS
MSCs after 21days culture in complete osteogenic media antt @apositionfrom donor
matchedcultures. (C)Oil Red staining of PIMSCs and FC3/SCs after 2ldays culture in
completeadipogenic medigcomplete Adpo) and lipid production quantification using the

Nile Red/DAPIfluorescent ratiowilcoxon matcheepairs test*p<0.05, N=5 donors.

Figure 4.PL as trilineage differentiation inducéA) sGAG production of PIMSCs and FCS
MSCs withdifferentchondrogenic media: Complete chondromplete chondrogenic media;
basat20 %PL: basalchondrogenic medisupplemented with 2% PL; basat50 %PL: basal
chondrogenic medisupplemented with 5% PL; DMEM-50 %PL.: high glucose DMEM with
50 %PL only, control; DMEM high glucose with 28 FCS only(B) Ca™ depositiornof PL-
MSCs and FC3/SCs withcomplete osteogenic media apd-Osteo:osteogenic maia with
10% PL instead of FCS(C) Nile Red/DAPI fluorescentratio of PL-MSCs and FC31SCs
with complete adipogenic medjeomplete AdipopndPL-Adipo: Adipogenic media used 10
% PL instead of FCStwo-way ANOVA-Bonferroni's multiple comparisons test
****n<0.0001, ***p<0.0005, **p<0.005, *P<0.01, N=5 donors.

Figure 5. Immunomodulation of PAIMSCsand FCSMSCs.PMBCs caocultured for 5 days
with either with FCS MSCs or PL-MSCs at the following ratis 1:1, 2:1, 5:1and10:1,
Stimulated positive contrgl: PMBCs with no SAMSCs.CD3/CD28 beads were added to all

wells exceptnon-stimulated Qegativecontrol) 1:0.(A) illustration of immunomodulation
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experiment steps. (BRepresentativéight microscopic image at day 5C) Representative
Modfit graphs showing CD4T cells populationshlue peak represents parent population with
subsequent generations represented in multiple coldi. Pfoliferation index of T-
lymphocyte. n=3two-way ANOVA, Bonferroni post test ****p<0.0001, N=3 donors.
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Figure 5
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