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Abstract



Tumor-derived microvesicles (TMV) can mimic effeafstumor cells leading to an increased
anti-inflammatory cytokine production, such as itgekin 10 (IL-10), by tumor-infiltrating
monocytes and macrophages. Yet, the mechanism-9d linduction by TMV in monocytes

remains unclear.

The co-incubation of TMV derived from the human gaas carcinoma cell line (HPC-4)
with human monocytes resulted in a nearly 30-falttease in IL-10 protein production. This
effect operates at the level of transcription sint@nocytes transduced with an adenovirus
containing IL-10-promoter luciferase reporter gem®wed a 5-fold induction of luciferase
activity after treatment with TMV. Since tumor ktan express hyaluronan (HA), which
participates in tumor invasion and metastases, ave lested its effect on IL-10 expression.
We showed that HA at the concentration of 1@@ml induces IL-10 protein expression and
the IL-10 promoter activation in monocytes. Moregvieyaluronidase treatment of TMV
reduced IL-10 protein production by 50% and promaietivity by 40%. Inhibitors of the
PISK/Akt/mTOR pathway reduced both, TMV-induced 10- promoter activity and protein
production, and the same was observed in monowatea stimulated by HPC-4 cells or HA.
Inhibition of PI3K activity down-regulated phosplation of the Akt and (to a lesser extent)
MTOR proteins in monocytes following TMV or HA stiiation. When comparing monocyte
subsets, TMV induced IL-10 protein and mRNA synihesly in classical CDI4CD16 but
not in CD16-positive monocytes. Our data show el induce IL-10 synthesis in human

classical monocytega HA, which, in turn, activates the PI3K/Akt/mTORthaay.



I ntroduction

Interleukin 10 (IL-10) is synthesizad vivo by a broad variety of immune cells (1-3)
and inhibits the release of Thl cytokines, antigegsentation, expression of co-stimulatory
molecules, phagocytosis, but enhances B cell salnaad antibody production (3-4). IL-10
production is elevated in various types of canediere is produced by both tumor cells
and/or tumor-infiltrating monocytes/macrophagesV[land is being associated with tumor-
mediated immunosuppression. IL-10 production by oogtes/macrophages following
interaction with tumor cells and/or TMV resultsatteration of their immunophenotype and
biological activity (5-7). However, the signallipgathways responsible for IL-10 induction in
monocytes/macrophages following their interactiomgth tumor cells are poorly
characterised. IL-10 production by monocytes canebbanced through the activation of
phosphatidylinositol-3 kinase (PI3K) pathway (8)3F converts phosphatidylinositol-4,5-
bisphosphate into phosphatidylinositol-3,4,5-trigbleate, which recruits and activates
downstream targets, including Akt, also termed girotkinase B (PKB). The other key
cellular signalling pathway, depending on the mairanatarget of rapamycin (mTOR), a
serine/threonine protein kinase, affects broad daspef cellular functions, such as
metabolism, growth, and survival (9). Although, ytheere initially viewed as two separate
pathways, it has been indicated that PI3K and mT&R connectedvia Akt (10).
PISK/Akt/mTOR pathway has been reported to take pathe regulation of immune cells
activity, including monocytes/macrophages (11)many types of cancer, PI3K pathway is
activated by hyaluronan (HA) (12). Moreover, sigttahsducer and activator of transcription
3 (STAT3) and interferon regulatory factor 1 (IRjHave been characterised as important

transcription factors inducing IL-10 promoter aation (13-14).

Hyluronan (HA) is a glycosaminoglycan with a mollecuveight ranging from 0to
10’ Da and is a major component of the extracellulatrix (15). HA can be either attached
directly to the cell surface by hyaluronan syntlsagecan bind to cell surface receptors, i.e.
CD44, activating intracellular signalling pathwagssociated with them (15-17). HA
accumulates in the cellular division sites (18) amane of the major extracellular matrix
components in human malignancies (19), particigatintumor invasion and metastases (15).
TMV, originating from tumor cells, carry some tumoell surface determinants, growth
factors, nucleic acids, and tumor-associated amsigl, 20-22). It has been previously

suggested that tumor-monocyte interactions mayhmvbyaluronan or other CD44 ligands



carried by TMV (23-24). Therefore, TMV may affectonocytes/macrophages functions,
altering their immunophenotype and biological dttivMoreover, TMV differently affect
monocyte subsets (7,25). Monocytes can be subdivito three subsets: classical
(CD147°CD16), intermediate (CDI4CD16") and non-classical (CD1@D16™) (26), where
the latter two may be collectively referred to a®16" monocytes (27). The CD16
monocytes are characterised by enhanced inflamynatookine secretion, including tumor
necrosis factoo (TNF), and low secretion of IL-10; increased esgien of human leukocyte
antigens (HLA) class Il and some adhesion molec(28s30). They are considered to be
more mature than classical monocytes (31), and thenbers are elevated in inflammatory
diseases (32). In response to a contact with tuelis, the CD16 monocytes produce more
proinflammatory cytokines (TNF, IL-12) and show iaereased cytotoxic/cytostatic activity
towards tumor cells (30). TMV-activated COIonocytes also show an increased release of
TNF, IL-12p40 and reactive nitrogen intermediatBdNI), while CD14"CD16 monocytes

produce more reactive oxygen species (ROI) andI(25).

In this study, we have proposed a new possible aresim responsible for the
induction of IL-10 production in monocytes aftemstlation with TMV. For the first time,
we provide evidence that HA carried by TMV is atdanduce IL-10 production in classical
CD14™ CD16 (but not in CD16) monocytesia the PI3K/Akt/mTOR signalling pathway.



M aterialsand M ethods

Isolation of monocytes and their subsets

Monocytes were isolated by counter-flow centrifugdltriation from peripheral blood

mononuclear cells (PBMC) obtained from 10 healthgod donors. Briefly, PBMC were

isolated from EDTA-treated whole peripheral bloog the standard Ficoll/lsopaque
(Pharmacia, Uppsala, Sweden) density gradient ibeydtion. Monocytes were then
separated from PBMC with the JE-5.0 elutriationteys equipped with the Sanderson
separation chamber (Beckman, Palo Alto, CA, USA)dascribed previously (33). Purity of
isolation was above 95% as tested by staining withi-CD14 mAb (BD Biosciences

Pharmingen, San Diego, CA) and flow cytometry asial(FACSCanto flow cytometer,

Becton Dickinson, San Jose, CA, USA).

The following monoclonal antibodies (mAbs) were dige stain CD1#CD16 (further
called: CD14) and CD16 monocytes: anti-CD14-APC (clone@®9, BD Bioscience) and
anti-CD16-PE-Cy7 (clone 3G8, BD Bioscience), in5Ldilution v/v. The stained monocytes
were then incubated for 30 min at 4°C after whickytwere sorted using the FACSAria Il
cell sorter (BD Biosciences, San Jose, CA, USAD ifdetal bovine serum (FBS)-coated
polypropylene tubes (BD Biosciences), at 12.000stlin order to gain pure (usually 97-
98%) CD14 and CD16 subsets. The CD16nonocytes were in the range 5-10%.

Cell culture

The HPC-4 cell line (34) was cultured by biweekbspages in RPMI 1640 supplemented
with 5% FBS (Sigma, St. Louis, MO). FBS used ineajberiments was earlier microvesicles-
depleted by appropriate centrifugation, as desdrreviously (6). Cell lines were regularly
tested forMycoplasma sp. contamination by polymerase chain reaction (PERISA test

(Roche Diagnostics GmbH, Mannheim, Germany) acogrth manufacturer’s protocol.

Monocytes were cultured in RPMI 1640 medium supgletad with 2 mM I-glutamine
(Invitrogen Life Technologies, Gaithersburg, MDyada25ug/ml gentamycin (Invitrogen Life

Technologies), 1-2x nonessential amino acids (logén Life Technologies), and OPI



supplement (contains oxalacetic acid, sodium pyajvand insulin; Sigma-Aldrich, Munich,

Germany).

Monocytes were co-cultured with HPC-4 (4 x'fxell) cells (2,5:1 ratio) in supplemented
medium overnight at 37°C, 5% GOn humidified atmosphere. Then, supernatants were

collected and kept frozen in -20°C.

TMV isolation

TMV were obtained from the HPC-4 cell line (TMM) as previously described (7). Briefly,
HPC-4 cells were cultured in RPMI 1640 (Sigma, Stuis, MO) with 5% FBS and
gentamycin (25ug/ml). Supernatants from well grown cell culturegrgv collected and
centrifuged at 300xg for 20 min to remove cell debiThen, supernatants were again
centrifuged at 50,000xg for 1 h at 4°C. Pellets everashed several times in PBS and
resuspended in serum-free RPMI 1640 medium. Prataicentration of TMMpc suspension
was estimated by the Bradford method (BioRad, Hes;uCA). TMVpc Were tested for
endotoxin contamination by the Limulus test (ChafRdver Laboratories, Inc., Wilmington,
MA), stored at —20°C, and used for experiments avilgn TMV suspension was LPS-free.

TMV were characterised in detail by flow cytomedryd electron microscopy previously (6).

Hyaluronan, hyaluronidase treatment, kinase inbibit

A low-molecular-weight potassium salt of hyaluromicd (HA) from human umbilical cord
(Calbiochem, Darmstadt, Germany), was added toccéflires at the final concentration of
100 pg/ml (35,36).

TMV ypc Were added to cell cultures at the final prote@inaentration of 3 pg/ml. In particular
experiments, TMVjpc were treated with hyaluronidase (HAase), at thalfconcentration of
100 U/ml, for 3 h at 37°C, with gentle shaking é)d then centrifuged at 50,0@pfor 15
min at 4°C. Pellets were resuspended in serumfRB&1 1640 medium. HAase-treated

TMV ypc Were added to cell cultures at the final proteinaentration of 3 pg/mil.

The presence of HA in TM¥sc suspension and supernatants from HPC-4 cell eulwas

determined using Hyaluronan Quantikine ELISA Ki&R Systems, Minneapolis, MN).



The following inhibitors of the PI3K/Akt/mTOR patlay were used: PI3K (10 uM; LY-
294002; Sigma, St Louis, MO), Akt (10 uM; Akt infttr) and mTOR (10 ng/ml,

rapamycin), both from Calbiochem (Darmstadt, Geyhan

Viability assay

Elutriated monocyte and sorted monocyte subsete weltured for 6 h in the presence of
PI3K, Akt or mTOR inhibitor, or left untreated. Tinecells were labelled with Annexin V-

FITC Apoptosis Detection Kit [l (BD Pharmingen), iorder to detect apoptotic cells
according the manufacturer's protocol. Immediatddgfore flow cytometry analysis

(FACSCanto flow cytometer, Becton Dickinson), paipm iodide was added.

Monocyte transduction with IL-10-promoter-contaginadenoviral (AdV)

vectors

Monocytes were transduced with the IL-10 (-237)luxt AdV vectors containing the IL-10
gene promoter with STAT3 and IRF-1 motifs, repofteiferase gene, and green fluorescent
protein gene with -237 bp upstream of the IL-1@siption start (37). The 1xi@onocytes

or dummy sorted monocytes and monocyte subsets4C&1id CD16) were incubated with
AdV vectors for 2 h in serum-free medium in 24-welira-low attachment plates (Costar,
Corning, Lowell, MA) at the 100 MOI. Then, FBS waslded to cultures at the final
concentration of 10%, and the cells were cultureermight at 37°C, 5% C£On humidified
atmosphere. Cells were then washed and resuspemdessh medium with 10% FBS. A
percentage of transduced cells was determined éyattalysis of GFP-positive cells on
FACSCanto flow cytometer. The average percentagefedted cells was 37 £ 12%.

Reporter gene analysis

Transduced cells were cultured in ultra-low attaeht®6-well plates, at the concentration of
2 x 10 cells/well in 200p! of monocyte medium. Monocytes were preincubatéti WI3K,
Akt or mTOR inhibitors for 30 min at 37°C and thstimulated with TMV,pc, HA or
TMV ypc treated with HAase, for 6 h at 37°C, or left intdCells were then harvested, lysed in



Reporter Lysis Buffer (Promega, Madison, WI) anozén at -20°C. Luciferase activity in
cell lysates was determined using Luciferase Asmtem (Promega) and Wallac Victor 2
plate-reader (Perkin-Elmer, Turku, Finland). Pmoteioncentration in each sample was
determined by the Bradford method. Luciferase d&gtiwas normalised by protein
concentration in each sample (cpm per 1 ug of prpnd the results were presented as a
fold difference between normalised luciferase leiweleach sample, in comparison to the

control.

Western blot analysis.

Elutriated monocytes were plated (3%1@ell) on 12-well plates in RPMI 1640 (Sigma, St.
Louis, MO) with 5% FBS and gentamycin (28/ml). After 2 h of incubation at 37°C in
humidified atmosphere containing 5 % £Q@PI3K inhibitor was added for 1 h to the
appropriate wells. Next, monocytes were stimulateth TMV ypc (final concentration -3
pg/ml) and HA (100 pg/ml) for 30 min. Monocytes wéhan harvested and lysed in M-PER
lysing buffer (Pierce, Rockford, IL, USA), contamngi proteases inhibitors cocktail (Roche,
Mannheim, Germany). The protein concentration wagasured on micro-volume
spectrophotometer Q5000 (QUAWELL, San Jose, CA, UB#ing Bradford Dye Reagent
(Bio-Rad, Hercules, CA, USA) and Bovine Gamma Glob{Bio-Rad), used as a protein
concentration standard. The 20 pg of isolated prové each sample was mingled with
NuPAGE LDS Sample Buffer (4X) (Life TechnologiesarBbad, CA, USA) and NUPAGE
Sample Reducing Agent (10X) (Life Technologies)mPkes were heated (70°C, 10 minutes)
and electrophoresed in 12% polyacrylamide gel ¢omg SDS. Next, electrophoresed
proteins were transferred to the polyvinylideneoflde membrane (Bio-Rad). Then, after
blocking for 1 h at room temperature in Tris budigrsaline (TBS) with 0,1% Tween-20
(Sigma, St. Louis, MO, USA) and 1% bovine serunuaim (BSA, Sigma), the membranes
were incubated overnight at 4°C with monoclonailartties (dilution 1:1000): rabbit anti-
Akt, rabbit anti-phospho-Akt (Ser473), rabbit amiFOR, rabbit anti-phospho-mTOR
(Ser2448) (all Cell Signalling, Beverly, MA, USA)s a loading control, rabbit anti-GAPDH
antibodies (Cell Signalling) were used. After ovght incubation, membranes were washed
in TBS supplemented with BSA and Tween-20 and iatedb (1 h) in RT with secondary goat
anti-rabbit antibodies (dilution 1:4000), conjughteith horseradish peroxidase (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The proteinnds were visualized with the
SuperSignal West Pico Chemiluminescence Substratte als recommended by the



manufacturer (Pierce, Rockford, IL, USA), and asaty with KODAK GEL LOGIC 1500
Digital Imaging System (KODAK, Rochester, NY, USA)ensitometry analysis was done on
the Western Blot results using KODAK MI SE 4.5 saite to determine the abundance of
studied protein. Saturation of GAPDH protein bands used as control. Data are presented

as a ratio between individual protein and GAPDHdsaturation.

Real-time PCR

Dummy sorted monocytes and monocyte subsets (CBrid CD16) were cultured in ultra-
low attachment 96-well plates in serum free mediwith TMV pc or HA for 3 h at 37°C, or
left untreated. Then, the total RNA was extractenf cells using RNeasy Protect Mini Kit
(Qiagen GmbH, Hilden, Germany), according to thenuf@acturer's protocol. cDNA was
obtained from the RNA samples with Maloney Murineukemia Virus (M-MLV) reverse
transcriptase (Sigma) and oligo-dT primer (Sigmag, specified by the manufacturer’s
protocol. The quantitative polymerase chain reastigPCR) for IL-10 and3-actin was
performed using the LightCycler system (Roche Damgics, Mannheim, Germany), as
previously described (7), with the following primeairs: IL-10 sense, ®&GA-CTT-TAA-
GGG-TTA-CCT-GG and antisense;GAA-CTC-CTG-ACC-TCA-AGT-GA,; B-actin sense,
5-GGA-TGC-AGA-AGG-AGA-TCA-CTG; and antisense,-6GA-TCC-ACA-CGG-AGT-
ACT-TG. Each LightCycler PCR run consisted of 4@leg with initial denaturation time of
10 min at 95°C. The cycling profile for IL-10 wastsat: 95°C for 10 sec, 62°C for 10 sec,
72°C for 40 sec; and fdg-actin: 95°C for 10 sec, 60°C for 60 sec. The fhswent signals
generated during the informative log-linear phaseewused to calculate the relative amount
of mMRNA. The specificity of the amplified productgas verified by the melting curve
analysis. The mRNA expression was indicated asldh didference from untreated dummy

sorted monocytes, normalised to flaactin expression levehAACt method).

Determination of IL-10 secretion

2x10° monocytes or dummy sorted monocytes and monoaisess (CD1%4 and CD16)
were cultured in 96-well plates (BD Falcon, FranKliakes, NJ). The control cells were left
untreated or preincubated for 30 min with PI3K, AktmTOR inhibitors and then TM¥c,



HA, or whole HPC-4 cells were added. The cells waréured for 18 h at 37°C, 5% G@n
humidified atmosphere. The cell culture supernatame¢re collected and IL-10 level was
determined using Cytokine Bead Array (CBA) and Hanlla10 Flex Set (BD Biosciences,

San Jose, CA, USA), according to manufacturer'sopod (lower limit of detection — 0,13

pg/ml).

Statistical analysis

Statistical analysis was performed using Mann-Wdyitnwhen applicable, or two-tailed
Studentt test using GraphPad InStat Software (GraphPadlioftLa Jolla, CA). Differences
were considered significant g<0,05. Data represent the mean values = SD of five

independent experiments, each performed on cetlfffefent donor.



Results

HA is involved in TMV-mediated IL-10 induction in@nocytes

Initially, we have determined the effect of TMM: on IL-10 induction in the whole
population of human monocytes. TMM significantly upregulated IL-10 protein production
by monocytes from 46 + 95 to 1344 + 1251 pg/ml. &bwer, co-culture of monocytes with
the HPC-4 cells resulted in even higher levelsLei® production (2463 + 1014 pg/ml) (Fig
1A). In order to test whether TM)}¢ actvia induction of the IL-10 gene promoter, we have
transduced the monocytes with adenoviral vectonstatoing a luciferase reporter gene
controlled by the IL-10 promoter containing intaeid-type binding sites for STAT3 and
IRF-1 (37). In monocytes transduced with AdV vestand stimulated with TMMc, the
luciferase activity increased by an average offél@ when compared to unstimulated cells
(Fig. 1B).

Then, we asked whether HA, which is produced imdbuace by tumor cells, may be
responsible for IL-10 induction by TMV. First, wested the TMVpc for the presence of HA
using ELISA and found out that the average HA catregion in TMVpc suspension was
0,51 £ 0,16 ng/pug per 1 pg of TMV (n=5). MoreovElA presence was also detected in
supernatants from HPC-4 cell culture (99 + 14 ny/iad previously suggested (23). We then
asked whether HA is able to induce the human Ilpddimoter and lead to production of IL-
10 protein in monocytes. Indeed, HA stimulated HatA0 secretion (to 2240 + 1327 pg/ml)
(Fig. 2A) and IL-10 promoter-driven luciferase aitti (2,3-fold increase) (Fig. 2B) in human
monocytes, and both were statistically significarite amount of IL-10 protein produced by
monocytes in response to HA was somewhat highenwenpared to TMVpc, albeit not
significant, while IL-10 promoter induction afteiA-stimulation was about 2-folds lower.

Then we analysed whether TMV stimulation of IL-19 mediated by HA. The
induction of IL-10 protein production was halved emhmonocytes were stimulated with
TMV that were pretreated with HAase for 3h, and diféerence was statistically significant
(Fig. 2A). Similar results were obtained in theeca$ IL-10 promoter activation in monocytes
also stimulated with HAase-treated TMp4 as HAase treatment of TMyc resulted in
significant reduction of IL-10 promoter activati¢iig. 2B). Although, the reduction of IL-10

expression caused by HAase treatment of TMVwas no absolute, longer TM¥c



treatment with HAase (beyond 3h) did not reducel@Lexpression any further (data not

shown).

TMV-driven induction of IL-10 in monocytes is metkd via PISK/Akt/mTOR
pathway

Next, we asked whether the expression of IL-10 ceduby TMV{;pc and HA is
mediated by the PI3K/Akt/mTOR signalling pathwayo Bddress this, IL-10 protein
production and its promoter induction were detesdim the whole population of monocytes
preincubated with specific inhibitors of this sifymg pathway. First, a viability assay was
performed to evaluate the toxicity of the inhib&of he results revealed less than 10% of dead
cells following the incubation of monocytes withetimhibitors, when compared to untreated
cells. Therefore, the effects of the inhibitors the IL-10 production, observed in our

experiments, were specific and did not result ftbencytotoxicity of the inhibitors.

The co-culture of monocytes preincubated with titehitors of PI3K, Akt or mTOR,
with HPC-4 cells, resulted in significant down-ré&gion of IL-10 protein production (1,4-,
1,4- and 2-fold decrease, respectively, (p<0,0(HY. 3). Similar results were obtained when
monocytes were stimulated with HA (Fig. 4A, B). 10-secretion by monocytes stimulated
with HA decreased 3,3-, 3,3- and 2,5-folds (Fig., 4#<0.001), while IL-10 promoter
activation decreased 1,8-, 2,1- and 1,8-folds (ER}. p<0.05), when cells were preincubated
with PI3K, Akt or mTOR inhibitors, respectively.Hibition of the PI3K signalling cascade in
monocytes stimulated with TMMéc resulted in a considerable decrease in IL-10 egioa.
IL-10 protein production was reduced 3,3-, 2,5- dnd-folds when using PI3K, Akt or
mMTOR inhibitors, respectively (Fig. 4C, p<0.05)-10 promoter activation in monocytes
stimulated with TMV{pc also decreased when cells were treated with thigitors (1,5-, 2-
and 1,6-fold decrease in the case of PI3K, Akt 3IOR inhibitor, respectively), yet only in
the case of Akt inhibitor, the difference was statally significant (Fig. 4D).

The activation of PI3BK/Akt/mTOR signalling pathweymonocytes was confirmed in
Western-blot analysis (Fig. 5). Unphosphorylated! gshosphorylated Akt and mTOR
proteins were analysed in monocytes stimulated WikH/ ypc or HA after PI3K inhibition.
The expression of phospho-Akt and phospho-mTOR aeagn-regulated when monocytes
were pre-treated with PI3K inhibitoHowever, although the effect of PI3K inhibitor on



TMV and HA-induced phospho-Akt activation is obvious, this effect on phospho-mTOR
inhibition was rather moderate. That is why, we have measured the intensity of iRTaDd
phospho-mTOR bands using densitometry analysidlandesults were normalized according
to GAPDH intensity (see Supplementary Fig. 1). Asesult, we have noticed significant
reduction of phospho-mTOR bands intensity in theecaf MO cultured alone and MO
stimulated with TMV4pc (decrease of 38% and 36%, respectively). Nonetheir the case of
HA stimulation, the PI3K inhibitor had only sligkffect on phospho-mTOR band intensity
(decrease of 3%; Supplementary Fig. 1B). In conttag level of unphosphorylated mTOR
was not reduced when monocytes where preincubatibd RIBK inhibitor (Supplementary
Fig. 1A).

TMV and HA-mediated IL-10 induction in monocyte seks

In order to determine, which monocyte subset (CD&kssical monocytes or CD16
intermediate/non-classical monocytes) is respoasibl IL-10 production in response to
TMV ypc or HA stimulation, we have analysed IL-10 promadetivity, mMRNA expression

and protein production in the cells of both sodatipopulations.

After TMVypc and HA stimulation we observed increased IL-10nprter activity in
classical monocytes with a 4,4- and 2-fold increasspectively. In the CD16-positive
monocytes there was only a 2- and 1,1-fold incrediss stimulation with TMVpc and HA,
respectively (basal levels of luciferase activitgsm6 + 18 and 4 + 1 RLug of protein, for
CD14 and CD16 monocytes, respectivglynowever, due to a considerable variation between
experiments, the induction of the promoter activitgs not significant (Fig. 6A). A clearer
pattern emerged at the IL-10 mRNA level. Here, (Lekpression increased 2,2-folds in HA-
stimulated and 1,9- folds in TM}cstimulated CD14 monocytes (Fig 6B, p<0,001 and
p<0,01, respectively), while in CD16onocytes there was no induction. The IL-10 mRNA
expression of untreated CD14nd CD16 monocytes was similanCt value: 11,3 + 1,9 for
CD14 monocytes and 10,21 + 1,8 for CD1éonocytes), indicating that basal IL-10
expression in these subsets is comparable, yet@DI monocytes responded to TMM

and HA stimulation.

The average level of IL-10 protein produced by CDiwnocytes was 71 + 20 pg/ml

in unstimulated cells. HA treatment resulted inirgrease of IL-10 production to 605 + 418



pg/ml, while in monocytes treated with TMM an increase to 619 = 904 pg/ml was
observed. By contrast, the CDl®onocytes show negligible amounts of IL-10 protein
production when untreated (about 2 pg/ml) and tlvesis no increase after stimulation by
either HA or TM\Wpc (Figure 6C). These data demonstrate that in respda HA or

TMV ppc stimulation, the classical (CD14£D16) monocytes are the main source of IL-10.

To summarise, our findings suggest that IL-10 potidn in CD14 monocytes is
induced by TMV and is mediated by HA via the PI3KIANTOR pathway (Fig.6).



Discussion

Previous findings show that both, tumor cells amMdVTreleased by these cells, are
able to induce IL-10 expression in monocytes ahltbe mMRNA and protein level (5-7, 38).
IL-10 promotes the differentiation of monocytes n@ature macrophages and blocks their
differentiation into dendritic cells (39). High freency of TIMs has been usually associated
with poor prognosis in cancer patients (40). Mosrpounacrophages exposed to IL-10
polarise into M2 cells that reveal poor anti-tumesponse (41). Therefore, the present study
investigated the molecular mechanism of IL-10 iristucin primary human monocytes, and
in particular: i) which component of TM¥c shedded by HPC-4 tumor cells is responsible
for IL-10 induction in monocytes, and ii) which saling pathways are involved in this
process. Our findings suggest that IL-10 stimufatmbserved in monocytes exposed to
TMV ypc is mediated by low molecular weight HA carried these microvesicles. The
presence of HA in TMMpc suspension has been confirmed. Moreover, IL-10mpter
activation, IL-10 gene expression and cytokine pobidn was significantly induced by
TMVypc and HA, as well as by HPC-4 tumor cells. The lesfelL-10 induction may differ
between TMV,pc and HPC cells stimulation, since TMV only mimiartar cells presence.
Pre-treatment of TM\pc with HAase reduced IL-10 expression by half, witempared to
untreated TMVYpc. Thus, our data strongly suggest that HA carrigdTMV ypc may be
involved in interactions of TMV with monocytes afiftls corroborate previous reports (7).
Besides, we found HA in TMV originated not only rinoHPC-4 cells but also from another
cancer cell lines, e.g. colon cancer cell linesgdet shown)lt has been shown that CD44, a
major receptor for HA, is expressed on monocytektakes part in interactions of monocytes
with cancer cells, mediating TMV-induced releaseTdf, IL-1 and probably ROI (7, 23,

42). Yet, HA involvement in IL-10 induction has ree\been investigated.

The observed decrease of IL-10 induction after tamdiof TMVpc pre-treated with
HAase did not reach the level observed in contamh@es. It may suggest that either HA
stimulation was not fully efficient, or, apart froMA, another, yet still unknown factor/s

carried by TMV{;pc may be also associated with IL-10 induction.

In our studies, HA more efficiently induced IL-1@csetion, while IL-10 gene
promoter was stimulated more effectively by TM¥. This observation may support the
suggestion that HA is not the only component of TMythat is responsible for IL-10 gene
induction. It is plausible that the presence ofyd®T'AT3 and IRF1 binding sites, contained



by IL-10 promoter in AdV vectors used in these sadis insufficient for excessive HA
induction of such a construct. Apart from STAT3 alirF1, other transcription factors
binding sites have been identified in IL-10 prommpgich as specific protein 1 (SP1), SP3,
and CCAAT/enhancer binding protein(C/EBR3) (43-45), which may suggest that HA is
able to activate one of these factors. On the otterd, the additional, still unknown
component of TMV,pc that can also induce IL-10 gene expression, maynainly through
STAT3 and/or IRF1 transcription factors.

Moreover, it has been shown that IL-10 expressienalso regulated post-
transcriptionally, through IL-10 mRNA stabilizati@ependant on regulation of its\3TR. In
unstimulated cells, the constitutively expressedlLmRNA is kept at low levels through
MRNA-destabilizing signals, while upon activatioh,-10 transcription is up-regulated
through activation of IL-10 promoter, and then IR-InRNA levels are further increased
through RNA stabilization controlled by regulataggions located in the-RBTR (46). Thus,
it cannot be excluded, that the differences in @Lskcretion levels and promoter activation,
mediated by TMY,;pc and HA, observed in our studies, might result fidifferences in IL-10
MRNA de- or stabilizing signals induced by stimigdatwith each of the factors.

The IL-10 gene expression and/or protein productfiar TMVypc, HA and HPC-4
tumor cells stimulation was significantly down-régfed when monocytes were preincubated
with the inhibitors of PI3K, Akt or mTOR. What isare, Western-blot analysis with PI3K
inhibition demonstrated the specificity of PISK/AKITOR signalling cascade activated in
monocytes, mostly by TMMc and to a lesser extent by HA. These data strosugigest that
IL-10 induction in monocytes by TMMc carrying HA is PISK/Akt/mTOR pathway-
dependent which is consistent with previous datare/iPI3K and Akt contribution to IL-10
production has been demonstrated in monocytes awophages (47, 48), while inhibition
of MTOR down-regulates expression of IL-10 in humamocytes (9). Also, TLR activation
results in IL-10 synthesis by the engagement ofAkigdnTOR pathway and the MAP kinase
p38 (49). However, it has not been shown beforea tHA is able to activate the
PISK/Akt/mTOR pathway in monocytes. Wu ¥ al. indicated that HA fragments released
by tumor cells activate neutrophils through the ZIR3K/Akt signalling pathway (50). In
PBMC and dendritic cells, the stimulatory effect A was mediated also by TLR4 and
included phosphorylation of p38 and p42/p44 MAPKoiwed by translocation of NkB to
the nucleus (17, 51). In the case of TMV-mediated 0 production by monocytes, Akt

phosphorylation has been already reported (6).



Furthermore, our results indirectly suggest thatl@L expression, mediated by the
PI3K/Akt/mTOR signalling pathway, is mediatedamong others by STAT3 and IRF-1
transcription factors. The luciferase reporter @t used in our studies, contain IL-10
promoter composed of only STAT3 and IRF-1-bindingtifs, so that activation of the
promoter by TMV4pc or HA stimulation must result from one or bothtbé transcription
factors activation. Our previous observations cotdfirm STAT3 involvement in IL-10
induction in monocytes, since we have observed defore STAT3 phosphorylation in
monocytes stimulated by TMV (7).

Based on the previous findings reporting TNF inguctin monocytes by TMV (7),
we have also determined whether the observed mischast activation is also involved in
TNF production. In fact, both, TMMc and HA, stimulated TNF protein production in
monocytes and this was independent of the PISKMKOR signalling (data not shown).
Therefore, we suggest that the PI3K/Akt/mTOR depenhdnduction of IL-10 production

differs substantially from that observed in theecaSTNF induction.

In order to determine, which monocyte subset ipaesible for IL-10 production after
HA or TMVypc stimulation, we have examined IL-10 production ®p14 and CD16
subpopulations of monocytes. Previous reports atdit that classical (CDIZD16)
monocytes, in response to LPS, produced more ILflGcomparison to non-classical
(CD14'CD16™) monocytes (52, 53). It has been shown that CDfi6nocytes stimulated
with HPC-4 tumor cells show lower IL-10 releasecomparison to CDT4cells (30). When
monocyte subsets are treated with TMY secretion of IL-10 by CDZI6cells is also
significantly lower than that observed in the whal®nocyte population and CD14ells
(25). To extend these reports, we have determibek Iproduction in monocyte subsets at
each level of protein expression (promoter actrgtimRNA expression and protein
secretion). As a result, IL-10 gene expression,10L-mRNA production and protein
production after TMVpc or HA stimulation was significantly higher in CD14ubset. The
differences in IL-10 expression in monocyte subsstem not to result from differential
expression of CD44, since the expression levelD4€on CD14 and CD16 monocytes is
similar (data not shown). These data clearly cawate previous findings that CD14

monocytes are the main producers of IL-10 amongviin@e monocyte population.

Our observations may have also some clinical releyaThey may, at least partially,
explain the observations that increased serum lafvil-10 is an independent unfavourable



prognostic factor in patients with advanced nedpatisease, i.e. gastric cancer (54), which
may be a result of monocytes overstimulation forl@ production by TMV known to be
elevated in circulation of advanced tumor-beariogth (55, 56). Indeed, we have also noticed
that TMV released by gastric cancer cell lines, edll lines 1401 and 1415, derived in our
laboratory, induce IL-10 promoter activation, mRN&pression and protein production in

monocytes at a similar level to TM¥c (data not shown).

In conclusion, our findings demonstrate that TMuoed IL-10 production in
monocytes, mainly CDI4ells, is mediated by HA via the PI3K/Akt/mTOR patly.

Disclosur es

The authors have no financial conflicts of interest

Acknowledgements

We would like to thank Mariola £8g, Irena Ruggiero and Barbara Hajto for skilliedhnical

assistance.

Footnotes

This study was supported by the Jagiellonian UsityerMedical College (grant no.
K/ZDS/001477 and K/ZDS/002906) and the National @Gottee for Scientific Research
grant no. UMO-2012/07/B/NZ6/03499 and NN 401 290236

Abbreviationsused in thisarticle:

DCs dendritic cells
HA hyaluronan
IRF interferon regulatory factor

MOI multiplicity of infection



PKB
RNI
ROI
mMmTOR
TIM
T™MV

protein kinase B

reactive nitrogen intermediates

reactive oxygen species

mammalian target of rapamycin
tumor-infiltrating monocytes/macrophages

tumor microvesicles



References

1. Chomarat, P., Rissoan, M.C., Banchereau, J.sddm P., 1993. Interferon gamma
inhibits interleukin 10 production by monocytesE3p. Med. 177, 523-527.

2. Siewe, L., Bollati-Fogolin, M., Wickenhauser,, ®rieg, T., Muller, W., Roers, A.,
2006. Interleukin-10 derived from macrophages andieutrophils regulates the
inflammatory response to LPS but not the respoasEpG DNA. Eur. J. Immunol.
36, 3248-3255.

3. Sabat, R., Gritz, G., Warszawska, K., Kirsch,V&itte, E., Wolk, K., Geginat, J.,
2010. Biology of interleukin-10. Cytokine Growthdtar Rev. 21, 331-344.

4. Itoh, K., Hirohata, S., 1995. The role of IL-1I6 human B cell activation,
proliferation, and differentiation. J Immunol. 13841-4350.

5. Mytar, B., Woloszyn, M., Szatanek, R., Baj-Kronzeka, M., Siedlar, M., Ruggiero,
l., Wieckiewicz, J., Zembala, M., 2003. Tumor delltuced deactivation of human
monocytes. J. Leukoc. Biol4, 1094-1101.

6. Baj-Krzyworzeka, M., Szatanek, R., Weglarczyk, Baran, J., Urbanowicz, B.,
Branski, P., Ratajczak, M.Z., Zembala, M., 2006. Turderived microvesicles carry
several surface determinants and mRNA of tumorscatid transfer some of these
determinants to monocytes. Cancer Immunol. Immuwero&b, 808-818.

7. Baj-Krzyworzeka, M., Szatanek, R., Weglarczyk, Baran, J., Zembala, M., 2007.
Tumor-derived microvesicles modulate biological hat of human monocytes.
Immunol. Lett. 113, 76-82.

8. Guha, M., Mackman, N., 2002. The phosphatidgtod 3-kinase-Akt pathway limits
lipopolysaccharide activation of signaling pathwaysl expression of inflammatory
mediators in human monocytic cells. J. Biol. Ch&ifiz, 32124-32132.

9. Weichhart, T., Costantino, G., Poglitsch, M.,sRer, M., Zeyda, M., Stuhimeier,
K.M., Kolbe, T., Stulnig, T.M., Ho6rl, W.H., Hengsislager, M., Mduller, M.,
Sdemann, M.D., 2008. The TSC-mTOR signaling pathweyulates the innate
inflammatory response. Immunit§9, 565-577.

10. Sekulic, A., Hudson, C.C., Homme, J.L., Yin, Btterness, D.M., Karnitz, L.M.,
Abraham, R.T., 2000. A direct linkage between thegphoinositide 3-kinase-AKT
signaling pathway and the mammalian target of raamn mitogen-stimulated and
transformed cells. Cancer Res. 60, 3504-3513.

11. Rocher, C., Singla, D.K., 2013. SMAD-PI3K-AkIF@R Pathway Mediates BMP-7
Polarization of Monocytes into M2 Macrophages. Pag. 8, e84009.

12. Alaniz, L., Garcia, M.G., Gallo-Rodriguez, @qusti, R., Sterin-Speziale, N., Hajos,
S.E., Alvarey, E., 2006. Hyaluronan oligosaccharideluce cell death through PI3-
K/Akt pathway independently of NF-kappaB transdaptfactor. Glycobiology. 16,
359-367.



13. Benkhart, E.M., Siedlar, M., Wedel, A., Wernér, Ziegler-Heitbrock, H.W., 2000.
Role of Stat3 in lipopolysaccharide-induced IL-1l€éng expression. J. Immunol. 165:
1612-1617.

14. Ziegler-Heitbrock, L., Lotzerich, M., Schaefé, Werner, T., Frankenberger, M.,
Benkhart, E., 2003. IFN-alpha induces the humatdlgene by recruiting both IFN
regulatory factor 1 and Stat3. J. Immunol. 171,-286.

15. Sironen, R.K., Tammi, M., Tammi, R., AuvinenKR Anttila, M., Kosma, V.M.,
2011. Hyaluronan in human malignancies. Exp. Ce.R817, 383-391.

16. Ahrens, T., Assmann, V., Fieber, C., TermeerHerrlich, P., Hofmann, M., Simon,
J.C., 2001. CD44 is the principal mediator of hyathic-acid-induced melanoma cell
proliferation. J. Invest. Dermatol. 116, 93-101.

17. Termeer, C., Benedix, F., Sleeman, J., Figbgr\Voith, U., Ahrens, T., Miyake, K.,
Freudenberg, M., Galanos, C., Simon, J.C., 200®&yo84&ccharides of Hyaluronan
activate dendritic cells via toll-like receptorJ.Exp. Med. 195, 99-111.

18. Misra, S., Heldin, P., Hascall, V.C., KaramanhsK., Skandalis, S.S., Markwald,
R.R., Ghatak, S., 2011. Hyaluronan-CD44 interastias potential targets for cancer
therapy. FEBS J. 278, 1429-1443.

19. Itano, N., Zhuo, L., Kimata, K., 2008. Impact the hyaluronan-rich tumor
microenvironment on cancer initiation and progmssCancer Scb9, 1720-1725.

20. Dolo, V., Adobati, E., Canevari, S., PiconeAM.Vittorelli, M.L., 1995. Membrane
vesicles shed into the extracellular medium by hurbeeast carcinoma cells carry
tumor-associated surface antigens. Clin. Exp. Masés 13, 277-286.

21. Sidhu, S.S., Mengistab, A.T., Tauscher, A.NaV&il, J., Basbaum, C., 2004. The
microvesicle as a vehicle for EMMPRIN in tumor-siral interactions. Oncogene. 29,
956-963.

22. Baran, J., Baj-Krzyworzeka, M., Weglarczyk, 8zatanek, R., Zembala, M., Barbasz,
J., Czupryna, A., Szczepanik, A., Zembala, M. 200culating tumor-derived
microvesicles in plasma of gastric cancer patie@tmcer Immunol. Immunother. 59,
841-850.

23. Mytar, B., Siedlar, M., Woloszyn, M., Colliz2y., Zembala, M., 2001. Cross-talk
between human monocytes and cancer cells duringfiveaoxygen intermediates
generation the essential role of essential rolayaluronan. Int. J. Cancer. 94, 727—
732.

24. Baj-Krzyworzeka M, Baran, J., Szatanek, R., alyB., Siedlar, M., Zembala, M.,
2013. Interactions of human monocytes with TMVaru-derived microvesicles).
Biochem Soc Trans. 41, 268-272.

25. Baj-Krzyworzeka, M., Baran, J., Weglarczyk, KSzatanek, R., Szaflarska, A.,
Siedlar, M., Zembala, M., 2010. Tumor-derived migsicles (TMV) mimic the
effect of tumor cells on monocyte subpopulationstiéancer Res. 30, 3515-3519.



26. Ziegler-Heitbrock, L., Ancuta, P., Crowe, Sal@d, M., Grau, V., Hart, D.N., Leenen,
P.J., Liu, Y.J., MacPherson, G., Randolph, G.Je8wdrich, J., Schmitz, J., Shortman,
K., Sozzani, S., Strobl, H., Zembala, M., AustynM.J Lutz, M.B., 2010.
Nomenclature of monocytes and dendritic cells oodl Blood. 116, e74-80.

27. Frankenberger, M., Hofer, T.P., Marei, A., Dayy F., Schewe, S., Strasser, C.,
Aldraihim, A., Stanzel, F., Lang, R., Hoffmann, Rrazeres da Costa, O., Buch, T.,
Ziegler-Heitbrock, L., 2012. Transcript profiling €D16-positive monocytes reveals
a unique molecular fingerprint. Eur. J. Immunol, 437-974.

28. Passlick, B., Flieger, D., Ziegler-Heitbrock, WAL., 1989. Identification and
characterization of novel monocyte subpopulatiomwman peripheral blood. Blood.
7, 2527-2534.

29. Steppich, B., Dayyani, F., Gruber, R., LoreRz, Mack, M., Ziegler-Heitbrock,
H.W.L., 2000. Selective mobilization of CD14(+)C*% monocytes by exercise.
Am. J. Physiol. Cell Physiol. 279, C578-C586.

30. Szaflarska, A., Baj-Krzyworzeka, M., Siedlar,, MVeglarczyk, K., Ruggiero, I.,
Hajto, B., Zembala, M., 2004. Antitumor response @D14+/CD16+ monocyte
subpopulation. Exp. Hematol. 32, 748-755.

31. Korkosz, M., Bukowska-Strakova, K., Sadis, Grpdzicki, T., Siedlar, M., 2012.
Monoclonal antibodies against macrophage colomgtdtiting factor diminish the
number of circulating intermediate and nonclassical
(CD14(++)CD16(+)/CD14(+)CD16(++)) monocytes in rheatoid arthritis patient.
Blood. 119, 5329-5330.

32. Ziegler-Heitbrock, L., 2007. The CD14+ CD16+odd monocytes: their role in
infection and inflammation. J. Leukoc. Biol. 81 456892.

33. Baran, J., Guzik, K., Hryniewicz, W., Ernst, ,M:lad, H.D., Pryjma, J., 1996.
Apoptosis of monocytes and prolonged survival oéngitocytes as a result of
phagocytosis of bacteria. Infect. Immun. 64, 422261

34. Siedlar, M., Stachura, J., Szczepanik, A., €lapil., Mattei, M., Vendetti, S., Colizzi,
V., Zembala, M., 1995. Characterization of humangpeatic adenocarcinoma cell
line with high metastatic potential in SCID micevésion Metastasis. 15, 60-69.

35. Yamawaki, H., Hirohata, S., Miyoshi, T., Taksh@a K., Ogawa, H., Shinohata, R.,
Demircan, K., Kusachi, S., Yamamoto, K., Ninomiya, 2009. Hyaluronan receptors
involved in cytokine induction in monocytes. Glyaalbgy. 19, 83-92.

36. Leu, S.W., Shi, L., Xu, C., Zhao, Y., Liu, Bi, Y., Shiedlin, A., Xiang, C., Shen, H.,
Quinn, D.A., Hales, C.A., Zhao, H., 2011. TLR4 thgh IFN$ promotes low
molecular mass hyaluronan-induced neutrophil ami@td Immunol. 186, 556-562.

37. Staples, K.J., Smallie, T., Williams, L.M., KpeA., Burke, B., Foxwell, B.M.,
Ziegler-Heitbrock, L., 2007. IL-10 induces IL-10 mmimary human monocyte-derived
macrophages via the transcription factor Statgidnol. 178, 4779-4785.



38. Zembala, M., Siedlar, M., Ruggiero, |., Wiedkiez, J., Mytar, B., Mattei, M.,
Colizzi, V., 1994. The MHC class-ll and CD44 molksu are involved in the
induction of tumor necrosis factor (TNF) gene espren by human monocytes
stimulated with tumor cells. Int J Cancer. 56, 269

39. Allavena, P., Piemonti, L., Longoni, D., Beroasi, S., Stoppacciaro, A., Ruco, L.,
Mantovani, A., 1998. Interleukin-10 prevents thdfadentation of monocytes to
dendritic cells but promotes their maturation tocrophages. Eur. J. Immunol. 28,
359-369.

40. Condeelis, J., Pollard, J.W., 2006. Macrophagetigate partners for tumor cell
migration, invasion, and metastasis. Cell. 124-268.

41. Mantovani, A., Sica, A., Sozzani, S., AllaveRa, Vecchi, A., Locati, M., 2004. The
chemokine system in diverse forms of macrophageadicin and polarization. Trends
Immunol. 25, 677-686.

42. del Fresno, C., Otero, K., Gomez-Garcia, L.nfatez-Leon, M.C., Soler-Ranger, L.,
Fuentes-Prior, P., Escoll, P., Baos, R., CavedaGhrcia, F., Arnalich, F., Lopez-
Collazo, E., 2005. Tumor cells deactivate human eugtes by up-regulating IL-1
receptor associated kinase-M expression via CDd4Tamr4. J. Immunol. 174, 3032—-
3040.

43. Tone, M., Powell, M.J., Tone, Y., Thompson, SWaldmann, H., 2000. IL-10 gene
expression is controlled by the transcription fest8pl and Sp3. J. Immunol. 165,
286-291.

44. Brenner, S., Prosch, S., Schenke-Layland, ks&R U., Gausmann, U., Platzer, C.,
2003. cAMP-induced interleukin-10  promoter actigati depends on
CCAAT/enhancer-binding protein expression and mgtodifferentiation. J. Biol.
Chem. 278, 5597-5604.

45, Liu, Y.W., Tseng, H.P., Chen, L.C., Chen, B.Khang, W.C., 2003. Functional
cooperation of simian virus 40 promoter factor 1d abCAAT/enhancer-binding
protein B and é in lipopolysaccharide-induced gene activation bfl0 in mouse
macrophages. J. Immunol. 171, 821-828.

46. Powell, M. J., Thompson, S.A., Tone, Y., Waldma H., Tone, M., 2000.
Posttranscriptional regulation of IL-10 gene expras through sequences in the 3'-
untranslated regiod. Immunol 165, 292-296.

47. Martin, M., Schifferle, R.E., Cuesta, N., Vaog8IN., Katz, J., Michalek, S.M., 2003.
Role of the phosphatidylinositol 3 kinase-Akt pa#tywn the regulation of IL-10 and
IL-12 by Porphyromonas gingivalis lipopolysaccharide. J. Immunol. 171, 717-725.

48. Polumuri, S.K., Toshchako, V.Y., Vogel, S.NOOZ. Role of phosphatidylinositol-3
kinase in transcriptional regulation of TLR-induckd12 and IL-10 by Fc gamma
receptor ligation in murine macrophages. J. Immuht®, 236-246.



49. Over, B., Ziegler, S., Foermer, S., Weber, ABbde, K.A., Heeg, K., Bekeredjian-
Ding, 1., 2013. IRAK4 turns IL-10+ phospho-FOXO+ nurytes into pro-
inflammatory cells by suppression of protein kinBs&ur J Immunol. 43, 1630-1642.

50. Wu, Y., Zhao, Q., Peng, C., Sun, L., Li, X.Ryang, D.M., 2011. Neutrophils
promote motility of cancer cells via a hyaluronaeéiated TLR4/PI3K activation
loop. J. Pathol. 225, 438-447.

51. Yamawaki, H., Hirohata, S., Miyoshi, T., Taksh@a K., Ogawa, H., Shinohata, R.,
Demircan, K., Kusachi, S., Yamamoto, K., Ninomiya, 2009. Hyaluronan receptors
involved in cytokine induction in monocytes. Glyaalogy. 19, 83-92.

52. Frankenberger, M., Sternsdorf, T., Pechumer, Porte, A., Ziegler-Heitbrock,
H.W.L., 1996. Differential cytokine expression inurhan blood monocyte
subpopulations: a polymerase chain reaction asalgsood. 87, 373-377.

53. Belge, K.U., Dayyani, F., Horelt, A., Siedlat,, Frankenberger, M., Frankenberger,
B., Espevik, T., Ziegler-Heitbrock, L., 2002. The romflammatory
CD14+CD16+DR++ monocytes are a major source of TNAmmunol. 168, 3536-
3542.

54. Szaflarska, A., Szczepanik, A., Siedlar, M.u@¥na, A., Sierzega, M., Popiela, T.,
Zembala, M., 2009. Preoperative plasma level olOLbut not of proinflammatory
cytokines is an independent prognostic factor irtiepgs with gastric cancer.
Anticancer Res. 29, 5005-5012.

55. Duijvesz D, Luider, T., Bangma, C.H., Jenster, 2011. Exosomes as biomarker
treasure chests for prostate canger.Urol. 59, 823-831.

56. Kosaka N, Iguchi, H., Ochiya, T., 2010. Cird¢ulg microRNA in body fluid: a new
potential biomarker for cancer diagnosis and pregndancer Sci. 101, 2087-2092.

Figure legends

Fig. 1. Effect of TM\{jpc or HPC-4 cells on IL-10 production and promotetivation in
monocytes. Monocytes were cultured with Thp¥ or HPC-4 cells for 18h. Release of IL-10
was significantly elevated after TM¥c or HPC-4 cell stimulation, in comparison to
untreated monocytes (A). Monocytes were transdweikd AdV vector containing IL-10
promoter, with STAT3 and IRF1 motifs, and lucifezagene. The results are presented as a
relative level, represent a fold difference betwaemmalized luciferase level in samples and

the control. The IL-10 promoter induction was sfmgaintly elevated after TMypc



stimulation, in comparison to untreated TMp¢ (B). Statistical analysis was performed using

Mann-Whitney (A) or two-tailed Studentest (B).

Fig. 2. Effect of HA stimulation on IL-10 producticand promoter activation in monocytes.
Monocytes were stimulated with HA, TM\c or HAase-treated TMMecfor 18h. Release of
IL-10 was significantly elevated after HA and TMp& stimulation, in comparison to
untreated monocytes, while HAase treatment of TMMfesulted in lesser IL-10 production,
when compared to untreated TMdé (A). Monocytes were transduced with AdV vector
containing IL-10 promoter, with STAT3 and IRF1 nistiand luciferase gene. The results are
presented as a relative level, represent a fofdrdifice between normalized luciferase level in
samples and the control. IL-10 promoter activatiaas significantly elevated after HA and
TMV ypc stimulation, in comparison to untreated monocytshjle HAase treatment of
TMV ypc resulted in lesser IL-10 production and promotetivation, when compared to
untreated TMVipc (B). Statistical analysis was performed using Mavinitney (A) or two-

tailed Student test (B).

Fig. 3. Effect of inhibition of PI3K, Akt or mTORmHPC-4 cell-stimulated IL-10 secretion.
IL-10 level was significantly decreased when monesywere pre-incubated with selected
protein kinase inhibitors. The results are preskrdae a relative level, represent a fold
difference between IL-10 secretion level in eaam@as and the control. Statistical analysis

was performed using two-tailed Studetest.



Fig. 4. The effect of inhibition of PI3K, Akt or ndOR on HA or TM\{;pc-stimulated IL-10
production — IL-10 protein production (A,C) and 110- promoter activation (B,D). Monocytes
were preincubated with inhibitors of PI3K, Akt ofT@R and then HA (A,B) or TMWpc
(C,D) was added. IL-10 protein production followisgmulation with HA (A) or TM\{jpc
(C) was significantly decreased when monocytes weeeincubated with PI3K, Akt or
MTOR inhibitors. IL-10 promoter induction was sifigantly decreased when HA-stimulated
monocytes were pre-incubated with appropriate itdnb (B). In the case of stimulation of
monocytes with TMVpc, the promoter induction was also down-regulateeranhibition of
analysed kinases, yet the difference was onlyssizily significant after use of Akt inhibitor
(D). The results are presented as a relative leeplesent a fold difference between IL-10
secretion level in each samples and the contrd@)Ar as a relative level representing a fold
difference between normalized luciferase level ache samples and the control (B,D).

Statistical analysis was performed using two-taéaldent test.

Fig. 5. Western-blot analysis of unphosphorylated ghosphorylated Akt and mTOR
proteins expression in monocytes. Monocytes weeetngated with PI3K inhibitor and then
stimulated with TMV4pc or HA. The PI3K inhibition results in Akt and mTO&own-
regulation following TMV{;pd/HA stimulation. One representative experiment ofitfour

performed is presented.

Fig. 6. Effect of TM\pc or HA stimulation on IL-10 production by CD14r CD16
monocyte subsets. The induction of IL-10 promoteaswobserved in each subset after
TMV ppc or HA stimulation, yet lower in case of CD1$ubset. The results are presented as a

relative level, which represents a fold differefegween normalized luciferase level in each



samples and the control (A). The expression of OLAIRNA after stimulation with TMMpc
and HA was significantly higher in CD14nonocyte subset than observed in CD#élls.
The figure presents relative level, showing thel fdifference between normalized IL-10
MRNA level in each sample and the control (B).deponse to TMMpc or HA stimulation,
IL-10 secretion was upregulated in CDImonocytes, while CDT6eells did not respond to
the stimulation. The amount of secreted IL-10 byl@Dsubset was also notably higher than
that secreted by CDI1&ubset (C). Statistical analysis was performedgusio-tailed Student

t test.

Fig. 7. Scheme of proposed mechanism of IL-10 pebdn activation in monocytes. Tumor
cells shed TMV that contain low weight HA. HA molges stimulate IL-10 production by
activation of PI3K/Akt/mTOR signaling pathway thatay act through STAT3 and IRF-1
transcription factors. The latter, activate IL-1@ng promoter, what leads to IL-10

transcription activation and, in the end, IL-10tpio production and secretion.
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