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SUMMARY

This study evaluates the association between tig honcoding RNA GASS5 levels and the anti-
proliferative effect of the glucocorticoid (GC) rhgiprednisolone (MP) alone and in combination
with rapamycin in peripheral blood mononuclearc@@BMCSs) obtained from healthy donors.

The effect of MP, rapamycin, and MP plus rapamyeas determined in 17 healthy donors by
labelling metabolically active cells with [methyHB thymidine and the expression levels of GAS5
gene were evaluated by real-time RT-PCR TagManyaisalWe confirmed a role for GAS5 in
modulating GC response: poor responders presengderhlevels of GAS5 in comparison with
good responders. Interestingly, when PBMCs weradcewith the combination of rapamycin plus
MP, the high levels of GAS5 observed for each dnutpe MP poor responders group decreased in
comparison with rapamycirP(value = 0.0134) or MP alon® {alue = 0.0193). GASS5 is involved
in GC resistance and co-treatment of rapamycin @tbs restores GC effectiveness in poor
responders through the downregulation of the lomigcoding RNA. GASS5 could be considered a



biomarker to personalize therapy and a novel tleertp target useful for the development of new

pharmacological approaches to restore GC sengitivit
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INTRODUCTION

Glucocorticoids (GCs) are commonly used as thetapagents for inflammatory and autoimmune
diseases, in the treatment of leukaemias and lymphp and in the prevention of rejection in
transplant patients3 These agents exert their biological effects thhobigding to the GC receptor
(GR), which translocates from the cytoplasm inte tlucleus and binds, through its DNA-binding
domain (DBD), the glucocorticoid responsive elemef@RES) in the regulatory regions of GC
responsive genésHowever, considerable inter-individual differendestheir efficacy and side
effects have been reported. The molecular mechanisrolved in this variability are scarcely
understood and there is presently no means toqtréagi response in advanté.

Recent results obtained in the authors’ laboraguggest a role for the long noncoding
RNA (IncRNA) growth arrest-specific 5 (GAS5) in mddting GC response in peripheral blood
mononuclear cells (PBMCs). A previoursvitro study demonstrated that PBMCs resistant to GCs
express higher levels of GAS5 in comparison wittodgaesponders, and hypothesized that
upregulation of GAS5 could interfere with GR adlyyileading to the resistance phenotype
observed. In addition, others have recently demonstratetideareasing GAS5 levels can enhance
GC action in airway epithelial celfs.

GASS5 is a IncRNA (~650 bases in humans) that iotsravith the DBD of the ligand-
activated GR and suppresses GR-induced transcrgtiactivity of GC responsive genes by
inhibiting binding of the GR to target genes GRESASS5 is a member of the 5 terminal
oligopyrimidine (5 TOP) class of RNAs, whose trangtlevels are controlled by the mammalian
target of rapamycin (MTOR) pathw&y!!

An increasing number of reports indicate that otlmemunosuppressive agents, among
which rapamycin, the inhibitor of mTOR, can reve@e resistance in different human cell lidés,

16 suggesting that the poor response to GCs mayedfgm an impaired cross-talk between the GC
and mTOR signalling pathways. However, the molecaoiechanism involved in the synergistic
effect of these agents has not yet been clarifiedincrease in the levels of GAS5 was observed

when mouse embryo NIH3T3 cells were treated with miTOR-specific inhibitor rapamyci.
2



Furthermore, the regulation of GASS5 transcript IsM®y mTOR has been confirmed in leukaemic
and primary human T cells: downregulation of GAStng RNA interference protected both cell
types from the inhibition of proliferation producbgd mTOR antagonists.

These findings are in contrast with our recent olaen, showing an upregulation of
GASS5 in GC resistant PBMCs. On these bases, thidysnvestigates the role of GAS5 in the
phenomenon of GC sensitivity restored by rapamyctiesistant PBMCs. The association between
the anti-proliferative effects of methyl-prednisoéo(MP) alone or in combination with rapamycin,
and GAS5 gene expression in PBMCs obtained fromitheaubjects was examined. The
preliminary data presented here suggest that ragamiy combination with GCs, reverts GC
resistance in PBMCs and this effect is associatéidl avreduction in the expression of GAS5. The
study confirms that mTOR pathway is connected V@R signalling and that GAS5 could play a

key role in the synergistic effect of rapamycin &ads.

RESULTS
Peripheral blood mononuclear cells obtained fromithg donors were isolated for proliferation and
gene expression analyses. Subjects were dividedvit groups on the basis of individual MP (250
ng/mL) response: MP good responders (MP_GR) hagr@eptage of inhibitior54% (8 subjects
MP_GR, median inhibition 61%); and MP poor respaad®P_PR) had a percentage of inhibition
<54% (9 subjects MP_PR, median inhibition 36%) (Eidg® = 0.0004).

When incubated with rapamycin (100 nmol/L) alonee tMP_GR and MP_PR groups
showed a significantly different growth inhibitogffect: the MP_GR subjects were significantly
more sensitive to rapamycin (RAPA: MP_GR medianibtion 75%) compared with MP_PR
group (MP_PR median inhibition 58%) (Fig. R= 0.0225). The combination of rapamycin with
MP in MP_PR PBMCs enhanced the growth inhibitorfe@f (RAPA+MP: MP_PR median
inhibition 81%) compared to rapamycin or MP aloMP( PR: RAPA+MPvs RAPA P < 0.001;
RAPA+MP vs MP P < 0.001), and the same trend was observed in MP(RB¥RA+MP: MP_GR
median inhibition 91%) (MP_GR: RAPA+M&s RAPA P < 0.05; RAPA+MPvs MP P < 0.001)
(Fig. 1).

While the percentage of inhibition was significgrdifferent between MP_GR and MP_PR
both for MP and rapamycin alone, when the comhomatif the two drugs was used, no significant
difference in growth inhibition was observed betwdhe two groups (RAPA+MP: MP_Gi&
MP_PRP >0.05).

The expression of the GAS5 gene was analyzed isgimvee MP_GR and MP_PR PBMCs.
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Treatment with MP alone induced a different regafatof GAS5 in the two groups, confirming
recently published preliminary data from our laltorg’ the expression of GAS5 mRNA was
significantly downregulated in MP_GR group afteritfurs of treatment with 250 ng/mL of MP in
comparison with MP_PR, in which GAS5 resulted, dre tcontrary, upregulated (Fig. 2,
P =0.0427). The correlation between the percentagbitidn of PBMC proliferation and GAS5
expression level was further analyzed using thepammetric correlation coefficient (Fig. 2,
Spearman rho = -0,78B;= 0.0009).

Then, the effect of rapamycin alone and in comlbbmatvith MP on the expression of GAS5
was checked (Fig. 3). When all subjects were cansil no differences in GAS5 expression were
observed after 72 hours of treatment with rapamytinomparison with the untreated cells (data
not shownP = 0.1019), as already published for MP aléi#hen GAS5 expression was evaluated
in the MP_PR group after treatment with RAPA, itswabserved that the levels of GAS5 were
significantly increased compared to the MP_GR grtg. 3;P = 0.0302).

Interestingly when PBMCs were treated with the coration of rapamycin plus MP, the
high levels of GAS5 observed for each drug in MP, B&reased in comparison with rapamycin
(P=0.0134) or MP aloneR(= 0.0193); it is important to point out that no sigant difference
between MP_PR and MP_GR groups was observed (FR=3.9502).

DISCUSSION

Glucocorticoid resistance is a major driver of #pmutic failure in cancer, allogeneic
transplantation, and immune-mediated diseases lar@ is presently no means to predict this
phenomenon in advance.

Recent reports have shown that the INcRNA GAS5ccaat as a riborepressor of the GR. In
particular, GAS5 exon 12-derived sequence has lsbemvn to structurally mimic the GREs,
preventing the binding of the activated GR comjiteits target DNA sequencéddoreover, GAS5
is a member of the 5’ terminal oligopyrimidine (®P) class of RNAs, whose transcript levels are
controlled by the mTOR pathwdya potential target to restore GC effectivenéss.

This study provides new insights on the phenomenbrGC sensitivity restored by
rapamycin in which GAS5 could be directly involved.particular, the results demonstrate for the
first time the synergistic effect of MP and rapamym MP_PR PBMCs, confirming previous
studies in tumor cell line€-*° Indeed, it has been recently shown that rapamseirsitizes GC
resistant haematological malignant cells to Dexaasne-induced apoptosis; this is demonstrated
by an increased inhibition of cell growth, cell tyarrest at G1 and apoptoiist> /In particular,
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the combination of rapamycin and GCs was able th bihibit the mTOR signalling pathway, as
confirmed by downregulation of p-p70S6k, and insee the phosphorylation status of the 8R.

Previous studies conducted in our laboratory hawewa that endogenous GASS5 is
upregulated in resistant PBMCs aftarvitro treatment with MP, possibly through the binding to
the DBD site, and consequent interference withGRetranscriptional activity,however, no data
are available on the effect of rapamycin reverad&GC resistance on GAS5 expression levels in
PBMCs. Our data demonstrate that mTOR inhibitiacraases GASS transcript levels in MP_PR
PBMCs compared to the MP_GR group. This upregulatioserved in MP_PR PBMCs is probably
ascribable to the fact that GAS5 is a 5TOP RNA 08 stability is controlled by the mTOR
pathway'® An accumulation of GAS5 transcript in NIH3T3 celteated with rapamycin has been
described already by Smith and StékEurthermore, the regulation of GAS5 transcriptelsvby
MTOR has been studied indirectly in leukaemic aritchgry human T cells: downregulation of
GASS5 using RNA interference protected both cellesinfrom the inhibition of proliferation
produced by rapamycitt. The different regulation of GAS5 expression in Mié_GR and MP_PR
PBMCs observed in the current study is unexpectetlraquires further investigation. Currently
studies are in progress on the involvement of tKRNA GAS5 antisense RNA 1 (GAS5-AS1)
gene: the partial overlap between the two IncRNAsIat be important to regulate GAS5 RNA
stability.

When PBMCs were treated with the combination ofimaycin plus MP, the high levels of
GASS5 observed for each drug in MP_PR group decdeaseomparison with rapamycin or MP
alone. It was very interesting to find that the @amation of rapamycin and MP could reverse GC
resistance in PBMCs, not only through the inhilitmf mTOR but also decreasing GASS levels.
Again, the downregulation of this INcRNA is assteihwith a good response to GC%his
downregulation seems not to be related to the wakect of the single drug but rather to a possibl
cross-talk between their pathways, however, furtheestigation is needed to shed light on the
interacting mechanism.

Taken together, the results provide evidence tigit BASS levels in PBMCs of healthy
donors after GC treatmeirt vitro could represent a molecular index of GC resistanberefore, if
these data could be confirmed in patients in thenaph GCs, GASS5 levels could represent a
specific molecular target to be evaluated. The bgweent of an assay based on GAS5 screening in
patients’ PBMCs treated with G@s vitro could predict then vivo response and help clinicians in
the adjustment of the current protocols. In pasiemith high levels of GAS5, a co-treatment with
rapamycin could eventually be proposed. In conalysGASS5 could be considered a biomarker to
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personalize therapy and a novel therapeutic tangssful for the development of new

pharmacological approaches to restore GC sengitivit

METHODS
Subjects
Samples from 17 blood donors were collected betwiegnuary 2014 and October 2014 from the
Transfusion Centre, Azienda Ospedaliera Univeisitdirieste, Italy. Blood samples were obtained
by venipuncture between 0800 and 1000 hours tonnizei the variability due to circadian rhythm,
and immediately processed. All donors signed aividdal review-board-approved consent for
blood sampling and use for research purposes. Blaatbles were delivered to the University of
Trieste with no individually identifiable informatn. A total of 9 mL of each buffy coat was used
for the isolation of PBMCs.

In vitro proliferation assay

Using the method reported by Cuzzoni and colleadfli® effect of MP, rapamycin and MP plus
rapamycin on the proliferation of PBMCs was det@aedi The Jdso was calculated and defined as
the inhibition of proliferation achievable at 25/mL concentration of MP. PBMCs were treated
for 72 hours with MP 250 ng/mL, rapamycin 100 niha@hd with the combination. Subjects were
divided into two groups based on their individuesponse to MP and considered good or poor
responders if theirdo values were respectively above or below the medidahe whole population

analyzed.

Quantitativereal-time PCR (TagMan)

The PBMCs treated as above were collected and pessén RNAlater solution (Ambion, Austin,
TX) at —80°C. RNA extraction using the purelink RNgolation Kit (Ambion, Life Technologies,
Carlsbad, CA) was performed according to the mantufar’s instructions. The RNA concentration
and purity were calculated by Nano Drop instruméNeanoDrop 2000, ThermoScientific,
Wilmington, Delaware USA). Expression levels of GA§ene were evaluated by real-time RT-
PCR TagMan analysis using the CFX96 real-time systd000 Thermal Cycler (Bio-Rad
Laboratories, Foster City, CA). The reverse trapsion reaction was carried out with the High
Capacity RNA-to-cDNA Kit (Applied Biosystems, Fost€ity, CA) and the real-time PCR was
performed in triplicate using the TagMan Gene EspiEn Assay to assess GAS5 mRNA
expression, according to the manufacturer’'s infbns. The expression levels of GAS5 were
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evaluated using the comparative Ct method4AZt method). Ct values were corrected based on
PCR efficiencies using LinRegPCR. The GAS5 expogssialues were normalized using the 18S
as housekeeping gene.

Statistical analysis

Statistical analyses were performed using GraphHeiin version 4.00 (GraphPad, La Jolla, CA).
Two way ANOVA, Spearman correlation and t test wased for the analysis of inhibition of
proliferation and gene expression between good @owr respondersP values < 0.05 were

considered statistically significant.
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Fig. 1 Percent inhibition of proliferation in methyfznisolone (MP) good responder (MP_GR)
and poor responder (MP_PR) groups after treatnoeritZ hours with MP (250 ng/mL), rapamycin
(RAPA, 100 nmol/L) and the combination (RAPA+MP)wd@ way ANOVA **P < (0.001; **
P<0.01.
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Fig. 2 Correlation between the percentage inhibitiod the GAS5 expression level. Spearman
rho = -0,73P = 0.0009.
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Fig. 3 Relative expression (RE) of GAS5 in methylpiisdlone (MP) good responder (MP_GR)
and poor responder (MP_PR) groups after treatméhtMP (250 ng/mL), rapamycin (RAPA; 100
nmol/L) and in combination for 72 hours. t teBt< 0.05.
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