Supplementary data to

Telomerase activated thymidine analogue pro-drug is a new molecule

targeting hepatocellular carcinoma

Mirko Tarocchi!, Simone Polvani, Anna Julie Peired*, Giada Marroncini*, Massimo
Calamante®® Elisabetta Ceni', Daniela Rhodes®*, Tommaso Mello*, Giuseppe Pieraccini®,
Alessandro Quattrone®’, Claudio Luchinat®®®, Andrea Galli**

'Department of Experimental and Clinical Biomedical Sciences, University of Florence,
Florence, Italy; ProtEra S.r.l., University Scientific Campus, Sesto Fiorentino, Florence,
ltaly; 3ICCOM-CNR Florence, Italy; “MRC Laboratory of Molecular Biology, Cambridge, UK;
®Mass Spectrometry Centre (CISM) University of Florence, Florence, Italy; ®Magnetic
Resonance Center (CERM), University of Florence, Sesto Fiorentino, Florence, Italy;
"Laboratory of Translational Genomics, Centre for Integrative Biology, University of Trento,
ltaly; ®Department of Chemistry, University of Florence, Sesto Fiorentino, Florence, ltaly;

Giotto Biotech S.r.l., University Scientific Campus, Sesto Fiorentino, Florence, Italy

Table of contents

Y] o] o] (=T a =T N €= VAo - = I o J TSP 1
Supplementary materials and MEthOdS ...........ueiiiiiiii e e e e ae e e e ares 2
Telomerase expression and PUIfICATION .......cccuiii it e e e e et e e e e rr e e e e eaaaeeeeeanseeaan 2
Direct telomMErase aCtiVIty @SSAY ......uuiiiieiiiieiiiiiieiee e e e eecitrr e e e e e eesbree e e e e e e e s s aaberaeeeeeeeesansrtaaeeeeeeeeaannrraneeaeasaaannnes 2
Detection of pro-drug metabolites in HCC CIIS .....ocouriiiieieeeee e e e e 3
Cell cUltUre and TranSTECTION ...o..vi ittt st st st s b e b e b e sbeesbeesaeesaneenneens 4
Telomerase actiVity @SSAY iN CEll. .o e e e e e st e e e e aaa e e e eaebeeesansseeesanssneean 5
Analysis of cell proliferation and VIiability............oooociiiiieciee e e 5
(01| Yo LI F= 1 1Y USSP 5
Annexin V/propidium i00ide STAINING.......ccecciieieeirieeeecee ettt ettt e eereebeesbeesteesteesaseeabeesbeebeesteesaseeareenns 6
Mouse models of HEPALOCAIrCINOZENESIS ......eieiiuiriieiiiiie e et e ectre e esee e e s re e e e s tre e e e s sabeeeesaraeeeensbaeesenraeesenasens 6
TUMOT EVAIUGTION ..ttt sttt et et e bt e s bt e s st e sa bt e bt e bt e b e e sbeesaeesaneeabeenneesanesanesane 7



IMMUNONISTOCNEMISTIY (THC) c..eeeieieieee ettt e e e e e et e e e e st e e e s e bte e e eesbaeeesnraeeeennraeeeannrens 8

Y = Ty o= 1= 1 F=1 12T U UPRR 8
SUPPIEMENTANY FIGUIES ... eiiiiiiiiee ettt ee ettt e e e e et e e et ee e e s bteeesaabaeeeeaasbeeeeaasbaaesassseeeeasssaeeessseeeesssenessnnsens 9
20 =Y =Y o1l PSP 14

Supplementary materials and methods

Telomerase expression and purification

The telomerase complex was over-expressed in HEK293T cells transiently transfected with
hTERT- and hTER-expressing plasmid DNA (pVanl45; pCDNAG6-ZZ-(TEV)-3xFlag-
hTERT(WT) and pBS-U1-hTR) as described[1l] and whole-cell lysates (WCL) were
prepared as described[2]. For telomerase affinity purification, the WCL was adjusted to a
protein concentration of 4 mg/ml with buffer A (20 mM HEPES-KOH pH 7.9, 2 mM MgCly,
300 mM KCI, 10 % glycerol (v/v), 1 mM DTT, 1 mM EDTA, 0.1 % Triton X-100 (v/v), 1 mM
PMSF) and clarified by filtration to produce the Input. To 20 ml Input, 1 ml buffer A
equilibrated lIgG-Sepharose 6 Fast Flow (GE Healthcare, 17-0969-01) was added and
rotated for 3 h at 4°C and washed with ice-cold buffer A. Telomerase was released from
1ml 1gG-Sepharose by overnight incubation with 5 ml 0.05 mg/ml TEV protease (>90%

efficient) in buffer A at 4°C .

Direct telomerase activity assay

Telomeric (TTAGGG)3 primer was incubated in reaction buffer with a super-telomerase
extract [3], dTTP, dATP, dGTP and [a32-P]dGTP for 6 at 37 uC. Telomere DNA synthesis
was analyzed on denaturing PAGE and the incorporation of [a32-P]dGTP was detected by
radioisotope imaging. Alternatively dTTP was substituted with decreasing concentrations of
ACV-TP-T. To determined the telomerase KMs for ACV-dT-T and dTTP telomerase activity

was measured with the TeloSpot method [4]. TeloSpot involves incubation of super-
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telomerase extracts for 45 min at 30°C in 20 pl volumes reaction buffer containing 1 pl of,
50mM Tris-HCI (pH 8.0), 50mM KCI, 1mM spermidine, 1mM B mercaptoethanol, 1mM
MgCl,, of 0.25 uM telomeric (TAGGG)3; primer, 1 mM dTTP, 1 mM dATP, 0.1 mM dGTP
and 0.17 yM dGTP [a-32P] and where appropriate dTTP was substituted with 0.02 to 2 mM
ACV-TP-dT. After overnight hybridization at 60 °C with a randomly labeled probe derived
from a 600 bp TTAGGG-repeat containing DNA fragment, membranes were washed twice
for 15 min with 2x SSC buffer at room temperature and twice for 30 min with 2x SSC, 0.1 %
SDS at 65 °C and exposed to a phosphoimager screen. Spot intensities were quantified
using 2D-densitometry and the Aida software (Raytest). To calculate the Km of the reaction
the Lineweaver—Burk plot or double reciprocal plot was used; this is produced by taking the
reciprocal of both sides of the Michaelis—Menten equation. This is a linear form of the
Michaelis—Menten equation and produces a straight line with the equationy = mx + ¢ with

a y-intercept equivalent to 1/Vmax and an x-intercept of the graph representing —1/KM.

Detection of pro-drug metabolites in HCC cells

Hepal-6 cells (5x10° cells) were incubated with 1 mmol/L final concentration of ACV-TP-T.
After 2-6 hours, cells were lysated with ice-cold 60% methanol-40% 15 mmol/L ammonium
acetate buffer (pH 6.7). Cellular lysates were then transferred in YM-3 3000 MW cut-off
Centricon tubes (Millipore, Milan, Italy) and centrifuged; the filtrated solutions were used for
liquid chromatography tandem mass spectrometry analysis (LC-MS/MS). The unfiltrated
samples were used for DNA extraction and the collected genomic materials underwent to
extensive DNAse | digestion. The analysis was performed with LTQ linear ion trap mass
spectrometer (Thermo Electronics, San Jose, CA, USA) directly coupled to the liquid
chromatography through an electrospray interface. The liquid chromatography separation
was performed using a Zic-Hilic 150 x 2.1 mm, 3.5 um (Merck Sequant, Umea, Sweden) at

a flow rate of 230 puL/min. The eluents were A 20 mmol/L ammonium acetate solution (pH



7.0) and B acetonitrile. The gradient applied was from 85% to 50% of B in 20 minutes, then
back to the initial composition and maintained for 15 min for reconditioning. The analyses
were performed in negative ion mode; for each analyte the deprotonated precursor ion was
isolated and fragmented in the ion trap. The full product ion scan was recorded in the mass
range from 80 to 400 m/z. For each analyte the signals of two principal fragment ions was
extracted, then summed and the intensity recorded. The precursor ion and the two fragment

ions of each analyte are listed in the following table:

Analyte Precursor ion (M-H) Fragment ions (collision energy)
ACV-P 304.0 m/z 152.8, 285.9 m/z (33%)
dTMP 321.1 m/z 176.9, 194.9 m/z (26%)
ACV-DP 384.0 m/z 365.9, 158.8 m/z (22%)
ACV-TP-T 688.0 m/z 256.8, 382.8 m/z (22%)

The concentration of ACV-TP-T in the cells was estimated by comparison of the peak area
of a standard solution of ACV-TP-T with the peak area resulting from the analysis of cell
lysate (the volume of 5x10° Hepal-6 cells required for calculating the concentration was
estimated in 20 pL). No corrections were performed for matrix suppression/enhancement

effect in the ESI interface.

Cell culture and transfection

HepG2, Huh7, Hep3B, Hepa 1-6 and 18CO were cultured in standard conditions in DMEM
or EMEM (SIGMA-ALDRICH, Milan, Italy) with L-glutamine (2mM), 10% FBS and 1%
Penicillin/Streptomycin solution (SIGMA-ALDRICH, Milan, Italy). Transient transfection of
cell lines was performed with Lipofectamine 2000 reagent (Invitrogen, Monza, Italy)

according to the manufacturer’s instructions; empty vector (pCMV), p53 expression vector
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(pPSN3-p53)[5], pBabe-puro, pBabe-puro-dominant negative human telomerase reverse
transcriptase (hTERT-DN), pBabe-puro-human telomerase reverse transcriptase (hTERT-
WT) or pBabe-puro-UThTERT+U3-hTR-500 (hTERT-hTR) (Addgene plasmids 1775, 1771

and 27665)[6-8] were used.

Telomerase activity assay in cell

In vitro telomerase activity was analysed using the telospot assay. Telospot telomerase
activity assays were performed as previously described [9]. Cellular telomerase activity was
tested by the TeloTAGGG Telomerase PCR ELISA PLUS kit (Roche, Milan, Italy). Briefly, 2
x 10> exponentially growing cells were lysed using the provided lysis buffer, and then the

assay was carried out according to manufacturer’s protocol.

Analysis of cell proliferation and viability

Cells were seeded in 96 well plates at a 15000 cells/well density; 24 h after seeding, the
medium was changed and the pro-drugs were added for an additional 24 h. Cell viability
was assessed by measuring the intracellular ATP content using CellTiter-Glo®
Luminescent Cell Viability Assay (Promega, Milan, Italy). The experiment was run according
to manufacturer’s protocol, and luminescence was recorded with a Wallac multiplate reader
(Perkin-Elmer, Monza, lItaly). Cell proliferation was assessed by measuring radio-labeled
thymidine incorporation. After seeding, cells were permitted to attach for 8 hours in
complete medium, then media was changed to serum-free media with or without the pro-
drugs. DNA synthesis in cell cultures was measured after incubation of cells with 5 pCi of

[metyl-*H]thymidine (85 Ci/mmol) for 24 hours followed by TCA precipitation.

Cell cycle analysis



For cell cycle analysis, single-cell suspensions were prepared and washed with cold PBS
with 0.1% sodium azide. Cell pellets were gently resuspended in one part (0.3 ml) of 50%
FBS in PBS. While gently mixing, three parts (0.9 ml) of cold 70% ethanol in distilled water
were added drop-wise. Cells were then incubated for 2 hours at 4°C and then washed twice
with cold PBS/sodium azide to remove ethanol and precipitated protein. Propidium iodide
(PI) was added at 50 ug/ml in PBS containing 100 U/ml RNAase. Cells were then incubated
for 30 minutes at room temperature. Data were analyzed on a BD LSRII cytofluorimeter (BD
Biosciences, Milan, Italy) with the Modfit LT software (Verity Software House Inc.,

Topsham, Maine, USA).

Annexin V/propidium iodide staining

The evaluation of apoptosis was performed using the Annexin V kit (BD Biosciences, Milan,
Italy) following the manufacturer's instructions. Apoptotic cells were identified by double
supra-vital staining with recombinant APC-conjugated annexin V and PIl. AnnexinV/PI
analysis was performed on adherent cells plus detached cells present in the supernatant,
and that cell doublets were excluded by the PE-A/PE-W method. Cells were then analyzed
on a BD LSRII cytofluorimeter using the FACSDiva software. Cells that were Annexin V (-)
and PI (-) were considered viable cells. Cells that were Annexin V (+) and PI (-) were
considered early-stage apoptotic cells. Cells that were Annexin V (+) and Pl (+) were
considered late-stage apoptotic or secondary necrotic cells. Cells that were Annexin V (-)
and Pl (+) were considered dead cells, with stripped cytoplasmatic membranes leaving

isolated nuclei or cellular debris.

Mouse models of Hepatocarcinogenesis
Tg[Alb-1 HBV]Bri 44 transgenic mice (Jackson Laboratories, Bar Harbor, ME, USA) express

and accumulate in the hepatocytes the HBsAg protein, resulting in severe chronic



hepatocellular injury [10]. 15 months-old male mice (n = 40) were treated intraperitoneally
with the ACV-TP T at the dose of 200 mg/kg (270 nmol/g) in 200 uL of saline solution 3
times a week for 4 weeks. Control mice received intraperitoneal injection of vehicle alone.
Four week old C57BL/6 male mice (n = 40) (HARLAN, Milan, Italy) were used to perform
HCC implantation. Orthotopic implantation of cancer cells was performed as briefly
described: Hepal-6 cells were growth in complete medium until the cells reached 70%
confluence when the medium was replace with fresh one to remove dead and detached
cells; after 3 to 4 hours the added medium was removed and the cells were washed twice
with PBS. A minimum amount of trypsin-EDTA was added. Cells were dispersed, complete
medium was added (6:1) and immediately centrifuged at 1400 rpm for 2-5 min. Cells were
counted with a hemocytometer, using trypan blue staining to exclude dead cells. 2.0x10°
cells were suspended in a volume of 100 pl per injection. Animals were anesthetized with
Avertin (240 mg/kg), 1 cm incision was done on the abdominal wall to expose the left lobe
of the liver and the cells were injected with a 27G needle.. Animals recovered for 48h after
the procedure before starting a 2 week treatment: 200 mg/kg/day (270 nmol/g) of ACV-TP-T
in 100 L in saline solution or vehicle alone was injected intraperitoneally. BAY 54-9085
(sorafenib tosylate) (Bayer HealthCare Pharmaceuticals, Montville, NJ, USA) 30 mg/kg/day
or its vehicle (Cremophor/ ethanol/ distilled water) was administered by gavage. Animals
were housed in temperature-, air-, and light- controlled conditions and received food and
water ad libitum.

All animals received human care following institution guidelines.

Tumor evaluation
The size of all visible tumors was recorded and lesions were measured on the liver surface
of the liver with a caliper at the time of sacrifice; the number and size of tumors were

quantified. Hepatic tissues were fixed in 10% paraformaldehyde and embedded in paraffin.



Liver sections of 5um were obtained from 4 different regions of the left lobe in the orthotopic
model or of the whole liver in the transgenic HBV mice (at least 2 mm apart) [5]. Sections
were stained with H&E, and the surface area was quantified (BIOQUANT NOVA PRIME

Measurement Software, BIOQUANT Image Analysis Corporation, Nashville, TN, USA).

Immunohistochemistry (IHC)

Proliferation of hepatic cells was estimated by immunostaining for PCNA (Ab2426, Abcam,
Cambridge, UK) whereas apoptosis was detected by staining for activated Caspase 3
(Ab13847, Abcam, Cambridge, UK). PCNA labeling index (LI) and apoptotic indices were
semi-quantitatively evaluated by counting the percentage of immunoreactive cells in
randomly selected high-power (X400) fields using the computerized video-image analysis

system Quantimet Q500MC (Leica, Cambridge, UK).

Statistical analysis

Data are expressed as average + SEM unless otherwise indicated. Student’s t-test or one-
way Anova were calculated to compare experiments. Differences were considered as
statistically significant if p<0.05. Analyses were conducted using R statistical package

(www.r-project.org) and SPSS® software (version 14).



http://www.r-project.org/

Supplementary Figures

Only in Herpes Simplex virus infected cells

o]

Wiral thyrridine HHJK,[N‘
kinase (HSW)) HZNJQN N

oH
o[

Acyclovir

o-f-or
o &

Acyelovir monophosphate

u)
HMJJ\/”:'{>
HZNJ\“N T/ 4 Hurnan kinase

Chain interruptar -,
Siral DNA Hurnan DA

Only in cells with active telomerase

ACV-TP-dT ™

TELOMERASE

TELOMERE

Human DRA,

Supplementary Fig. 1. Prodrug activation mechanism. Structure and schematic mode of action

of ACV-TP-T in comparison with ACV. For activation, ACV requires to be phosphorylated to ACV

monophosphate by a viral TK carried by the herpes virus. Conversely, ACV-TP-T is a substrate of

telomerase that incorporates the thymidine in the replicating telomeres and directly releases ACV

diphosphate skipping the viral TK phosphorylation step.
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Supplementary Fig. 2. Modulation of hTERT expression in cancer cell lines alters sensitivity
to ACV-TP-T. HepG2, Huh7, Hep3B and Hepal-6 cells were transfected with WT-hTERT, DN-
hTERT or empty vector (CTRL). 24 h after transfection, the cells were treated for 24 h with ACV-TP-
T. Proliferation was tested by [*H]thymidine incorporation. RTA, relative telomerase activity. Data

showing one representative experiment out of three.
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Supplementary Fig. 3. ACV-TP-T treatment blocks human cancer cells in S phase. (A) Cell
cycle analysis of synchronized Huh7 cells treated with ACV-TP-T: data showing one representative
experiment out of three with distribution of the cells in GO-G1, S phase, G2-M. (B) Cell cycle
analysis of synchronized Hep3B cells treated with ACV-TP-T: data showing one representative

experiment out of three with distribution of the cells in GO-G1, S phase, G2-M.
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Supplementary Fig. 4. ACV-TP-T treatment increases human cancer cell death. (A) Flow
cytometry analysis of Huh7 cell vitality at 24, 48 and 96 hours (one representative experiment out of
three): apoptotic and dead cells are expressed as % of total events. (B) Flow cytometry analysis of
Hep3B cell vitality at 24, 48 and 96 hours with or without the expression of wild type p53 (one

representative experiment out of three): apoptotic and dead cells are expressed as % of total

events.
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Supplementary Fig. 5. Telomerase reactivation in transgenic mice. Telomerase activity was
analyzed by the TeloTAGGG Telomerase PCR ELISA PLUS kit. (A) RTA was tested according to
manufacturer’s protocol in liver tissues from 15 month old Tg[Alb-1 HBV]Bri 44 transgenic mice (n =
3) and compare to wild type animals (n = 3). (expressed as average + SD, **p <0.01). (B) RTA was
tested according to manufacturer’s protocol in 2x10° Hepal-6 after 24h treatment with ACV-TP-T
(expressed as average + SD).
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