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TRF2 is a master regulator of telomere integrity
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TRF2 is overexpressed in several tumors
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Schematic representation of the main mechanisms through which the telomeric repeat-binding factor 2 (TRF2) maintains telomere integrity. TRF2 binding to telomeric TTAGGG repeated sequences favours
assembly of the Shelterin, a multiprotein complex that protects telomere from erosion and inhibits the activation of non-homologous end joining (NHEJ) and DNA damage response. Depletion of TRF2 can
determine the activation of those signalling pathways that induce senescence and cell death.

Upper panel - RNAseq analysis of TRF2 expression of 30 tumor histotypes from the cancer
genome atlas (TCGA). Lower panel - Schematic representation showing numbers, frequencies,
and locations of mutations in the TRF2 gene among 13490 sequenced cases.

ART I C L E S

Normal colon
mucosa

Low-grade
adenoma

High-grade
adenoma

TRF2

Focal intramucous
adenocarcinoma

∗ ∗ ∗ ∗ ∗ ∗N
um

be
r 

of
 c

el
ls

 m
m

–2

Normal colon
mucosa
n = 60

Low-grade
adenoma

n = 30

High-grade
adenoma

n = 30

Focal intramucous
adenocarcinoma

n = 15

No detectable expression
Faint and heterogeneous expression
Faint and homogeneous expression
Strong and heterogeneous expression
Strong and homogeneous expression

P
er

ce
nt

ag
e 

of
 c

as
es

Normal colon
mucosa

Low-grade
adenoma

High-grade
adenoma

Focal intramucous
adenocarcinoma

Normal colon
mucosa

10

30

50

70

90

110

130

0 2 4 6 8 10

Normal mucosa (n = 60)

Low-grade adenoma (n = 30)

High-grade adenoma (n = 30)

Focal intramucous
adenocarcinoma (n = 15)

CD56+ cells mm–2

TR
F2

 e
xp

re
ss

io
n 

sc
or

e

C
lin

ic
al

 s
co

re
 (s

ph
er

e 
di

am
et

er
)  

Focal intramucous
adenocarcinoma

n = 15
n' = 5

High-grade
adenoma

n = 30
n' = 5

Low-grade
adenoma

n = 30
n' = 5

Normal colon
mucosa
n = 60
n' = 6

CD56+

hNKP46+

100

80

60

40

20

0

0

2

4

6

8

10

12

14d

b

c

e

a

CD56 hNKp46

Figure 8 TRF2 expression is negatively correlated with NK cell density
during the early stages of colon carcinogenesis. (a) Representative
images showing TRF2 expression in normal, preneoplastic and neoplastic
colonic mucosa. Original magnifications: normal mucosa, ⇥320; low-
and high-grade adenomas, ⇥270; adenocarcinoma, ⇥260. (b) Scoring
of TRF2 expression. The apparent levels of expression were graded
according to the colour code shown in the panel. (c) Representative
images of CD56 and hNKp46 expression. Original magnifications: normal
mucosa, ⇥400; low- and high-grade adenomas, ⇥420; adenocarcinoma,
⇥430. (d) Mean±s.e.m. of CD56+ (black bars; n = 60 normal colon

mucosa; n=30 low-grade adenoma; n=30 high-grade adenoma; n=15
focal intramucous adenoma) and hNKp46+ (open bars; n = 6 normal
colon mucosa; n=5 low-grade adenoma; n=5 high-grade adenoma and
n=5 focal intramucous adenoma) cell densities. Significant differences
from the control (normal mucosa) are indicated by asterisks. P values
were determined using the Mann–Whitney test (⇤P < 0.05). Data are
presented in Supplementary Table S5. (e) Three-parameter graph
representing the relative TRF2 expression score; NK cell infiltration per
square millimetre; and relative clinical score, which is proportional to the
spherical diameter.

As we could explain the effect of TRF2 on NK cells neither by
its canonical role in telomere protection against the DDR, nor by
the identification of known modulators of NK cells regulated by
TRF2, we reasoned that TRF2 could directly regulate the expression
of NK cell modulator genes. Therefore, we used TRF2 chromatin
immunoprecipitation sequencing (ChIP-seq) data, previously ob-
tained using BJ-HELTRas cells47, to search for TRF2 direct target
genes involved in NK cell function. Among the genes containing a
high-affinity DNA-binding site for TRF2 either within an intron or
<10 kb from the transcription start site47, HS3ST4 was the only one
that encoded a protein involved in extracellular functions (sulphation
of heparan sulphate proteoglycans) and whose expression (at both
the messenger RNA and protein levels) was positively regulated by
TRF2 (Fig. 7a–d). In agreement with a DDR-independent role of TRF2

in this regulation, the TRF2-compromised cells used for assaying
HS3ST4 expression did not show DDR activation (Supplementary
Fig. S7) and an activation of the DDR by bleomycin treatment did not
alter HS4ST4 expression (Fig. 7b,c). In line with the ChIP-seq data,
TRF2 bound the interstitial telomeric sequence48 (ITS) located within
the HS3ST4 intron, as revealed by the quantitative PCR analysis of
chromatin immunoprecipitates, and this binding was dependent on
TRF2 expression (Fig. 7e).
Reduced HS3ST4 expression triggered by two different shRNAs

increased the recruitment of NK cells in Matrigel co-injected with
BJ-HELTRas cells to a level similar to that seen with the knockdown
of TERF2 (Fig. 7d,f), and the double knockdown of HS3ST4 and
TERF2 did not increase NK cell recruitment further (Fig. 7f), indicating
that these genes act in the same pathway. It is worth noting that
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Figure 8 TRF2 expression is negatively correlated with NK cell density
during the early stages of colon carcinogenesis. (a) Representative
images showing TRF2 expression in normal, preneoplastic and neoplastic
colonic mucosa. Original magnifications: normal mucosa, ⇥320; low-
and high-grade adenomas, ⇥270; adenocarcinoma, ⇥260. (b) Scoring
of TRF2 expression. The apparent levels of expression were graded
according to the colour code shown in the panel. (c) Representative
images of CD56 and hNKp46 expression. Original magnifications: normal
mucosa, ⇥400; low- and high-grade adenomas, ⇥420; adenocarcinoma,
⇥430. (d) Mean±s.e.m. of CD56+ (black bars; n = 60 normal colon

mucosa; n=30 low-grade adenoma; n=30 high-grade adenoma; n=15
focal intramucous adenoma) and hNKp46+ (open bars; n = 6 normal
colon mucosa; n=5 low-grade adenoma; n=5 high-grade adenoma and
n=5 focal intramucous adenoma) cell densities. Significant differences
from the control (normal mucosa) are indicated by asterisks. P values
were determined using the Mann–Whitney test (⇤P < 0.05). Data are
presented in Supplementary Table S5. (e) Three-parameter graph
representing the relative TRF2 expression score; NK cell infiltration per
square millimetre; and relative clinical score, which is proportional to the
spherical diameter.

As we could explain the effect of TRF2 on NK cells neither by
its canonical role in telomere protection against the DDR, nor by
the identification of known modulators of NK cells regulated by
TRF2, we reasoned that TRF2 could directly regulate the expression
of NK cell modulator genes. Therefore, we used TRF2 chromatin
immunoprecipitation sequencing (ChIP-seq) data, previously ob-
tained using BJ-HELTRas cells47, to search for TRF2 direct target
genes involved in NK cell function. Among the genes containing a
high-affinity DNA-binding site for TRF2 either within an intron or
<10 kb from the transcription start site47, HS3ST4 was the only one
that encoded a protein involved in extracellular functions (sulphation
of heparan sulphate proteoglycans) and whose expression (at both
the messenger RNA and protein levels) was positively regulated by
TRF2 (Fig. 7a–d). In agreement with a DDR-independent role of TRF2

in this regulation, the TRF2-compromised cells used for assaying
HS3ST4 expression did not show DDR activation (Supplementary
Fig. S7) and an activation of the DDR by bleomycin treatment did not
alter HS4ST4 expression (Fig. 7b,c). In line with the ChIP-seq data,
TRF2 bound the interstitial telomeric sequence48 (ITS) located within
the HS3ST4 intron, as revealed by the quantitative PCR analysis of
chromatin immunoprecipitates, and this binding was dependent on
TRF2 expression (Fig. 7e).
Reduced HS3ST4 expression triggered by two different shRNAs

increased the recruitment of NK cells in Matrigel co-injected with
BJ-HELTRas cells to a level similar to that seen with the knockdown
of TERF2 (Fig. 7d,f), and the double knockdown of HS3ST4 and
TERF2 did not increase NK cell recruitment further (Fig. 7f), indicating
that these genes act in the same pathway. It is worth noting that
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Supplementary Figure S3: TRF2 silencing in HCT116 does not induce DNA damage.
(A) Activation of DNA damage response (DDR) evaluated by Western Blotting in HCT116 cells knockdown for TRF2 (shTRF2) and their control counterpart
(ShScramble, shSCR) serum starved for 48h. Analyses were performed in absence (untreated) or in presence of 5µM of the ATM-inhibitor KU-55933 (directly
added in the serum-free medium for the last 24h). As an internal control, cells were treated with the DNA-damaging agent Camptothecin (CPT, 0.2 µM for 2h) in
absence or in presence of KU-55933 (5µM, 24h). The picture shows WB images of phospho-ATM, phospho-H2AX (g-H2AX) and b-actin. (B) HCT116 were
transiently transfected with a siRNA against TRF2 (siTRF2) and the effect of silencing on the DDR pathway was evaluated by WB at the indicated times (48 and 72
h). Treatment with CPT (0.2 µM for 2h) was used as control. WB of TRF2 (long exposure, l.e. and short exposure, s.e.), phospho-ATM, phospho-ChK2, phospho-
H2AX (g-H2AX) and b-actin are shown. (C) Immunofluorescence analysis of telomere damage. Left panel, representative images of confocal sections used in the
detection of TRF1 (red) and gH2AX (green) co-localization at telomere damage-induced foci (TIF) in cell silenced (shTRF2) or not (shSCR) for TRF2. Treatment
with the G4 ligand Emicoron (1 µM for 24 h) was used as positive control (CTRL +). Right panel, quantification of gH2AX (upper histogram) and TIF (lower
histogram) positive cells, as estimated by scoring the spots counted in all of the confocal sections of a nucleus. (D) CM obtained from the cells described in A were
assayed for their capability of inducing tubular-like structure in HUVEC cells seeded on Matrigel®. EBM-2 and EBM-2 supplemented with VEGF-A (100 ng/ml)
were used as negative and positive controls, respectively. Left panel, representative microscopy images showing tubular-like structures (5x magnification). Right
panel, hisograms showing the mean number of branching points calculated on 5 different fields and expressed as fold induction over the negative control.
All the graphs show the mean ±SD of at least three independent experiments (*p< 0.1; **p< 0.01; ***p< 0.001; Student’s t-test).
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Supplementary Figure S3: TRF2 silencing in HCT116 does not induce DNA damage.
(A) Activation of DNA damage response (DDR) evaluated by Western Blotting in HCT116 cells knockdown for TRF2 (shTRF2) and their control counterpart
(ShScramble, shSCR) serum starved for 48h. Analyses were performed in absence (untreated) or in presence of 5µM of the ATM-inhibitor KU-55933 (directly
added in the serum-free medium for the last 24h). As an internal control, cells were treated with the DNA-damaging agent Camptothecin (CPT, 0.2 µM for 2h) in
absence or in presence of KU-55933 (5µM, 24h). The picture shows WB images of phospho-ATM, phospho-H2AX (g-H2AX) and b-actin. (B) HCT116 were
transiently transfected with a siRNA against TRF2 (siTRF2) and the effect of silencing on the DDR pathway was evaluated by WB at the indicated times (48 and 72
h). Treatment with CPT (0.2 µM for 2h) was used as control. WB of TRF2 (long exposure, l.e. and short exposure, s.e.), phospho-ATM, phospho-ChK2, phospho-
H2AX (g-H2AX) and b-actin are shown. (C) Immunofluorescence analysis of telomere damage. Left panel, representative images of confocal sections used in the
detection of TRF1 (red) and gH2AX (green) co-localization at telomere damage-induced foci (TIF) in cell silenced (shTRF2) or not (shSCR) for TRF2. Treatment
with the G4 ligand Emicoron (1 µM for 24 h) was used as positive control (CTRL +). Right panel, quantification of gH2AX (upper histogram) and TIF (lower
histogram) positive cells, as estimated by scoring the spots counted in all of the confocal sections of a nucleus. (D) CM obtained from the cells described in A were
assayed for their capability of inducing tubular-like structure in HUVEC cells seeded on Matrigel®. EBM-2 and EBM-2 supplemented with VEGF-A (100 ng/ml)
were used as negative and positive controls, respectively. Left panel, representative microscopy images showing tubular-like structures (5x magnification). Right
panel, hisograms showing the mean number of branching points calculated on 5 different fields and expressed as fold induction over the negative control.
All the graphs show the mean ±SD of at least three independent experiments (*p< 0.1; **p< 0.01; ***p< 0.001; Student’s t-test).
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Supplementary Figure S3: TRF2 silencing in HCT116 does not induce DNA damage.
(A) Activation of DNA damage response (DDR) evaluated by Western Blotting in HCT116 cells knockdown for TRF2 (shTRF2) and their control counterpart
(ShScramble, shSCR) serum starved for 48h. Analyses were performed in absence (untreated) or in presence of 5µM of the ATM-inhibitor KU-55933 (directly
added in the serum-free medium for the last 24h). As an internal control, cells were treated with the DNA-damaging agent Camptothecin (CPT, 0.2 µM for 2h) in
absence or in presence of KU-55933 (5µM, 24h). The picture shows WB images of phospho-ATM, phospho-H2AX (g-H2AX) and b-actin. (B) HCT116 were
transiently transfected with a siRNA against TRF2 (siTRF2) and the effect of silencing on the DDR pathway was evaluated by WB at the indicated times (48 and 72
h). Treatment with CPT (0.2 µM for 2h) was used as control. WB of TRF2 (long exposure, l.e. and short exposure, s.e.), phospho-ATM, phospho-ChK2, phospho-
H2AX (g-H2AX) and b-actin are shown. (C) Immunofluorescence analysis of telomere damage. Left panel, representative images of confocal sections used in the
detection of TRF1 (red) and gH2AX (green) co-localization at telomere damage-induced foci (TIF) in cell silenced (shTRF2) or not (shSCR) for TRF2. Treatment
with the G4 ligand Emicoron (1 µM for 24 h) was used as positive control (CTRL +). Right panel, quantification of gH2AX (upper histogram) and TIF (lower
histogram) positive cells, as estimated by scoring the spots counted in all of the confocal sections of a nucleus. (D) CM obtained from the cells described in A were
assayed for their capability of inducing tubular-like structure in HUVEC cells seeded on Matrigel®. EBM-2 and EBM-2 supplemented with VEGF-A (100 ng/ml)
were used as negative and positive controls, respectively. Left panel, representative microscopy images showing tubular-like structures (5x magnification). Right
panel, hisograms showing the mean number of branching points calculated on 5 different fields and expressed as fold induction over the negative control.
All the graphs show the mean ±SD of at least three independent experiments (*p< 0.1; **p< 0.01; ***p< 0.001; Student’s t-test).
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Supplementary Figure S3: TRF2 silencing in HCT116 does not induce DNA damage.
(A) Activation of DNA damage response (DDR) evaluated by Western Blotting in HCT116 cells knockdown for TRF2 (shTRF2) and their control counterpart
(ShScramble, shSCR) serum starved for 48h. Analyses were performed in absence (untreated) or in presence of 5µM of the ATM-inhibitor KU-55933 (directly
added in the serum-free medium for the last 24h). As an internal control, cells were treated with the DNA-damaging agent Camptothecin (CPT, 0.2 µM for 2h) in
absence or in presence of KU-55933 (5µM, 24h). The picture shows WB images of phospho-ATM, phospho-H2AX (g-H2AX) and b-actin. (B) HCT116 were
transiently transfected with a siRNA against TRF2 (siTRF2) and the effect of silencing on the DDR pathway was evaluated by WB at the indicated times (48 and 72
h). Treatment with CPT (0.2 µM for 2h) was used as control. WB of TRF2 (long exposure, l.e. and short exposure, s.e.), phospho-ATM, phospho-ChK2, phospho-
H2AX (g-H2AX) and b-actin are shown. (C) Immunofluorescence analysis of telomere damage. Left panel, representative images of confocal sections used in the
detection of TRF1 (red) and gH2AX (green) co-localization at telomere damage-induced foci (TIF) in cell silenced (shTRF2) or not (shSCR) for TRF2. Treatment
with the G4 ligand Emicoron (1 µM for 24 h) was used as positive control (CTRL +). Right panel, quantification of gH2AX (upper histogram) and TIF (lower
histogram) positive cells, as estimated by scoring the spots counted in all of the confocal sections of a nucleus. (D) CM obtained from the cells described in A were
assayed for their capability of inducing tubular-like structure in HUVEC cells seeded on Matrigel®. EBM-2 and EBM-2 supplemented with VEGF-A (100 ng/ml)
were used as negative and positive controls, respectively. Left panel, representative microscopy images showing tubular-like structures (5x magnification). Right
panel, hisograms showing the mean number of branching points calculated on 5 different fields and expressed as fold induction over the negative control.
All the graphs show the mean ±SD of at least three independent experiments (*p< 0.1; **p< 0.01; ***p< 0.001; Student’s t-test).

Supplementary Figure S3

Upper panel – Schematic representation of TRF2 binding sites (telomeric and extratelomeric) on
the chromosome. Lower panel – Scheme summarizing the main functions of TRF2. Together with
the “canonical” telomeric functions we identified a novel extratelomeric function of TRF2 in
controlling gene expression.

Upper panels – In colorectal cancer (CRC) models, expression of TRF2 positively correlates with
progression (TRF2 expression increases moving from normal mucosa to focal intramucous
adenocarcinomas). Lower panels – A retrospective analysis performed on 537 CRC patients from TCGA
revealed that TRF2 expression correlates with tumor stage, lymphnode positivity, metastasis and poor
prognosis.

Western blot analysis of damage pathways and immune fluorescence of damage foci were
performed in HCT116 cells silenced for TRF2 and their control counterpart. When specified DNA
damaging agents Camptothecin (CPT, 0.2 μM for 2h) – in absence or in presence of the ATM
inhibitor KU-55933 (5μM, 24h) – or Emicoron (0.5 μM, 24h) were used as controls. HCT116 cells
were chosen as experimental model for further studies since it permits to investigate the
extratelomeric role of TRF2 without interferences from its telomeric functions.

TRF2 regulates glycocalyx structure of cancer cells and promotes tumor formation and progression by subverting microenvironment
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Gene expression analysis by quantitative polymerase chain reaction (qPCR) of TRF2 target genes
following TRF2 overexpression or knockdown.
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Matrigel-embedded cells stably silenced (sh) for HS3ST4, GPC6 or VCAN or their control counterpart
(sh scramble) were inoculated into the back of immunocompromised mice and after 16 days the
percentage of MDSC and infiltrating (CD3- NKp46+) or activated (CD107+ or CD69+) natural killer cells
in Matrigel plugs was evaluated by FACS analysis.

Tumor cells infected as reported in the figure, were subcutaneously injected in immunocompromised
mice and tumor weight was evaluated over time after implantation.
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Figure 1. (A) Gene expression 

analysis by quantitative polymerase 

chain reaction (qPCR) of TRF2 

target genes following TRF2 

overexpression or knockdown. (B) 
Specific qPCR for HS3SH4, GPC6, 

and VCAN ITSs after ChIP using an 

anti-H3K27ac antibody in TRF2-

overexpressing or -knockdown 

cells. Data represent fold 

enrichment of the H3K27ac level 

compared with the total H3 level. 

(C-E) Matrigel-embedded BJcl2 

cells stably silenced (sh) for 

HS3ST4, GPC6 or VCAN or their 

control counterpart (sh scramble) 

were inoculated into the back of 

immunocompromised mice and 

after 16 days the percentage of 

infiltrating (CD3- NKp46+) or 

activated (CD107+ or CD69+) 

natural killer cells in Matrigel plugs 

was evaluated by FACS analysis. 

(*p < 0.05, **p < 0.01, and ***p < 

0.001; Mann–Whitney test). 

Figure 2. (A) Colony assay following TRF2 target gene knockdown or overexpression. (B) Growth curves 

obtained by AlamarBlue assay of BJcl2 cells overexpressing or silenced for HS3ST4 or GPC6. (C and D) 
Histograms presenting (C) the median of tumor appearance or (D) tumor weight over time after 

implantation of subcutaneous xenografts containing BJcl2 cells overexpressing or knocked down for 

HS3ST4 or GPC6 (*p < 0.05, **p < 0.01, and ***p < 0.001; Mann–Whitney test). 
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Matrigel-embebbed cells were inoculated into the backs of nude mice (5 mice/group) and after five
days the percentage of Matrigel infiltrated (left panels) and activated (right panels) NK cells and
MDSCs were evaluated by FACS analysis.

Tumor cells overexpressing or not
TRF2 were inoculated in mice and
treated with anti-GR1 antibody or
isotypic control. Box plots present the
percentage of infiltrating or activated
NK cells (CD107a or CD69) in Matrigel
plugs among the CD45+ cells.

***

*

Concentration of VEGF-A165 was
evaluated by ELISA in the CM of
HCT116 silenced or overexpressing
TRF2 and their control counterparts.
Results were normalized to cell
number.

Gene expression of SULF2 was
evaluated by qPCR in HCT116 cells
silenced or overexpressing TRF2 and
in their control counterparts. Results
are expressed as fold change of
mRNA levels over relative controls,
after b-actin normalization.

Figure 5
A

C

enarb
me

m
-

F
GEV detaicossa

-A
16

5
(p

g/
10

0 
�

)snietorp enarb
me

m fo g

***

**

0

400

700

200

600

500

300

100

pBabe pBabe-TRF2

***
30

10

20

0

ce
ll-

F
GEV eerf

-A
16

5
01/]l

m/gp[(
4

ce
lls

)

B

shSCR

shTRF2_N2VEGF-A

C
el

ln
um

be
r

shSCR
shTRF2_N2

CTRL-

0
12
0

60
80

20
14
0

101100

40
10
0

102

Figure 5
A

C

enarb
me

m
-

F
GEV detaicossa

-A
16

5
(p

g/
10

0 
�

)snietorp enarb
me

m fo g

***

**

0

400

700

200

600

500

300

100

pBabe pBabe-TRF2

***
30

10

20

0

ce
ll-

F
GEV eerf

-A
16

5
01/]l

m/gp[(
4

ce
lls

)

B

shSCR

shTRF2_N2VEGF-A

C
el

ln
um

be
r

shSCR
shTRF2_N2

CTRL-
0

12
0

60
80

20
14
0

101100

40
10
0

102shSCR shTRF2

CMs obtained from HCT116 cells silenced or
overexpressing TRF2 were collected at the indicated
times and their angiogenic potential was evaluated both
in vitro and in vivo by tubule formation assay (upper
panels) and matrigel assay (lower panels), respectively.

** **

shSCR

shTRF2

pBabe

pBabe-TRF2

48h 24h

Amount of membrane-associated
VEGF-A quantified by ELISA (upper
panel) performed on membrane-
enriched lysate fractions or confocal
microscopy (lower panel).
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Figure 3. (A) Concentration of VEGF-A evaluated by ELISA in the CM of HCT116 silenced (shTRF2_N1) or 
overexpressing (pBabe-TRF2) TRF2, collected 48 h after serum-starvation. (B-D) CMs obtained from 
HCT116 cells silenced or overexpressing TRF2 were collected at the indicated times and their angiogenic 
potential was evaluated both in vitro and in vivo by tubule formation assay (B and C) and matrigel assay (D), 
respectively. (E) Amount of membrane-associated VEGF-A quantified by ELISA. The analysis was performed 
on membrane-enriched lysate fractions. Results were normalized to the total amount of membrane proteins. 
(F) Membrane associated VEGF-A evaluated by FACS analysis. Histogram shows the fluorescence 
intensities in the negative control (black line) and in HCT116 silenced (shTRF2, red line) or not (shSCR, blue 
line) for TRF2. (*p < 0.05, **p < 0.01, and ***p < 0.001; Student’s t-test) 

Figure 4. (A) Gene expression of SULF2 evaluated by qPCR. Results are expressed as fold change of 
mRNA levels in silenced/overexpressing cells over their controls, after b-actin normalization. (B-C) Left 
panels: concentration of VEGF-A evaluated by ELISA. Results were normalized to cell number. Right Panels: 
the indicated CMs were assayed for their capability of inducing capillary structures in HUVEC cells. 
Representative images showing tubular-like structures (5X magnification). (D) The indicated cells were 
intramuscularly injected in immunocompromised nude mice and tumor growth was assayed. Tumor weight 
was evaluated at the indicated days post-injection. The graph shows the mean ±SD from 5 mice per group 
(*p< 0.1, **p< 0.01, ***p< 0.001; Student’s t-test). (E) Luminescent colon cancer cells were injected in the 
spleen of CB17-SCID mice and after 30 min the spleen was removed by spleenectomia. Real-time tumor 
dissemination was monitored by the IVIS imaging system 200 series at day 14 and 21 after tumor cell 
injection. Left panel: Representative images of tumor dissemination acquired and analyzed using the Living 
Image Software version 3.0. Right panel: histogram reporting photons of tumor dissemination in each 
experimental group. The instrumental limit of photons detection for these cell lines was 1x105. 
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spleen of CB17-SCID mice and after 30 min the spleen was removed by spleenectomia. Real-time tumor 
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injection. Left panel: Representative images of tumor dissemination acquired and analyzed using the Living 
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Left panel – Concentration of VEGF-A evaluated by
ELISA in the CM of empty vector or SULF2
overexpressing HCT116 cells infected with
scramble (shSCR), TRF2 (shTRF2) or SULF2
(shSULF2) targeting shRNAs. Results were
normalized to cell number. Right panel – The same
CMs were assayed for their capability of inducing
capillary structures in HUVEC cells. representative
images showing tubular-like structures (5X
magnification) are shown.

Left panel – Concentration of VEGF-A evaluated by
ELISA in the CM obtained from HCT116 cells
stably transfected with an empty vector (pBabe) or
the vector encoding for TRF2 (pBabe-TRF2) and
overexpressing or not SULF2. Results were
normalized to cell number . Right panel – The
same CMs were assayed for their capability of
inducing capillary structures in HUVEC cells.
representative images showing tubular-like
structures (5X magnification) are shown.
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Figure 4. (A) Gene expression of SULF2 evaluated by qPCR. Results are expressed as fold change of 
mRNA levels in silenced/overexpressing cells over their controls, after b-actin normalization. (B-C) Left 
panels: concentration of VEGF-A evaluated by ELISA. Results were normalized to cell number. Right Panels: 
the indicated CMs were assayed for their capability of inducing capillary structures in HUVEC cells. 
Representative images showing tubular-like structures (5X magnification). (D) The indicated cells were 
intramuscularly injected in immunocompromised nude mice and tumor growth was assayed. Tumor weight 
was evaluated at the indicated days post-injection. The graph shows the mean ±SD from 5 mice per group 
(*p< 0.1, **p< 0.01, ***p< 0.001; Student’s t-test). (E) Luminescent colon cancer cells were injected in the 
spleen of CB17-SCID mice and after 30 min the spleen was removed by spleenectomia. Real-time tumor 
dissemination was monitored by the IVIS imaging system 200 series at day 14 and 21 after tumor cell 
injection. Left panel: Representative images of tumor dissemination acquired and analyzed using the Living 
Image Software version 3.0. Right panel: histogram reporting photons of tumor dissemination in each 
experimental group. The instrumental limit of photons detection for these cell lines was 1x105. 

Left panel – HCT116 cells, infected as reported in the figure, were intramuscularly injected in
immunocompromised nude mice and tumor weight was evaluated by caliper at the indicated days post-
injection. The graph shows the mean ±SD from 5 mice per group. Right panel – Luminescent HCT116 cells
were injected in the spleen of CB17-SCID mice and after 30 min the spleen was removed by spleenectomia.
Real-time tumor dissemination was monitored by the IVIS imaging system at the indicated days.
Representative images of tumor dissemination are shown.

OUR WORK REVEALS HOW TRF2 CHANGES ARE TRANSLATED
INTO ONCOGENIC EVENTS LINKED TO CANCER FORMATION AND
PROGRESSION, IDENTIFYING A MULTI-HIT TELOMERIC TARGET
FOR INNOVATIVE ANTI-CANCER THERAPIES.
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