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ANGPT2 promoter methylation
is strongly associated with gene expression

and prognosis in chronic lymphocytic leukemia
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Increasing evidence suggests a key role for angiopoietin-2 (ANGPT2) in influencing the aggressiveness of chronic
lymphocytic leukemia (CLL). In the presence of vascular endothelial growth factor (VEGF), ANGPT2 causes vessel
destabilization leading to neoangiogenesis. Accordingly, high expression levels of ANGPT2 and high degree of
angiogenesis have consistently been associated with poor prognosis in CLL; however, the molecular mechanisms behind
the variability in ANGPT2 expression are still to be discovered. Here, for the first time, we investigated the DNA methylation
status of the ANGPT2 promoter in a large CLL cohort (n = 88) using pyrosequencing and correlated methylation data
with ANGPT2 expression levels, prognostic factors and outcome. Importantly, methylation levels of the ANGPT2 gene
correlated inversely with its mRNA expression levels (p < 0.001). Moreover, low ANGPT2 methylation status was highly
associated with adverse prognostic markers, shorter time to first treatment and overall survival. Finally, treatment with
methyl inhibitors induced re-expression of ANGPT2 in two B-cell ymphoma cell lines, underscoring the importance of
DNA methylation in regulating transcriptional silencing of this gene. In conclusion, we believe that the known variability
in ANGPT2 expression among CLL patients could be explained by differential promoter DNA methylation and that low

methylation levels of the ANGPT2 promoter have an adverse prognostic impact in CLL.

Introduction

The clinical course of chronic lymphocytic leukemia (CLL) is
extremely variable with survival times ranging from less than 1
year to more than 15 years. Hence, while many patients experi-
ence an indolent disease without ever needing therapy, others
immediately show an aggressive disease and die quickly due to
complications related to leukemia or treatment. Moreover, in
some patients that seem to be indolent, the disease can acquire
an aggressive phenotype that soon requires therapy. Considering
this high heterogeneity in CLL, its pathogenesis probably is
a complex process involving many different biological path-
ways. Until today, several genes have been associated to CLL
prognosis and a pathogenetic role in CLL has been identified
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for few of them (e.g., 7P53 and NOTCHI)."* We and others
have recently demonstrated that higher expression of angio-
poietin-2 (ANGPT?2) in CLL confers poor prognosis and that
the ANGPT2 produced by leukemic cells is able to induce an
increased angiogenesis, characteristic of CLL patients with an
aggressive disease.”!

ANGPT?2 is a secreted glycoprotein able to increase vessel
plasticity, by binding to the Tie-2 receptor on endothelial cells
and blocking ANGPT1 function. The vessel destabilization
induced by ANGPT2 can lead to formation of new vessels or
to regression of the existing vessels, depending on the presence
or not of vascular endothelial factor (VEGF).!""* Angiogenesis
has always been thought to be a fundamental mechanism in
the pathogenesis of solid cancers, but many studies concerning
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different types of leukemias have also shown the importance
of angiogenesis in determining the aggressiveness and progres-
sion.""1® The aberrant ANGPT?2 expression found both in can-
cers and leukemias, together with the evidence that ANGPT2
inhibitors are able to reduce tumor angiogenesis in vivo, strongly
suggest a pivotal role of ANGPT?2 in this process."”*

Considering the significance of ANGPT?2 in influencing CLL
behavior, in particular by acting on angiogenesis, the study of
molecular mechanisms responsible for its aberrant and variable
expression in CLL could be useful to better elucidate the disease
pathogenesis and to identify more efficacious therapies. Many
studies on ANGPT?2 regulation have been performed on normal
endothelial cells but limited data exist on tumor cells. It has been
shown that Kaposi’s sarcoma-associated herpes virus (KSHV)
promotes ANGPT2 expression by the activation of multiple
pathways including ERK, JNK and p38. In particular, ANGPT2
transcription is induced by AP-1 and Etsl, that are activated
downstream of these pathways and bind to the ANGPT2 pro-
moter.? In breast cancer cells, the overexpression of human epi-
dermal growth factor receptor 2 (HER2) upregulates ANGPT2
by activation of the ERK and PI3K/AKT pathways.** Contrary
to this, conflicting data concerning the involvement of ERK and
PI3K/AKT in the regulation of ANGPT?2 have emerged in stud-
ies on pancreatic and colon tumor cell lines, suggesting a cell-
type specific control for this gene.?

Recent genome-wide methylation profiling studies performed
on CLL patients have identified many significantly different
methylated genes between two major, prognostic subgroups of
CLL, ie., poor-prognostic /GHV-unmutated and favorable-
prognostic /GHV-unmutated cases.”*?® Of particular inter-
est was the finding of a higher ANGPT2 methylation in the
IGHV-mutated subset suggesting a possible epigenetic regula-
tion of this gene.?*?” Since ANGPT?2 expression has been dem-
onstrated to vary considerably between these two subgroups of
CLL patients,”® ANGPT2 gene expression could be directly reg-
ulated by DNA methylation. To study this further, we assessed
the methylation status of the ANGPT2 gene promoter as well
as the ANGPT2 expression levels in a large, well-characterized
CLL cohort. For the first time, we here show that ANGPT2
expression is highly dependent on the DNA methylation status,
where a lower degree of methylation was associated with par-
ticularly poor prognosis in CLL. Furthermore, the direct role of
DNA methylation in regulating the ANGPT2 expression levels
was re-enforced by treating B-cell lymphoma cell lines with a
methyl inhibitor leading to demethylation and re-expression of
this gene.

Results

Description of CLL cohort. Overall, the Swedish and Italian
CLL materials were very similar regarding the distribution of
classical CLL prognostic factors (Table 1). The differences in
percentages of treated and dead cases can probably be attributed
to a longer follow-up time and a higher proportion of advanced
Binet stages (B-C) in the Swedish group. In all 88 CLL
patients, the adverse CLL prognostic factors were confirmed to
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be associated with shorter time to first treatment (TTFT) and
overall survival (OS); i.e., advanced Binet stages (p < 0.001
for TTFT and p = 0.003 for OS), /[GHV unmutated status
(p < 0.001 for TTFT and p < 0.001 for OS), CD38 positivity
(p = 0.010 for TTFT and p = 0.011 for OS) and intermediate/
high-risk FISH markers (p < 0.001 for TTFT and p < 0.001 for
OS) (Table S1).

ANGPT2 expression levels in CLL. ANGPT2 mRNA
expression was measured by real-time quantitative PCR
(RQ-PCR) in PBMCs from CLL patients observing variable lev-
els with a median value of 2.804 x 107° (range, 0-9.1 x 107?).
Using ROC analysis and Youden’s index we searched for the
best cut-off for ANGPT2 mRNA expression in relation to sur-
vival. Based on this cut-off value (2.967 x 10, relative mRNA
expression of ANGPT2 to B2M), we divided our CLL cohort
in high and low ANGPT?2 expressing cases including 40 (45%)
and 48 (55%) patients, respectively. High ANGPT2 expressing
patients showed significantly shorter TTFT (p = 0.046) and OS
(p < 0.001) than patients with low ANGPT2 expression
(Fig. 1A and B). Moreover, high ANGPT2 expression was con-
firmed to be strictly associated with poor-prognostic factors
as /GHV unmutated status (p < 0.001) and CD38 positivity
(p = 0.037).

Since we used non-purified CLL samples and to exclude any
difference between purified/non-purified samples, we sorted
the tumor cells in samples from 8/88 patients (Table S2). The
ANGPT2 mRNA levels of purified CLL cells (median value
8.800 x 107, range, 0-2.0 x 10%) showed a strong correlation
with the values detected in the corresponding PBMC samples
(r=0.952, p < 0.001). We also analyzed sorted B cells from two
age-matched healthy donors showing low ANGPT2 expression
(0-2.2 x 107°). Hence, the low expression of ANGPT2 in nor-
mal B cells and the similar expression levels in sorted/unsorted
CLL samples indeed support the usage of non-sorted samples
for this assay. Furthermore, no difference in tumor load was
observed between high and low ANGPT2 expressing patients
(mean value, 83% and 82%, respectively).

ANGPT2 CpG methylation inversely correlates with
mRNA expression. The DNA methylation status of 6 CpG sites
located in a CpG island near the transcription start site of the
ANGPT?2 gene was analyzed by pyrosequencing (Fig. 2). The
methylation percentages (%) of each single CpG site and also
the average of all 6 CpG sites were very variable among CLL
cases (Table 2; Fig. S1), although in each individual patient the
six sites showed a similar methylation level. Moreover, the meth-
ylation percentage of each single CpG site and of the average
of all 6 CpG sites showed significant inverse correlations with
ANGPT2 mRNA expression (all sites, p < 0.001) (Fig. S2). In
agreement, we observed significantly higher CpG methylation
in the ANGPT2 low-expression subset than in the ANGPT2
high-expression cases (average of all 6 CpG sites; median 76%
and 50%, respectively, p < 0.001) (Fig. 3A). Similar to the gene
expression data, no difference in relation to tumor load was
observed between cases with high and low ANGPT2 methyla-
tion (mean value, 83% and 82% respectively). Furthermore,
although some differences were observed for individual CpG
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Table 1. Clinical and molecular characteristics of the present CLL cohort

Features Sweden (n = 40)
Age, years
Median 61
Range 32-83
Follow up, months
Median 72
Range 11-214
TTFT, months
Median 9
Range 0-136
N° patients %
Sex
Male 30/40 75
Female 10/40 25
Binet stage
A 17/30 57
B-C 13/30 43
IGHV mutational status
Mutated (< 98%) 20/40 50
Unmutated (= 98%) 20/40 50
CD38 expression
CD38 negative (< 30%) 21/33 64
CD38 positive (= 30%) 12/33 36
FISH stratification
Low risk 22/35 63
Intermediate/high risk 13/35 37
Treatment
Yes 11/14 79
No 3/14 21
Death censored
Yes 27/39 69
No 12/39 31

Italy (n = 48) p value All patients (n = 88)
65 61
ns
32-85 32-85
46 59
0.003
0-155 0-214
35 29
ns
0-138 0-138
N° patients % N° patients %
32/48 67 62/88 71
ns
16/48 33 26/88 29
33/46 72 50/76 66
ns
13/46 28 26/76 34
28/48 58 48/88 55
ns
20/48 42 40/88 45
34/43 79 55/76 72
ns
9/43 21 21/76 28
29/39 74 51/74 69
ns
10/39 26 23/74 31
19/48 40 30/62 48
0.010
29/48 60 32/62 52
10/48 21 37/87 42
< 0.001
38/48 79 50/87 58

Low FISH risk, no abnormalities or del(13q); Intermediate/high FISH risk, del(11q), del(17p) or trisomy 12. FISH, fluorescence in situ hybridization; IGHV,
immunoglobulin heavy chain variable genes; TTFT, time to first treatment; ns, not statistically significant.

sites, the global methylation level was not statistically different
between purified CLL samples (n = 8) and the corresponding
unsorted PBMC samples (Table S2). Finally, analysis of normal
B-cells from two healthy donors showed high ANGPT2 meth-
ylation levels (87% in both samples) as expected.

Low ANGPT2 CpG methylation is associated with poor
prognosis in CLL. By combining with classical CLL prognostic
markers, we found a significantly lower ANGPT2 CpG methyla-
tion in /GHV-unmutated than in mutated cases (average of all
6 CpG sites; median 50% and 76%, respectively, p < 0.001)
(Fig. 3B) and in CD38 positive than in CD38 negative patients
(average of all 6 CpG sites, median 60% and 72%, respectively,
p = 0.021).
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Moreover, we used ROC analysis and Youden’s index to find
the best cut-off level of ANGPT2 CpG methylation in relation
to survival. The methylation percentage of 73% (average of all
6 CpG sites) was able to divide our CLL cohort in 38 “high
ANGPT?2 methylation” patients (43%) and 50 “low ANGPT2
methylation” patients (57%). The “low ANGPT2 methylation”
subset had a significantly shorter TTFT (median 23 vs. 97 mo,
p = 0.022) and OS (median 79 vs. 177 mo, p = 0.018) than the
subgroup with high ANGPT2 methylation (Fig. 4A and B). In
addition, low ANGPT2 methylation status was confirmed to be
significantly associated with high ANGPT2 mRNA expression
(p < 0.001) and /GHV unmutated status (p < 0.001) as well as
with intermediate/high-risk FISH markers (p = 0.039) (Table 3).
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Figure 1. Kaplan-Meier curves for time to first treatment (TTFT) and overall survival (OS) in relation to ANGPT2 mRNA expression. In (A and B), 88 CLL
patients were divided according to high and low ANGPT2 expression using the cut-off value 2.967 x 1076 (relative mRNA expression of ANGPT2 to B2M).
High ANGPT2 expressing cases show significantly shorter TTFT [(A) median 25 vs. 97 mo, p = 0.046; log-rank test)] and OS [(B) median 59 vs. 177 mo,

p < 0.001; log-rank test] compared with low ANGPT2 expressing cases.
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Figure 2. Location of the six CpG sites analyzed by pyrosequencing in relation to transcriptional start site of ANGPT2 gene. The circled region repre-
sents the studied CpG island of ANGPT2 gene which was predicted by the site www.urogene.org/methprimer using the following criteria: island size
> 100, GC percent > 0.0, obs/exp CpG > 0.6. The start site and the direction of ANGPT2 transcription are indicated by the arrow. The below sequence
shows in details the positions of the 6 CpG sites analyzed by pyrosequencing. The CpG site 2 is the same site identified in our previous methylation
study.?

Finally, univariate analyses confirmed that ANGPT2 CpG Re-expression of ANGPT2 gene using DNA methyl
methylation (cut off < 73%) is a predictor of reduced TTFT inhibitor drug. To investigate the role of DNA methylation
(HR 2.407; 95% CI 1.098-5.275, p = 0.028) and OS (HR in transcriptional silencing of the ANGPT2 gene promoter,
2.435; 95% CI 1.137-5.215, p = 0.022), although multivariate we examined the effects of increasing concentrations of DNA
analyses including other CLL prognostic factors were not able to  methyl transferase inhibitor 5-aza-2'-deoxycytidine (DAC), fol-
show it as an independent prognosticator. lowed by histone deacetylase inhibitor Trichostatin A (TSA)
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Table 2. Methylation percentages of the 6 CpG sites located around the transcription start site of the ANGPT2 gene measured by pyrosequencing in 88

CLL patients

Methylation percentage  CpGsite 1 CpG site 2 CpG site 3
Mean + SD 78 £19 49 + 20 83+25
Median 87 48 100
Range 9-100 6-100 13-100

SD, standard deviation.

treatment, on ANGPT2 gene expression and promoter methyla-
tion in the CLL cell line MEC1 and Burkitt lymphoma cell line
RAMOS. Indeed, an increased activation of the ANGPT2 gene
was observed in both cell lines after 72 h of incubation with the
increasing amounts of DAC. The highest induction of ANGPT2
mRNA expression in the MEC1 and RAMOS cells was observed
with DAC treatment followed by overnight incubation of TSA
(Fig. 5A and B). Consequently, the methylation percentage of
the average of the 6 ANGPT2 CpG sites measured by pyro-
sequencing was found to proportionally decrease in both cell
lines with increasing DAC concentrations (Table S3). Finally,
in order to check the percentage of apoptotic cells we performed
Annexin V staining for the DAC treated cells on the third day.
However, our results showed that except for DAC+TSA cells,
there was no significant increase in apoptosis in DAC treated
cells compared with untreated cells (Table S3).

Discussion

In order to get insights into the mechanisms behind the clinical
heterogeneity in CLL, many studies have first identified genes
with possible prognostic value (e.g., CD38, ZAP70 or CD49d)
and then investigated their potential role in CLL pathogenesis.
In this way, it has been possible to identify some of the biological
pathways that are dysregulated in CLL and that determine its
phenotype.*?*** In previous studies, we and others have shown
that a more aggressive CLL phenotype is characterized by higher
levels of ANGPT2, increased angiogenesis and poor progno-
sis.>!% Considering the variability in ANGPT2 levels among
CLL patients we here investigated the potential relation between
ANGPT?2 expression and promoter DNA methylation in a well-
characterized CLL cohort, in order to understand if epigenetic
mechanisms are involved in ANGPT2 regulation.

First, ANGPT2 mRNA levels were measured in 88 CLL
patients and the value 2.967 x 10°° gave the best cut off to
divide CLL cases into high and low ANGPT2 expressing cases.
Higher levels of ANGPT2 expression were associated with poor-
prognostic factors and with shorter TTFT and OS. This is in
agreement with previous studies on the prognostic impact of
ANGPT2 in CLL,” supporting the idea that ANGPT?2 plays
an important role in determining disease aggressiveness. This
overexpression leading to increased angiogenesis in CLL' fur-
ther supports that interactions between leukemic cells and the
microenvironment could represent good targets for therapeutic
interventions. In fact, the use of drugs able to interfere with
these interactions, such as Thalidomide and Lenalidomide,
in clinical trials in CLL, is giving preliminary encouraging
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Figure 3. Relations between ANGPT2 CpG methylation, ANGPT2 mRNA
expression and /IGHV mutational status in 88 CLL patients. The percent-
age of ANGPT2 methylation (average of all 6 CpG sites) is plotted
against ANGPT2 mRNA expression (A) and /IGHV mutational status (B).
The horizontal lines inside boxes indicate the median values. (A) CLL
cases are divided in high and low ANGPT2 expression according to cut
off value 2.967 x 107¢ (relative mRNA expression of ANGPT2 to B2M).
High ANGPT2 expressing patients have significantly lower ANGPT2
methylation than low ANGPT2 expressing cases (median 50 vs. 76%;
p < 0.001; Mann-Whitney test). (B) IGHV-unmutated patients have sig-
nificantly lower ANGPT2 methylation than mutated cases (median
50 vs. 76%; p < 0.001; Mann-Whitney test).

results,®3 further underscoring that CLL cells strongly depend
on their dialog with microenvironmental elements for their
sustainment.
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Figure 4. Kaplan-Meier curves for time to first treatment (TTFT) and overall survival (OS) in relation to ANGPT2 CpG methylation. In (A and B), 88 CLL
patients were divided according to high and low ANGPT2 methylation using the cut-off value 73% (methylation percentage, average of all 6 CpG sites).
Low ANGPT2 methylation cases had significantly shorter TTFT [(A) median 23 vs. 97 mo, p = 0.022; log-rank test] and OS [(B) median 79 vs. 177 mo,

p = 0.018; log-rank test] compared with cases with high ANGPT2 methylation.

Table 3. Associations between ANGPT2 methylation status and CLL
prognostic factors

Low ANGPT2 value
methylation (< 73%) P
N° patients (percentage)
Clinical stage
Binet A 25/50 (50%)
ns
Binet B-C 15/26 (58%)
IGHV mutational status
Mutated (< 98%) 15/48 (31%)
< 0.001
Unmutated (= 98%) 35/40 (87%)
CD38
CD38 negative (< 30%) 28/55 (51%)
ns
CD38 positive (= 30%) 15/21 (71%)
FISH stratification
Low risk 27/51 (53%)
0.039
Intermediate/high risk 18/23 (78%)
ANGPT2 mRNA expression
Low (< 2.967 x 1079) 15/48 (31%)
< 0.001

High (= 2.967 x 107°) 35/40 (87%)

Low FISH risk, no abnormalities or del(13q); Intermediate/high FISH risk,
del(11q), del(17p) or trisomy 12. FISH, fluorescence in situ hybridization;
IGHYV, variable region of immunoglobulin heavy chain genes; ns, not
statistically significant.

Second, the methylation status of the ANGPT2 gene was ana-
lyzed using the quantitative pyrosequencing method and focus-
ing on a CpG island (including 6 CpG sites) located nearby the
transcription start site. Importantly, the percentages of methyla-
tion of each CpG site and the average of all 6 CpG sites showed
negative correlations with ANGPT2 mRNA expression, strongly
suggesting that DNA methylation of the ANGPT2 promoter is
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responsible for transcriptional silencing of this gene. This tight
relation between ANGPT2 expression and methylation was also
conserved in purified vs. non-purified CLL samples. Considering
that high-methylated CLL cases had a more favorable prognosis
and the fact that normal B cells showed high levels of ANGPT2
methylation, the apparently aberrant low ANGPT2 methylation
levels (and corresponding high ANGPT2 expression) observed
in aggressive CLL patients indicate that these latter cases are
able to circumvent the normal epigenetic control. Admittedly,
the exact mechanisms behind these low levels of methylation in
aggressive CLL remains elusive and to be further investigated.

Finally, the involvement of promoter methylation in regu-
lating ANGPT2 expression was confirmed by the induction
of ANGPT2 mRNA expression in two B-cell lymphoma cell
lines, MEC1 and RAMOS, after treatment with methyl inhibi-
tor drugs. The fact that increasing amounts of ANGPT2 were
induced together with reducing levels of CpG methylation in
both cell lines by increasing concentrations of DAC, suggests
that ANGPT?2 transcription is inhibited by DNA methylation in
an inversely proportional way. Nevertheless, the highest increase
of ANGPT2 expression was obtained with DAC treatment fol-
lowed by TSA, which is a histone deacetylase inhibitor.

Aberrant gene methylation has previously been demonstrated
for other molecules with prognostic and pathogenic value in
CLL. For example, ZAP70, that is highly expressed in poor-
prognostic CLL patients and is involved in signaling of B cell
receptor, was found to be strongly methylated in low express-
ing patients and vice versa and the same was also observed for
TWIST2, LPL and CLLUI.*"33% This suggest that DNA meth-
ylation plays an important role in CLL pathogenesis?®? and tar-
geting of such genes using epigenetic drugs could be a useful
approach in CLL treatment.’

The pyrosequencing method itself, which was applied here
to analyze DNA methylation status of ANGPT2, has many
advantages compared with other techniques, such as bisulfite
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sequencing or combined bisulfite restric- A MEC1
tion analysis (COBRA) or methyl-specific 140E-05 -
PCR (MSP). This method is relatively | & o | ”
easy to perform, requires less input of % E ' 9555
DNA and more importantly is highly ~ [ 1,00E-05 - gggg
reproducible and hence could be recom- | & € g poE-06 - gggg
mended in routine laboratory for directly g § 9999
analyzing the DNA methylation status of | & @ 6.00E-08 4 .
ANGPT2, for example, in order to dis- _g S 400E-06 - T
criminate low from high ANGPT2 meth- % % 2 00E-06 -
ylation patients and helping to predict | ¢
their disease course. 0.00E+00 ' '
I ) . control 5uM DAC 10uM DAC  10pM DAC
n conclusion, we for the first time +TSA
demonstrate that the expression levels of
ANGPT?2 are strongly regulated by DNA B RAMOS
. 1,20E-04 -
methylation and that lower DNA meth-
ylation levels of the ANGPT2 promoter g 1,00E-04
are associated with poor outcome in CLL. s g
Intriguingly, more aggressive CLL cells fa ﬁOD 8,00E-05
h r to “escape” the DNA o =
somehow appea p & S cooeos .
methylation of the ANGPT2 promoter, | Z 2
potentially by inhibiting the activity of 5 g 4,00E-05
some de novo DNA methyltrasferases,” | & §
resulting in increased expression of % @ 200E-05 4
ANGPT2. Certain.ly, the high cutoff x 0.00E+00 | . .
value (73%) used in our study to char- control 5 M DAC 10 uM DAC 10 M DAC
acterize CLL patients with high or low +TSA
ANGPT2 methylation needs to be investi-
gaFed fu'rth'er in independent CL,L c'ohorts Figure 5. The relative expression of ANGPT2 gene to B2M after 72 h of DAC/TSA treatment in the
using similar methodology, aiming  to MEC1 and RAMOS cell lines. Real-time PCR analyses showing re-expression of the methylated
show its significance also in multivariate | ANGPT2 gene in the MECT and RAMOS cells after treatment with increasing concentrations of the
analyses with other prognostic markers. methyl transferase inhibitor 5-aza-2'-deoxycytidine (DAC) are represented in (A and B). In (A),
Nevertheless, our novel data further sup- meda;\ égGlzgzsti\:]A1loevehI; SfA“CAE-Cr: cIeII: :/{ECO1in confrol g?:;re;tmtent), 3.3? X 1((1)’;:v>i<tl11(;5 :LM DAC
. . n d X Wi o m WI I Xpr on (1. ~, mean
portsan ess.entlal role. OfANGPTZ in CLL :NGPTZ mRNA level) wai treated wiiha: combinsaiioa zf DAC (190 :;A)ea:diiseohistone deacetyliie
pathogenesw and points to an important inhibitor, Trichostatin A (TSA). In (B), mean ANGPT2 mRNA levels of RAMOS cells are 0 in the control,
target in this as yet incurable disease. 4.87 x 105 with 5 uM DAC and 7.54 x 105 with 10 .M DAC. The RAMOS sample with highest
expression (1.08 x 10~*, mean ANGPT2 mRNA level) was obtained with 10 wM DAC plus TSA treat-
Materials and Methods ment. All data are represented in graph as mean + standard deviation of at least 2 independent
experiments.

Patients. Peripheral blood mononuclear

cells (PBMCs) from 40 CLL cases col-

lected from the Biobank at the Department of Pathology,
Uppsala University Hospital and from 48 CLL patients diag-
nosed at the Hematology Division of Modena were included in
this study. All CLL cases were diagnosed according to recently
revised criteria®® and tumor samples were collected before treat-
ment with tumor percentage of leukemic cells = 70%. All
patients provided informed consent in accordance with local
institutional review board requirements and the Declaration of
Helsinki Principles. The clinical characteristics of 88 CLL cases
are described in Table 1.

For 8 of these 88 patients and 2 age-matched healthy donors
we also collected sorted B cells (Table S2). PBMCs were incu-
bated with CD19-specific Microbeads (Miltenyi Biotech) and
separated by AutoMACS (Miltenyi Biotech), obtaining a purity
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> 99% as assessed by flow cytometry using APC-conjugated
antibody for CD19 (Miltenyi Biotech).

IGHYV mutational analysis. To evaluate the mutational sta-
tus of the /GHV genes expressed by CLL clones, total RNA was
extracted, reverse-transcribed and IGHV-D-] rearrangement
was amplified as previously described.?” Alternatively, IGHV-D-]
rearrangements were amplified starting from genomic DNA as
described elsewhere.” The tumor-specific IGHV-D-J sequence
was aligned to ImMunoGeneTics directories (www.imgt.cines.
fr). IGHV gene sequences showing less than 98% identity com-
pared with the corresponding germline sequence were defined
as mutated.”!

Immunophenotypic analyses of CD38. CD38 expression was
analyzed by 3-color immunofluorescence using a FACScalibur
flow cytometer (Becton Dickinson), as previously described.*?
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The 30% cut-off of positive cells was chosen to discriminate
CD38 negative from CD38 positive CLL.

Analysis of cytogenetic aberrations. Cytogenetic abnormali-
ties on chromosomes 11, 12, 13 and 17 were detected by inter-
phase FISH using procedures previously described.*’ The specific
probes LSI-ATM, LSI-D13S319 and LSI-p53 (Vysis), directly
labeled with SpectrumGreen (LSI-ATM) or SpectrumOrange
(LSI-D13S319 and LSI-p53), were used for chromosomes 11, 13
and 17, respectively. An a satellite DNA probe CEP12 (Vysis),
directly labeled with SpectrumGreen, was used to identify aneu-
ploidy of chromosome 12.

ANGPT2 mRNA expression. Total RNA was extracted
from PBMCs using RNeasy Mini Kit (Qiagen) and reverse-
transcribed with random primers. Five nanograms per reac-
tion of cDNA were analyzed by real-time PCR using TagMan
gene expression assays (Hs00169867_m1, Applied Biosystems)
for the ANGPT2 gene, according to manufacturer’s instruc-
tions. Beta 2 microglobulin (B2M) was used as internal control
(HS99999907_m1, Applied Biosystems). All samples were run
in triplicate. The relative expression of ANGPT2 to B2M was
calculated using the delta Ct method.

Pyrosequencing analysis of the ANGPT2 promoter.
Pyrosequencing was performed to analyze the degree of meth-
ylation of 6 CpG sites composing a CpG island located inside
the ANGPT?2 promoter in all CLL samples. This region includes
the CpG site found to have different methylation status between
IGHV mutated and unmutated CLL patients in our previous
methylation study.?

Genomic DNA was bisulfite converted using the EZ DNA
Methylation Kit (Zymo Research) according to manufacturer’s
protocol as described previously. The PyroMark™ software
(Qiagen) was used to design pyrosequencing primers; one for-
ward and one reverse primer for PCR amplification of the desired
product (one biotin labeled in the 5' end) and one sequencing
primer. The sequenced target region is from a CpG island located
in ANGPT?2 promoter containing around 6 CpG sites (Fig. 2).
The size of the amplified product containing the target sequence
is 340 bp. In brief, bisulfite converted DNA was subjected to
PCR amplification using forward primer (5-TGT AGG ATT
TAT GTT GGA TTT GAT ATT G-3') and reverse primer (5'-
TTC CCA CTA CAA TCT AAC AAT TTA CTA CAT-3") in
a 25 pL total volume. Eighteen to 20 pL of the PCR product
was immobilized with 2 pL of Streptavidin Sepharose High
Performance (GE Healthcare) followed by annealing with 0.3
wM of sequencing primer (5-TGT TTT TTA GAA AGT TGT
TAT AGG-3") for 2 min at 80°C. The analysis was performed
using the PyroMark™ Q24 pyrosequencer instrument (Qiagen).
CpG site methylation analysis was performed with the PyroMark
Q24 software, and the CpG site methylation percentage was cal-
culated for each individual CpG site in the target sequence.

DNA methyl inhibitor treatment. CLL cell line MEC1%
was cultured in RPMI 1640 medium supplemented with 10%
fetal bovine serum (FBS; Sigma-Aldrich), 4 mM glutamine
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and 1x penicillin/streptomycin (Invitrogen) until confluent.
The same culture conditions with 20% FBS were used for the
RAMOS cell line.® Cells were then subdivided to contain
approximately 1 million cells/mL per well 12 h before treatment,
to allow them to adjust to conditions. Cells were subsequently
cultured over 3 d in supplemented RPMI media treated with
one of the following treatments: (1) medium containing 5-aza-
2'-deoxycytidine (DAC; 5 pM and 10 pM, Sigma-Aldrich)
for 72 h whereby medium was changed every 24 h and (2) the
above samples followed by the addition of trichostatin A (TSA,
500 nM; Sigma-Aldrich) for overnight. Control cells were cul-
tured in similar way with no drugs added. We performed at
least two independent experiments for every treatment condi-
tion on both cell lines, analyzing ANGPT2 mRNA expression by
RQ-PCR, ANGPT2 CpG methylation by pyrosequencing and
apoptotic cell death by flow cytometry using Annexin V Alexa
Fluor 488-A (Invitrogen).

Statistical analyses. Data concerning ANGPT2 mRNA
expression and CpG methylation in CLL patients were analyzed
using SPSS version 19.0 for Windows (SPSS). The cut-off levels
‘¢ and Youden’s index,?
using survival as state variable. The Pearson Chi-square test was

were selected according to ROC analysis

used to evaluate significant differences in categorized variables,
whereas the distributions of continuous variables were compared
using the Mann—Whitney test. The Spearman test was applied
for analyzing correlations between quantitative parameters.
TTFT and OS functions were estimated using the Kaplan—Meier
method and curves were compared between different groups
using the log-rank test. Univariate and multivariate analyses were
performed using Cox models. All tests were 2-sided and the sta-
tistical significance was reached for p-value < 0.05.
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