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T large granular lymphocyte leukemia (T-LGLL) is characterized by the
expansion of several large granular lymphocyte clones, among which
a subset of large granular lymphocytes showing constitutively activat-

ed STAT3, a specific CD8+/CD4– phenotype and the presence of neutropenia
has been identified. Although STAT3 is an inducer of transcription of a large
number of oncogenes, so far its relationship with miRNAs has not been eval-
uated in T-LGLL patients. Here, we investigated whether STAT3 could carry
out its pathogenetic role in T-LGLL through an altered expression of
miRNAs. The expression level of 756 mature miRNA was assessed on puri-
fied T large granular lymphocytes (T-LGLs) by using a TaqMan Human
microRNA Array. Hierarchical Clustering Analysis of miRNA array data
shows that the global miRNome clusters with CD8 T-LGLs. Remarkably,
CD8 T-LGLs exhibit a selective and STAT3-dependent repression of miR-
146b expression, that significantly correlated with the absolute neutrophil
counts and inversely correlated with the expression of Fas ligand (FasL), that
is regarded as the most relevant factor in the pathogenesis of neutropenia.
Experimental evidence demonstrates that the STAT3-dependent reduction
of miR-146b expression in CD8 T-LGLs occurs as a consequence of miR-
146b promoter hypermethylation and results in the disruption of the HuR-
mediated post-transcriptional machinery controlling FasL mRNA stabiliza-
tion. Restoring miR-146b expression in CD8 T-LGLs lead to a reduction of
HuR protein and, in turn, of FasL mRNA expression, thus providing mecha-
nistic insights for the existence of a STAT3-miR146b-FasL axis and neutrope-
nia in T-LGLL.  
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ABSTRACT

Introduction

T large granular lymphocytes leukemia (T-LGLL) is a rare disease characterized
by the abnormal expansion of T large granular lymphocytes (T-LGLs) in the periph-
eral blood.1,2 While the aetiology of the disease is still elusive, LGL proliferation is
thought to be maintained through an impairment of the apoptotic machinery due
to the activation of many survival signals.3 Among these, JAK/STAT signalling rep-
resents one of the most important deregulated pathways in T-LGLL. In particular,
leukemic LGLs are equipped with STAT3 constitutively over-expressed and in
some cases over-activated.4,5 Moreover, in 30-40% of patients, STAT3 has been
demonstrated to carry hot-spot mutations, likely resulting in STAT3 activation.6,7

This genetic lesion was also correlated by some authors with increased frequency
of neutropenia5,7,8 which represents the most frequent cause of symptomatic dis-



ease in LGLL patients, often requiring specific therapy.
The pathogenesis of neutropenia, although not properly
elucidated thus far, seems to be multifactorial. Multiple
mechanisms have been postulated, including destruction
of mature neutrophils and myeloid progenitors via Fas/Fas
ligand (FasL). Mechanisms leading to neutropenia are not
completely characterized, although we5 and others9-12 pro-
vided evidence that extremely high concentrations of FasL
are detectable in T-LGLL patients suggesting that soluble
FasL is involved in this process. We also demonstrated
that STAT3 plays a central role in FasL transcription and
we showed that high levels of STAT3 activation correlated
with high levels of FasL expression in T-LGLL patients.5

However, the molecular mechanism through which
STAT3 regulates FasL production in these patients has not
yet been clarified.

Although STAT3 is an inducer of transcription of a large
number of oncogenes, its relationship with microRNAs
(miRNAs) has not yet been evaluated in T-LGLL patients.
As a matter of fact, several miRNAs contribute to normal
hematopoietic processes and many miRNAs act both as
tumor suppressors and oncogenes in the pathogenesis of
hematological malignancies, including acute and chronic
leukemias and lymphomas, where they contribute to lym-
phomagenesis acting in various cellular functions, such as
the regulation of cell survival and proliferation.13,14

In this study a high throughput quantitative and qualita-
tive analysis of the miRNA expression profile in leukemic
LGLs was performed with the aim to investigate the role
of miRNAs in clinical and biological features of T-LGLL,
thus playing a role in the pathogenesis of neutropenia in 
T-LGLL patients. 

Methods

Patients 
Thirty T-LGLL patients and nine age and sex-matched healthy

donors were enrolled in the study. Clinical and biological charac-
teristics of patients are summarized in the Online Supplementary
Table S1. At the time of the study, no patients had received treat-
ment, with a follow-up ranging from 1 to 16 years. LGL prolifera-
tion ranged from 48% to 91% of the lymphocyte pool. T-LGLL
clonality was demonstrated as previously reported.15 The Padova
Institutional Review Board approved this study and written
informed consent in accordance with the Declaration of Helsinki
was obtained by each subject.

Cell isolation and culture
T-LGLs were purified from peripheral blood mononuclear cells

(PBMC) using the anti-CD57 microbeads (Milteny Biotec), as pre-
viously reported.16 CD8+CD57+ cells used as control, were
obtained from PBMCs of healthy donors by the FACSAria cell
sorter (BD biosciences). Purity and viability of cell preparation
were both >95%. The LGL phenotype was assessed by flow
cytometry. In selected experiments PBMC from T-LGLL patients
(2×106 cells/mL) were cultured in RPMI1640 (EuroClone) supple-
mented with 10% FCS (Sigma-Aldrich), 2mM Gln 25mM Hepes,
100 U/mL penicillin and 100 mg/mL streptomycin (EuroClone) in
the presence of 2.5 mM 5-aza-2’-deoxycytidine (DAC, Sigma-
Aldrich) for three days, 15 mM STATTIC (Shelleckchem) for 24
hours (h) or DMSO (Sigma-Aldrich) as control.

miRNA and Gene-Expression Analysis
RNA was purified from CD57+ cells using the miRCURY RNA

Isolation Kit (Exiqon) according to the manufacturer’s instructions.
High throughput and single miRNA expression were analysed
using the TaqMan® Human microRNA Array (Card Set v3.0,
Applied Biosystems) and the TaqMan® microRNA Human Assays
(Applied Biosystems), respectively, as previously described.17

Expression of DNMT1, FasL, FasL-Primary Transcript (PT), HuR,
GAPDH, pri-miR-146b and RPL32 mRNA was quantified by real-
time quantitative PCR (RT-qPCR) as previously described,18 using
specific primer pairs listed in the Online Supplementary Table S2.

Methylated DNA Immunoprecipitation (meDIP) assay
Genomic DNA was purified from CD57+ T-LGLs with the

AllPrep DNA/RNA/miRNA Universal Kit (Qiagen), according to
the manufacturer’s instructions and methylated DNA
Immunoprecipitation (meDIP) assay was performed as reported
by Mohn et al.19 with minor modifications. The methylation levels
of miR-146b promoter was analysed by qPCR using specific
primers (Invitrogen, Thermo Scientific) listed in the Online
Supplementary Table S2.

Western blot
T-LGLs (2.5x105) and Jurkat cells were lysed in Sample Buffer

(40mM tris (hydroxymethyl) aminomethane HCl pH6.8, 7.5%
glycerol, 1% sodium dodecyl sulphate). Total cell lysates were
resolved on SDS-PAGE and transferred onto nitrocellulose
(Millipore). The blots were incubated with specific antibodies and
detected using the ImageQuant LAS 500 or the Odyssey infrared
imaging system (LI-COR Biosciences).

Cell transfection
Jurkat cells (106) or freshly purified CD57+ T-LGL (107) were

transfected with the indicated amount of specific oligonucleotide
using the Amaxa Nucleofector (Lonza) and the Ingenio
Electroporation Solution (Mirus Bio).

Enzyme-linked immunosorbent assay (ELISA)
Secreted FasL in plasma were determined by ELISA kit

(RayBiotech, Georgia, USA), following the manufacturer’s recom-
mendations.

Statistics
Statistical evaluation was performed by using the Mann-

Whitney U-test, the Wilcoxon signed-rank test or Student t-test, as
appropriate, with α set to 0.05. Correlation coefficient was deter-
mined using the Spearman Rank Correlation.

For detailed information on the materials and methods used, see
the Online Supplementary Material and Methods. 

Results

Characterization of T-LGL miRNome
To identify miRNAs potentially involved in T-LGLL, the

miRNA pattern of expression was investigated in CD57+
cells purified from six patients affected by T-LGLL and
three healthy donors, using Taq-Man Human microRNA
Array. Unsupervised Hierarchical Clustering Analysis
(HCA) of normalized array data led to the identification of
two clusters: cluster A including LGL1, LGL3, LGL5 and
LGL9, and cluster B including LGL10, LGL17 together
with the three healthy donors (HD1, HD2, HD4), (Figure
1A). Interestingly, according to the characterization of the
T-LGLL patients enrolled in the study, LGL samples in
cluster A share the CD4–CD8+CD16+CD56–CD57+ (CD8
T-LGLs) immunophenotype, while LGLs in cluster B share
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Figure 1. miRNome of T-LGLL patients correlates with STAT3 phosphoryla-
tion. Peripheral blood CD57+ T cells from T large granular lymphocyte leukemia
(T-LGLL) patients (n=6) and healthy donors (HD, n=3) were collected. (A)
Heatmap representation of the 756 miRNAs analyzed using the TaqMan
microRNA array as described in the Methods. Results are expressed as arbi-
trary units (au) using U6 as reference control. (B) Whole-cell extracts (250x103

cells) purified from the same cells as in (A) were loaded on gels and analyzed
for STAT3-YP and total STAT3 expression level. Quantification of the relative
normalized STAT3-YP protein levels are reported as arbitrary units (au) below
the Western blot. Mean ± standard error of the mean (SEM) is shown, *P<0.05
by unpaired t-test. (C) Absolute neutrophil counts in each CD8 and CD4 T-LGLL
patient (circle) and HD (triangle). Mean ± SEM is shown. **P<0.01 by
unpaired t-test. Patients analyzed in each panel are specified in the Online
Supplementary Table S5.
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the CD4+CD8+CD16–CD56+CD57+ (CD4 T-LGLs)
immunophenotype (Online Supplementary Table S1). We
have recently shown that CD8+CD16+CD56–CD57±
immunophenotype identifies a subset of patients charac-
terized by the presence of STAT3 mutation and/or activa-
tion and neutropenia, whereas STAT3 mutations are lack-
ing in CD4 T-LGLL patients, usually displaying normal
neutrophil counts.5 Confirming our previous observation,
high levels of STAT3-YP, detected by Western blot analy-
sis (Figure 1B), characterized the CD8 T-LGLL patients,
three of whom carry STAT3 mutations (Online
Supplementary Table S1). Conversely, no STAT3 mutations
(Online Supplementary Table S1) nor constitutive activation
(Figure 1B) were detected in CD4 T-LGLs. No variation in
the total STAT3 levels between CD8 and CD4 samples
was detected (Figure 1B). Moreover, and consistent with
our previous observation, CD8 T-LGLL patients are char-
acterized by a significantly (P=0.0066) different absolute
neutrophil counts (ANC) as compared to CD4 T-LGLL
patients, that shows normal neutrophil counts (Figure 1C).
Taken together, our data show that the global miRNome
clusters with STAT3-activated/CD8 phenotype, that is, in
turn, characterized by neutropenia.

miR-146b is differentially expressed in CD8 versus
CD4 T-LGLs and inversely correlates with neutropenia

On the basis of the above correlation between the glob-
al mature miRNA expression profile and the presence of
activated STAT3 (Figure 1), and taking into account that a
pathogenic link between CD8 phenotype and STAT3
activation has been demonstrated,5 we hypothesized that
a STAT3 activation-dependent, CD8-specific miRNAs
expression pattern is in place. To get insights into this
immunophenotype-specific miRNome, miRNAs
expressed in CD8 and CD4 T-LGLs were subjected to dif-
ferential expression analysis. miRNAs showing threshold
cycle (Ct) value <32, and Fold Change (FC) value >2 or
<0.5 were considered as differentially modulated.
Accordingly, twenty-four miRNA emerged as up-regulat-
ed and only one miRNA, namely miR-146b, as down-reg-
ulated in a statistically significant manner (P<0.05) in
CD8 as compared to CD4 T-LGLs (Online Supplementary
Figure S1 and Online Supplementary Table S3).

Based on our recent data indicating that high level of
STAT3 activation correlates not only with CD8 T-LGLs
phenotype, but also with the presence of symptomatic
disease, mostly as a consequence of neutropenia,5 all the
miRNAs differentially expressed in CD8 and CD4 T-LGL
(Online Supplementary Table S3) were analysed for correla-
tion with the ANC. Correlation analysis highlighted only
two miRNAs, namely miR-630 and miR-146b, whose
expression correlated with ANC (P=-0.886, P=0.033 and
P=0.866, P=0.030, respectively) and simultaneously with
the levels of STAT3-YP (P=1.00, P=0.003 and P=-0.866,
P=0.033, respectively) (Online Supplementary Table S4).
None of the remaining differentially modulated miRNA
correlated with the absolute neutrophil count in a statis-
tically significant manner (Online Supplementary Table S4).
RT-qPCR single assay on additional T-LGLL patients con-
firmed the downregulation of miR-146b expression in
CD8 T-LGLs, compared to CD4 T-LGLs (P=0.018) or to T
lymphocytes from healthy donors (P=0.024) (Figure 2A).
Accordingly, miR-146b was found to inversely correlate
simultaneously with the levels of activated STAT3 (P=-
0.846, P=0.0005) and with ANC (P=0.707, P=0.0012)

(Figure 2B). Consistently, in the additional T-LGLL
patients a significant correlation between STAT3 activa-
tion and neutropenia was confirmed as well (P=-0.867,
P=0.0003) (Figure 2B, right panel). On the contrary, miR-
630 was confirmed as differentially expressed in CD4 
T-LGLs as compared to CD8 T-LGLs, but the correlation
with ANC was not validated (not shown).

To gain insights into the cause-effect relationship
between the degree of STAT3 activation and the lack of
miR-146b expression, CD8 T-LGLs were incubated with
non-toxic doses of the STAT3 inhibitor STATTIC and the
level of miR-146b expression was analyzed. Figure 2C
shows that blocking STAT3 activity in CD8 T-LGLs
unleashed miR-146b transcription, thus demonstrating
that suppression of miR-146b expression in CD8 T-LGLs
is secondary to constitutive STAT3 activation.

STAT3 is a well-known transcriptional activator for
many genes,20 and it has also been reported to inhibit
gene expression by promoting methylation of the target
genes promoter.21-23 In normal tissues STAT3 is reported to
activate miR-146b transcription.24,25 However, in several
systems miR-146b promoter methylation has been
shown to prevent miR-146b expression, even in the pres-
ence of constitutively activated STAT3.26,27 According to
the publically available methylome data (https://genome-
e u r o . u c s c . e d u / c g i - b i n / h g Tr a c k s ? d b = h g 1 9 & l a s t
VirtModeType=default&lastVirtModeExtraState=&virtMode
Type=default&virtMode=0&nonVirtPosition=&position=chr1
0%3A104196181104196428&hgsid=230688991_Xz5zjxAj
b58tIT5oL9i5MkaweCLp), four cytosine located upstream
(-570bp, -63bp, -56bp, -26bp) and two located down-
stream (-71bp, and -273bp) the miR-146b TSS (Online
Supplementary Figure S2) have been identified as differen-
tially methylated in different cell lines. On these bases,
we analyzed the level of miR-146b promoter methylation
in CD8 and CD4 T-LGLs that are characterized by the
presence or absence of activated STAT3, respectively. Our
results showed a significantly higher level of 5meC in the
regions -687bp/-496bp (+141.21%, P<0.01) and -
149bp/+98bp (+58.46%, P<0.05) upstream miR-146b TSS
in CD8 T-LGLs compared to CD4 T-LGLs (Figure 3A). As
a control, methylation of the region downstream
(+44bp/+315bp) miR-146b TSS in CD8 and CD4 T-LGL
was comparable (Figure 3A). Inhibition of methyl-trans-
ferase activity with 5-aza-2-deoxycytidine (DAC)
restored the expression of the miR-146b primary tran-
script (pri-miR-146b) in CD8 T-LGLs (Figure 3B), further
proving that miR-146b promoter methylation prevents
miR-146b expression in CD8 T-LGLs. Remarkably,
STAT3 inhibition led to a statistically significant reduc-
tion of the level of DNMT1 expression, thus suggesting
that constitutive STAT3 activation may lead to miR-146b
promoter methylation (Figure 3B, left panel). Collectively,
these data suggest a cause-effect link between the lack of
miR-146b expression and constitutive STAT3-activation
in CD8 T-LGLs.

FasL mRNA-stabilizing protein HuR is target of 
miR-146b

To gain insights into the molecular mechanisms under-
lying the correlation between miR-146b expression and
ANC (Figure 2B, central panel), we focused our subse-
quent analysis on FasL. In fact, increased release of FasL
has long been reported as one of the most relevant factor
in the pathogenesis of neutropenia in LGLL patients.9,12,28
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According to our published data,5 RT-qPCR analysis
showed that FasL mRNA expression correlates with the
degree of STAT3 activation (P=0.762, P=0.0368) (Figure
4A) and simultaneously inversely correlates with ANC
(P=-0.727, P=0.0096) (Figure 4B). Most importantly, an
inverse correlation between miR-146b and FasL mRNA
expression (Figure 4C) and the release of soluble FasL
(sFasL) (Figure 4D) were detected. Consistently, FasL
mRNA expression was higher in CD8 T-LGLL patients
(MNE 0.0306±0.0067)  compared to the non-neutropenic
patients belonging to the CD4 T-LGLL subset (MNE
0.0119±0.0026, P=0.02) (Figure 4E). Interestingly, no dif-
ference in the level of FasL primary transcript (FasL-PT)
expression between CD8 and CD4 T-LGLs was observed
(Figure 4E), suggesting that a mechanism controlling FasL
expression at a post-transcriptional level is defective in
CD8 T-LGLL subset, that therefore display higher levels of
FasL mRNA as compared to CD4 T-LGLL subset.s

In order to demonstrate that miR146b and FasL expres-
sion were causally linked, miR-146b was overexpressed in
Jurkat and the level of FasL mRNA was analyzed 48 h post
transfection. miR-146b-overexpressing cells have reduced
levels of FasL mRNA (MNE 2×10-5±5.77×10-6)  compared
to cells transfected with a scramble control miRNA (MNE
3.67×10-5±6.67×10-6) (Figure 5A), suggesting a role of miR-
146b in the regulation of FasL expression. Nevertheless, in
silico miR-target prediction analysis performed by seven
different target prediction software (microT4, miRanda,
Pictar2, PITA, RNA22, miRWalk and TargetScan) did not
identify FasL among the putative miR-146b target genes,
thus suggesting that miR-146b eventually affects FasL
expression indirectly, by targeting genes involved in FasL
mRNA stability. Among the sixteen genes retrieved as
putative miR-146b targets commonly predicted by all soft-
ware only one, namely the ribonucleoprotein Human
Antigen R (HuR, also known as ELAVL1), plays a well-
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Figure 2. STAT3-dependent inhibition of miR-146b expression in CD8 T large granular lymphocytes.
(A) miR-146b expression level in each CD8 (n=9) and CD4 (n=6) T large granular lymphocytes 
(T-LGLs) as well as in HD (n=9) together with mean±standard error of the mean (SEM) are shown.
*P<0.05 by Kruskal-Wallis tests. (B) Correlation analysis between miR-146b expression and STAT3-
YP (left, n=12), miR-146b expression and absolute neutrophil count (ANC) (central, n=18), and
between ANC and STAT3-YP levels (right, n=12). Grey circles identify CD8 T-LGLs, empty triangles
identify CD4 T-LGLs. miR-146b expression analyzed in real-time quatitative PCR (RT-qPCR) is report-
ed as arbitrary units after U6 normalization. The relative STAT3-YP protein levels, normalized for total
STAT3, are reported as arbitrary units (au). ANC is reported as cell×109/L. Spearman correlation
coefficient (p) and P-values are reported. (C) CD8 T-LGLs were cultured for 24 hours (h) in presence
of 15 mM STATTIC or DMSO as control (n=7). miR-146b primary transcript (pri-miR-146b) expression,
analyzed by RT-qPCR, is reported as Fold Induction (FI) relative to DMSO treated cells, after RPL32
normalization. Mean ± SEM are shown. ***P<0.001 by Wilcoxon signed-rank. Patients analyzed in
each panel are specified in the Online Supplementary Table S5.
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defined role in mRNA stabilization, and has been reported
to be absolutely required for FasL expression in T lympho-
cytes.29 Moreover, the potential miR-146b binding site in
the 3’ UTR of HuR (Online Supplementary Figure S3) has
been demonstrated to be functional by 3’UTR reporter
assay.30,31 Consistently, overexpression of miR-146b in
Jurkat cells led to a reduction of the intracellular HuR pro-
tein levels (-34.05±3.74%, n=2) (Figure 5B). Likewise,
silencing HuR with a specific HuR siRNA caused a paral-
lel reduction of FasL mRNA expression (Figure 5C), thus
providing further evidence for the causal link between
miR-146b-mediated reduction of the FasL mRNA-stabi-
lizing protein HuR and the consequent decrease of FasL
mRNA. Most importantly, restoring miR-146b expression
in purified CD8 T cells from LGLL patients caused a
reduction of HuR mRNA expression (Figure 6A), thus val-
idating HuR as endogenous miR-146b target in primary
CD8 T-LGLs as well. Concurrently, FasL mRNA, but not
FasL primary transcript, expression was reduced (Figure
6A), thus demonstrating that miR-146b-mediated reduc-
tion of HuR protein post-transcriptionally controls FasL
expression. To ascertain that HuR protein expression
inversely correlates with the levels of endogenous miR-
146b expression, the intracellular levels of HuR protein in
CD8 and CD4T-LGLs were examined. Remarkably,
endogenous HuR protein was detected in CD8 T-LGLs,

that express low levels of miR-146b, at levels significantly
higher (P=0.003) than those detected in miR-146b-
expressing CD4 T-LGLs (Figure 6B). Collectively, these
data show that in CD8 T-LGLs constitutively activated
STAT3 leads to the loss of miR-146b, that in turn unleash-
es the translation of HuR protein. As a consequence, HuR
stabilizes FasL mRNA and increases FasL production,
causing, in turn, neutropenia. 

Discussion

MicroRNAs  are regarded as important gene expression
regulators often involved in the pathogenesis of a variety
of conditions such as cancer and autoimmunity. In this
study, by exploring a relevant number of miRNAs, we
report the first characterization of a restricted pattern of
miRNAs differentially expressed in T-LGLL patients.
Unsupervised hierarchical clustering analysis identified a
correlation between the miRNA expression profile and
individual T-LGL subset, characterized by a specific CD8+

phenotype, by high levels of constitutive STAT3 phospho-
rylation and by the presence of specific clinical features.
Noticeably, miRNA expression correlates mostly with
STAT3 activation status, rather than with the presence of
STAT3 mutations. Several authors suggested a pathogenic
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Figure 3. Promoter methylation prevents miR-146b expression in CD8 T large granular lymphocytes. (A) The methylation level of -687/-496, -149/+98 miR-146b
promoter region and +44/+315 downstream region was analyzed by meDIP assay with anti-5meC antibody (Ab) in CD4 (n=3) and CD8 (n=3) T large granular lym-
phocyte leukemia (T-LGLs). Single value and mean±standard error of the mean (SEM) are reported as percentage over input. **P<0.01, ***P<0.001, not significant
(ns) P>0.05 by unpaired t-test. (B) PBMCs from CD8 T-LGLL patients were cultured in presence of 2.5 mM 5-aza-2’-deoxycytidine (DAC) for three days (left) or 15 μM
STATTIC for 24 hours (h) (right). pri-miR-146b (left) and DNMT1 (right) expression was analyzed. Data are expressed as Fold Induction (FI) relative to the untreated
condition (DMSO). Mean±SEM of six (left panel) and seven (right panel) independent experiments is shown. *P<0.05, by Wilcoxon signed-rank test. Patients analyzed
in each panel are specified in the Online Supplementary Table S5.
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Figure 4. miR-146b controls Fas ligand mRNA expression targeting HuR. Correlation analysis between Fas ligand (FasL) mRNA expression and STAT3-YP levels (A;
n=8), FasL mRNA expression and ANC (B; n=12), FasL mRNA expression and miR-146b expression levels (C; n=12) and soluble FasL (sFasL) and miR-146b expres-
sion levels (D; n=8). FasL mRNA is expressed as MNE relative to GAPDH, while miR-146b is expressed as au after U6 normalization. ANC is reported as cellx109/L
and sFasL is expressed in pg/mL. Spearman correlation coefficient (p) and P are reported. (E) FasL mRNA and FasL primary transcript (PT) were analyzed in CD8
(n=7) and CD4 (n=5) T-LGLs by real-time quatitative PCR (RT-qPCR). Data are expressed as MNE relative to GAPDH. Data are reported as mean ± standard error of
the mean (SEM). *P<0.05, ns, not significant by Mann-Whitney U-test. Grey circles identify CD8 T-LGLs, empty triangles identify CD4 T-LGLs. Patients analyzed in
each panel are specified in the Online Supplementary Table S5.

Figure 5. miR-146b regulates Fas ligand expression by targeting HuR in Jurkat
cells. (A) Jurkat cells were transfected with 75pmol miR-scr or miR-146b. 48
hours (h) after transfection cells were processed and miR-146b and FasL
mRNA expression were analyzed. Data are expressed as Mean Normalized
Expression (MNE) relative to U6 (miR-146b) and GAPDH (FasL mRNA).
Mean±standard error of the mean (SEM) (n=3) is shown. *P<0.05 by paired 
t-test. (B) Jurkat cells were transfected with 75pmol miR-scr or miR-146b. 48 h
after transfection cells were processed and HuR protein level was analyzed by
western blotting. One Western blot representative of two performed with similar
results is shown. The relative HuR protein level, normalized for GAPDH, is
reported as au below the Western blot. (C) Jurkat cells were transfected with
200pmol si-CTR or si-HuR and processed as described above. One Western
blot representative of two performed with similar results is shown.
Quantification of normalized HuR protein level and of FasL mRNA expression
(Mean±SEM, n=2) in transfected Jurkat is shown below the Western blot.
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role for STAT3 mutations in this disease.6,7 However these
mutations, mostly of the activating type, involve a vari-
able percentage of pathological clones and in many cases
are present in a very low percentage of LGL.32 Our results
point to the role of STAT3 activation as the dominant fac-
tor in the pathogenesis of the disease and in the induction
of a specific miRNA profile. These findings are consistent
with recent data from our lab indicating a correlation
between STAT3 activation, phenotypic pattern of prolifer-
ating LGLs and the presence of symptomatic disease,
mostly characterized by neutropenia.5

The mechanism sustaining neutropenia in LGLL
patients still remains poorly clarified. Since infiltration of
pathological LGLs usually play only a marginal role in the
pathogenesis of neutropenia, soluble factors have been
reported to be the more relevant players in this feature.
Among them, FasL has been detected at very high concen-
trations in LGLL patients.9,12,28 In particular, a significant
increase in FasL mRNA and protein expression was
reported in patients with CD8+CD16+CD56– phenotype.5,9-

12 Consistently, we also found that the CD8 T-LGL popu-
lation under investigation is characterized by higher levels
of FasL expression. Comparative analysis of the differen-
tially expressed miRNAs within different T-LGL subsets
allowed us to identify miR-146b as a unique miRNA. In
fact, miR-146b expression is decreased in CD8 T-LGLL,
that is distinguished from the CD4 T-LGLL phenotype by
high levels of constitutive STAT3 activation. Moreover,
miR-146b expression inversely correlates with the levels
of STAT3 tyrosine phosphorylation, with neutropenia and
concurrently with FasL expression, suggesting the exis-
tence of a STAT3-miR146b-FasL axis in T-LGL leukemia.
Inhibition of constitutively activated STAT3 by STATTIC
in CD8 T-LGLL patients increased miR-146b expression,

thus providing experimental evidence for a mechanistic
link between constitutively activated STAT3 and inhibi-
tion of miR-146b expression in CD8 T-LGLs. This finding
is in line with data showing that induction of miR-146b
expression by STAT3 occurs under normal physiological
conditions only in non-transformed cells, but is lost in
malignancy, mostly has a consequence miR-146b promot-
er methylation, that prevents miR-146b expression even
in the presence of constitutively activated STAT3.26,27 Here
we provide the first evidence of miR-146b promoter
methylation at the expected sites, thus pointing that a
similar mechanism might also take place in CD8 T-LGLL.
Inhibition of this process using DAC restored miR146b
levels. Moreover, a direct role of activated STAT3 in induc-
ing miR-146b promoter methylation, through regulating
expression of DNA methyltransferase 1 (DNMT1) has
been demonstrated in solid tumors27 and in malignant 
T lymphocytes.33 Similarly, we show that inhibition of
constitutively active STAT3-YP reduces the expression of
DNMT1, thereby providing a functional and mechanistic
link between activation of STAT3 signaling pathway and
its epigenetic control. Interestingly, a role for epigenetic
mechanisms taking place in chronic LGL proliferations has
been already reported by Caligiuri et al. in T-LGLL34 and by
our group in CLPD-NK,35 and our data contribute to
unravel the machineries differently activated in each sub-
sets of patients (i.e. CD8+ vs. CD4+ LGLL) with relevant
clinical impact.

Restoration of miR-146b expression in Jurkat cells and,
most importantly, in patients CD8 T-LGLL, resulted in a
significant reduction of the FasL mRNA expression level,
which occurs in the absence of modification of the FasL
primary transcript expression. Collectively, these data
indicate that miR-146b affects FasL expression at a post-
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Figure 6. HuR is the endogenous miR-146b target gene in CD8 T large granular lymphocytes. (A) CD8 T large granular lymphocytes (T-LGL) were transfected with
200 pmol miR-scr or miR-146b. 24 hours (h) after transfection cells were processed and miR-146b, HuR mRNA, FasL mRNA and primary transcript (PT) expression
were analyzed by real-time quatitative PCR (RT-qPCR). Data are expressed as MNE relative to U6 (miR-146b) and RPL32 (HuR, FasL mRNA and PT). Mean±standard
error of the mean (SEM) of two independent experiments is shown. (B) HuR protein level was analyzed by Western blot as described in the Methods in CD8 (n=5)
and CD4 (n=5) whole-cell extracts (15 mg). Normalized HuR protein levels are reported as arbitrary units (au) below the Western blot. *P<0.01 by unpaired t-test.
Patients analyzed in each panel are specified in the Online Supplementary Table S5.

A B



transcriptional level. Nevertheless, in silico miR-target pre-
diction analysis did not identify FasL among the putative
miR-146b target genes, thus suggesting that miR-146b
eventually affects FasL expression indirectly, by targeting
genes involved in FasL mRNA stability. In fact, we demon-
strated that the intracellular mRNA level of HuR (one of
the sixteen genes retrieved as putative miR-146b targets
independently predicted by seven miRNA-target predic-
tion software) is affected by miR-146b over-expression.
HuR, a ubiquitously expressed member of the HuR family
of RNA-binding proteins, has a known role in mRNA sta-
bilization and has been reported to be associated to the
ARE-containing 3’UTR of FasL mRNA, which is mandato-
ry for its expression.29,36 Remarkably, HuR has been exper-
imentally validated as miR-146b target genes in glioma
stem cells31 and endothelial cells,30 and the predicted miR-
146b seed region located in the 3’UTR of HuR mRNA has
been demonstrated to be functional.30,31 According to these
published data, restoration of miR-146b in CD8 T-LGLs
decreases the levels of HuR mRNA and, consistently, of

FasL. Noticeably, a statistically significant difference in the
levels of endogenous HuR protein between CD8 and CD4
T-LGLs is detectable. The suggested pathogenetic link
between constitutively active STAT3, defective miR-146b
expression and neutropenia, that specifically characterizes
the CD8 subset of LGLL, is schematically shown in Figure
7. In conclusion, even though the lack of miR-146b expres-
sion may have additional effects on the development and
progression of CD8 T-LGL leukemia, in this study we con-
vincingly demonstrated that a STAT3-dependent abroga-
tion of miR-146b expression plays a direct role in the
development of neutropenia reported in a subset of LGLL
patients, representing a potential target for individualized
therapeutic approach. 
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Figure 7. Schematic representation of the pathogenic link between constitutively active STAT3, defective miR-146b expression and Fas ligand-mediated neutrope-
nia, that specifically characterizes the CD8 subset of large granular lymphocyte leukemia. Methylation status of miR-146b promoter is represented as circles: empty
circles mean not methylated cytosine, while black circles represent methylated cytosine.
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