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   Introduction 

 Large granular lymphocytic (LGL) leukemia is a chronic disorder 
of either mature cytotoxic CD3    �    T-cells or CD3 neg  natural killer 
(NK)-cells infi ltrating blood and bone marrow (1). Th e median 
age of onset is 60 years, and the prevalence is estimated to be 
2% – 5% of chronic lymphoproliferative diseases in North America 
(2). Th e diagnosis, according to the World Health Organization 
(WHO) 2008 classifi cation, is based on persistent peripheral LGL 
lymphocytosis ( �    0.5    �    10 9 /L) and, in the case of T-LGL, clonal 
rearrangement of T-cell receptor (TCR) (3). Considering NK-
LGL leukemia, WHO distinguishes chronic lymphoproliferative 
disease of NK-cells (CLPD-NK) from more aggressive, oft en 
rapidly progressing and chemorefractory NK-LGL leukemia. 
Typical clinical and hematological characteristics including 
anemia, neutropenia, and autoimmune disorders (such as 
rheumatoid arthritis) further support the diagnosis. 

 Leukemic T-LGLs display the phenotype of mature, terminal-
eff ector memory cells. Normally these cells undergo programmed 
apoptosis by activation-induced cell death (AICD) (4). It is hy-
pothesized that aft er the original antigen-driven immune response 
and expansion of LGLs, the dysregulation of several signaling 
pathways sustains a constitutively active clonal cell population, 
which is resistant to Fas-mediated apoptosis (5 – 8). One of these 
key proteins in LGL leukemia is signal transducer and activator 
of transcription 3 (STAT3). Leukemic LGLs have been shown to 
constitutively express phospho-STAT3, and STAT3 inhibition 
resulted in apoptosis of leukemic cells (5). Th e molecular basis 
for these observations was recently uncovered with the identifi ca-
tion of common somatic, gain-of-function  STAT3  mutations in 
40% – 70% of T-LGL and 30% of NK-LGL leukemia patients 
(5,9,10). Similar mutations in the  STAT5b  gene are seen in a 
smaller proportion of LGL leukemia patients. Th e purpose of this 
review is to provide an overview of STAT3 and STAT5b in the 
molecular pathogenesis of LGL leukemia.   

 STAT3 and STAT5b signaling 

 Both  STAT3  and  STAT5b  genes are located in the chromosome 17 
in adjacent regions. Th e coded proteins are transcription factors, 
which reside in the cytoplasm as latent monomers. Th eir protein 
structure is similar consisting of coiled-coil, DNA-binding, linker, 
SRC-like homology 2 (SH2), and transcriptional activation do-
main (TAD) (Figure 1) (11). STAT3 exists in two major isoforms: 
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    Key messages    

 Somatic, gain-of-function   • STAT3  mutations are seen 
in 11% – 70% of LGL leukemia patients and  STAT5b  
mutations in 2% of LGL leukemia patients.   
   • STAT3  and  STAT5b  mutations can be used as diagnostic 
markers of LGL leukemia and facilitate the development 
of targeted therapies.    

  Large granular lymphocytic (LGL) leukemia is an incurable chron-
ic disease, characterized by clonal expansion of cytotoxic T- or 
NK-cells in blood and bone marrow. Cytopenias (anemia, neutro-
penia) and autoimmune disorders such as rheumatoid arthritis 
are the most common clinical manifestations of LGL leukemia. 
Recently, somatic activating  STAT3  gene mutations were shown to 
be specifi c for LGL leukemia with a prevalence of up to 70%. Anal-
ogous mutations in the  STAT5b  gene were seen in a smaller pro-
portion of patients. These gain-of-function mutations are located 
in the SH2 domain of STAT3 and aff ect the phosphotyrosine – SH2 
interaction required for dimerization of STAT3. The mutations 
increase the phosphorylation of STAT3 and STAT5b and enhance 
the transcriptional activity of the mutated proteins.  STAT3  and 
 STAT5b  mutations can be used as molecular markers for LGL 
leukemia diagnostics, and they present novel therapeutic targets 
for STAT3 and STAT5b inhibitors, which currently are in develop-
ment for treatment of cancer and autoimmune disorders.  

 Key words:   LGL  ,   leukemia  ,   lymphocyte  ,   oncogene  ,   STAT3  ,   STAT5b  , 
  transcription factor  
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STAT3 α  and a truncated form STAT3 β , which lacks the TAD 
and seems to work in a dominant-negative manner and has also 
specifi c functions of its own (12). STAT5b protein does not have 
isoforms, but it shares a sequence identity of over 90% in protein 
level with STAT5a (13). 

 Th e most important upstream activators of STAT3 and 
STAT5b are diff erent cytokines, growth factors, and cyto-
plasmic non-receptor tyrosine kinases, which have either 
intrinsic or associated tyrosine kinase activity (Figure 2) (14). 
In a typical activation cascade aft er cytokine receptor stimuli 
Janus-activated kinases (JAKs) phosphorylate a single tyrosine 
residue (Tyr705 of STAT3 and Tyr699 of STAT5b), triggering 

conformational change required for the dimerization through 
reciprocal phosphotyrosine – SH2 domain interaction (15). 
Phosphorylated dimers translocate to the nucleus, bound to the 
consensus DNA motifs, and activate a number of downstream 
pathways, which are involved in apoptosis, cell cycle, prolif-
eration, cellular transformation, and infl ammation (Figure 2) 
(16,17). Phosphorylation of Ser727 residue of STAT3 is also 
likely to aff ect the transcriptional activity of dimerized STAT3, 
depending on the cellular context (18). Activated downstream 
pathways are specifi c to the cell type, and although upstream 
regulators of STAT3 and STAT5b are diff erent, based on the 
ChIPSeq data 90% of STAT5 binding sites are co-occupied with 
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  Figure 1.     Th e protein domains of STAT3 α  (A) and STAT5b (B) with the mutated amino acids detected in cancer are presented in a linear model.  
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  Figure 2.     STAT3 and STAT5b signaling cascade.  
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STAT3 in T-cells (19). STAT3 and STAT5b activation is reversed 
by phosphatase, the suppressor of cytokine signaling (SOCS), 
and protein inhibitors of STAT (PIAS) protein families (20).   

 STAT3 in lymphocytes, cancer, and autoimmunity 

 STAT3 is essential for development, and total Stat3 ablation leads 
to early embryonic lethality in mice (21). Targeted disruption 
of STAT3 function in T-cells results in impaired IL-6-mediated 
survival and reduced proliferative response when stimulated 
with IL-2 (22,23). In humans, heterozygous germ-line mutations 
in DNA-binding and SH2 domain of  STAT3  are seen in patients 
with hyper-IgE syndrome (24,25). Hyper-IgE is characterized by 
recurrent staphylococcal infections, eczema, cyst-forming pneu-
monias, and high serum-IgE. Th e current hypothesis is that these 
heterozygous mutations aff ect STAT3 function in a dominant-
negative manner: mononuclear cells extracted from hyper-IgE 
patients respond poorly to IL-6 stimulation, and co-expression 
of mutated protein with wild-type (wt) STAT3 in diff erent cell 
lines leads to impaired DNA-binding and transcriptional ability 
of STAT3 (24,25). 

 Tyrosine kinases are oft en overactive in cancer due to genetic 
or epigenetic alterations, and STAT3 activation is consequently 
seen in many malignancies as a secondary event, caused mainly 
by autonomous IL-6 and SRC kinase activation loops. Th e eff ects 
of constitutively active STAT3 depend on the cell type and co-
activating proteins: STAT3 activates transcription of downstream 
anti-apoptotic proteins such as BCL-XL and MCL1, prevents 
cell cycle arrest through MYC, and down-regulates transcription 
of the common tumor suppressor TP53 (26). Aberrant STAT3 
activation is oft en observed in head and neck cancer, multiple 
myeloma, breast cancer, and many hematological malignancies 
(26 – 32). However, somatic  STAT3  mutations have not been found 
in these malignancies in genome-scale sequencing of large patient 
cohorts (33,34). 

 Th e oncogenic potential of STAT3 itself was demonstrated in 
a paper by Bromberg et   al., in which a spontaneously dimerizing 
and constitutively active STAT3-molecule, STAT3-C, was created 
by substituting two amino acids (A662 and N664) in the SH2 do-
main of STAT3 with cysteine (35). STAT3-C protein transformed 
fi broblasts independent of phosphorylation status, and these cells 
were able to form tumors in nude mice. 

 In addition to cancer, IL-6-STAT3 activation has been observed 
in many autoimmune and chronic infl ammatory diseases. STAT3 
is required for the T H 17 immune response, and aberrant func-
tion of T H 17 helper T-cells is linked with STAT3 overexpression 
in rheumatoid arthritis, psoriasis, multiple sclerosis, and Crohn ’ s 
disease (36 – 40).   

 Somatic STAT3 mutations in LGL leukemia and other 
malignancies 

 Leukemic LGLs express constitutively active STAT3, and STAT3 
inhibition leads to decreased MCL-1 expression, restored FAS 
sensitivity, and apoptosis of leukemic cells (5). Th e actual cause 
for constitutive STAT3 activation in LGL leukemia was recently 
discovered, as somatic  STAT3  mutations were found in up to 70% 
of T-LGL and 30% – 40% of NK-LGL leukemia patients (Table I) 
(9,10,41 – 43). Th e most common  STAT3  mutations observed 
were Y640F and diff erent missense mutations in the D661 codon. 
Notably, the reported prevalence of  STAT3  mutations in these 
studies diff ers signifi cantly. Based on our data, the mutations 
were more common in patients with one large monoclonal LGL 
expansion (10). Some patients who meet the diagnostic criteria 

of LGL leukemia harbor multiple smaller lymphocyte expan-
sions, and thus the discrepancy in mutation frequencies can be 
related to the diff erences between patient cohorts and also to the 
insensitivity of capillary sequencing techniques, which require 
that at least 20% – 30% of the cells in the sample represent the 
mutated clone. 

 Th e mutations detected in LGL leukemia patients are located 
in exons 20 and 21 in the SH2 domain of  STAT3 , and are diff erent 
from the inactivating mutations identifi ed in hyper-IgE syndrome 
(Figures 1 and 3). Based on functional analyses, mutated STAT3 
is constitutively phosphorylated and transcriptionally active 
when compared to the wt STAT3 (9,10,44). Th e eff ects of  STAT3  
mutation Y640F have also recently been studied in mice. Th e 
expression of Y640F-mutated  STAT3  led to the development of 
myeloproliferative neoplasm in a murine retroviral transduction –
 bone marrow transplantation model, but no abnormalities were 
found in T- or NK-cell compartments (45). 

 IL-6-STAT3 pathway mutations have also been observed in 
infl ammatory hepatocellular adenomas (IHCA): 60% of these tu-
mors have activating somatic  IL-6  mutations, and 12% of wt IL-6 
patients carry somatic  STAT3  mutations (44,46). Two of these 
mutations are in the same amino acid as in LGL leukemia (K658Y, 
Y640F). In other tumor types studied thus far,  STAT3  mutations 
have been rarely detected. Sequencing of CD30    �    ALK-negative 
anaplastic large cell lymphomas (ALCL) and CD30    �    peripheral 
T-cell lymphomas (PTCL) revealed  STAT3  mutations in 2/18 and 
2/8 cases, respectively (42). In another patient series the  STAT3  
mutation frequency was 2/79 (2.5%) in diff use large B-cell lym-
phoma and 4/258 (2%) in diff erent T-cell lymphomas (45). A 
novel activating  STAT3  mutation M206K was detected when 40 
patients with diff use large B-cell lymphoma (DLBCL) were se-
quenced (47). Screening of a large cohort of cancer patients with 
diff erent solid tumors and hematological malignancies ( n     �    2677) 
excluding LGL leukemia revealed only two non-recurrent  STAT3  
mutations (G656D in a peripheral T-cell lymphoma case, and 
C643K in rectal adenocarcinoma) (48). Diff erent mutations found 
in other cancers are presented in Figure 1 and Table I.   

 Somatic STAT3 mutations in aplastic anemia 
and myelodysplastic syndromes 

 Aplastic anemia (AA) is characterized by failing hematopoiesis 
and pancytopenia, which are thought to be caused by T H 1 and 
cytotoxic lymphocytes inhibiting pluripotent hematopoietic pre-
cursor cells in the bone marrow (BM) (49). Myelodysplastic syn-
dromes (MDS) are a group of BM failure diseases with ineff ective 
hematopoiesis, also originating from a primitive hematopoietic 
stem cell (50). Th e pathogenetic events in MDS probably con-
sist of a heterogenous mixture of somatic mutations, epigenetic 
changes, and deregulation of the immune system and BM stromal 
cells (50). Interestingly, in a proportion of both AA and MDS 
patients skewing of T-cell receptor repertoire has been reported, 
and some of these patients meet the criteria of concomitant LGL 
leukemia (51). In a recent study, the two most common  STAT3  
mutations in LGL leukemia (Y640F and D661Y) were screened by 
ARMS-PCR, and these mutations were detected in AA and MDS 
patients both with and without concurrent LGL leukemia (52). 
Th e frequency of the mutations was 55% and 7% in AA (with and 
without LGL expansions, respectively), and 38% and 3% in MDS 
(52). It is intriguing to speculate that these  STAT3 -mutated clonal 
lymphocyte expansions could indicate a presence of self-reacting 
cells targeting hematopoietic precursors in AA and MDS, but fur-
ther studies are needed to understand the biological signifi cance 
of the found mutations. 
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 All somatic  STAT3  mutations described above in diff erent 
disease conditions are listed in Figure 1 and Table I.   

 STAT5b in lymphocytes and cancer 

 STAT5b is required for the development and normal function 
of lymphocytes. Stat5b �/�  mice are viable but display impaired 
pituitary growth hormone production, consequently diminished 
body growth, and diminished NK-cell count with maturation 
block in bone marrow and impaired NK-cell response to IL-2 and 
IL-15 (53 – 55). Similar clinical features and lower number of NK-
cells are seen in STAT5b-defective humans (56,57). Depletion of 
both Stat5a and Stat5b in mice leads to perinatal lethality, severe 
combined immunodefi ciency, and lack of lymphoid cells (58). 

 Similar to STAT3, constitutive STAT5 activation is also essen-
tial in many malignancies, and the mechanism of its activation has 
been studied in detail for example in chronic myeloid leukemia 
(CML) and other myeloproliferative neoplasms (59,60). In CML, 
STAT5 activation is a result of the oncogenic BCR-ABL1 fusion 
protein, and it confers anti-apoptotic eff ects through Bcl-XL 
(61,62). Th e inhibition of STAT5 induces apoptosis of CML cells 
(63). In other myeloproliferative diseases (such as polycythemia 
vera, essential thrombocytosis, and myelofi brosis) STAT5 activa-
tion occurs commonly through activating JAK2 V617F mutation 
(64). Th e mutation has been observed in over 90% of patients 
with polycythemia vera and in 30% – 50% of cases with essential 
thrombocytosis or primary myelofi brosis (64,65). JAK2 is an up-
stream regulator of STAT5, and STAT5 activation is critical for 
the cellular transformation through V617F-mutated JAK2 (66). 

 Two constitutively active  STAT5  mutants (STAT5-C) have 
been described, both created by random mutagenesis  ex vivo . Th e 
fi rst of these had two amino acid substitutions: H299R in DNA-
binding domain and S711F in TAD (67). Th e mutated proteins 
were phosphorylated, localized in the nucleus of transfected 
cells, transcriptionally active, and able to sustain growth of IL-3-
dependent cells in the absence of IL-3 (67). Th e second STAT5-C, 
with one missense mutation N642H, showed similar properties 
both biochemically and biologically (68). Notably, disruption of 
Tyr694 abolished all the acquired properties of STAT5-C N642H , 
indicating that phosphorylation and dimerization are essential 
for the aberrant function of the STAT5-C (68). Th e authors also 

screened 49 patients with acute leukemia, but none harbored 
mutations in  STAT5  genes (69).   

 STAT5b mutations in LGL leukemia 

 Interestingly, LGL leukemia patients without  STAT3  mutations 
display phosphorylated STAT3 (pSTAT3), and the comparison 
between mutated and unmutated patients has demonstrated very 
similar gene expression patterns (9,10) implying that patients 
without  STAT3  mutations may have other mechanisms induc-
ing STAT3 activation. Exome sequencing of  STAT3 -mutation-
negative LGL leukemia patients led to the discovery of  STAT5b  
mutations in LGL leukemia (70). Th e two mutations found were 
N642H and Y665F, and they were located in exon 16 of  STAT5b  
in the SH2 domain (Figures 1 and 3). To date, it seems that the 
frequency of  STAT5b  mutations is clearly lower compared to the 
incidence of  STAT3  mutations (4/211, 2%) (70). Th e Y665F muta-
tion was detected in two untreated patients with CD56    �    T-LGL, 
whereas the N642H mutation was found in two patients suff ering 
from an atypical, aggressive chemorefractory form of LGL leu-
kemia (CD56    �    T-LGL and NK-LGL) (70).  In vitro , the N642H 
mutation demonstrated more prominent transcriptional activ-
ity in concordance with the clinical phenotype. Th e biochemical 
characteristics of the mutations and the phenotype of the patients 
have raised several questions: are  STAT5b  mutations typical for 
CD56    �    expressing T- and NK-LGL? Is the N642H mutation as-
sociated with the aggressive clinical presentation? Further studies 
are needed to clarify these issues. 

 Although STAT5a and STAT5b are closely connected, no 
 STAT5a  mutations have been detected in LGL leukemia patients 
thus far (70). Th erefore, the genetic background of LGL leukemia 
without  STAT3  and  STAT5  mutations is unknown, and novel mu-
tations aff ecting the same pathways may still be discovered when 
more patient samples are sequenced in detail (71).   

 The origin and the role of STAT3 and STAT5b 
mutations in LGL leukemia 

 Th e initial events leading to the expansion of the mutated LGL 
clones are not clear. Th e role of self-antigens or viral infections 
as triggers of immune activation and clonal expansion has been 
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  Figure 3.     Th e  STAT3  and  STAT5b  mutations seen in LGL leukemia patients are marked in blue dots in 3D model of STAT3 (A) and STAT5b (B) monomers. 
Th e STAT3 monomer is attached to target DNA, which is shown as a blue strand.  
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requires follow-up as reactive poly- or oligoclonal lymphocyte 
populations can be seen during viral infections, and tyrosine ki-
nase inhibitor therapy (84 – 86). Furthermore, the TCR repertoire 
narrows in elderly, and it has been shown that the prevalence of 
transient LGL-lymphocytosis correlates positively with age (87). 
 STAT3  and  STAT5b  mutations are the fi rst molecular markers that 
are highly specifi c for LGL leukemia and can prove the clonality 
also in the case of NK-cell proliferations. None of the mutations 
identifi ed is present in large genome-scale population-variation 
data sets, such as in the 1000 Genomes (www.1000genomes.
org/data). In addition to conventional capillary screening, novel 
second-generation deep sequencing methods can be used for the 
screening of  STAT3  mutations (43). Th e sensitivity of amplicon se-
quencing is even 0.5% – 1%, and it is superior to allele-specifi c PCR 
methods as it can detect all mutations in the area sequenced.   

 STAT3 and STAT5b as therapeutic targets in LGL 
leukemia 

 LGL leukemia patients are currently treated with lymphotoxic, 
immunosuppressive agents such as methotrexate, cyclosporine, 
and cyclophosphamide (2). Although the disease is indolent, 
the majority of patients require treatment at some time point 
due to anemia, neutropenia, or autoimmune manifestations. 
Th e overall response rate for methotrexate, which is the most 
common fi rst-line treatment, is approximately 50% in retrospec-
tive patient series, and relapses are common if the treatment is 
discontinued (2). 

 STAT3 is a potential therapeutic target not only in cancer, but 
also in autoimmune disorders. STAT3-specifi c small molecule 
SH2-inhibitors have shown promising results in preclinical tri-
als. A novel orally administered compound, BP-1-102, inhibited 
breast and lung cancer cells in cell culture and mouse xenograft s 
by disrupting the STAT3 SH2 – phosphotyrosine interaction and 
the dimerization of STAT3 (88). Another inhibitor, OPB-3112, 
induced tumor-specifi c growth inhibition in leukemic cell lines 
HEL92.1.7, KU812, and TCCy/sr without aff ecting growth of 
normal human hematopoietic cells (89). OPB-3112 has entered 
phase I/II clinical trials. Another way of STAT3 inhibition is the 
use of decoy oligonucleotides, which target the DNA binding do-
main and block the nuclear transfer of STAT3 (90). Th is could 
be a potentially interesting approach in STAT3-mutated LGL 
leukemia, but it needs to be tested whether STAT3 mutations in 
the SH2 domain could aff ect the binding affi  nity of small mol-
ecule SH2-inhibitors. Some preliminary work has been done with 
two diff erent cell lines carrying STAT3 mutations Y640F (YT1, 
NK/T-cell line) and G618R (FEDP, ALK-negative ALCL) (45). 
STA-21 (a small-molecule STAT3-inhibitor inhibiting the SH2 – 
phosphotyrosine interaction) was able to prevent the growth of 
both cell lines, suggesting that these mutations do not aff ect the 
binding of the drug signifi cantly (45). 

 STAT5 inhibitors, such as small molecule STAT5-SH2 domain 
inhibitors, are under development for the treatment of STAT5-
dependent malignancies (91,92). However, there are not yet any 
specifi c STAT5 inhibitors in the clinical trials. Pimozide is an an-
tipsychotic drug that has been identifi ed as a STAT5 inhibitor in a 
high-throughput drug screen for STAT5-targeting drugs (63). Its 
mechanism of action is unknown, but it has been able to induce 
apoptosis through BCR-ABL1-independent STAT5 inhibition in 
CML cells and also in FLT3-mutated AML model (63,93). Con-
sidering the STAT5b targeting in LGL leukemia, it is notable that 
the two patients discovered with the  STAT5b  N642H mutation 
suff ered from an atypical, aggressive, and treatment-resistant 
form of LGL leukemia (70). If the N642H is the driver mutation 

suspected, but none of the theories have yet been experimentally 
confi rmed. In general, the connection between cancer and certain 
infectious agents is well established. Epstein – Barr virus (EBV) is 
oft en associated with Hodgkin lymphomas and rare aggressive 
NK-LGL leukemia (also with the nasal form), and human papil-
lomaviruses (HPV) with cervical cancer (72 – 74). Interestingly, 
constitutive and aberrant STAT3 activation has been observed 
in aggressive nasal NK-LGL leukemia patients, and its inhibition 
led to the apoptosis of MEC04 cells, which are derived from a 
NK-LGL leukemia patient (75). Similarly, STAT3 expression lev-
els have been shown to increase in HPV16-infected cells when 
cervical lesions progress to cancer (76). Increased levels of HTLV 
antibodies have been detected in LGL leukemia, but only in a 
minority of patients ( �    5%) (77). No other viral etiology has 
clearly been related to LGL leukemia. 

 In several autoimmune diseases, autoantigens are thought to 
play a role in disease initiation. Th e antigen target of LGL leu-
kemia cells is not known, but based on the TCR repertoire no 
clear preference of the TCR usage has been observed (78). It has 
been hypothesized that in LGL leukemia the initial polyclonal 
lymphocyte reaction may evolve fi rst to oligoclonal and then to 
monoclonal expansion. It is possible that chronic immune acti-
vation leading to the amplifi cation of the IL-6-STAT3 activation 
loop increases the incidence of somatic mutations in this specifi c 
pathway. Th is hypothesis is further supported by the fact that 
some LGL leukemia patients have multiple mutations in the SH2 
domain of  STAT3 , existing either in the same expanded lympho-
cyte clone or in multiple clones (43,79). 

 In a network model of LGL cell survival signaling, IL-15 and 
platelet-derived growth factor (PDGF) (both upstream regulators 
of STAT5) were able to sustain leukemic population (8). Th e role 
of IL-15 has also been demonstrated in a mouse model in which 
wt LGL cells cultured with IL-15 and transplanted to mice led 
to malignant transformation (80). Prolonged exposure to IL-15 
caused chromosomal instability through MYC-mediated up-
regulation of aurora kinases, and the activation MYC/NF- κ Bp65/
HDAC-signaling cascade repressed micro-RNA miR-29b, result-
ing in DNMT3 overexpression and DNA hypermethylation (80). 
Th e four LGL leukemia patients with  STAT5b  mutations had 
either NK-type LGL leukemia, or CD8    �    CD56 �  T-LGL (70). 
CD56 is typically a NK-cell surface antigen, but its expression in 
CD8    �    T-cells is linked to more potent cytotoxic activity and NK-
like behavior by means of MHC-unrestricted cytotoxicity (81). 
It is intriguing to speculate that the IL-15 overexpression may 
induce  STAT5b  mutations through genomic instability, and also 
program cells to a NK-like phenotype. 

 Considering the correlation between the clinical features and 
 STAT3  mutation status, it seemed that the  STAT3 -mutated pa-
tients had more oft en neutropenia and rheumatoid arthritis in a 
series of 77 T-LGL leukemia cases (9). In a larger series of LGL 
leukemia patients consisting both of T- and NK-LGLs, patients 
with  STAT3  mutation had required more lines of therapy during 
their course of the disease (10). However, no statistically signifi -
cant diff erences were observed in the overall survival between 
 STAT3  mutated and non-mutated patients (10).   

 STAT3 and STAT5b mutations as diagnostic tools 
in LGL leukemia 

 Th e diagnosis of LGL leukemia is sometimes diffi  cult, as no spe-
cifi c molecular markers have existed. Th e clonality of T-cells can 
be determined by analyzing the T-cell receptor (TCR) repertoire 
using either PCR or fl ow cytometry, but a similar assay is not pos-
sible for NK-cells (82,83). Th e establishment of diagnosis oft en 
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in their disease, targeted STAT5 inhibition could have signifi cant 
therapeutic potential in this type of LGL leukemia. 

 No clinical studies targeting JAK-STAT pathway with avail-
able JAK inhibitors (such as ruxolitinib) have been done in LGL 
leukemia, although STAT3 activation was already discovered 
more than 10 years ago in LGL leukemia patients.  In vitro , JAK2 
inhibitor AG-490 induced apoptosis of leukemic LGLs with a 
corresponding decrease in STAT3-DNA binding activity, but, in 
addition to JAK2, AG-490 inhibits also other kinases such as epi-
dermal growth factor receptor kinase (94). Furthermore, STAT3 
and STAT5b mutations seem to cause constitutive activation 
without upstream stimulation needed, and therefore it is possible 
that the inhibition of JAKs would not have adequate eff ect in LGL 
leukemia patients with activating  STAT3  or  STAT5b  mutations 
(9,68 – 70).   

 Conclusion 

 A large proportion (30% – 70%) of LGL leukemia patients have 
activating somatic mutations in the  STAT3  gene, whereas  STAT5b  
mutations are observed only in a minority of patients.  STAT3  mu-
tations seem fairly specifi c for LGL leukemia, although they have 
recently been found also in other bone marrow failure conditions 
such as in AA and MDS and in rare cases of other T-cell malig-
nancies.  STAT3  and  STAT5  mutation status should be included in 
the diagnostic criteria of LGL leukemia along with other already 
established hematological and clinical factors. Further studies are 
needed to understand the initiating events of  STAT3  mutations 
and their functional signifi cance. Th e inhibition of STAT3 path-
way is an attractive treatment target in LGL leukemia.            
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