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Introduction 

Ectopic cell signaling leads to increased proliferation and prolonged survival of 

hematopoietic stem/progenitor cells (HSPC). These two phenomena are hallmarks of 

the leukemic hematopoiesis and common denominators in the pathobiology of almost 

all myeloid malignancies (1). The signaling pathways that appear to be involved in 

leukemic pathogenesis are the JAK/STAT, PI3/AKT and MAPK/ERK cascades (1). 

Herein, we summarize the involvement of the signal transducer and activator of 

transcription (STAT) proteins in the pathobiology of hematological malignancies and 

the cytometry-based approaches in studying the signaling pathways.  

 

STAT signalling in hematologic malignancies 

STAT proteins participate in many crucial procedures such as immune regulation, 

proliferation and haematopoiesis (2). Due to their central role, research has been 

focused on their potential role in leukemogenesis and indeed constitutive activation of 

STAT proteins has been found in almost all myeloid malignancies. The role of STAT3 

and STAT5 is the most well-characterized. 

Phosphorylated STAT3 (pSTAT3) is the most often identified culprit and constitutive 

activation of pSTAT3 has been reported in different malignant conditions leading to 

the hypothesis that activated STAT3 has oncogenic activity (3). STAT3 is upregulated 

in Acute Myeloid Leukemia (AML) and is associated with less favourable Event Free 

Survival (EFS) (4).  

Also, the basic levels of STAT5 are often shown to be elevated in AML, but literature 

data are not consistent (5). However, STAT5 knock down experiments, with the RNA 

interference method, both in normal and malignant CD34+ cells, have induced growth 

inhibition of these cells, and a significant reduction of HSPCs, indicating the role of 

STAT5 in the maintenance of both normal and clonal hematopoiesis. Moreover, gain 

of function studies, with overexpression of STAT5 in HSPCs of mice and humans, 

showed that the overexpression of STAT5 increases the self-renewal ability of 

hematopoietic stem/progenitor cells (HSPCs), leads their diversion to the erythroid 

lineage and induces myeloproliferative neoplasms in mice (6, 7). Although, the 

aforementioned data established the role of STAT5 in leukemogenesis, the constitutive 

levels of STAT5 in AML were not associated with disease prognosis potentially 

because previous studies utilized measurements of basal STAT levels in heterogenous 

cell populations by using conventional proteomic assays that could not address the 

cytokine regulation of signaling cascades.  

The single cell network profile (SCNP) using phosphospecific flow cytometry can 

identify pSTAT signalling biosignatures that reflect the biological behaviour of 

leukemic stem cells and distinguish a group of patients with worse prognosis (8, 9).  

Irish et al., in their seminal paper identified a double positive population of GCSF-

inducible pSTAT3 and pSTAT5 and absence of pSTAT1 in patients with aggressive 

AML (8). A similar GCSF-inducible double positive population of upregulated 

pSTAT3 and pSTAT5 was identified in JAK2V617F negative MPNs. The deregulation 



of STAT proteins was associated with mutation in the inhibitory adaptor protein LNK 

(10).  

In Myelodysplastic Syndromes (MDS), Miltiades et al demonstrated that STAT 

signaling biosignature is associated with response to hypomethylating agent 

azacytidine, cytogenetics and predicted event free survival. Moreover, a CD34+ GCSF-

inducible pSTAT3 and pSTAT5 double positive population whose pretreatment levels 

were amenable to modulation by AZA treatment correlated with response to treatment 

and followed the disease course. This double positive population had characteristics of 

a leukemic propagating cell (11). Those data suggest a shared STAT signalling 

biosignature and a central role for STAT proteins in the pathobiology of clonal myeloid 

neoplasms (8, 10, 11). 

STAT signalling in antitumor immune response  

STAT activation has several effects on both tumour cells and the tumour 

microenvironment. For instance, upregulation of pSTAT3 in tumour cells activates 

gene patterns that result in cell proliferation, tumour growth and angiogenesis (3). On 

the other hand, overexuberant STAT3 activity on immune cells promotes immune 

evasion by blocking the production of inflammatory signals and by activating the 

secretion of immunosuppressive cytokines such as IL-10 and IL-23 (3, 12, 13). 

Impaired STAT activation on T lymphocytes plays major role in different pathological 

conditions such as in Systematic Erythematosus Lupus (SLE). T lymphocytes in 

advanced stages of SLE lose their ability to upregulate STAT proteins after cytokine 

stimulation (14). In malignancies, deregulation of STAT signaling has been reported 

mainly in lymphocytes from tumour site. In melanoma, for example, defective IL2-

induced STAT1 and STAT5 activation has been associated with clinical stages of 

disease (15) and in IL-2 treated patients upregulation of pSTAT5 was associated with 

treatment response (16).  

There are few data regarding the role of STAT proteins on immune cells in patients 

with hematological malignancies. It has been shown that Follicular Lymphoma (FL) 

Tumor Infiltrating Lymphocytes (TILs) have impaired cytokine signaling (17). More 

specifically, IL-4 induced pSTAT6 and IL-21 induced pSTAT3 were significantly 

reduced in TILs in comparison with T lymphocytes from healthy donors. Furthermore, 

Myklebust J. et al showed that this reduction occurred in the compartment of PD1+ 

cells (17). These results suggest that the tissues in FL have inflammatory and immune 

activation signals that lead to T cell exhaustion and modulation of immune 

microenvironment (17). 

Recently it has been suggested that in patients with Chronic Lymphocytic Leukemia 

(CLL) IL6-induced pSTAT3 can positively affect the functional capacity of CAR T 

cells (18). Our group has found similar results in patients with MDS undergoing 

treatment with the hypomethylating agent azacytidine, where upregulation of IL6-

induced pSTAT3 on CD4+ T lymphocyte subsets is associated with better outcome 

(unpublished data). These data contrast with the generally negative role of STAT3 in 

the antitumour immunity, emphasizing the potentially dual function of STAT3, and 

raise concerns about the long-awaited pharmaceutical targeting (19).  



STAT mutations in myeloid malignancies 

Chromatin abberations and somatic mutations are present in all hematological 

disorders. Cancer is a genetic disease where oncogenic drivers are upregulated by 

initiating mutations leading to growth of tumour cells (16). Next generation sequencing 

(NGS) has created the opportunity to expand our knowledge of genomic background of 

different malignancies. Recent studies using NGS technology in hematologic 

malignancies identified high rate of mutations on different gene-groups such as genes 

implicated in chromatin regulation, RNA splicing, DNA modification and cell signaling 

(20). 

Mutations on STAT genes were absent in patients with MDS (21), AML (22) and 

multiple myeloma (23). Shahmarvand et al. reported the frequencies of STAT 

mutations in hematological malignancies using data which was obtained from 

Catalogue of Somatic Mutations In Cancer (COSMIC) (24). Although other STAT 

proteins have been found deregulated as well, STAT3 was the most frequently mutated 

gene of the STAT family. STAT3 mutations were mainly present in T-cell large 

granular lymphocytic leukemia (T-LGL) (25). 

Therefore, deregulation of STAT proteins in myeloid malignancies is rather not due to 

mutant allelomorphs of STATs. By contrast, mutations on genes that are involved in 

cell signaling and play regulatory role may affect and control aberrant STAT signaling. 

Mutational neoantigens are important targets for T cells in cancer immunity and the 

activation of antineoplastic T cells is strictly correlated with upregulation of STAT 

proteins because of their pivotal role in T cell polarization and differentiation (26, 27). 

Single cell network profiling  

The above studies underline the importance of the alterations of STAT signaling on the 

development of myeloid malignancies and the increasing interest in studying this 

signaling cascade. However, the study of unified pathways where cytokine activators 

are frequent upregulated, cannot be performed using the conventional proteomic 

techniques. Those techniques are usually focused on specific molecules without taking 

into account the microenvironment and the heterogenicity of cell population. 

The recent findings on the controversial role of STAT3 in immune cells emphasize the 

need of a dynamic study that capture the overall picture of signaling cascades. Single 

Cell Network Profiling (SCNP), is a novel flow cytometry-based approach with 

pathophysiological insights and very promising features. With SCNP both basal and 

stimulated, after a brief exposure to extracellular modulators, levels of a plethora of 

signaling molecules can be measured simultaneously and at the single cell level, giving 

the advantage of studying the mechanism underlying cytokine regulation of signaling 

pathways (28, 29). The use of SCNP can provide important mechanistic insights on 

critical cellular processes involved in tumorigenesis such as the way that tumour cells 

handle signals of their environment (8). Thus, this functional phenotype could be more 

representative of the biological behavior of malignant cells in contrast with the 

conventional phenotyping where surface markers have limited prognostic value (8, 11). 

More important, a linkage between molecular abnormalities and signaling pathways 

may be revealed, as patients with different clinical characteristics harboring a specific 



mutation or group of mutations can bear a distinct signaling profile (8).  Recently, the 

development of mass cytometry or cytometry by time of flight (cyTOF) has enabled 

the in-depth analysis of signaling profiles in detailed subpopulations of immune and 

cancer cells giving the opportunity of a system-wide view of signaling behavior (30). 

In conclusion, STAT signaling aberrations is heavily involved in leukemogenesis and 

may hold a prognostic and predictive value. Novel approaches in studying signaling 

pathways such as SCNP can provide important details that can be exploited in 

applications such as targeted therapies. Moreover, SCNP reinforced by the advent of 

single-mass cytometry (30) and large-scale deep sequencing, might be able to draft a 

patient-specific biosignature emerging both molecular and signaling data. That 

multilevel data can construct an integrative predictive model in myeloid malignancies 

and simultaneously be used in decision making in personalized treatment. 
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