
Research on breast cancer and associated therapies have 

been at the forefront of personalized medicine, particu-

larly with the help of high-throughput genomic techno-

logies and sophisticated computational analysis. Th e 

most obvious outcome is the discrimination between 

distinct cancer subtypes and the increasing number of 

specifi c markers that refl ect the heterogeneity of breast 

cancers [1].

An important predictor of negative prognosis is signal 

transducer and activator of transcription 3 (STAT3) [2], a 

pleiotropic transcription factor phosphorylated by 

several tyrosine kinases that are specifi cally activated in 

oncogenesis [3]. Th e negative regulation of Janus kinase 

(JAK)-STAT signaling is often overlooked despite being 

essential for balancing target gene expression output in 

response to external cues. Together with the well-known 

suppressors of cytokine signaling and protein inhibitors 

of activated STATs, protein tyrosine phosphatases (PTPs) 

are also key negative modulators of JAK-STAT signaling – 

as recently reviewed, for instance, in the downstream 

modulation of leptin signaling [4]. Several cancers 

present high levels of phospho-STAT3, and the 

dysregulation of the negative regulators of JAK-STAT 

signaling have been found to be the underlying cause in a 

number of cases. T-cell protein tyrosine phosphatase, 

nonreceptor type 2 (PTPN2) was identifi ed as a negative 

modulator of STAT3 in 2002 by Shuai’s laboratory [5] and 

its homozygous deletion was later found to be responsible 

for a subtype of T-cell acute lymphoblastic leukemia [6]. 

Indeed, every case of cancer recurrence in this subtype of 

T-cell acute lymphoblastic leukemia was consistently 

associated with the homozygotic loss of PTPN2 gene.

Building on these important fi ndings, the recent paper 

by Shields and colleagues examines the role of T-cell 

protein tyrosine phosphatase (TC-PTP) in breast cancer 

[7]. Using immunocytochemistry the authors found that 

~20% of all breast tumors present little to no TC-PTP, 

and that the lack of TC-PTP characterizes over two-

thirds of human breast primary tumor cells when triple-

negative tumors are interrogated. Although the authors 

do not investigate the cause of the TC-PTP depletion, 

this fi nding may provide a useful, new molecular prog-

nostic marker for the most severe type of triple-negative 

breast tumors.

Notably, Shields and colleagues also examined the 

mechanism of action of TC-PTP in modulating STAT3. 

First they showed that the (mainly nuclear) TC-45 iso-

form of TC-PTP is the principal negative regulator of 

STAT3 downstream of the epidermal growth factor 

receptor, and that the knockdown of TC-PTP does not 

lead to increased epidermal growth factor receptor tyro-

sine phosphorylation nor phosphatidylinositol 3-kinase 

or mitogen-activated protein kinase signaling. However, 

higher phosphorylation levels of the Src kinase (Y418) 

and STAT3 (Y705) were detected, thus supporting their 

iden ti ties as TC-PTP substrates. Interestingly, the authors 

also reported that IL-6-stimulated JAK1 is hyper phos-

phorylated in HeLa cells in TC-PTP knockdowns. In 

contrast, this is not the case in other breast cancer cell 

lines interrogated (T-47D, SK-BR-3 and HCC-1954) 

where, although STAT3 becomes hyperphosphorylated 
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in the absence of TC-PTP, JAK1 and epidermal growth 

factor receptor seemingly are not. Moreover, this 

regulation of STAT3 is nicely shown by the Tiganis group 

to be cell and signaling context dependent, since the 

increased phosphorylation of STAT3 and Src family 

protein tyrosine kinase following plating on collagen is 

not signifi cantly aff ected by the overexpression of 

TC-PTP [7]. An important conclusion to these intriguing 

results is that the targeting of these substrates by TC-PTP 

is not a random housekeeping event, but one that is 

selectively controlled, even in experiments where 

TC-PTP is overexpressed.

Overall, Shields and colleagues bring important points 

on the contribution of TC-PTP in the negative regulation 

of STAT3 in solid tumors. An unbiased search in 

Drosophila has previously shown that the most important 

negative regulator of JAK-STAT is DPTP61F, the fl y 

ortholog of human TC-PTP (PTPN2) and PTP1B (PTP 

nonreceptor type 1) [8]. Moreover, a recent study by the 

Miranda-Saavedra group where multiple STAT3 ChIP-seq 

libraries prepared from distinct cell types were compared 

showed that the genome-wide binding patterns of STAT3 

are largely cell type specifi c [9]. However, a conserved 

core of STAT3-dependent target genes transcription 

(n  =  35) is shared in all cell types investi gated. Th is 

universal and cell type-independent regula tory network 

includes STAT3’s self-regulation, as well as STAT3-

mediated transcription of negative regulators such as 

PTP1B and suppressor of cytokine signaling 3. If these 

fi ndings can be extrapolated to breast cancer, this will 

mean that STAT3 activation in breast cancer may cause a 

diversity of transcriptional responses depending on the 

breast cancer subtype, and that cancer cells expressing 

hyper phosphorylated STAT3 may also need to silence 

some or all STAT3-regulated negative feedback loops for 

tumor cells to remain oncogenic.

An additional and critical question here is the ultimate 

consequences of PTPs in the negative regulation of 

phospho-STAT3, both in normal epithelial cells and in 

breast cancer cells: is TC-PTP as well as other PTPs 

simply acting as a rheostat – that is, a quantitative 

regulator of JAK-STAT signaling? Or do diff erent levels 

of PTPs lead to quantitative as well as qualitative changes 

in the downstream STAT3 target genes? PTPs are often 

seen as off -switches in protein phosphorylation, yet they 

modulate both positively and negatively a large number 

of pathways. Th e fi ndings reported by Shields and 

colleagues, and those of Hutchins and colleagues using a 

system immunology approach, are slowly unveiling new 

and important regulatory mechanisms controlled by 

PTPs. Th ese mechanisms likely have a signifi cant role in 

STAT3-promoted breast cancers. It will be exciting to see 

a better understanding of these mechanisms in normal 

and cancer cells with the rapid integration of biochemical 

and cellular biology with high-throughput genomics and 

bioinformatics methodology.
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