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Abstract

The neoplastic Hodgkin/Reed-Sternberg (HRS) cells of classical Hodgkin lymphoma (cHL) depend on chronic activation of 
the Janus kinase (JAK)/signal transducer and activator of transcription (STAT) signalling pathways to maintain survival and 
proliferation. Accumulating reports highlight the importance of the inactivation or reduced expression of negative JAK/
STAT regulators such as the protein-tyrosine phosphatase 1B (PTP1B/PTPN1) in this process. Various PTPN1 mRNA variants 
as well as truncated PTP1B proteins were identified in cHL cell lines and primary cHL tumour samples. These PTPN1 mRNA 
variants lack either one or several exon sequences and therefore render these PTP1B variants catalytically inactive. Here, 
we show that one of these mutants, PTP1B∆2–4, is not only a catalytically inactive variant, but also augmented the IL-4-
induced JAK/STAT activity similar to the recently reported PTP1B∆6 splice variant. Moreover, while PTP1B∆6 diminished 
the activity and protein levels of PTP1BWT, PTP1BWT remained unaffected by PTP1B∆2–4, arguing for different molecular 
mechanisms of JAK/STAT modulation by PTP1B∆6 and PTP1B∆2–4. Collectively, these data indicate that PTPN1 variants 
missing one or more exon sequences originated either from alternative splicing or from gene mutation, create PTP1B gain-
of-function variants with oncogenic potential by augmenting JAK/STAT signalling in cHL.

Introduction
The hallmark of classical Hodgkin lymphoma (cHL) are malig-
nant mononucleated Hodgkin cells and the characteristic bi- or 
multinucleated Reed-Sternberg cells (HRS cells), in combination 
with a reactive infiltrate of different cell types (1,2). The HRS 
cells are characterized by the constitutive activation of the Janus 
kinase/Signal Transducers and Activators of Transcription (JAK/
STAT) signalling cascade (3–5). JAK/STAT signalling is induced 
upon binding of a cytokine/growth factor to its cognate receptor. 
Subsequently, members of the Janus kinase (JAK) family, JAK1, 
JAK2, JAK3 and TYK2 are recruited to the cytoplasmic part of the 
receptor, followed by the phosphorylation of the JAKs on spe-
cific tyrosine residues. In turn, JAK-mediated phosphorylation of 
the receptor creates binding sites for the Src homology 2 (SH2) 
domains of the STATs. Hereupon, recruited STATs are phos-
phorylated at specific tyrosine residues by the JAKs causing di-
merization of STATs. STAT dimers translocate into the nucleus, 
bind to specific promoter regions and induce the expression of 
specific target genes involved in cell–cycle control (e.g. cyclin 

D1, c-myc, p21) and cell survival (e.g. BCLXL, MCL1, BCL2) conse-
quently highlighting the important role of JAK/STAT signalling 
in oncogenesis (6,7).

PTP1B, encoded by the protein tyrosine phosphatase, non-
receptor type 1 (PTPN1) gene on chromosome 20 (20q13.13), 
is a crucial negative regulator of JAK/STAT signalling. PTP1B 
consists of a catalytic domain (30–278), a proline-rich domain 
(279–401) and a hydrophobic C-terminal domain (402–435) 
targeting the enzyme to the membrane of the endoplasmatic 
reticulum (ER). The phosphatase has inhibitory effects on dif-
ferent cytokine receptors and receptor protein tyrosine kin-
ases (RPTKs) as well as the JAK and STAT proteins by direct 
dephosphorylation of these proteins (8). The role of PTP1B 
in oncogenesis is diverse and depends on the tumour entity, 
yet, acting as tumour-suppressor in B cell lymphoma (9–11). 
Given the essential role of PTP1B in JAK/STAT signalling, the 
identification and characterization of the mechanisms con-
trolling the activity of this negative JAK/STAT regulator are 
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crucial for the understanding of its role in the pathogenesis of 
cHL. For instance, various mutations in PTPN1 were identified 
in different cHL cell lines and samples from primary medi-
astinal B cell lymphoma (PMBL) and cHL patients, including 
nonsense, missense or frameshift mutations, but also the loss 
of one or several exons was described (12,13). Some of these 
mutants display a diminished phosphatase activity and are 
less capable of reducing STAT activity in IL-4 stimulated cells. 
However, the functional impact of these catalytically inactive 
PTP1B mutants has not been analysed in detail.

We recently characterized PTP1B∆6, a PTP1B variant lacking 
the exon 6, in detail (13). Additionally, we found the PTP1B vari-
ants PTP1B∆2–4, lacking exons 2–4 and PTP1∆B2-8, lacking exons 
2–8, which were identified in individual cHL cases and in the 
cell lines Sup-HD1 and U-HO1, respectively. By investigating the 
functional relevance, only PTP1B∆2–4 augmented IL-4-induced 
JAK/STAT activity, comparable to PTP1B∆6 (13). However, 
PTP1B∆6, but not PTP1B∆2–4, caused a decrease in PTP1BWT ac-
tivity and degradation of the wild-type protein. Taken together, 
we show that the deletion of exon 2–4 renders PTP1B∆2–4 into a 
positive JAK/STAT regulator.

Materials and methods

Patients, tissue samples and immunohistochemistry
One hundred and nine tumour samples were collected from patients 
with cHL, who underwent surgical resection at the University Hospital 
Ulm. Histological type was classified according to the criteria of the 
World Health Organization (WHO) (14). Informed consent was obtained 
from all patients before surgery, and the Ethics Committee of the 
University of Ulm (242/12) authorized this study. Patient characteris-
tics are presented in Supplemental Table 1, available at Carcinogenesis 
Online. Immunohistochemistry was performed using DAKO Real 
Detection System Alkaline Phosphatase/RED rabbit/mouse (K5005, 
Agilent Technologies, Santa Clara, USA). In brief, paraffin wax em-
bedded tissue sections were deparaffinized in xylene for 15  min and 
dehydrated with graded ethanol washes (100–70%). Antigen retrieval 
was performed by pre-treatment with citrate buffer pH 6.0 using a pres-
sure cooker. Thereafter, slides were cooled to room temperature (RT), 
washed with PBS for 1 min and incubated at RT with anti-PTP1B primary 
monoclonal antibody [Ab-1 (FG6-1G), 1:100 dilution, Merck4Biosciences 
(Calbiochem®)] for 30 min. The sections were rinsed with PBS for 1 min, 
incubated with LINK biotinylated secondary antibody for 30 min at RT, 
followed by a wash with PBS for 1 min and incubation with Streptavidin 
Alkaline Phosphatase antibody for 30  min at RT. After another wash, 
the slides were incubated with RED chromogen for 16 min at RT and 
counterstained with DAKO REAL haematoxylin for 5 min RT. Staining 
intensity of PTP1B expression in HRS cells was scored in 6 different 
categories (Figure 2A).

Cell culture, transfection and treatment
Most of the cell lines (HEK293, L-428, L-1236, KM-H2, SUP-HD1) were pur-
chased from the DSMZ more than 20 years ago. The cHL cell line U-HO1 
(15) and the LCL cell lines (N,T,H) and HEK293-STAT6, were generated in 
our lab. All cell lines were authenticated by STR profiling (in 2020/U-HO1 
in 2017/HEK293 in 2016). Cell lines were grown in IMDM/RPMI (4:1) supple-
mented with 10% fetal bovine serum, glutamine, 100 U/ml penicillin, and 
100 µg/ml streptomycin at 37°C in a humified atmosphere with 5% CO2. 
Reagents were purchased from Lonza (Basel, Switzerland) and Biochrom 
(Berlin, Germany). HEK293 cells were transfected via the calcium-
phosphate method as described previously (16). HEK293-STAT6 cells were 
generated by transfecting a STAT6 expression vector and selected with 
serial dilution on medium laced with G418 antibiotics. L-428 cells were 
transfected by Amaxa® Cell Line Nucleofector® Kit as indicated by the 
manufacturer. Stably transfected L-428 cells were selected with serial 
dilution on medium laced with G418 antibiotics. Stable L-428 cells were 
treated with indicated amounts of etoposide, gemcitabine, doxorubicin 
(Internal pharmacy, University hospital Ulm) and the STAT6 inhibitor 
AS1516499 (Hycultec GmbH, Beutelsbach).

Plasmid construction
PTPN1WT, PTPN1C215S, PTPN1∆6, PTPN1∆2–4 and PTPN1∆2–8 cDNAs were 
integrated into the pcDNA3.1 vector (HA-tag) and into the pEXPR-IBA105 
vector (Strep-tag). T4 DNA ligase, buffers and restriction enzymes were 
purchased from New England Biolabs (Ipswich, USA).

Preparation of whole-cell extracts
Whole-cell extracts (WCE) were prepared using TNT buffer (20 mM Tris pH 
8.0, 200 mM NaCl, 1% Triton-X 100, 1 mM DTT, phosphatase and protease 
inhibitors) or Dignam C buffer (EMSA: 20 mM HEPES pH7.9, 25% Glycerol, 
0.42 M NaCl, 1.5 mM MgCL2, 0.2 mM EDTA, 1 mM DTT and protease in-
hibitors). Extracts were cleared by centrifugation at 20 000 × g for 10 min. 
Protein levels were determined using Bradford Reagent (Bio-Rad, Hercules, 
USA) at an absorbance of 595 nm.

Luciferase reporter assay
Cells were transfected with PTPN1-plasmids encoding PTPN1WT, 
PTPN1C215S, PTPN1∆6 and PTPN1∆2–4 variants, STAT6-luciferase reporter 
plasmid and actin-renilla plasmid, as described above, and stimulated 
with IL-4 after 24 h incubation. Total cell proteins were extracted after an-
other overnight incubation period. Measurements were performed on a FB 
12 Luminometer (Berthold Detection Systems, Pforzheim, Germany) using 
the Dual-Luciferase® Reporter Assay System (Promega, Madison, USA).

Immunoblotting
Proteins were separated by 10% SDS-Page and transferred to nitrocellulose 
membranes (0.2 µm; GE Healthcare, Chicago, USA). Immunoblots were per-
formed with the following antibodies: rabbit anti-pSTAT6(Y641) antibody 
(Cell Signaling, Danvers, USA), rabbit polyclonal anti-STAT6 (C-20) anti-
body (Santa Cruz, Dallas, USA), rabbit anti-PTPN1 (Sigma, St. Louis, USA), 
rat anti-HA antibody (Roche, Basel, Suisse), StrepMAB-HRP (IBA LifeScience, 
Göttingen, Germany) and mouse anti-β-actin antibody (Sigma, St. Louis, 
USA). Signal development was performed using horseradish peroxide-
conjugated secondary antibodies: anti-rabbit HRP (Sigma, St. Louis, USA), 
anti-mouse HRP (Sigma, St. Louis, USA) and anti-rat HRP (Cell Signaling, 
Danvers, USA). Protein bands were visualized by WesternSure® PREMIUM 
Chemiluminescent substrate (Li-cor, Lincoln, USA) using the C-DiGit ® Blot 
Scanner (Li-cor, Lincoln, USA) and Image Studio Digits Ver.5.2 software.

RNA isolation and semi-quantitative RT-PCR 
analysis
Isolation of the neoplastic HRS cells was already described in Zahn et al. 
2017 (Method S1). Extraction of RNA was employed by RNeasy Micro 
Kit (Qiagen, Hilden, Germany) and reverse transcribed by SuperScript 
II cDNA synthesis Kit (Invitrogen, Carlsbad, USA) following the instruc-
tion of the manufacturer. Semi-quantitative real-time PCR (sqPCR) 
was conducted with FastStart Universal SYBR Green Master (Rox) from 
Roche on a Rotor-Gene Q PCR machine. PCR thermocycling parameters 
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were 95°C for 5  min, 40 cycles of 95°C for 30  s, 53°C for 45  s and 72°C 
for 15 s. Each sample was run in triplicate and GAPDH and ACTB served 
as housekeeping genes. Fold induction was determined in a ∆∆Ct-based 
fold change calculation (17). (Primer Sequences (5′–3′): ptpn1 forward: 
TGGGTGAAGGAAGAGACCCA and reverse: CCCACGACCCGACTTCTAAC; 
ptpn1Δ6 forward: CGCACAATACTGGCCACAAAA and reverse: 
GGGTCTTTCCTCTTGTCCATTGT; ptpn1Δ2–4 forward: GGGCGGCC 
ATTTACCA GTTA and reverse: TCCAATTCTAGCTGTCGCACT; ptpn1Δ2–8 
forward: GCGGCCATTTACCAGCATGA and reverse: AACTCAGTGCAT 
GGTCCTCG; GAPDH forward: GCCAAAAGGGTCATCATCTC and reverse: 
TGTGGTCATGAGTCCTTCCA; ACTB forward: TGTGGCATCCACGAAACTAC 
and reverse: GGAGCAATGATCTTGATCTTCA).

Strep-tag immunoprecipitation and phosphatase 
activity assay
TNT extracts (0.5–1  mg protein) of HEK293 cells ectopically expressing 
Strep-tagged PTP1B variants (for phosphatase assay without phos-
phatase inhibitors) were incubated with 20  µl StrepTactin-Sepharose 
(IBA LifeScience, Göttingen, Germany) or magnetic Streptavidin Beads 
(New England Biolabs, Ipswich, USA) on a rotor at 4°C overnight. Isolated 
Strep-tagged PTP1B variants were subsequently washed with TNT buffer 
and 1×TBS. Precipitates were used either for immunoblotting or were 
split up in two for phosphatase assay. For this, pelleted sepharose was 
suspended in phosphatase buffer with PNPP and one sample was incu-
bated with an additional phosphatase inhibitor. The enzymatic activity 
of PTP1B was measured by hydrolysation of p-nitrophenyl phosphate 
(=PNPP) to p-nitrophenol at an absorbance of 405  nm in all samples. 
Samples with phosphatase inhibitors were used for background extrac-
tion. [Phosphatase buffer: 10 mM TRIS, pH7.5; 50 mM NaCl; 1 mM MnCl2; 
2 mM DTT; 10 mM PNPP (NEB, Ipswich, USA).]

Electrophoretic mobility shift assay
Double-stranded DNA probes were generated using a radioactively la-
belled 32p-ddCTP and polymerase I. Oligonucleotides for STAT6: 5′-AGGT
CGACTTCCCAAGAACAGAG-3′ (sense) and 5′-AGGCTCTGTTCTTGGGAAG
TCGA-3′ (antisense). Six micrograms of WCE were combined with radio-
actively labelled DNA probe and protein: DNA complexes were separated 
by gel electrophoresis and visualized by Fuji Medical X-RAY film (Tokio, 
Japan). Quantification was performed with ImageJ software (https://
imagej.net/Welcome).

MTS proliferation assay
To measure the survival and proliferation of cells, the CellTiter 96 Aqueous 
One Solution Cell Proliferation Assay (MTS) from Promega was used ac-
cording to the manufacturer’s protocol.

Statistical analyses
Student’s t-test was used to compare differences of means between two 
groups. For all analyses, significance was inferred at P < 0.05 (* P ≤ 0.05; 
** P ≤ 0.01; *** P ≤ 0.001). Graphpad Quick Calcs online statistical software 
(GraphPad Software, San Diego, CA, USA) or Social Science Statistics 
(https://www.socscistatistics.com/about/) was used.

Results

PTP1B expression is variable in primary cHL cases

Expression of PTP1B in cHL cell lines is highly variable, with 
U-HO1 being devoid of PTP1B expression and with Sup-HD1 
and HDLM-2 displaying low PTP1B expression levels, for ex-
ample (12,13). To explore whether the PTP1B expression in 
primary HRS cells shows a similar variation, we conducted 
immunohistochemical stainings of PTP1B in a cohort of clin-
ical cHL cases consisting of 109 cases using a scoring system 
based on the PTP1B signal intensity in the HRS cells (character-
istics of the cHL cohort is given in Supplemental Table 1, avail-
able at Carcinogenesis Online). Three examples for the staining 
intensity 0 and 5 of the malignant HRS cells used for evaluation 

of the PTP1B expression levels are depicted in Figure 1B. About 
71% of the HRS cells of the cases are positive for PTP1B expres-
sion, 15.6% show an intermediate or heterogenous protein level, 
6.4% show very weak PTP1B levels, and 6.4% were negative for 
PTP1B (Figure  1A). No correlation of PTP1B staining intensity 
with the relapse status, age at diagnosis, staging or subtype was 
detected (Supplemental Figure 1A–D, available at Carcinogenesis 
Online). A heterogeneous expression was also seen comparing 
the PTPN1 mRNA levels with the PTP1B protein levels in the HRS 
cells of a set of cHL cases (Figure 1C). Here, some of the cases 
show high PTP1B protein levels with low PTPN1 mRNA levels 
(cases 31, 59 and 52), while others show high PTPN1 mRNA, but 
low PTP1B protein levels (cases 158, 64 and 186), suggesting that 
mRNA and protein expression of PTP1B is only weakly correl-
ated in HRS cells (r  = +0.37, Supplemental Figure 1E, available 
at Carcinogenesis Online). Collectively, these results support the 
idea that PTP1B expression in HRS cells is not strictly dependent 
on PTPN1 transcription, but appears to be also regulated at post-
transcriptional levels.

Identification of PTP1B variants

Recently, we and others identified PTPN1 mutations and 
PTPN1 mRNA variants in cHL cell lines and primary cHL cases 
(12,13,18,19). Moreover, we demonstrated that one of the PTPN1 
variants, lacking exon 6 (PTPN1∆6), is a PTPN1 splice variant cap-
able of augmenting JAK/STAT activity. PTPN1∆6 expression is de-
tectable in a wide variety of B cells and B cell lymphomas at low 
levels, but found to be increased in HRS cells of a defined set of 
cHL cases and in all cHL cell lines (Figure 1E) with the exception 
of U-HO1 (13). Additionally, we identified two mRNA variants 
lacking either exons 2–4 (PTPN1∆2–4) from HRS cells of case 35 or 
exons 2–8 (PTPN1∆2–8) from HRS cells of case 3, both negative for 
PTP1B protein expression (13). These variants were also seen in 
the cell lines U-HO1 and SUP-HD1, and are already described to 
be caused by mutations in PTPN1 (12,13). To determine whether 
PTPN1∆2–4 and PTPN1∆2–8 are individual variants only detect-
able in the cHL cell lines Sup-HD1 and U-HO1, semiquantitative 
real-time PCR (sqPCR) analysis with mutation-specific primer 
sets for total PTPN1 mRNA, PTPN1∆6, PTPN1∆2–4 and PTPN1∆2–8 
mRNA (Figure 1H) was performed. While a signal for total PTPN1 
mRNA was detected in all analysed cell lines, with the excep-
tion of the U-HO1 (Figure 1D, (13)), a PTPN1∆2–4 mRNA was only 
detectable in Sup-HD1 (Figure 1F) and PTPN1∆2–8 only in U-HO1 
(Figure 1G). Moreover, expression of PTPN1∆2–4 mRNA was not 
detected in HRS cells of a set of cHL cases (Supplementary Figure 
2C, available at Carcinogenesis Online). In contrast, PTPN1∆6 
mRNA was detectable in all cHL and LCL cell lines analysed at 
variable levels with the exception of U-HO1. These results imply 
that the mutation-based PTPN1∆2–4 and PTPN1∆2–8 mRNA vari-
ants are personal variants for the defined cHL cell line.

PTP1B∆2–4 is a positive regulator of STAT6 
signalling

Gunawardana et al. characterized a set of PTP1B mutant pro-
teins, which displayed a gradual loss of phosphatase activity 
and a diminished negative impact on JAK/STAT activity (12). 
However, as only SNVs and truncating mutants were ana-
lysed, we aimed to functionally characterize PTP1B exon-
deleted mutants. Here, we focussed on the exon-deleted 
PTP1B mutant PTP1B∆2–4 since PTP1B∆2–8 was neither de-
tectable in immunoblot analyses nor did we observe a change 
in JAK/STAT activation upon co-expression of the variant 
(data not shown). To explore whether PTP1B∆2–4 exerts a 

https://imagej.net/Welcome
https://imagej.net/Welcome
https://www.socscistatistics.com/about/
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data


520 | Carcinogenesis, 2021, Vol. 42, No. 4

positive effect on JAK/STAT activity similar to PTP1B∆6 (13), 
PTP1BWT, PTP1B∆6 or PTP1B∆2–4 were ectopically expressed in 
HEK293-STAT6 cells and were subsequently stimulated with 
IL-4 (Figure  2A). Ectopic expression of PTP1BWT, as expected, 
attenuated the IL-4-induced STAT6 activity, whereas expres-
sion of either PTP1B∆6 or PTP1B∆2–4 augmented STAT6 ac-
tivity significantly. To determine whether the loss of exons 
in PTP1B∆2–4 affects its phosphatase activity similar to 
PTP1B∆6, an in vitro phosphatase analysis was conducted. 
Both, PTP1B∆2–4 and PTP1B∆6, displayed a complete loss of 
phosphatase activity comparable to the catalytically inactive 
PTP1BC215S mutant (Figure 2C).

To further compare the characteristics of PTP1B∆2–4 and 
PTP1B∆6, we analysed the IL-4-induced STAT6 phosphoryl-
ation in HEK293-STAT6 cells. As expected, IL-4-induced STAT6 
phosphorylation seen in empty vector-transfected HEK293-
STAT6 cells (Figure 2B) was distinctively decreased upon ectopic 
PTP1BWT expression. In contrast, PTP1B∆6 or PTP1B∆2–4 clearly 
increased the IL-4-induced STAT6 phosphorylation. Moreover, 
ectopically expressed PTP1BWT diminished STAT6 DNA binding 
whereas either PTP1B∆6 or PTP1B∆2–4 augmented STAT6 DNA 
binding (Figure 2D/E). Together, these results imply that the loss 

of exon sequences converted PTP1B∆2–4 from a negative into a 
positive JAK/STAT regulator similar to PTP1B∆6.

PTP1B∆6 and PTP1B∆2–4 augment JAK/STAT activity 
in HEK293-STAT6 cells by different modes of action

One specific hallmark of PTP1B∆6 is its ability to augment STAT6 
activity at very low amounts or in case of sub-optimal stimula-
tion conditions (13). To investigate whether PTP1B∆2–4 behaves 
in a similar fashion, we performed STAT6 luciferase assays in 
HEK293-STAT6 cells using increasing amounts of PTP1B vari-
ants with and without stimulation with 5 ng of IL-4 (Figure 3A) 
and compared the effect of small amounts of the PTP1B vari-
ants upon stimulation with 1 or 5 ng/ml IL-4 (Figure 3B). While 
ectopic PTP1BWT consistently diminished IL-4-induced STAT6 
activity, ectopic expression of PTP1BC215S only moderately en-
hanced IL-4-induced STAT6 activity (Figure  3A). Ectopic ex-
pression of increasing amounts of PTP1B∆6 augmented basal 
STAT6 activity significantly. Moreover, the strongest effect was 
observed upon transfection of as little as 5 ng PTP1B∆6 vector in 
HEK293-STAT6 cells stimulated with 5 ng IL-4. While PTP1B∆6-
based augmentation of IL-4-induced STAT6 activity peaked with 

Figure 1. Expression of PTP1B and PTPN1 mRNA in primary cHL cases and analysis of PTPN1 mRNA variants in cHL cell lines. (A) Percentage of the different PTP1B 

expression levels in HRS cells determined by immunohistochemical staining of 109 classical Hodgkin lymphoma cases. The intensity was classified as (0) negative, 

(1) HRS cells weakly positive and negative, (2) all HRS cells weakly positive, (3) heterogeneous signal, (4) all HRS cells either strong or weakly positive and (5) strong 

PTP1B signal in HRS cells. (B) Immunohistochemical staining of PTP1B in three different cHL cases, staining intensity 5 and 0 exemplarily depicted. Single HRS cells are 

marked by a yellow circle. (C) Relative PTPN1 mRNA expression levels (lower part), normalized against case 34 (in %) and the corresponding PTP1B staining intensity 

(upper part). (D–G) Relative value of the mRNA expression of the total PTPN1 (D), the PTPN1∆6 (E), the PTPN1∆2–4 (F) and the PTPN1∆2–8 (G) variants in the different cHL 

cell lines and three different LCL cell lines measured by semi-quantitative real-time PCR (sqPCR) analyses. CT values normalized against the mRNA expression levels 

of the two housekeeper genes β-actin and GAPDH. (Expression of PTPN1WT (D) or of PTPN1∆6 (E) in L-1236 was arbitrary set to 1, expression of PTPN1∆2–4 in SUP-HD1 

(F) was arbitrary set to 1, expression of PTPN1∆2–8 in U-HO1 (G) was arbitrary set to 1.) (H) Schematic presentation of the position of exon spanning primers used for 

the indicated sqPCR depicted in (D–G).
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low amounts and dropped thereafter, PTP1B∆2–4 augmented 
STAT6 activity in a concentration-dependent manner. Similarly, 
PTP1B∆6 co-expression boosted the JAK-STAT activity even at 
the sub-optimal concentration of 1ng IL-4, while this effect 
was less pronounced by PTP1B∆2–4, underscoring the idea of 
PTP1B∆6 being a positive JAK/STAT regulator even under sub-
optimal conditions. Taken together, these results suggest that 
PTP1B∆6 and PTP1B∆2–4 augment JAK/STAT activity in HEK293-
STAT6 cells by different modes of action.

PTPB∆2–4 supports proliferation and survival of 
L-428 cells

To explore the impact of the different PTP1B variants on the 
JAK/STAT pathway in a cHL background, L-428 cells were stably 

transfected with either PTP1BWT, PTP1B∆6, PTP1B∆2–4 or the 
empty vector and gathered after growth on G-418 selection 
medium in serial dilutions. Increased STAT6 phosphorylation 
was seen in L-428 cells stably expressing either PTP1B∆6 or 
PTP1B∆2–4, whereas the PTP1BWT expression caused dimin-
ished STAT6 phosphorylation, as expected (Figure 4A). The posi-
tive impact of PTP1B∆6 or PTP1B∆2–4 on STAT6 activity is also 
supported by an increased expression of the STAT6 target gene 
BCL6 (Figure 4B). While PTP1BWT diminished BCL6 mRNA levels, 
PTP1B∆6 or PTP1B∆2–4 augmented BCL6 expression. As a con-
stitutive JAK/STAT activity is crucial for proliferation in cHL cell 
lines (20–25), the impact of the different PTP1B variants on the 
cell growth of the stably transfected L-428 cell clones was ana-
lysed by MTS assays (Figure 4C). Here, the ectopic expression of 

Figure 2. PTP1B∆2–4 has a positive impact on STAT6 activity. (A) Luciferase assay for STAT6 activity with and without (control) stimulation with 5 ng/ml IL-4 for 18 h 

(upper part). HEK293-STAT6 cells were transiently transfected with either pcDNA3.1 (EV), or with HA-PTP1BWT, HA-PTP1B∆6, HA-PTP1B∆2–4 or HA-PTP1B∆2–8 vectors. 

Immunoblot analysis of WCE of one exemplary luciferase measurements (lower part) using the indicated antibodies. (B) Immunoblot analysis of WCE of HEK293-STAT6 

cells either transfected with pcDNA3.1 (EV), or with HA-PTP1BWT, HA-PTP1BC215S, HA-PTP1B∆6 or HA-PTP1B∆2–4, each either with or without (control) stimulation with 

5 ng/ml IL-4 for 30 min. Antibodies against pSTAT6, STAT6, Strep-tag, PTP1B and β-actin are used. C) Phosphatase assay with Strep-tagged PTP1BWT, PTP1BC215S, PTP1B∆6 

or PTP1B∆2–4 ectopically expressed in HEK293 cells. pEXPR-IBA105 (EV) serves as control. Mean of three independent experiments is depicted. (D) Electrophoretic 

mobility shift assay to determine STAT6 DNA binding activity with whole cell extracts from HEK293-STAT6 cells either transfected with pcDNA3.1 (EV), or with 

HA-PTP1BWT, HA-PTP1B∆6 or HA-PTP1B∆2–4, each either with or without (control) stimulation with 5 ng/ml IL-4 for 30 min (bottom part). Quantification of STAT6 DNA 

binding levels of three independent experiments (upper part). (E) Electrophoretic mobility supershift using EV transfected HEK-STAT6 cells with (shift, lower arrow) 

and without IL-4 stimulation and additional STAT6 antibody (STAT6 (S20)-X, Santa Cruz) depicting the STAT6 supershift (upper arrow). Mean values and standard error 

of mean (SEM) are depicted. Comparisons were performed between empty vector measurement and individual treatments/transfections. Significances are calculated 

using student’s t-test (P < 0.05 was regarded as significant).
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PTP1B∆2–4 increased L-428 proliferation similar to PTP1B∆6. To 
delineate whether STAT6 is involved in the altered proliferation 
in the L-428-PTP1B cell lines, the different cell lines were treated 
with the STAT6 inhibitor AS1517499. Here, all cell lines displayed 
a decreased proliferation upon increasing AS1517499 concentra-
tions (Figure 4D).

As the activity of the JAK/STAT pathway has been shown to be 
involved in resistance mechanisms against chemotherapeutical 
agents (13,26–28), the efficacy of the in cHL treatment com-
monly used drugs etoposide (Figure 5A), gemcitabine (Figure 5B) 
and doxorubicin (Figure  5C) on the different stably trans-
fected L-428 cells was analysed. The agents show a lethal ef-
fect on L-428 control cells leading to an approximately 60–70% 
(gemcitabine and etoposide) or 50–60% (doxorubicin) reduced 
viability already at low concentrations (Supplemental Figure 3, 
available at Carcinogenesis Online). Overexpression of PTP1BWT 
only slightly augmented the cytotoxic effect on L-428, whereas 
ectopically expressed PTP1BΔ2–4 displayed reduced cytotoxicity 
depicted by an increased number of living cells after treatment 
with 0.5 and 5 ng/ml etoposide (Figure 5A) or 0.01 or 0.5 ng/ml 
gemcitabine (Figure 5B) in comparison to the control. Similarly, 
PTP1BΔ6 also partially protected the L-428 cells after etoposide 
and gemcitabine treatment (Figure 5A and B), but with lower ef-
ficiency than PTP1B∆2–4. In case of doxorubicin (0.5 and 1 µM) 
addition (Figure 5C) a moderate protective effect was only visible 
in the case of PTP1BΔ2–4, but not in case of PTP1BΔ6. To deter-
mine whether an IL-4-induced STAT6 activation might revert the 
cytotoxic effect of gemcitabine, stable transfected L-428-PTP1B 
cell lines were either treated with IL-4 or gemcitabine alone, or 
in combination (Figure 5D). IL-4 stimulation alone increased pro-
liferation of all L-428-PTP1B cell lines compared to the untreated 
controls. Gemcitabine treatment alone, on the other hand, di-
minished cell proliferation, but appeared to be less effective in 
L-428-PTP1B∆6 and -PTP1B∆2–4 cells, as expected. Co-treatment 
with IL-4 partially rescued the cells against the cytotoxic effect 

of gemcitabine suggesting that JAK/STAT inhibition is part of the 
adverse effects of gemcitabine in cHL, which can be reverted by 
an additional IL-4 signal. A similar effect of gemcitabine was de-
scribed by Chen et al. 2018 in a pancreatic cancer growth mouse 
model. The authors determined an inhibited tumour growth 
and induced apoptosis after treatment with a combination of 
gemcitabine and erlotinib in vivo by downregulated phosphor-
ylation levels of JAKs and STATs (29). Furthermore, upregulation 
of STAT1 activity was described to confer etoposide resistance 
in lung cancer (30) and resistance to apoptosis induced by 
doxorubicin in colon cancer cells (31). Taken together, the pro-
proliferative effect and the protective function of PTP1B∆2–4 
highlight the pro-oncogenic function of this PTP1B mutant.

PTP1B∆6, but not PTP1B∆2–4, attenuates PTP1BWT 
activity and protein stability

The molecular basis for the positive effect of PTP1B∆6 is its 
capability to impair the phosphatase activity of PTP1BWT by 
formation of PTP1B∆6:PTP1BWT heterodimers (13). Therefore, 
the impact of the co-expression of the PTP1B∆2–4 variant on 
PTP1BWT phosphatase activity was compared to the effect of 
co-expressed PTP1B∆6 and PTP1BC215S by in vitro phosphatase 
assays (Figure  6A). Elevated phosphatase activity was ob-
served upon Strep-PTP1BWT expression, which was increased 
even further by adding HA-PTP1BWT. Co-expression of the 
HA-PTP1B∆2–4 variant or the co-expression of the enzymatic 
inactive HA-PTP1BC215S mutant had no impact on the Strep-
PTP1BWT activity. In contrast, the co-expression of HA-PTP1B∆6 
had a distinct inhibitory effect on Strep-PTP1BWT activity. 
Notably, the co-expression of PTP1BWT and PTP1B∆6 was not 
only leading to a decrease in the PTP1BWT phosphatase ac-
tivity, but also to lower PTP1BWT protein levels determined by 
immunoblot analysis. To get a further insight into this effect, 
ectopically expressed PTP1BWT mRNA and protein levels were 
analysed upon co-expression of increasing amounts of PTP1B∆6 

Figure 3. Different kinetics of the impact of PTP1B variants on STAT6 activity. (A) Luciferase reporter assay stimulated with 5ng/ml IL-4 for 18 h. HEK293-STAT6 cells 

transiently transfected with either 1, 5, 10 or 50 ng of HA-PTP1BWT, PTP1BC215S, HA-PTP1B∆6 or HA-PTP1B∆2–4 - pcDNA3.1 (EV) served as control (upper part). Mean of 

four independent experiments is depicted. Immunoblot analysis of WCE of luciferase measurements (lower part) using the indicated antibodies. (B) Luciferase reporter 

assay stimulated with either 1 or 5 ng/ml IL-4 for 18 h. HEK293-STAT6 cells transiently transfected with 10 ng of pcDNA3.1 (EV), HA-PTP1BWT, PTP1BC215S, HA-PTP1B∆6 or 

HA-PTP1B∆2–4. Mean of four independent experiments is depicted. (A+B) Mean values and standard error of mean (SEM) are depicted. Comparisons were performed 

between empty vector measurement and individual treatments/transfections. Significances are calculated using Student’s t-test (P < 0.05 was regarded as significant).

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
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(Figure  6B/E). Diminishing PTP1BWT protein levels were ob-
served upon co-expression of increasing amounts of PTP1B∆6, 
even when PTP1B∆6 was only slightly expressed. In contrast, 
the sqPCR results indicate that PTP1BWT mRNA expression 
was affected only with high amounts of PTP1B∆6 (Figure 6D). 
Together, these results imply that PTP1B∆6 impairs the activity 
of PTP1BWT at least in part by induced proteolysis of PTP1BWT. 
In contrast, the co-expression of the PTP1B∆2–4 variant or the 
enzymatic inactive PTP1BC215S caused no change in PTP1BWT ex-
pression (Figure 6C and F). The missing effect of PTP1B∆2–4 on 
the stability of PTP1BWT is also mirrored by a minor PTP1B∆2–
4:PTP1BWT heterodimer formation in contrast to PTP1B∆6 
(Figure 6G), which was analysed in comparison with the known 
high-affinity IKK2:NEMO interaction. While PTP1B∆6 shows an 
increased PTP1BWT binding, as expected, PTP1B∆2–4:PTP1BWT 
dimer formation was similar to PTP1BWT homodimer forma-
tion. Collectively, these results further support the notion that 
the positive impact of PTP1B∆2–4 on JAK/STAT signalling is 
unique and differs from the PTP1B∆6-mediated mechanism.

Discussion
Inactivating mutations in the genes encoding negative regulators 
of the JAK/STAT pathway have been seen in several types of B cell 
lymphoma highlighting the importance of JAK/STAT signalling for 
the pathogenesis of B cell lymphoma. Besides SOCS1 mutations, 
which have been identified in cHL, diffused large B cell lymphoma 
(DLBCL), and (PMBL), also mutations in PTPN2, encoding TC-PTP, 
and PTPN1 were observed (9,12,15,32–35). Gunawardana et al., for 
instance, reported a set of PTPN1 mutations in cHL and PMBL 
cases and cell lines and found a correlation of the mutation status 
of PTPN1 and its expression in HRS cells of clinical cHL cases (12). 
However, the authors also demonstrated that PTP1B levels in HRS 
were very variable suggesting that this is not a black-and-white 
picture, and therefore additional mechanisms controlling PTP1B 
protein levels and activity take hold. Consistently, the overall de-
creased activity of PTP1B previously demonstrated in the cHL 
cell lines (13) might be also caused by such additional mechan-
isms. An AKT-mediated PTP1B phosphorylation and a reversible 

Figure 4. Impact of PTP1B∆ variants on the proliferation and survival of the cHL cell line L-428. (A) Immunoblot analysis of WCE of L-428 cells stably transfected with 

either pcDNA3.1 (EV) or HA-PTP1BWT, HA-PTP1B∆6 or HA-PTP1B∆2–4. Antibodies against pSTAT6, HA and β-actin are used. Numbers indicate relative pSTAT6 levels 

normalized against β-actin value (Supplemental Figure 3B). (B) Altered BCL6 mRNA expression levels of the L-428 cells stably transfected with the PTP1BWT, PTP1B∆6 or 

PTP1B∆2–4 determined by sqPCR analysis. Measurements were performed in triplicates and the mean of four independent experiments and standard error of mean 

(SEM) are depicted. Comparisons were performed between EV measurement and individual stable cell line. Significances are calculated using Student’s t-test (P < 0.05 

was regarded as significant). (C) Altered proliferation of the L-428 cells stably transfected with the PTP1BWT, PTP1B∆6, PTP1B∆2–4 variant or EV control over time (24, 48 

and 72 h). Mean of three independent MTS assay measurements and SEM are depicted. Comparisons were performed between control measurement and individual 

stable cell line. Significances are calculated using Student’s t-test (P < 0.05 was regarded as significant). (D) Altered proliferation of the L-428 cells stably transfected with 

the PTP1BWT, PTP1B∆6, PTP1B∆2–4 variant or EV control and incubated with the indicated amounts of the STAT6 inhibitor AS1517499 for 72 h. Mean of four independent 

MTS assay measurements and SEM are depicted. Comparisons were performed between control measurement and individual stable cell line. Significances are calcu-

lated using Student’s t-test (P < 0.05 was regarded as significant).

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
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oxidation of Cys215 are only two examples for mechanisms po-
tentially involved in PTP1B control might be in place also in cHL 
(36–38). We observed reduced levels of PTP1B in 29% of the HRS 
cells in the cHL cohort (Figure 1A+B). However, PTPN1 mRNA and 
PTP1B protein levels were only weakly correlated in our cohort 
(Supplementary Figure 1E, available at Carcinogenesis Online), 
which could be explained by such mechanisms affecting either 
PTPN1 mRNA translation or PTP1B protein stability. While the re-
duction in PTP1B expression could be caused by various mech-
anisms, we speculated that in some cases a lack of PTP1B level is 
due to an inactivating mutation in PTPN1 similar to the situation 
in the cHL cell lines U-HO1 and SUP-HD1 (12). However, in con-
trast to the recently identified PTPN1∆6 splice variant, which is ex-
pressed in nearly all cHL cell lines (Figure 1E, (13)), PTPN1∆2–4 and 
PTPN1∆2–8 expression is limited to SUP-HD1 and U-HO1, respect-
ively (Figure 1D-G). Moreover, sequencing of the PTPN1 mRNA in-
deed showed that both mutants, PTPN1∆2–4 and PTPN1∆2–8, are 
also expressed in HRS cells of single cHL cases (Supplementary 
Figure 2C, available at Carcinogenesis Online and (13)).

Altered PTP1B proteins lacking one or more exons like 
PTP1B∆2–4 might be generated by a deletion of the respective 

DNA section or by mutations in splice sites as been identified 
by Gunawardana et  al. (12,19) and Tiacci et  al. (9). However, a 
functional characterization of these altered PTP1B proteins has 
not been conducted. Especially in the light of steadily emerging 
efforts to establish personalized therapy regimens on basis of 
the individual mutational profile, it is essential to determine 
the functional consequences of such an exon deleted PTP1B 
mutant. In a first approach to unravel the functional relevance 
of exon deletion mutants, we analysed the impact of the exon 
deletion in PTP1B∆2–4 on the IL-4-induced JAK/STAT activa-
tion in comparison to the already known positive effect of the 
PTP1B∆6 splice variant. The PTP1B∆2–8 mutant, in contrast, was 
excluded from analysis as it was not detectable by immunoblot 
analyses probably either due to the small size or due to an in-
stability of the resulting PTP1B peptide of 28 amino acids, which 
lack functional domains (Supplementary Figure 4A, available at 
Carcinogenesis Online). Indeed, the PTP1B∆2–4 mutant is able to 
augment IL-4-induced STAT6 activity in HEK293-STAT6 cells as 
measured by reporter gene analyses (Figure 2A), phospho-STAT6 
status (Figure  2B), and DNA binding capability (Figure  2D/E). 
Collectively, these experiments point to the fact that PTP1B∆2–4 

Figure 5. PTP1B∆2–4 has protective effects against cytotoxic agents in the cHL cell line L-428. (A–C) Altered proliferation of the L-428 cells stably transfected with 

pcDNA3.1 (EV), or with HA-PTP1BWT, HA-PTP1B∆6 or HA-PTP1B∆2–4 after treatment with the indicated amount of etoposide (A), gemcitabine (B) and doxorubicin (C) 

measured by MTS proliferation assay. The untreated cells served as control. Mean of three independent MTS assay measurements is depicted. (D) Proliferation of 

L-428 cells stably transfected with pcDNA3.1 (EV), or with HA-PTP1BWT, HA-PTP1B∆6 or HA-PTP1B∆2–4 either stimulated with 20 ng/ml IL-4 for 48 h, laced with 1 ng/

ml gemcitabine or laced with 1 ng/ml gemcitabine in combination with IL-4 stimulation (20 ng/ml, 48 h) measured by MTS proliferation assay. The untreated cells 

served as control. Mean of four independent MTS assay measurements is depicted. (A–D) Mean values and standard error of mean (SEM) are depicted. Comparisons 

were performed between untreated control and individual treatment for each stable cell line. Significances are calculated using Student’s t-test (P < 0.05 was regarded 

as significant).

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgaa144#supplementary-data
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could be involved to maintain the constitutive activation of the 
JAK/STAT signalling pathway in cHL (3,39).

To address the role of PTP1B∆2–4 in cHL, we used L-428 cells 
stably expressing PTP1B∆2–4 and compared the consequences 
for STAT activation, target gene expression and changes in pro-
liferation with PTP1BWT, PTP1BC215S, PTP1B∆6 expressing L-428 
cells. Again, PTP1B∆2–4 augmented STAT6 activity leading to 
an increased expression of the STAT target gene BCL6 to a level 
comparable to PTP1B∆6, while PTP1BWT diminished both, STAT6 
phosphorylation and BCL6 target gene expression (Figure  4A 
and B). The oncogenic potential of PTP1B∆2–4 is underscored 
by the increased proliferation of L-428 cells stably expressing 
ectopic PTP1B∆2–4 (Figure  4C) as well as the increased resist-
ance against the chemotherapeutic agents such as etoposide, 
gemcitabine and doxorubicin (Figure 5A–D). Interestingly, a pro-
tective effect of an augmented JAK/STAT signalling against the 

cytotoxic effect of all three chemotherapeutic agents has already 
been shown (29–31). This oncogenic and protective effect sug-
gests that exon deleted PTP1B mutants, similar to PTP1B∆2–4, 
could be involved in the negative treatment response observed 
in relapsed or refractory HL.

How PTP1B∆2–4 exerts it stimulatory and protective effects 
are not completely understood. However, we hypothesize that 
PTP1B∆2–4 exerts its positive effects on cHL proliferation and sur-
vival by several mechanisms. One potential mechanism might 
be a competition of PTP1B∆2–4 with PTP1BWT for binding to its 
interaction partners or to its substrates like JAK2 or TYK2, which 
would explain the dose-dependency of the PTP1B∆2–4 effect on 
the JAK/STAT signalling (Figure 3). The dose-dependency of the 
PTP1B∆2-4-mediated effects on JAK/STAT activity is in contrast 
to the low expression levels at which PTP1B∆6 has its functional 
optimum (Figure 3). This difference is based on the lack of an 

Figure 6. PTP1BWT activity and stability remains unaltered upon co-expression of PTP1B∆2–4. (A) Phosphatase assay with Strep-tagged PTP1BWT alone or together with 

HA-PTP1BWT, HA-PTP1BC215S, HA-PTP1B∆6 or HA-PTP1B∆2–4 ectopically expressed in HEK293 cells, as indicated. pEXPR-IBA105 (EV) serves as control. Mean values of 

three independent experiments and standard error of mean (SEM) are depicted. Comparisons were performed between PTP1BWT measurement and individual trans-

fections. Significances are calculated using Student’s t-test (P < 0.05 was regarded as significant). (B) Immunoblot analysis of whole cell extracts from HEK293 cells 

either transfected with pcDNA3.1 (EV), or with Strep-PTP1BWT and increasing amounts of HA-PTP1B∆6 (1:50, 1:5, 1:2, 1:1). Antibodies against PTP1B and β-actin used to 

determine amounts of PTP1BWT (endogen and exogen), PTP1B∆6 and the housekeeper β-actin. (C) Immunoblot analysis of whole cell extracts from HEK293 cells either 

transfected with pcDNA3.1 (EV), with Strep-PTP1BWT or with Strep-PTP1BWT and increasing amounts of HA-PTP1BC215S or HA-PTP1B∆2–4 (1:50, 1:5, 1:2, 1:1). Antibodies 

against Strep-tag used to determine amounts of exogen PTP1BWT, against HA-tag to determine amounts of PTP1BC215S or HA-PTP1B∆2–4, antibodies against PTP1B 

used to determine amounts of whole PTP1B and antibodies against the housekeeper β-actin. (D) Relative mRNA expression of the PTPN1WT RNA levels expressed in 

HEK293 cells with or without increasing amounts of PTP1B∆6 (1:50, 1:5, 1:2, 1:1) measured by sqPCR. Values normalized against the mRNA expression levels of the 

two housekeeper genes β-actin and GAPDH and calculated in comparison to the ectopic PTP1BWT expression alone. Mean and SEM of three independent experiments 

depicted. (E) Quantification of the amount of PTP1BWT protein as depicted in (B). Mean value and SEM of six independent experiments is shown and significance was 

determined in comparison to the PTP1BWT alone measurements. (F) Quantification of the amount of PTP1BWT protein as depicted in (C). Mean value and SEM of three 

independent experiments is shown and significances are calculated using Student’s t-test determined in comparison to the PTP1BWT alone measurement (P < 0.05 was 

regarded as significant). (G) Strep-tag immunoprecipitation (IP, upper 4 blots) using WCE of HEK293 cells transfected with Strep-tagged PTP1BWT alone or together with 

HA-PTP1BWT, HA-PTP1B∆6 or HA-PTP1B∆2–4. HEK293 cells transfected with Strep-tagged NEMO alone and in combination with untagged IKK2 served as IP positive con-

trol. Immunoblots (IB, lower 2 blots) using the same WCE served as intake control. Protein bands visualized using indicated antibodies. 
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increased PTP1BWT binding and subsequently unaltered PTP1BWT 
phosphatase activity, as demonstrated in vitro phosphatase 
experiments (Figure  6B). Moreover, PTP1BWT protein levels re-
main unaffected upon PTP1B∆2–4 co-expression (Figure 6C/D). 
Therefore, PTP1B∆2–4 appears to act at least partially by competi-
tive means while PTP1B∆6 seems to catalyse a drop in PTP1BWT 
activity and protein stability even when expressed at low levels. 
As PTP1B modulates various signalling pathways including its 
effect on AKT, RAS or SRC (8,40–42), higher PTP1B∆2–4 protein 
levels might additionally interfere with pathways other than 
JAK/STAT signalling. Moreover, PTP1B∆2–4 might also form 
novel specific protein interactions due to its altered structure 
(Supplementary Figure 4A, available at Carcinogenesis Online). Of 
note, in the stably transfected L-428 cells protein levels of ec-
topic PTP1B∆2–4 is recurrently lower than ectopic PTP1B∆6 or 
PTP1BWT (Figure 4A). Although this might be due to increased in-
stability of PTP1B∆2–4, we hypothesize that this is rather caused 
by a toxic effect of high amounts of PTP1B∆2–4 interfering with 
protein complexes essential for cell survival. Similarly, a toxic 
effect of higher PTP1B∆2–4 levels could also explain the lack of 
a PTP1B∆2–4 protein signal in SUP-HD1 cells (12,13). The sug-
gested mode of action of the PTP1B∆6 and PTP1B∆2–4 variant 
is summarized in a schematic model (Supplementary Figure 4B, 
available at Carcinogenesis Online).

Taken together, the data presented here illustrate the com-
plexity of the mechanisms controlling the JAK/STAT pathway 
in cancer, especially in B cell lymphoma. The complexity is fur-
ther underscored by the fact that co-mutations in SOCS1 and 
PTPN1, STAT6 and JAK2 have been detected in DLBCL, PMBL and 
cHL (9,12), but these potentially combinatorial effects have not 
been explored yet. Moreover, whether the oncogenic potential 
of PTP1B∆6 and PTP1B∆2–4 is mediated solely through the im-
pact on JAK/STAT signalling or also by additional mechanisms is 
currently unknown and needs to be determined in future ana-
lyses. However, the partial rescue of gemcitabine treated L-428 
PTP1B cells by IL-4 stimulation and the reduced proliferation 
upon treatment with the STAT6 inhibitor clearly argue for an 
essential role of the STAT6 signalling for proliferation and sur-
vival of L-428 cells, although controversial results regarding the 
role of STAT6 in cHL cell lines have been published (9). Thus, un-
ravelling the functional impact of the different altered negative 
JAK/STAT regulators will not only improve the insight into this 
pro-oncogenic pathway, but might also lead the path towards 
novel therapeutic targets. In sum, our results reveal a common 
oncogenic potential of a PTP1B exon deleted mutant and a 
PTP1B splice variant emphasizing the necessity for a detailed 
biochemical analysis of protein variants found in cancer to cor-
rectly estimate their functional role in oncogenesis.

Supplemental material
Supplementary Figures 1–4 can be found at Carcinogenesis http://
carcin.oxfordjournals.org/
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