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Abstract
Adult Diffuse Large B Cell Lymphoma (DLBCL) is a heterogeneous form of
hematopoietic cancer and difficult to treat. In order to find a better diagnostic
indication for the disease, we analyzed Low Molecular Weight Protein Tyrosine
Phosphatase (LMWPTP) that in humans is encoded by the ACP1 gene.
LMWPTP is an enzyme shown to counteract Protein Tyrosine Kinases (PTK)
and was suggested to be a negative growth factor regulator. However, the
18 kDa PTP can also have a positive effect on cell growth and proliferation,
indicating a controversial role in the tumorigenic process. LMWPTP exists in
different isoforms which are electrophoretically, kinetically and immunologically
distinct. We have studied two subgroups of DLBCL consisting of a Germinal
Center B cell like (GCB) and a non-Germinal Center B cell like (non-GCB) group.
The two subgroups have been defined by gene-expressing profiling and are
associated with differential outcome. The expression levels of LMWPTP protein
was compared and showed significant differences between the GCB and nonGCB subgroups (p=0.012). Interestingly, when the samples were divided into
survivors and non-survivors, and thereafter analyzed for LMWPTP expression,
the samples from patients with a higher survival rate showed increased staining
intensity, whereas the samples from patients with lower intensity of LMWPTP
did not survive the disease (p=0.001). In conclusion, we have shown that
DLBCL patients with worse outcome express LMWPTP with a lower intensity,
suggesting a tumor suppressor role for this form of the enzyme.
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Non-germinal center; Prognosis

Introduction
The levels of protein phosphotyrosine in signaling molecules
are strictly regulated by Protein Tyrosine Phosphatases (PTP) and
Protein Tyrosine Kinases (PTK), controlling cell growth responses
including proliferation, differentiation, adhesion, migration,
metabolism and cytoskeletal function [1,2]. The low molecular weight
18 kDa PTP enzyme LMWPTP is encoded by the acid phosphatase
locus 1 gene ACP1, and has been implicated in cell growth regulation,
cytoskeleton rearrangement and immune regulation. The human
ACP1 gene is genetically polymorphic and has three alleles, namely
A, B and C, giving rise to six genotypes [3,4]. Out of five translated
proteins, two correspond to the main active isoforms, which are the
distinct isoforms based on their electrophoretic mobility, termed
fast and slow [5,6]. These isoforms arise from mutually exclusive
alternative splicing of either exon 3 or 4, and their protein sequence
differs by a 42-amino acid internal sequence [7]. LMWPTP interacts
with growth factor receptors and proliferation signaling pathways,
and it is regulated by phosphorylation/dephosphorylation or
oxidation of the protein [2,3,8]. Two conserved tyrosines Tyr 131 and
Tyr 132 in LMWPTP regulate adhesion of the enzyme by a balance of
alternative phosphorylation performed mainly by Src kinases [9,10].
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LMWPTP has been shown to interact with molecules such as PlateletDerived Growth Factor Receptor (PDGFR), Janus kinase 2 (Jak2), the
signal transducer and activator of transcription 5 (STAT5), β-catenin,
ephrin type-A receptor 2 (EphA2) and focal adhesion kinase (Fak)
[11-15], resulting in a positive effect on cell growth and proliferation
[10,16]. LMWPTP has also been described as a negative regulator of
cellular proliferation induced by growth factors. Souza et al suggested
that active (reduced) or inactive (oxidized) forms of LMWPTP play
important roles in cancer cell signaling: the reduced form can be
involved in transformation (EphA2, loss of adhesion), whereas the
oxidized form can promote survival pathways through activation
of JAK2 and STAT5 [8]. Moreover, LMWPTP was implicated in
predicting malignant potential in prostate cancer outcome and in
mediating malignant potential in colorectal cancer [17,18].
Diffuse Large B Cell Lymphoma (DLBCL) represents the most
common subtype of Non-Hodgkin Lymphoma (NHL) worldwide,
accounting for up to 40% of all newly diagnosed cases [19].
Importantly, DLBCL is readily curable with immunochemotherapy
in the majority of patients, even in the most advanced cases.
Moreover, recent advances in molecular genetics may be selectively
exploited, allowing for a more effective and personalized approach
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to treatment [19]. Gene expression profiling have identiﬁed distinct
molecular subtypes, termed Germinal Center B cell (GCB) like and
activated B cell (ABC), or non-germinal center B cell (non-GCB) like,
representing lymphomas arising from different stages of lymphoid
differentiation [20, 21]. The molecular subtypes represent lymphomas
that are driven by very different intracellular oncogenic signaling
pathways that could be differentially exploited for therapeutic beneﬁt.
We have investigated paraffin-embedded samples from 28
patients with de novo DLBCL using immunohistochemistry. In this
study, two prognostic subgroups of DLBCL were divided by the use
of immunohistochemistry in a GCB and a non-GCB group, based on
the expression of CD10, Bcl6 and IRF according to previous studies
[22-24]. The intensity of LMWPTP expression could be significantly
distinguished between the two subgroups. Moreover, when the
samples were divided in survivors and non-survivors, patients with
increased LMWPTP staining intensity showed a higher survival rate,
whereas the samples from patients with lower staining intensity did
not survive the disease.

Materials and Methods
Tissue array and immunohistochemistry
As previously described, a total of 28 pieces of paraffin embedded
de novo DLBCL tissues from 8 men and 20 women with a median
age of 70 and diagnosed between 2001 and 2006, were selected by a
pathologist from the Department of Pathology, University Hospital in
Skane, Malmö, Sweden (Ethical approvement No. LU 210/ 2006) [2224]. Of 28 stained tissue sections, 25 could be evaluated. For controls,
human tonsillar tissue was used. Representative areas in all paraffin
blocks were chosen and tissue arrays were constructed as described
earlier [22]. In brief, punches of 0.6 mm were taken from each block
and mounted manually in a recipient block. Four micrometer sections
were dried, deparaffinized, rehydrated and treated in a microwave for
10 min with target retrieval solution pH 9.9. This was followed by
incubation in an automated immunohistochemical staining machine
(Techmate 500, Dako, Copenhagen, Denmark) with primary
antibodies: mouse anti-human CD10 (Serotec, Oxford, UK), mouse
anti-human Bcl6 (Chemicon/Millipore, Bedford, MA), mouse antihuman MUM1/IRF4 (Abcam, Cambridge, UK) and rabbit antihuman ACP-1; HPA016754 (Sigma-Aldrich, St Louis, MO). Dako
real envision detection system peroxidase/DAB (Dako, Copenhagen,
Denmark) was used for incubation with secondary antibodies
and visualization. Slides were counterstained with haematoxylin.
Analyses were performed independently by one pathologist and two
researchers. There was a 90% agreement between the observers, and
in cases of variance, the pathologist determined the outcome. To
classify patients into the GCB- or non-GCB group, we used the three
marker-model previously described in Fridberg et al. [22]. In brief,
cases were considered GCB-positive if CD10 alone or both CD10
and Bcl6 were positive. If both CD10 and Bcl6 were negative, the
cases were considered GC-negative. If CD10 was negative and Bcl6
positive, IRF4 determined the outcome: Positivity for IRF4 designated
the patient material to the non GCB-group while negative IRF4
staining meant the GCB group. The staining intensity for LMWPTP
was graded from 0 to 3. 0=no staining, 1=weak staining, 2=moderate
staining and 3=strong staining. For measuring the fraction of positive
cells, we used a 25% cut off to classify patients as positive or negative
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Table 1: Intensity of ACP1 expression and the percentage of stained cells in GCB
and non-GCB subgroups of DLBCL.
ACP1

GCB (n)

%

Non-GCB (n)

%

Intensity
0

0

0

0

0

1

3

21.5

6

54.5

2

8

57

4

36.5

3

3

21.5

1

9

100

11

100

0

0

Total

14

P-value

0.012

0-25 %

0

0

Percent

26-50 %

3

21

4

36

51-100 %

11

79

7

64

Total

14

100

11

100

P-value

0.419

Table 2: Correlation of the protein intensity of ACP1 and outcome of DLBCL.
ACP1

Mors (n)

%

Survivors (n)

%

Intensity
0

0

0

0

0

1

5

56

2

12

2

3

33

8

50

3

1

11

6

38

100

16

100

0

0

Total

9

P-value

0.001

0-25 %

0

0

26-50 %

4

44

3

19

51-100 %

5

56

13

81

Total

9

100

16

100

P-value

0.663

Percentage

for all markers. Further, proportion of tumor cells less than 25%
positive were scored as 1; greater than 25%, but less than 50% positive
were scored as 2; greater than 50%, but less than 100% positive were
scored as 3. Statistical calculations were performed using SPSS.

Results
The 28 patient samples were divided into a GCB- and a nonGCB group based on the expression of GCB markers CD10, Bcl6
and post-GC marker IRF4 as analyzed by immunohistochemistry
and described in Fridberg et al. [22]. Fourteen patients (4 men, 10
women) were classified as belonging to the GCB group and 14
patients (4 men, 10 women) constituted the non-GCB group. We
found that the non-GC group was characterized by a more advanced
stage disease (stage III-IV) compared with the GCB group (p-value
of 0.022). The staining intensity and percentage positive cells for the
anti-human ACP-1 was analyzed in 25 DLBCL samples and three
normal tonsillar samples. More of the samples in the GCB group
have a higher staining intensity compared to the samples of the nonGCB group. When the both groups were compared, a significant
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Figure 1: Immunohistochemical staining of de novo DLBCL tissue. A. ACP1 with no staining B. ACP1 with weak staining C. ACP1 with moderate staining D. ACP1
with strong staining.

difference could be demonstrated (p=0,012) (Table 1). Samples from
three individuals containing normal tonsillar samples were evaluated
for LMWPTP staining intensity, and were shown to have moderate
staining; intensity 2 and the percentage of stained cells were high,
51-100%. The percentage of stained DLBCL cells for LMWPTP did
not differ between the groups (p=0.419) (Table 1). The 25 DLBCL
cases analyzed for LMWPTP expression were related to survival and a
higher intensity of the staining was found to correlate with increased
survival (p=0.001) (Table 2). No such difference could be seen for the
percentage of stained cells (p=0.663) (Table 2). The statistical analyses
were performed by Mann Whitney tests. The staining intensity of
different DLBCL samples is shown in (Figure 1). The figures represent
no staining (A), weak staining (B), moderate staining (C) and strong
staining (D). One of the three samples of normal tonsillar samples
with moderate staining is shown (Figure 2).

Discussion
The molecular distinction between the GCB and ABC (nonGCB) like cells has prognostic implications; with the ABC subtype
exhibiting an inferior outcome following the most commonly
used initial therapy [19]. GCB DLBCLs are believed to derive from
lymphoid cells residing in the GC and therefore express genes such
as CD10, LMO2, and the transcriptional repressor BCL6 [20,21].
ABC DLBCLs derived from B cells at a plasmablastic stage, just prior
to GC exit, express genes that are frequently expressed in mature
plasma cells and have increased cell survival, proliferation, and
inhibited apoptosis [25,26]. Our results indicate that the non-GCB
subgroup with worse outcome, also called ABC, express LMWPTP
with lower intensity. This might indicate a tumor suppressor function
for LMWPTP.
The role of the enzyme in tumor development and progression is
disputed. The type of cancer, the tumor stage, the methodology (PCR,
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Figure 2: One sample of normal tonsillar samples with moderate staining
with ACP1 is shown.

Western blot, immunohistochemistry) and the choice of primers
or antibodies for the investigation might be related to the disparity
of the outcome of different studies, as well as the existence of the
two isoforms of ACP1, the fast and the slow isoform. Upregulation
and regulation of the fast isoform of ACP1 has been demonstrated
in breast, cervix and colon cancer [4,27,28]. Interestingly, the fast
isoform is related with cytoskeletal and cellular organization, as
well as spreading. When investigating breast cancer cell lines, Alho
et al. proposed that the two LMWPTP isoforms have opposing roles
in the tumorigenic process in breast, with the slow isoform being
oncogenic and the fast isoform antioncogenic, which can explain
the previous contradictory findings regarding the role of LMW-PTP
in cancer [29]. Malentacchi et al. showed that LMWPTP mRNA is
increased in colon cancer and neuroblastoma without any difference
in the isoforms expressed [30], and in animal models, LMWPTP acts
as a positive regulator of tumor onset and growth [15]. Recently,
Austin Biol 1(2): id1009 (2016) - Page - 03
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LMWPTP was also implicated in predicting malignant potential in
prostate cancer outcome [16] and in mediating malignant potential
in colorectal cancer [17]. The postulated oncogenic role of ACP1
is contradictory to our results, and to others that have shown that
suppression of LMWPTP enhances migration of mammary epithelial
cells [31]. Expression of the slow isoform can be protective, at least in
colon cancer [27], and is located in the cytoplasm, whereas the fast
isoform has a cytoskeletal location [32]. Interestingly, the sequence
of the fast and slow isoforms that differs by a 42-amino acid internal
sequence [7] is located in a loop that flanks the catalytic active site
and can determine isoform specificity in the binding to substrates and
modulating ligands [33].

10. Alho I, Costa L, Bicho M, Coelho C. The role of low-molecular-weight protein
tyrosine phosphatase (LMW-PTP ACP1) in oncogenesis. Tumour Biol. 2013;
34: 1979-1989.

Conclusion

14. Taddei ML, Chiarugi P, Cirri P, Buricchi F, Fiaschi T, Giannoni E, et al. Betacatenin interacts with low-molecular-weight protein tyrosine phosphatase
leading to cadherin-mediated cell-cell adhesion increase. Cancer Res. 2002;
62: 6489-6499.

We have shown that the intensity of the LMWPTP protein
expression differs significantly between the GCB and non-GCB
subgroups. Moreover, patients with a higher survival rate show
increased staining intensity, whereas the samples from patients with
lower intensity do not survive the disease. The next step would be
to map the epitopes for the different LMWPTP antibodies used in
investigations, since the isoforms differ by a 42-amino acid internal
sequence. Also, mRNA for slow and fast isoforms in DLBCL should
be analyzed to find out whether there is a balance favoring the
expression of either isoforms.
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