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ABSTRACT
Objectives: To investigate the protein expression of the epithelial-mesenchymal transition-
inducing transcription factors (TFs) Twist, ZEB1 and Slug in peripheral T-cell lymphomas
(PTCL) and their correlation with clinical parameters.
Methods: The expression of these TFs was studied in 53 diagnostic biopsy specimens of several
different PTCL subtypes with immunohistochemistry. Patient data were retrospectively
collected from patient records and a statistical analysis was performed.
Results: All three TFs were widely expressed. ZEB1 and Slug had correlations with clinical
outcome. In all PTCL cases, high nuclear ZEB1 percentage correlated with a favorable
progression-free survival (PFS) (3-year PFS: 70% vs. 34%; P = 0.010) and strong nuclear Slug
intensity correlated with an unfavorable PFS (3-year PFS: 17% vs. 62%; P = 0.036).
Discussion: The correlations between PFS and ZEB1 or Slug protein expression have not
previously been established in PTCLs. The impact of ZEB1 and Slug expression on prognosis
differed from our findings in DLBCL and the impact of ZEB1 expression was in line with
current studies on mycosis fungoides and sézary syndrome. The findings may be explained
by the roles these TFs play in hematopoiesis.
Conclusion: ZEB1 and Slug may have potential clinical value for evaluating prognosis in PTCLs.
The study size was small and heterogenous, and larger studies are warranted.
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Introduction

Peripheral T-cell lymphomas (PTCLs) are a group of rare
and generally aggressive neoplasms that comprise less
than 10% of all Non-Hodgkin lymphomas in western
countries. Their biology is complex with significant
overlap between different entities in regard to their
morphological and immunophenotypic characteristics
[1,2]. The transcription factors (TFs) Twist (TWIST1),
ZEB1 and Slug (SNAI2) induce epithelial-mesenchymal
transition (EMT) and regulate metastasis and other
pro-oncogenic functions in carcinomas, but they also
play a role in lymphocyte development [3–8]. We pre-
viously studied these TFs in diffuse large B-cell lym-
phoma (DLBCL) and mycosis fungoides (MF) and
found that Zeb1 expression correlated with an unfavor-
able outcome in DLBCL but with a favorable outcome
in MF, whereas Twist correlated with an unfavorable
outcome in MF and cytoplasmic Slug expression corre-
lated with a favorable outcome in DLBCL [9,10]. In the
present study, we used immunohistochemical staining
to study the expression of Twist, ZEB1 and Slug in

different subsets of PTCLs. Results were correlated
with retrospectively collected relevant clinical data.

Materials and methods

Patients and samples

The study population consisted of 53 patients with
newly diagnosed PTCL: 22 patients had angioimmu-
noblastic T-cell lymphoma (AITL), 9 had peripheral
T-cell lymphoma, not otherwise specified (PTCL-
NOS), 7 had enteropathy associated T-cell lymphoma
(EATL) and 15 had anaplastic large cell lymphoma
(ALCL). The median patient age was 68 years. Diag-
nostic work-up included medical history and physical
examination, blood chemistry, bone marrow biopsy
and aspiration and whole-body computed tomogra-
phy. Paraffin-embedded tissue blocks were available
from all cases (53 in total). Most patients received
cyclophosphamide, doxorubicin, vincristine and pre-
dnisone (CHOP) chemotherapy, or another CHOP-
type regimen such as cyclophosphamide, vincristine
and prednisone (COP) or CHOP plus etoposide
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(CHOEP). Clinical data were collected retrospectively
from patient records. Full clinical data were available
from 44 patients and is presented in Table 1. The
study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Immunohistochemical staining and statistical
analysis

Immunohistochemistry for Twist, ZEB1 and Slug was
performed as described in our previous article [9].
Nuclear and cytoplasmic staining were evaluated sep-
arately. Staining percentage of positive cells in lym-
phoma infiltrates and staining intensity (0–3, 0 being
negative and 3 indicating strongest intensity) were
evaluated separately in representative areas by an
expert hematopathologist. Micrographs of immunohis-
tochemical staining patterns were obtained using an
Olympus BX41 microscope equipped with an
Olympus DP11 digital camera (Olympus, Center
Valley, USA). To import micrographs an HP Photo and
Imaging software package (Hewlett-Packard
Company, Palo Alto, USA) was used. For statistical
analysis, cases were divided into four groups based
on the staining results: High (>25%) and low (≤25%)
percentage groups, and weak (0–1) and strong (2–3)
intensity groups. Statistical analysis was performed as
described previously [9].

Results

Nuclear staining

We assessed the nuclear staining of lymphoma
infiltrates in 53 PTCL cases. Nuclear Twist staining

was seen in 83% (44/53) of cases. Nuclear Twist
percentage varied between 1% and 70%.
Nuclear Twist intensity varied from 1 to 3. Nuclear
ZEB1 staining was seen in 92% (49/53) of cases.
Nuclear ZEB1 percentage varied between 0.5% and
100%. Nuclear ZEB1 intensity varied from 1 to
3. Nuclear Slug staining was seen in 35% (18/51) of
cases. Nuclear Slug percentage varied between 1%
and 70%. Nuclear Slug intensity varied from 1 to 3. In
two cases, Slug staining failed and was not redone
because of insufficient material.

Cytoplasmic staining

We assessed the cytoplasmic staining of lymphoma
infiltrates in 53 PTCL cases. Cytoplasmic Twist staining
was negative in every case except for one (staining per-
centage 100%, intensity 2). Cytoplasmic ZEB1 staining
was negative in every case. Cytoplasmic Slug staining
was positive in 86% (44/51) of cases. Cytoplasmic
Slug percentage was 100% in 43/44 cases and 70% in
the remaining case. Cytoplasmic Slug intensity varied
from 1 to 2.

Mutual correlations between Twist, ZEB1
and Slug

Staining intensity and staining percentage were posi-
tively correlated in all cases with discernible staining.
Cytoplasmic Slug percentage positively correlated
with nuclear ZEB1 intensity (P = 0.010) and nuclear
Twist intensity (P = 0.044). Nuclear Slug percentage
inversely correlated with nuclear ZEB1 percentage
(P = 0.009).

Table 1. Patient demographics.
ALCL, ALK+, n (%) ALCL, ALK-, n (%) ALCL, ALK US, n (%) EATL, n (%) PTCL-NOS, n (%) AITL, n (%)

Number of cases 3 8 4 7 9 22
Female 1/3 (33%) 4/8 (50%) 1/4

(25%)
3/7 (43%) 4/9

(44%)
7/22
(32%)

Patients with B-symptoms 2/3 (67%) 6/8 (75%) 0/4
(0%)

6/7 (86%) 4/9
(44%)

14/22 (64%)

Stage III–IV 3/3 (100%) 6/7 (86%) 2/4
(50%)

7/7 (100%) 6/9
(67%)

19/22 (86%)

Age 60 years or older 2/3 (67%) 7/8 (88%) 3/4
(75%)

4/7 (57%) 5/9
(56%)

17/22 (77%)

Elevated LDH 2/3 (67%) 5/6 (83%) 1/4
(25%)

4/5 (80%) 7/9
(78%)

16/22 (73%)

WHO performance score 2 or higher 2/3 (67%) 4/7 (57%) 1/4
(25%)

3/7 (43%) 2/9
(22%)

9/22
(41%)

IPI
IPI 0–1, low risk 0/3 (0%) 0/5 (0%) 2/4 (50%) 2/5 (40%) 2/9 (22%) 1/22 (5%)
IPI 2–3, moderate risk 2/3 (67%) 4/5 (80%) 1/4 (25%) 2/5 (40%) 4/9 (44%) 14/22 (64%)
IPI 4–5, high risk 1/3 (33%) 1/5 (20%) 1/4 (25%) 1/5 (20%) 3/9 (33%) 7/22 (32%)

Chemotherapy
CHOP-type 2/3 (67%) 4/8 (50%) 3/4 (75%) 4/6 (67%) 8/9 (89%) 19/22 (86%)
IVE 0/3 (0%) 0/8 (0%) 0/4 (0%) 2/6 (33%) 0/9 (0%) 0/22 (0%)
Other 1/3 (33%) 0/8 (0%) 1/4 (25%) 0/6 (0%) 1/9 (11%) 1/22 (5%)
No chemotherapy/palliative care 0/3 (0%) 4/8 (50%) 0/4 (0%) 0/6 (0%) 0/9 (0%) 2/22 (9%)

Stem cell transplant
Autologous 0/3 (0%) 1/8 (13%) 1/4 (25%) 3/6 (50%) 1/8 (13%) 5/22 (23%)
Allogenic 1/3 (33%) 0/8 (0%) 0/4 (0%) 0/6 (0%) 0/8 (0%) 2/22 (9%)
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Correlations of Twist, ZEB1 and Slug with
clinicopathological parameters

An age <60 years correlated with strong nuclear Twist
intensity (P = 0.025). Strong nuclear ZEB1 intensity cor-
related with the presence of B-symptoms (fever, night
sweats or weight loss) (P = 0.006).

Correlations of Twist, ZEB1 and Slug with
different PTCL subtypes

Figure 1 shows representative examples of immunohis-
tochemical staining of PTCLs. Immunohistochemical
staining results of the different PTCL subtypes are sum-
marized in Table 2.

Prognostic value of Twist, ZEB1 and Slug

In all PTCL cases collectively, high nuclear ZEB1 percen-
tage correlated with a favorable progression-free survi-
val (PFS) (3-year PFS: 70% vs. 34%; P = 0.010). In all PTCL
cases collectively, strong nuclear Slug intensity corre-
lated with an unfavorable PFS (3-year PFS: 17% vs.
62%; P = 0.036) (Figure 2).

In all PTCL cases collectively, there was a nonsignifi-
cant trend toward a favorable PFS in cases with high
nuclear Twist percentage (P = 0.088).

Discussion

In the present study, we investigated the expression of
Twist, ZEB1andSlug inPTCLs. Theexpressionpatternsdeli-
neated groups of patients with a distinctly poor prognosis.
For example, the 3-year PFSwas only 17% for patientswith
strong nuclear Slug intensity lymphomas. Physiologically
these TFs induce EMT during embryological development
andregulatemetastasis andotherpro-oncogenic functions
in carcinomas [3–8, 11]. These findings regarding solid
tumors are not directly applicable to lymphomas due to
fundamental differences in malignant transformation and
progression [12]. Correlations between the clinical course
of lymphomas and the expression of Twist, ZEB1 and
Slug have recently been identified and several studies
have also revealed biochemical alterations related to
these TFs in lymphomas [8–10,13–15].

Our previous studies of Twist, ZEB1 and Slug in
DLBCL and MF found that nuclear ZEB1 expression

Figure 1. Immunohistochemical staining for Twist, ZEB1 and Slug in PTCLs. (A) An ALK-ALCL, with moderate intensity (2) nuclear
Twist staining. (B) An ALK-ALCL with strong intensity (3) nuclear ZEB1 staining. (C) An ALK-ALCL with strong intensity (3) nuclear
Slug staining. (D) An AITL with weak intensity (1) nuclear Twist staining. Images are at 20× magnification.
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correlated with an unfavorable outcome in DLBCL but
with a favorable outcome in MF. In the present study,
ZEB1 correlated with a favorable outcome in PTCLs col-
lectively. This was not unexpected as MF and PTCLs
both originate from T-cells. ZEB1-deficient mice
exhibit severe defects in T-cell differentiation, have
reduced numbers of T-cells and thymocytes, and fre-
quently develop CD4+ T-cell malignancies. Moreover,
ZEB1 downregulation contributes to resistance to
TGF-β-induced growth inhibition, and ZEB1 expression
may inhibit the growth rate of malignant T-cells
[6,13,15,16]. We found no convincing evidence of
ZEB1 expression being more common in CD4+ neo-
plasms. For example, ZEB1 expression was often seen
in PTCL-NOS which is mostly a CD4+ lymphoma. Our

findings on ZEB1 were also in line with the recent
genomic studies that have provided strong evidence
that ZEB1 functions as a tumor suppressor in SS [17].

In contrast to ZEB1, nuclear Slug expression was
associated with a poor PFS in all PTCLs collectively.
This was interesting as presently there is little data con-
cerning this TF in lymphomas. Our previous work found
Slug to be associated with favorable outcome in DLBCL,
but the correlation was with cytoplasmic expression
and not with nuclear expression [9]. Slug protects irra-
diated hematopoietic progenitor cells from p53-
mediated apoptosis by repressing PUMA and may
also be considered an activator of hematopoietic
stem cell migration, as hematopoiesis is impaired in
Slug-deficient mice and migration is impaired c-kit

Figure 2. Kaplan-Meier curves showing differences in PFS. (A–C) PFS in PTCLs collectively based on (A) percent ZEB1+ nuclei within
tumors (P = 0.010; number of cases: 44) and (B) nuclear Slug intensity (P = 0.036; number of cases: 43).

Table 2. Overall results of immunohistochemical staining of each PTCL subtype.

All PTCLs, n (%)
ALCL, ALK+,

n (%)
ALCL, ALK-,

n (%)
ALCL, ALK US,

n (%) EATL, n (%)
PTCL-NOS,
n (%) AITL, n (%) P

Nuclear Twist staining
High percentage 16/53 (30%) 0/3 (0%) 2/8 (25%) 2/4 (50%) 1/7 (14%) 5/9 (56%) 6/22 (27%) NS
Strong intensity 18/53 (34%) 2/3 (67%) 2/8 (25%) 3/4 (75%) 1/7 (14%) 4/9 (44%) 5/22 (23%) NS

Nuclear ZEB1 staining
High percentage 31/53 (58%)* 1/3 (33%) 5/8 (63%) 2/4 (50%) 3/7 (43%) 8/9 (89%) 12/22 (55%) NS
Strong intensity 23/53 (43%) 1/3 (33%) 3/8 (38%) 4/4 (100%) 5/7 (71%) 6/9 (67%) 4/22 (18%) 0.009

Nuclear Slug staining
High percentage 4/51 (8%) 1/3 (33%) 0/7 (0%) 2/4 (50%) 0/7 (0%) 0/9 (0%) 1/21 (5%) 0.011
Strong intensity 11/51 (22%)† 2/3 (67%) 1/7 (14%) 3/4 (75%) 0/7 (0%) 3/9 (33%) 2/21 (10%) 0.010
Cytoplasmic Slug staining
High percentage 42/51 (82%) 1/3 (33%) 7/7 (100%) 4/4 (100%) 7/7 (100%) 9/9 (100%) 14/21 (67%) NS
Strong intensity 21/51 (41%) 1/3 (33%) 3/7 (43%) 1/4 (25%) 4/7 (57%) 6/9 (67%) 6/21 (29%) NS

NS indicates not statistically significant; US indicates unspecified.
*Significant correlation with a better PFS.
†Significant correlation with a poorer PFS.
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expressing cells [4,7,18]. The correlation with adverse
outcomes we observed could be partly explained by
the antiapoptotic functions of Slug. On the other
hand, such correlation was not seen in DLBCL [9]. Pre-
sently, Slug has not been extensively studied in lym-
phomas and we believe that further investigations
are warranted.

Physiologically, Twist is widely expressed in CD34+
stem cells and generally has an antiapoptotic function
in malignancies; it antagonizes the p53 pathway and
prevents c-myc-induced apoptosis, also repressing
the NF-kB pathway. In T-cell lymphomas, Twist
expression is increased in advanced MF/SS lesions
[8,19–21] and correlates with an unfavorable prognosis
in MF. We did not find statistically significant corre-
lations between Twist expression and disease
outcome in PTCLs.

In summary, we found that immunohistochemical
detection of the EMT-related ZEB1 and Slug can be
used to delineate a subset of PTCLs with a distinctly
poor prognosis. Our study had several limitations and
needs to be validated with a larger patient population.
The sample size was small, and we were not able to
establish significant correlations within the different
disease groups. The heterogeneity of PTCLs must also
be mentioned. For example, EATL has different risk
factors and clinical course when compared to AITL.
Some of the cases did not have full data available,
and in four older ALCL cases, we were unable to reliably
establish the ALK-status. Recently published research
on Twist, ZEB1 and Slug in T-cell lymphoma has
focused on CTCLs, but their impact on PTCLs has not
been yet established. Our findings describe the
expression of these TFs in PTCLs and provide a novel
insight on the possible prognostic value of studying
ZEB1 and Slug expression.
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