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Introduction
Autoantibody signatures have provided invaluable information 
for assisting both in the identification and early detection of 
disease.1–4 Furthermore autoantigens, such as anaplastic lym-
phoma kinase (ALK), which are functionally implicated in 
tumor progression, represent important therapeutic targets.5,6

In a previous study, protein microarrays were screened with 
sera from lymphoma patients to identify lymphoma-associated 

antigens. The aim was to identify autoantigens that might 
represent new tools for identifying high risk patients and/
or novel treatment options for patients with systemic 
ALK-negative anaplastic large cell lymphoma (ALCL),  
a provisional tumor entity with a poor prognostic outlook. The 
FAS-associated protein with death domain (FADD), encoded 
by a gene within 11q13, was identified as an autoantigen rec-
ognized by circulating antibodies present not only in the sera 
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of patients with systemic ALCL but also in patients with 
peripheral T-cell lymphoma, not otherwise specified (PTCL, 
NOS), as well as B-cell lymphoma.7 PTCL, in common with 
systemic ALK-negative ALCL, represents a poorly defined 
lymphoma category with a poor prognostic outlook for which 
improved therapies are urgently required.8

Multiple roles have been ascribed to the FADD protein. 
Containing a death domain (DD) and a death effector 
domain (DED), FADD is a major adaptor protein in the 
extrinsic apoptotic pathway linking transduction signals from 
membrane-bound death receptors, eg, CD95 and DR4, with 
caspase 8.9,10 More recently, interactions of FADD with RIP1 
and RIP3 have been identified, with FADD being a negative 
regulator of a programmed form of necrotic cell death, known 
as “necrotopsis.”11,12 FADD is also required for embryogen-
esis and lymphocyte proliferation via pathways that are inde-
pendent of death receptor-mediated apoptosis,13–16 the DD 
motif acting as a switch between apoptosis and proliferation.16 
The pivotal roles of FADD in cell cycle regulation and 
proliferation17,18 occur following its phosphorylation (at serine 
194 in humans or serine 171 in mice) and nuclear relocaliza-
tion at the G2/M stage of cell cycle.19 Nuclear pFADD may 
also be involved in gene surveillance through its regulation 
with human telomerase reverse transcriptase20 and its asso-
ciation with complexes containing the DNA repair molecules 
MBD4 and MLH1.21

FADD has been associated with disease development in 
humans.22–25 The amplification of the FADD gene and its cor-
relation with increased FADD protein expression in head and 
neck cancers led Gibcus et al. to describe FADD as a possible 
key gene of functional interest in the 11q13 amplicon.26 Con-
flicting evidence has, however, been obtained on the relevance 
of high levels of pFADD to patient outcome in a number of 
solid tumors such as head and neck cancer,26,27 adenocarci-
noma,22,28 gastric cancer,29 and prostate cancer.20 Higher levels 
of pFADD were, however, found to increase chemosensitiza-
tion in prostate cancer cells23,30 and HeLa xenografts.31

Of relevance to the current study is that chromosomal 
abnormalities of the 11q13 region, other than those associated 
with Cyclin D1, have also been linked to hematological malig-
nancies32,33 thus increasing the possibility of the involvement 
of FADD in these tumor types. Since pFADD has also been 
reported to correlate with proliferation in a range of B-cell 
non-Hodgkin lymphomas (NHLs),34 the current immuno-
histochemical study on the detection of pFADD focuses on 
T-cell malignancies to determine its potential relevance as a 
therapeutic target in these tumors.

Materials and Methods
tissue samples. Normal tissues: Fresh tonsil was obtained 

from patients attending the Ear, Nose and Throat Depart-
ment, John Radcliffe Hospital, Oxford. Paraffin-embedded 
normal tissues were obtained from the Centro Nacional de 
Investigaciones Oncologicas (CNIO), Madrid.

Hematological malignancies: Tissue microarrays (TMAs) 
of a variety of lymphomas were obtained from the CNIO 
while TMAs of ALK-positive and ALK-negative ALCL 
and PTCL were obtained from the Department of Pathol-
ogy, Wüerzburg. The 39 B-cell lymphomas consisted of 
the following cases: diffuse large B-cell (DLBCL, n = 9), 
mantle cell lymphoma (MCL, n = 7), follicular lymphoma 
(FL, n = 7), Burkitt’s lymphoma (BL, n = 6), and Hodgkin’s 
lymphoma (HL, n = 10). The 227 T-cell tumors consisted of 
the following cases: PTCL (NOS) (n = 89), ALK-positive 
ALCL (n = 38), ALK-negative ALCL (n = 54), angioimmu-
noblastic lymphoma (AITL, n = 15), angiocentric lymphoma 
(n = 5), T-cell lymphoblastic lymphoma (TCL, n = 7), cuta-
neous T-cell lymphoma (CTCL, n = 3), T/NK lymphoma 
(n = 2), mycosis fungoides (MF, n = 6), and T-cell intestinal 
lymphoma (n = 8).

All normal and neoplastic cells and tissues were 
obtained only after ethical approval and informed consent 
had been given.

cell lines. The Thiel (myeloma), SUDHL-1, Karpas 299 
(ALK-positive ALCL), FEPD (ALK-negative ALCL). Jurkat 
and CEM (T-acute lymphoblastic leukemia), U937 and HL60 
(acute myeloid leukemia), germinal center – SUDHL-6, 

Table 1. expression of pFaDD in normal cells and tissues.

TIssuE *pFADD DIsTRIbuTIOn

hematopoietic

Bone marrow megakaryocytes and occasional large blast  
cells

tonsil epithelium, subpopulations of germinal  
center B-cells, tingible body macrophages  
and subpopulations of interfollicular t and  
B cells 

thymus subpopulations of B cells, macrophages,  
epithelium, and scattered t cells

non-hematopoietic

Brain no labeling detected

thyroid occasional nucleus of epithelial cells

Lung no labeling detected

Breast no labeling detected

Colon subset of crypt epithelial cells

Liver occasional hepatocyte

kidney occasional cell in tubule

Pancreas acinar and islet cells

Fallopian tubes subset of epithelial cells

Uterus scattered epithelial cells

testis majority of spermatogonia and weak  
labeling of Leydig cells.

Placenta scattered syncitiotrophoblast

Prostate subset of epithelial cells

Bladder epithelial cells

note: *nuclear staining.
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Figure 1. immunolabeling studies to show pFaDD protein expression in tonsil (A–F) and thymus (g–J).  
notes: tonsil: (A) single immunoperoxidase labeling shows heterogeneity of pFaDD expression in the nuclei of subpopulations of tonsil cells. strong 
labeling is present in a subpopulation of germinal center (gc) cells (arrowed). scattered cells with weaker labeling are present in the mantle zone (mz) 
and interfollicular (if) areas. (b) it can be seen from the double immunoperoxidase labeling studies that pFaDD (brown) is heterogeneously expressed 
in the majority of CD20-positive (blue) germinal center B cells (arrowed) but (C) absent from the majority of CD3-positive (blue) t cells in the germinal 
center (inset, arrowed) and (D) interfollicular areas (inset, arrowed). (E) nuclear pFaDD expression (brown) is also present in the occasional CD68-
positive tingible body macrophage (blue, arrowed) while (F) pFaDD was not detected in the interfollicular CD68-positive macrophages (arrowed). 
thymus: From (g) it can be seen that the expression of pFaDD is heterogenous and limited to subpopulations of cells (arrowed) in the thymic medulla 
(med) and cortex (cor). (h) pFaDD was undetectable in the majority of the CD3-positive 9blue) thymocytes (inset, arrowed), pFaDD was undetectable 
in the majority of the CD3-positive (blue) thymocytes (inset, arrowed). (I) strong pFaDD expression (brown) was, however, detected in (I) some CD20-
positive B cells (blue, arrowed), (J) CD68-positive macrophages (blue, arrowed), and (K) the cytokeratin-positive (blue) thymic epithelial cells (inset, 
arrowed).
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Table 2. pFaDD protein expression in cell lines derived from 
hematological malignancies.

CELL LInE *pFADD

T-cell

FePD nuclei ++ .95%

sUDhL-1 nuclei + .95%

karpas 299 nuclei heterogenous +/++ .50%

Jurkat nuclei ++ .90% 

Cem nuclei/cytoplasm ++ ,50% cells

b-cell

sUDhL-6 nuclei + .75%

sUDhL-10 nuclei ++ 90%

riVa nuclei + 20%

hLY-1  nuclei +/- 80% 

hBL-1 nuclei + 40%

thiel nuclei +/- 1% 

myeloid/megakaryotic

k562 nuclei/cytoplasm ++ ,95%

hL60 nuclei/cytoplasm ++ ,95%

U937 nuclei/cytoplasm ++ ,95%

heL nuclei/cytoplasm ++ ,95%

notes: *Cytoplasmic and nuclear intensity of labeling is as follows: 
++ = strong, + = moderate and +/- = weak, % refers to proportion of cells 
labeled. FePD – aLk-negative anaplastic large cell lymphoma; sUDhL-1 
and karpas 299 – aLk-positive anaplastic large cell lymphoma; Jurkat and 
Cem – t-acute lymphoblastic leukemia; sUDhL-6 and sUDhL-10 – germinal 
center-derived diffuse large B-cell lymphoma; riVa and hBL-1 – non-germinal 
center-derived diffuse large B-cell lymphoma; thiel – myeloma; k562 – 
chronic myeloid leukemia; U937 and hL60 – acute myeloid leukemia; heL – 
megakaryocytic-derived cell lines.

SUDHL-10, and nongerminal center RIVA and HBL-1 
(DLBC)-derived cell lines used were obtained and cultured 
as previously described.5 The cultured cells were used to pro-
duce cytocentrifuge preparations, cell pellets, or fixed in 10% 
formal-saline for paraffin embedding for the preparation of 
tissue sections of the cell lines.

Antibodies. Monoclonal antibodies: Mouse monoclonal 
antibodies to CD8 (C8/144), CD45RA (4KB5), and CD68 
(KP1) were produced in the authors’ laboratories. Antibodies 
to CD20 (Clone L26), cytokeratins (Clones Lp34 and Clones 
MNF116), and β-actin (diluted 1:100) were obtained from 
DakoCytomation (Glostrup, Denmark).

Polyclonal antibodies: A rabbit polyclonal antibody to 
FADD phosphorylated at Ser174 was obtained from Cell 
Signalling Technology (catalog number 2781, Cambridge, 
UK). Anti-CD3 (DAKO-CD3 – diluted 1:100), anti-mouse 
Ig conjugated to horseradish-peroxidase (HRP) diluted 1:100, 
and the Dako EnVision staining kit were obtained from 
DakoCytomation.

Immunolabeling techniques. Immunoperoxidase: Cyto-
centrifuge preparations and cryostat sections of tonsil were 
stained using a two-stage immunoperoxidase technique as 

previously described.5 Paraffin-embedded tissue sections 
and microarrays were de-waxed, and antigen retrieval was 
carried out in 50 mM Tris:2 mM EDTA pH 9.0 by micro-
wave pressure cooking for 2 minutes. The tissue sections were 
then incubated with a primary antibody for 60 minutes at 
room temperature (or in the case of anti-pFADD overnight 
at 4 oC) before being washed in phosphate-buffered saline 
(PBS) for 5 minutes. Antibody binding was detected using 
the ChemMateTM DAKO EnVisionTM Detection Kit, Peroxi-
dase/DAB using the manufacturer’s instructions. Cells were 
counterstained using hematoxylin and mounted in Aquamount 
(VWR International, Lutterworth, UK).

Double immunoperoxidase labeling: pFADD staining was 
performed as described above but with omission of the coun-
terstaining step. The sections were then incubated with one 
of the following: anti-CD3, anti-CD20, anti-cytokeratin, 
anti-CD8, or anti-CD68 for 30 minutes at room temperature 
before using the EnvisionTM anti-mouse/rabbit Dual Link 
reagent. After washing in PBS for 5 minutes, the slides were 
incubated with the vector SG Peroxidase (HRP) substrate kit 
(Vector Laboratories, Peter borough, UK). After washing, the 
slides were air-dried overnight and mounted in VectorMount 
(Vector Laboratories).

results
pFAdd distribution in normal tissues. The antibody 

recognizing pFADD has been used in a number of previous 
studies.22,26,34,35 Its use in the current study showed pFADD 
to have a limited nuclear distribution in normal tissues, as 
summarized in Table 1. Of particular interest was the dif-
ferential expression of pFADD in populations of hematopoi-
etic cells. High levels of pFADD were detected only in 
subpopulations of tonsillar germinal center and interfolli-
cular cells (Fig. 1A). Double labeling studies confirmed the 
majority of these cells to be CD20-positive B cells (Fig. 1B). 
In contrast, pFADD was undetectable in the majority of 
the CD3-positive T cells (Figs. 1C and D), with only low 
levels of pFADD observed in a minority of CD3-positive 
T cells. Although a small subpopulation of CD68-positive 
tingible body macrophages expressed pFADD (Fig. 1E), no 
interfollicular cells were observed that were stained for both 
pFADD and CD68 (Fig. 1F).

In the thymus, strong pFADD staining was limited to 
subsets of cells in the medulla and cortex (Fig. 1G). Double 
labeling studies showed only an occasional CD3-positive 
cell to be pFADD-positive, with the majority of CD3-
positive T cells lacking detectable pFADD (Fig. 1H, inset, 
arrowed). The remaining pFADD-positive cells included 
subpopulations of CD20-positive B cells (Fig. 1I), CD68-
positive macrophages (Fig. 1J) as well as thymic epithelial 
cells (Fig. 1K).

pFAdd expression in hematological malignancies. 
pFADD expression was also detected in T-cell derived as 
well as B-cell and myeloid-derived cell lines. The staining was 
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nuclear and generally strong. Cytoplasmic staining was also 
seen in the myeloid (K562, HL60, and U937), megakaryocytic 
(HEL), and the T-acute lymphoblastic leukemia (Jurkat 
and CEM) cell lines tested. The results are summarized in 
Table 2.

A preliminary staining study was performed on mixed 
lymphoma TMAs, and the results are summarized in Table 3. 
pFADD proteins were detected across a range of B-cell lym-
phomas. Heterogeneity in the intensity of staining of pFADD 
was also seen both within and between cases of DLBCL and 
MCL (not shown).

In view of the importance of FADD in normal T-cell sur-
vival and proliferation,17 the previously reported expression of 
pFADD in a number of B-cell malignancies,34 and the presence 
of an anti-FADD immune response in patients with T-cell 
malignancies,7 we analyzed pFADD expression in 227 T-cell 
tumors, with particular emphasis on ALCL and PTCL (NOS). 
The results are shown in Table 3. Strong labeling of the tumor 
cells was observed in 32/38 (84%) ALK-positive and 45/54 
(83%) ALK-negative ALCL. Examples of results obtained 
are shown in Figures 2A and 2B. The numbers of tumor cells 
expressing pFADD varied from tumor biopsy to tumor biopsy 
(range 10%–99%). Moderate to weak pFADD labeling was 
also observed in other T-cell tumors. A total of 58/89 (65%) 

cases of PTCL (NOS) were positive for pFADD. Labeling of 
more than 30% of cells was detected in 9 (10%) of these cases 
while 49 (55%) cases showed less than 30% of the tumor cells 
to be pFADD-positive. pFADD expression was not detected 
in 31 (35%) cases of PTCL (NOS). Examples of staining are  
shown in Figures 2C–2E). Heterogeneity in the levels of stain-
ing of pFADD was observed within tumors in both ALCL 
and PTCL (NOS). pFADD expression was detected in a range 
of other T-cell lymphomas, including 67% (10/15) AITL, 57% 
(4/7) T-ALL, 50% (3/6) MF, and 66% (2/3) CTCL cases.

Additional evidence to support the dysregulation of 
FADD in T-cell tumors was obtained by analyzing levels 
of FADD transcripts from the publicly available Oncomine 
database (www.oncomine.org). Analysis of two independent 
gene expression profiling (GEP) datasets indicated that the 
FADD transcripts were significantly more highly expressed in 
T-cell lymphomas compared to nonmalignant T-cell popula-
tions (Fig. 3). Thus T-cell malignancies exhibit both elevated 
FADD transcription and FADD phosphorylation.

discussion
Although pFADD has been studied in a number of solid 
tumors, investigations of its expression in human hematological 
malignancies are limited. We previously used sera from ALCL 

Table 3. pFaDD expression in hematological malignancies.

ImmunOLAbELIng REsuLTs

TOTAL  
CAsEs

nEgATIvE ,30% POsITIvE CELLs
n (% TOTAL CAsEs)

.30% POsITIvE 
CELLs
n (% TOTAL CAsEs)

b-cell lymphomas

Diffuse large B-cell lymphoma 9 2 (22%) 4 (43%) 3 (33%)

mantle cell lymphoma 7 1 (14%) 4 (57%) 2 (29%)

Follicular lymphoma (n = 7) 7 4 (57%) 3 (43%) 0 (0%)

Burkitt lymphoma 6 3 (50%) 2 (33%) 1 (17%)

hodgkin’s lymphoma Lymphocyte predominant 3 0 (0%) 1 (33%) 2 (66%)

hodgkin’s lymphoma mixed cellularity 2 0 (0%) 0 (0%) 2 (100%)

hodgkin’s lymphoma nodular sclerosis 2 0 (0%) 0 (0%) 2 (100%)

hodgkin’s lymphoma Lymphocyte rich 3 0 (0%) 0 (0%) 3 (100%)

T-cell lymphomas

Peripheral t-cell lymphoma  
 (not otherwise specified) 

89 31 (35%) 49 (55%) 9 (10%)

aLk+ anaplastic large cell lymphoma 38 6 (16%) 8 (21%) 24 (63%)

aLk- anaplastic large cell lymphoma 54 9 (17%) 5 (9%) 40 (74%)

angioimmunoblastic lymphoma 15 5 (33.3%) 5 (33.3%) 5 (33.3%)

angiocentric lymphoma 5 0 (0%) 3 (60%) 2 (40%)

t lymphoblastic 7 3 (43%) 3 (43%) 1 (14%)

Cutaneous t-cell lymphoma 3 1 (33.5%) 2 (66.5%) 0 (0%)

mycosis Fungoides 6 3 (50%) 2 (33%) 1 (17%)

t/nk-cell lymphoma 2 0 (0%) 2 (100%) 0 (0%)

t-cell intestinal lymphoma 8 0 (0%) 3 (37%) 5 (63%)
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patients to screen a protein microarray containing more than 
12,000 different proteins with the aim of identifying lympho-
ma-associated antigens that could identify high-risk patients 
or that might represent novel therapeutic targets. Four anti-
gens, FADD, transcription elongation factor A protein-like 2 
(TCEAL2), lipid phosphate phosphate-related protein type 3 
(LPPR3), and ribonuclease T2 (RNASET2), were identified 
as ALK-negative ALCL-associated autoantigens. Further val-
idation studies also confirmed FADD, TCEAL2, and RNA-
SET2 to be PTCL-associated autoantigens recognized by 
circulating antibodies in patients.7 This result, combined with 
the interest in the role of pFADD in oncogenesis, indicated the 
importance of performing an immunohistochemical study of 
pFADD protein expression, in a range of T-cell lymphomas.

High levels of pFADD protein had a limited distribu-
tion in normal tissues and were restricted to the nucleus. These 
results are in agreement with previous studies reporting nuclear 
pFADD protein in subpopulations of human gastric epithelial 
cells, hepatocytes, kidney, and tonsillar cells.28,29,34,36 The cur-
rent study using double labeling techniques is, however, the 
first not only to confirm high levels of pFADD expression 
in subpopulations of normal CD20-positive B cells but also 
to identify the absence or restricted low-level expression of 
pFADD in normal tonsillar T cells and thymocytes. Since the 

presence of pFADD has been linked to T-cell activation and 
proliferation in human cell lines and in mice,17,18,37 the lack of 
pFADD in T cells in the current study suggests that there are 
only low numbers of activated T cells in the G2/M stage of 
cell cycle in normal tonsil and thymus.

pFADD was observed in B-cell-derived cell lines and 
tumors, a result in keeping with a previous study where 
pFADD expression was found to correlate with the prolifera-
tion of B-lymphoma cells.34 pFADD expression was, however, 
also detected in a wide variety of T-cell leukemia-derived cell 
lines and in primary T-cell lymphoma biopsies. 65% PTCL 
(NOS) and 83% ALCL expressed levels of pFADD. No signif-
icant difference was found between ALK-positive and ALK-
negative ALCL, with high levels of pFADD being detected 
in 84% and 83% of ALK-positive and ALK-negative ALCL, 
respectively. Although pFADD protein expression was previ-
ously reported in ALCL and CTCL, Clarke et al investigated 
only nine cases of ALCL and three cases of CTCL.36 The 
increased expression of pFADD protein in T-cell malignan-
cies compared to normal T-cells studied here suggests that 
pFADD is accumulated possibly as a result of the constitutive 
activation of the tumor cells. The increase in pFADD could 
also result from increased expression of FADD or its increased 
phosphorylation as part of the disease process. The evidence 

A

C D E

BALK-positive ALCL

PTCL PTCL PTCL

ALK-negative ALCL

ALK-positive ALCL

Figure 2. single immunoperoxidase labeling demonstrating pFaDD expression in aLCL and PtCL (nos).  
notes: (A) an example of a case of aLk-positive aLCL where the tumor cells express pFaDD (arrowed). note the presence of pFaDD in the cytoplasm 
of mitotic cells (arrowhead). the inset shows an example of a pFaDD-negative case of aLk-positive aLCL. (b) strong nuclear pFaDD expression is also 
present in a case of aLk-negative aLCL (arrowed). Cytoplasmic pFaDD is also present in a mitotic cell (arrowhead). Different examples of pFaDD in 
three cases of PtCL are shown in (C–E). While the majority of tumor cells are pFaDD-positive (arrowed) in (C), the percentage drops to less than 30% in 
(D) while the PtCL in (E) lacks detectable pFaDD.
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other studies. Increased levels of pFADD and NF-κΒ have 
been linked to poorer survival in head and neck26 and lung 
cancers,22,28 while others have described low pFADD expres-
sion to be associated with poorer prognosis in myeloid leuke-
mia.47 There is also a reported link between higher levels of 
pFADD and improved local tumor control in early stage larynx 
cancer27 and prostate cancer.20 Of interest is that the increased 
transition from FADD to pFADD has been associated with an 
improved sensitivity to treatment with chemotherapy in pros-
tate cancer23,30 and radiotherapy in head and neck cancer.27

Although ALK-positive ALCL is associated with a 
good prognosis,48 the same cannot be said for ALK-negative 
ALCL and PTCL-NOS, and improved therapies are urgently 
needed for these lymphomas.49–52 FADD and its interacting 
proteins, such as RIP1, are expressed in both ALK-negative 
and ALK-positive ALCL53 and may thus represent exciting 
therapeutic targets. Although there is evidence for a tumor 
suppressor role of pFADD in nonhematological tumors,31 
it will be important to study further the biological activity 
of pFADD in T-cell malignancies. Of interest was a report 
that a novel inhibitor of FADD phosphorylation resulted in 
decreased levels of the anti-apoptotic NF-κΒ,44 a factor impli-
cated in lymphogenesis,54 suggesting the potential of pFADD 
as a therapeutic target in T-cell malignancies.

In conclusion, the results from the current study provide 
the first detailed immunohistochemical study of the expres-
sion of pFADD in normal tissues and hematological malig-
nancies, with particular emphasis on T-cell tumors. The 
increased expression of pFADD observed in T-cell lymphomas 
not only suggests a possible role in lymphoma development 
but also further highlights phosphorylation of the lympho-
ma-associated autoantigen FADD as a potential therapeutic 
target.

Acknowledgments
We would like to thank Maite Cabes, Dr Graham Collins, 
and Dr Andrew Campbell for their help in obtaining clinical 
data and samples.

Author contributions
SP, DM, HC, ZAA, EG, EH, KKW, APA and KP per-
formed the research and analyzed the results. GR and CSRH 
contributed essential reagents. KP, AHB, and DM designed 
the research and analyzed the data. All authors made an intel-
lectual input and contributed to writing the paper. All authors 
reviewed and approved of the final manuscript.

reFerences
 1. Horn S, Lueking A, Murphy D, et al. Profiling humoral autoimmune repertoire of 

dilated cardiomyopathy (DCM) patients and development of a disease-associated 
protein chip. Proteomics. 2006;6(2):605–13.

 2. Kijanka G, Murphy D. Protein arrays as tools for serum autoantibody marker 
discovery in cancer. J Proteomics. 2009;72(6):936–44.

 3. Kijanka G, Hector S, Kay EW, et al. Human IgG antibody profiles differen-
tiate between symptomatic patients with and without colorectal cancer. Gut. 
2010;59(1):69–78.

P = 0.0029

P = 0.0016

P < 0.0001

P = 0.0004

P = 0.0003

−1

0

R
el

at
iv

e 
F

A
D

D
 e

xp
re

ss
io

n

1

2

3

4

5

T-ly
m

ph
oc

yte

ALK
 +

 A
LC

L

ALK
 −

 A
LC

L

T-ly
m

ph
oc

yte
ALC

L
AIT

L

PTCL 
(N

OS)

BA

Figure 3. FADD transcript expression in t-cell lymphomas and aLCL. 
notes: FADD transcript was expressed at significantly higher 
levels in t-cell lymphomas than in nonmalignant t-cell populations 
in two independent gene expression profiling datasets: (A) normal 
t-lymphocytes, n = 31; aLCL (anaplastic large cell lymphoma), n = 9  
(five cases of ALK-positive ALCL and four cases of ALK-negative 
aLCL);38 and (b) normal t-lymphocytes, n = 20 (including five samples 
each of CD4-positive and CD8-positive t-lymphocytes); aLCL, n = 6; 
aitL (angioimmunoblastic t-cell lymphoma), n = 6; PtCL (nos) 
(peripheral T-cell lymphoma, not otherwise specified), n = 28.8

from two GEP datasets8,38 (shown in Fig. 3), where increased 
levels of FADD transcripts were observed in PTCL, AITL, 
ALK-positive and ALK-negative ALCL, compared to normal 
T cells, suggests that the increased pFADD protein expression 
in some patients is likely to reflect the upregulation of FADD 
transcription and thus, most likely, increased FADD protein.

A major factor in lymphoma growth is resistance to apopto-
sis. Examples include abnormalities in the Fas/FasL and CD30-
mediated apoptotic pathways as well as c-FLIP overexpression 
in T-cell lymphomas such as ALK-positive ALCL,39 and ALK-
negative tumors such as CTCL and mycosis fungoides.40,41 It is 
possible that re-localization of FADD to the nucleus following its 
phosphorylation19,42 may play a major role in the dysregulation of 
apoptosis in human lymphomas as reported for murine T-ALL.43 
pFADD overexpression has also been linked to increased activ-
ity of the anti-apoptotic NF-κB protein.22,44 and activation of 
the c-jun NH2-terminal kinase (JNK) signaling pathway,24,30 
both of which are implicated in T-cell lymphomagenesis.45,46 
Aberrant pFADD expression has also been linked with prolif-
eration in human B-cell lymphomas34 and to cell cycle defects in 
murine T cells,37 with hematopoietic as well as solid tumor cells 
arresting at the G2/M stage.18,19,23,24

Further investigations are required to determine the prog-
nostic relevance of pFADD in T-cell malignancies, which 
has been linked with varying outcomes in malignancies in 

http://www.la-press.com
http://www.la-press.com/journal-biomarker-insights-j4


Patel et al

84 Biomarker insights 2014:9

 4. Wang X, Yu J, Sreekumar A, et al. Autoantibody signatures in prostate cancer.  
N Engl J Med. 2005;353:1224–35.

 5. Cooper CD, Liggins AP, Ait-Tahar K, Roncador G, Banham AH, Pulford K. 
PASD1, a DLBCL-associated cancer testis antigen and candidate for lymphoma 
immunotherapy. Leukemia. 2006;20(12):2172–4.

 6. Ait-Tahar K, Damm-Welk C, Burkhardt B, et al. Correlation of the 
autoantibody response to the ALK oncoantigen in pediatric anaplastic lymphoma 
kinase-positive anaplastic large cell lymphoma with tumor dissemination and 
relapse risk. Blood. 2010;115(16):3314–9.

 7. Patel S, Chen H, Monti L, et al. RNASET2 – an autoantigen in anaplas-
tic large cell lymphoma identified by protein array analysis. J Proteomics. 
2012;75(17):5279–92.

 8. Piccaluga PP, Agostinelli C, Califano A, et al. Gene expression analysis of 
peripheral T cell lymphoma, unspecified, reveals distinct profiles and new poten-
tial therapeutic targets. J Clin Invest. 2007;117(3):823–34.

 9. Boldin MP, Varfolomeev EE, Pancer Z, Mett IL, Camonis JH, Wallach D. 
A novel protein that interacts with the death domain of Fas/APO1 contains a 
sequence motif related to the death domain. J Biol Chem. 1995;270(14):7795–8.

 10. Chinnaiyan AM, O’Rourke K, Tewari M, Dixit VM. FADD, a novel death 
domain-containing protein, interacts with the death domain of Fas and initiates 
apoptosis. Cell. 1995;81(4):505–12.

 11. Green DR, Oberst A, Dillon CP, Weinlich R, Salvesen GS. RIPK-dependent 
necrosis and its regulation by caspases: a mystery in five acts. Mol Cell. 
2011;44(1):9–16.

 12. Zhang H, Zhou X, McQuade T, Li J, Chan FK, Zhang J. Functional comple-
mentation between FADD and RIP1 in embryos and lymphocytes. Nature. 
2011;471(7338):373–6.

 13. Yeh WC, de la Pompa JL, McCurrach ME, et al. FADD: essential for embryo 
development and signaling from some, but not all, inducers of apoptosis. Science. 
1998;279(5358):1954–8.

 14. Zhang J, Cado D, Chen A, Kabra NH, Winoto A. Fas-mediated apoptosis and 
activation-induced T-cell proliferation are defective in mice lacking FADD/
Mort1. Nature. 1998;392(6673):296–300.

 15. Zhang Y, Rosenberg S, Wang H, Imtiyaz HZ, Hou YJ, Zhang J. Conditional 
Fas-associated death domain protein (FADD): GFP knockout mice reveal 
FADD is dispensable in thymic development but essential in peripheral T cell 
homeostasis. J Immunol. 2005;175(5):3033–44.

 16. Imtiyaz HZ, Zhou X, Zhang H, Chen D, Hu T, Zhang J. The death domain of 
FADD is essential for embryogenesis, lymphocyte development, and prolifera-
tion. J Biol Chem. 2009;284(15):9917–26.

 17. Hua ZC, Sohn SJ, Kang C, Cado D, Winoto A. A function of Fas-associated 
death domain protein in cell cycle progression localized to a single amino acid at 
its C-terminal region. Immunity. 2003;18(4):513–21.

 18. Alappat EC, Volkland J, Peter ME. Cell cycle effects by C-FADD depend on its 
C-terminal phosphorylation site. J Biol Chem. 2003;278(43):41585–8.

 19. Scaffidi C, Volkland J, Blomberg I, Hoffmann I, Krammer PH, Peter ME. Phos-
phorylation of FADD/MORT1 at serine 194 and association with a 70-kDa cell 
cycle-regulated protein kinase. J Immunol. 2000;164(3):1236–42.

 20. Matsumura Y, Shimada K, Tanaka N, Fujimoto K, Hirao Y, Konishi N. Phos-
phorylation status of Fas-associated death domain-containing protein regu-
lates telomerase activity and strongly correlates with prostate cancer outcomes. 
Pathobiology. 2009;76(6):293–302.

 21. Screaton RA, Kiessling S, Sansom OJ, et al. Fas-associated death domain 
protein interacts with methyl-CpG binding domain protein 4: a potential 
link between genome surveillance and apoptosis. Proc Natl Acad Sci U S A. 
2003;100(9):5211–6.

 22. Chen G, Bhojani MS, Heaford AC, et al. Phosphorylated FADD induces  
NF-kappaB, perturbs cell cycle, and is associated with poor outcome in lung 
adenocarcinomas. Proc Natl Acad Sci U S A. 2005;102(35):12507–12.

 23. Shimada K, Matsuyoshi S, Nakamura M, Ishida E, Konishi N. Phosphorylation 
status of Fas-associated death domain-containing protein (FADD) is associated 
with prostate cancer progression. J Pathol. 2005;206(4):423–32.

 24. Matsuyoshi S, Shimada K, Nakamura M, Ishida E, Konishi N. FADD phos-
phorylation is critical for cell cycle regulation in breast cancer cells. Br J Cancer. 
2006;94(4):532–9.

 25. Cimino Y, Costes A, Damotte D, et al. FADD protein release mirrors the devel-
opment and aggressiveness of human non-small cell lung cancer. Br J Cancer. 
2012;106(12):1989–96.

 26. Gibcus JH, Menkema L, Mastik MF, et al. Amplicon mapping and expres-
sion profiling identify the Fas-associated death domain gene as a new driver 
in the 11q13.3 amplicon in laryngeal/pharyngeal cancer. Clin Cancer Res. 
2007;13(21):6257–66.

 27. Schrijvers ML, Pattje WJ, Slagter-Menkema L, et al. FADD expression as a 
prognosticator in early-stage glottic squamous cell carcinoma of the larynx treated 
primarily with radiotherapy. Int J Radiat Oncol Biol Phys. 2011;83(4);1220–26.

 28. Bhojani MS, Chen G, Ross BD, Beer DG, Rehemtulla A. Nuclear localized 
phosphorylated FADD induces cell proliferation and is associated with aggres-
sive lung cancer. Cell Cycle. 2005;4(11):1478–81.

 29. Yoo NJ, Lee SH, Jeong EG, et al. Expression of nuclear and cytoplasmic phos-
phorylated FADD in gastric cancers. Pathol Res Pract. 2007;203(2):73–8.

 30. Shimada K, Matsuyoshi S, Nakamura M, Ishida E, Kishi M, Konishi N. Phos-
phorylation of FADD is critical for sensitivity to anticancer drug-induced apop-
tosis. Carcinogenesis. 2004;25(7):1089–97.

 31. Jang MS, Lee SJ, Kim CJ, Lee CW, Kim E. Phosphorylation by polo-
like kinase 1 induces the tumor-suppressing activity of FADD. Oncogene. 
2011;30(4):471–81.

 32. Wong KF. 11q13 is a cytogenetically promiscuous site in hematologic malignan-
cies. Cancer Genet Cytogenet. 1999;113(1):93–5.

 33. Thorns C, Bastian B, Pinkel D, et al. Chromosomal aberrations in angioim-
munoblastic T-cell lymphoma and peripheral T-cell lymphoma unspecified:  
a matrix-based CGH approach. Genes Chromosomes Cancer. 2007;46(1):37–44.

 34. Drakos E, Leventaki V, Atsaves V, et al. Expression of serine 194-phosphory-
lated Fas-associated death domain protein correlates with proliferation in B-cell 
non-Hodgkin lymphomas. Hum Pathol. 2011;42(8):1117–24.

 35. Lee EW, Kim JH, Ahn YH, et al. Ubiquitination and degradation of the FADD 
adaptor protein regulate death receptor-mediated apoptosis and necroptosis. Nat 
Commun. 2012;3:978.

 36. Clarke LE, Bayerl MG, Bruggeman RD, et al. Death receptor apoptosis signal-
ing mediated by FADD in CD30-positive lymphoproliferative disorders involv-
ing the skin. Am J Surg Pathol. 2005;29(4):452–9.

 37. Osborn SL, Sohn SJ, Winoto A. Constitutive phosphorylation mutation in Fas-
associated death domain (FADD) results in early cell cycle defects. J Biol Chem. 
2007;282(31):22786–92.

 38. Eckerle S, Brune V, Döring C, et al. Gene expression profiling of isolated tumour 
cells from anaplastic large cell lymphomas: insights into its cellular origin, patho-
genesis and relation to Hodgkin lymphoma. Leukemia. 2009;23(11):2129–38.

 39. Oyarzo MP, Medeiros LJ, Atwell C, et al. c-FLIP confers resistance to FAS-me-
diated apoptosis in anaplastic large-cell lymphoma. Blood. 2006;107(6):2544–7.

 40. Contassot E, Kerl K, Roques S, et al. Resistance to FasL and tumor necrosis 
factor-related apoptosis-inducing ligand-mediated apoptosis in Sezary syndrome 
T-cells associated with impaired death receptor and FLICE-inhibitory protein 
expression. Blood. 2008;111(9):4780–7.

 41. Braun FK, Hirsch B, Al-Yacoub N, et al. Resistance of cutaneous anaplastic 
large-cell lymphoma cells to apoptosis by death ligands is enhanced by CD30-
mediated overexpression of c-FLIP. J Invest Dermatol. 2010;130(3):826–40.

 42. Alappat EC, Feig C, Boyerinas B, et al. Phosphorylation of FADD at serine 194 
by CKIalpha regulates its nonapoptotic activities. Mol Cell. 2005;19(3):321–32.

 43. Villa-Morales M, Gonzalez-Gugel E, Shahbazi MN, Santos J, Fernandez-
Piqueras J. Modulation of the Fas-apoptosis-signalling pathway by functional 
polymorphisms at Fas, FasL and Fadd and their implication in T-cell lympho-
blastic lymphoma susceptibility. Carcinogenesis. 2010;31(12):2165–71.

 44. Schinske KA, Nyati S, Khan AP, et al. A novel kinase inhibitor of FADD phos-
phorylation chemosensitizes through the inhibition of NF-kappaB. Mol Cancer 
Ther. 2011;10(10):1807–17.

 45. Cui J, Wang Q , Wang J, et al. Basal c-Jun NH2-terminal protein kinase activity 
is essential for survival and proliferation of T-cell acute lymphoblastic leukemia 
cells. Mol Cancer Ther. 2009;8(12):3214–22.

 46. Odqvist L, Sánchez-Beato M, Montes-Moreno S, et al. NIK controls classical 
and alternative NF-kappaB activation and is necessary for the survival of human 
T-cell lymphoma cells. Clin Cancer Res. 2013;19(9):2319–30.

 47. Tourneur L, Delluc S, Lévy V, et al. Absence or low expression of Fas-associated 
protein with death domain in acute myeloid leukemia cells predicts resistance to 
chemotherapy and poor outcome. Cancer Res. 2004;64(21):8101–8.

 48. Delsol G, Jaffe ES, Falini B, et al. Anaplastic large cell lymphoma (ALCL), 
ALK-positive. In: Swerdlow SH, et al. eds. WHO Classification of Tumours of 
Haematopoietic and Lymphoid Tissues. Lyon: International Agency for Research 
on Cancer; 2008:312–6.

 49. Savage KJ. Therapies for peripheral T-cell lymphomas. Hematology Am Soc Hema-
tol Educ Program. 2011;2011:515–24.

 50. Ferreri AJ, Govi S, Pileri SA, Savage KJ. Anaplastic large cell lymphoma, ALK-
negative. Crit Rev Oncol Hematol. 2013:85(2):206–15.

 51. Bisig B, Gaulard P, de Leval L. New biomarkers in T-cell lymphomas. Best Pract 
Res Clin Haematol. 2012;25(1):13–28.

 52. Armitage JO. The aggressive peripheral T-cell lymphomas: 2013. Am J Hematol. 
2013;88(10):910–8.

 53. Hirsch B, von der Wall E, Hummel M, Durkop H. RIP1 expression is necessary 
for CD30-mediated cell death induction in anaplastic large-cell lymphoma cells. 
Lab Invest. 2013;93(6):677–89.

 54. Zhao WL. Targeted therapy in T-cell malignancies: dysregulation of the cellular 
signaling pathways. Leukemia. 2010;24(1):13–21.

http://www.la-press.com
http://www.la-press.com/journal-biomarker-insights-j4

