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Abstract Cutaneous T-cell lymphomas (CTCL)
belong to non-Hodgkin lymphomas, which are primar-
ily manifested in the skin and mostly exhibit a T-
helper memory phenotype. Mycosis fungoides (MF)
and the leukemic variant Sézary syndrome (SzS) are
the most common forms of CTCL. The aim of this
study was to identify CTCL surface proteins with a
tumor speciWc expression proWle. A plasma membrane
enriched fraction of the CTCL cell line HuT78 was
used for immunization of two rabbits. Subsequently, a
CTCL cDNA phage library was screened by a new
variant of the SEREX method (serological identiWca-
tion of antigens by recombinant expression cloning)
using the polyspeciWc rabbit antisera instead of

patients’ sera. Isolated reactive transfectants were
sequenced and 42 diVerent genes identiWed including
four known plasma membrane proteins: Ligatin,
HLA-A, integrin �4 and MT5-MMP. The level of tran-
scripts of the matrix metalloproteinase MT5-MMP was
diminished in MF tumor specimens. MT5-MMP nor-
mally occurs in several diVerent protein variants.
Western blot analysis revealed that activated MT5-
MMPs were reduced in tumor specimens, whereas the
amounts of most of the inactivated variants were
unchanged. The amount of mRNA coding for the
adhesion protein integrin �4 was not altered in tumor
specimens in comparison to controls when analyzed by
quantitative real-time PCR analysis. Ku86, known to
be predominantly located in the nucleus and cytosol,
was frequently detected during the SEREX screening.
Western blot analysis revealed higher protein amounts
of Ku86 in HuT78 than in control cells. In addition, we
could show, that Ku86 can also be detected in lipid
rafts of CTCL cells as it has been described for other
tumor types. Thus, Ku86 might be involved in homo-
and heterotypic adhesion steps of CTCL tumor cells
and might protect these cells against apoptosis trig-
gered by irradiation as it was suggested for multiple
myeloma cells. The design of this study enabled
screening for all proteins on the plasma membrane,
irrespectively of whether these are directly anchored
within the membrane or associated with other mem-
brane proteins. Further analysis will unravel whether
the list of identiWed proteins harbors candidates,
which might be accessible for antibodies from outside
the cell.
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Abbreviations
CTCL Cutaneous T cell lymphoma
SEREX Serological identiWcation of antigens

by recombinant expressed cloning
MT5-MMP Membrane-type 5 matrix 

metalloproteinase

Introduction

Cutaneous T-cell lymphomas (CTCL) are non-Hodgkin
lymphomas primarily located in the skin [61]. The most
common forms are mycosis fungoides (MF) and the
more aggressive Sézary syndrome (SzS) [14]. Tumor cells
are malignant, clonally expanded mature CD4+ T helper
cells with a memory phenotype [8]. SzS is characterized
by the appearance of tumor cells in the peripheral blood
(Sézary cells), which can accumulate to a high number of
cells. The pathogenesis of both types is poorly under-
stood. Chronic antigen stimulation is hypothesized to be
causative for the development of CTCL.

Previous studies have identiWed cell surface proteins
overexpressed on CTCL-cells. A member of the killer
immunoglobulin-like receptor (KIR) p140-KIR3DL2
which is normally expressed on a minor subset of natu-
ral killer lymphocytes was found as a novel allelic form
on tumor cells of Sézary syndrome [58]. Therefore, it
was suggested as a marker to distinguish between
tumor cells of Sézary syndrome and of Mycosis fun-
goides. A second potential diVerentiation marker is
SC5, which was found to be elevated in Sézary cells
[38]. Additionally, SC5 is discussed to be involved in
inhibition of CD3-induced cell proliferation.

Oligonucleotide array analysis using T-cell mRNAs
isolated from the peripheral blood of SzS patients and
subsequent real-time PCR analysis revealed increased
amounts of tyrosine kinase receptor EphA4 [54]. A pos-
sible role in the pathogenesis of CTCL is suspected due
to the overexpression of some targets downstream of its
signal transduction pathways like Fyn, Grb2 and Abl or
STAT3, a transcriptional activator constitutively phos-
phorylated in tumor cells of SzS patients [12].

The objective of this study was to identify mem-
brane-bound proteins in CTCL. Therefore, we enriched
plasma membrane of the CTCL cell line HuT78 by
diVerential centrifugation. The plasma membrane frac-
tion was used for immunizing rabbits to get reactive
antisera, which were then applied in the SEREX
method for the Wrst time. Thereby, a cDNA phage
library of the CTCL cell line SeAx was screened for
reactive clones. The clones were identiWed using the
HUSAR program “blast2n”. Finally, MT5-MMP, inte-
grin �4 and Ku86 of all identiWed genes were chosen

for further expression analyses (Real-time PCR and
Western blotting).

Materials and methods

Cell lines

The CD4+ human cell lines HuT78 (derived from a SzS
patient; TIB-161) and HH (aggressive cutaneous T-cell
lymphoma; CRL-2105) were purchased from ATCC.
The CD4+ cell lines SeAx (SzS patient) and MyLa
(MF patient) were kindly provided by K. Kaltoft. The
CD8+ Cou-L3 cell line has been established from a
patient with MF evolved into a pleomorphic large T-cell
lymphoma and has been kindly provided by A. Bensus-
san. Cells were routinely cultured in RPMI medium
(Biochrom AG, Berlin) supplemented with 1% peni-
cillin/streptomycin, 2% L-glutamine and 10% fetal calf
serum (Pan biotecs) at 37°C and 5% CO2. SeAx and
Cou-L3 cells were additionally cultured with 1,000 U/
ml and 150 U/ml IL-2, respectively.

Patients tissues

Tumor tissues were collected during routine diagnostic
procedures with a formal agreement signed by the
patients and with the oYcial permission of the local
ethical review board. Skin specimens obtained from
CTCL patients and patients with benign skin diseases
served as a source for generating cDNA and/or protein:
7 MF (stage IIb–IVb), 2 SzS patients, 2 dermatitis, 3
eczema, and 6 control skin tissue samples. 5 SzS (stage
III-IV) and 12 control PBMC samples were fraction-
ated from whole blood samples by Ficoll density centri-
fugation. PBMC fractions were then partially used to
isolate CD4+ T-cells with anti-CD4 Microbeads (Milte-
nyi Biotec). The control samples were received from
the blood bank in Mannheim (Germany).

Antibodies

Primary antibodies against ICAM-1, CD3�, calnexin,
Tom40 and Ku86 were purchased from Santa Cruz Bio-
technology, Inc. (Santa Cruz, CA); antibodies against
Lck were from BD Pharmingen (San Diego, USA); anti-
bodies against Nuclear pore were from Oncogene
research products (Schwalbach/Ts, Germany); and
antibodies against MT5-MMP were from Neuromics
antibodies (NorthWeld, MN, USA). Horseradish peroxi-
dase-conjugated secondary antibodies against rabbit and
mouse IgG were purchased from Santa Cruz Biotech-
nology, Inc. The protease inhibitor cocktail (Complete,
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Mini, EDTA-free) was purchased from Roche Applied
Science (Mannheim, Germany). For immunocytochem-
istry, normal goat serum, Vectastain ABC kit, alkaline
phosphatase substrate Kit I were purchased from Vector
Laboratories Inc. (Burlingame, CA).

Plasma membrane enrichment

Plasma membrane enriched fractions from CTCL cell
lines HuT78 and MyLa were prepared using the
method described by Ellis et al. with some modiWca-
tions [11]. BrieXy, 1–1.5 £ 109 cells were grinded in a
mixer mill and homogenized in buVer A (250 mM
sucrose, 12 mM Tris–HCl, pH 7.4, complete, Mini
EDTA-free). The homogenate was Wrst centrifuged for
10 min at 270 £ g. The resulting supernatant was cen-
trifuged at 920 £ g for 10 min. MgCl2 was added to
10 mM to the following supernatant and the suspen-
sion was stirred for 15 min on ice and centrifuged for
15 min at 2,300 £ g. The supernatant was decanted into
a centrifuge tube and centrifuged at 100,000 £ g for
45 min. The pellet was resuspended with a Dounce
homogenizer in 0.5 ml buVer B (250 mM sucrose,
5 mM Na2-EDTA, 2 mM Tris–HCl, pH 7.4, protease
inhibitor cocktail, Complete, Mini, EDTA-free), layered
on 4.5 ml 30% sucrose and centrifuged at 68,000 £ g
for 2 h. The band at the interphase was supplemented
with Wnally 8% sucrose in buVer A. The pellet obtained
by centrifugation at 100,000 £ g for 1 h was Wnally
resuspended in a minimal volume PBS.

Western blot analysis

Whole cell extracts, plasma membrane fractions or lipid
rafts fractions were boiled in 5 £ sample buVer and
separated by SDS-PAGE (16% polyacrylamide). For
MT5-MMP analysis cells and tissues were mechanically
disrupted by a mixer mill, treated with lysis buVer, cen-
trifuged and the supernatant was used for cytosolic
enriched proteins. The pellet was then treated with Tri-
ton X-100 and thereafter used as membrane fraction.

Protein gels were Wxed in 40% methanol, 10% acetic
acid and stained with colloidal Coomassie G250. Alter-
natively, proteins were transferred to nitrocellulose
membrane. The transfer was controlled by incubation
in 0.2% Ponceau S. For blocking of unspeciWc binding
sites blots were incubated with 5% (w/v) skim milk in
PBST buVer solution (1 xPBS, 0.1%(v/v) Tween) for
1 h at RT or overnight at 4°C.

The primary antibodies were used in 0.5% milk
PBST buVer solution at a dilution of 1:500 for ICAM-1
(H-108), CD3� (FL-207), Calnexin (H-70), Tom40 (H-
300) and Ku86 (H-300); 1:100 for Lck (MOL171); 1:300

for Nuclear pore (Ab-2); 1:1,000 for MT5-MMP and
1:5,000 for the generated rabbit pre- and post-immune
sera. The incubations were done for 1 h at room tem-
perature or overnight at 4°C. After washing (3 £ 5 min
with PBST), anti-rabbit (NA934) or anti-mouse
(NA931) IgG secondary antibodies coupled with
horseradish peroxidase were added at a dilution of
1:10,000 and incubated for 1 h at room temperature.
The Wlters were washed in PBST, developed with an
ECL kit (Amersham Biosciences), and exposed to
HyperWlm (ECL) (Amersham Biosciences Europe).
For re-use, blots were stripped with stripping buVer
(100 mM �-mercaptoethanol, 62.5 mM Tris-HCl pH
6.8, 2% SDS) at 57°C for 30 min.

Immunization

Two rabbit polyclonal antisera were raised against the
plasma membrane enriched fraction (DKFZ animal
facilities or Eurogentec, Belgium). BrieXy, protein was
isolated from 2.8 £ 1010 HuT78 cells and plasma mem-
brane enriched fractions were established. Rabbits
(chinchilla bastard) were immunized with 375 �g or
500 �g protein, respectively, dissolved in 250 �l PBS
mixed with 250 �l complete Freund’s adjuvant. After
one month, rabbits were boosted at two-week intervals
for 3 times and 2 times, respectively, using between 375
and 500 �g protein dissolved in 250 �l PBS and 250 �l
incomplete Freund’s adjuvant for each immunization.
The antisera before and after immunization (pre-and
post-immune serum) were collected and tested by
ELISA. After Wnal bleed we obtained 62 and 50 ml
Wnal serum, respectively.

Immunocytochemistry

The 1 £ 105 cells were spun per slide at 1,500 rpm for
3 min and Wxed in 3.7% formaldehyde at 4°C for
15 min. The slides were washed 4 times with PBS, per-
meabilized with PBST for 2 min and washed again with
PBS for 4 min. After blocking with 5% normal goat
serum in PBS the slides were incubated with the pri-
mary antiserum (1:50 diluted pre- or post-immune
serum) for 1 h at RT or overnight at 4°C. The slides
were then washed (PBST) and blocked with 0.5% skim
milk in PBST and Wnally incubated with the secondary
antibody (biotin coupled anti-rabbit IgG) for 30 min at
RT. After washing, incubation with the ABC complex,
and another wash binding of the primary antibody was
visualized by development with alkaline phosphatase
substrate resulting in a red staining (all Vector labora-
tories Inc.). Cells were counterstained with hemalaun
(Applichem, Darmstadt, Germany).
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RNA isolation and cDNA synthesis

RNA was extracted from frozen skin biopsies and from
PBMC samples using the RNeasy kit (Qiagen, Hilden,
Germany) and peqGOLD TriFast (Peq Biotechnology
GmbH), respectively. RNA quality was controlled by a
MOPS Gel. Approximately 1 �g DNase treated total
RNA was then used for cDNA synthesis (iScript
cDNA Synthesis Kit, Bio-Rad, Richmond, CA). A
PCR with a speciWc primer pair for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was done to
ensure the quality of the synthesized cDNA (denatur-
ation for 30 s at 95°C; annealing and extension for 30 s
at 57°C for 35 cycles).

Construction of a SeAx cDNA library

RNA was extracted from the CTCL cell line SeAx
(formerly provided by R. Dummer) using a RNA isola-
tion kit (RNeasy midi kit) and subsequently—
5 �g mRNA (oligotex mRNA kit, both Qiagen, Hil-
den, Germany) were used for the construction of the
�-ZAP expression library (ZAP-cDNA synthesis Kit,
ZAP-cDNA Gigapack III gold cloning Kit from Strata-
gene, La Jolla, CA). The library consisted of 1.7 £ 106

primary recombinants with insert sizes larger than
0.4 kb.

SEREX (serological identiWcation of antigens by 
recombinant expression cloning)

The identiWcation of clones recognized by the post-
immune serum was performed by SEREX as described
by Hartmann et al. [18] with the only diVerence that
instead of human serum the sera from immunized rab-
bits were used. The binding of antibodies of the rabbit
serum was visualized by using a goat anti-rabbit anti-
body coupled with alkaline phosphatase and subse-
quent AP-substrate incubation (Dianova, Hamburg,
Germany). The nucleotide sequence of their cDNA
inserts was analyzed by sequencing. Database analysis
was performed with the HUSAR package from the
Biocomputing Service Group at the German Cancer
Research Center, Heidelberg, using EMBL and Gen-
Bank databases.

Prediction of subcellular localization of proteins

PSort Wrst predicts the presence of signal sequences by
McGeoch’s method [34] modiWed by Nakai and
Kanehisa, 1991. “TmHMM” is a prediction algorithm
for transmembrane domains using a hidden Markov
model and was developed by Sonnhammer et al. [46].

Quantitative real-time RT-PCR

Quantitative real-time RT-PCR analysis was done
using ABsolute™ QPCR SYBR® Green Mix (ABgene
House, Surrey, GB) and iTaq DNA polymerase (Bio-
Rad) with speciWc primers (Oligonucleotide Synthesis
facility, DKFZ, see Table 1) on a MyiQ cycler (Bio-
Rad). For each gene, ampliWcation curves were pro-
duced and threshold values (Ct value) were obtained.
Standard curves for extrapolation were performed
using speciWc PCR products with determined copy
numbers. Standardization of samples was achieved
by measurement of the endogenous reference gene
HMBS (hydroxylmethylbilane synthetase). By using
the �CT method diagrams of all genes of interest were
established. Primer speciWcity was tested by melting
curves and gel electrophoresis. The cycle parameters
for these transcripts and for the housekeeping genes
HMBS used for normalization were as follows: dena-
turing for 15 s at 95°C; annealing and extension for 60 s
at speciWc temperature (see Table 1) for 40 cycles.
DiVerences between groups were calculated with the
Mann–Whitney U test using the software Analyze-it.

Lipid rafts isolation

Lipid rafts of HuT78 were obtained by a modiWed
method described by Ilangumaran et al. [23]. BrieXy,
the cells were frozen in liquid nitrogen, grinded and
homogenized with a Dounce homogenizer in TKM
buVer (50 mM Tris–HCl pH 7.4, 25 mM KCl, 5 mM
MgCl, 1 mM EGTA). Triton X-100 was added to the
homogenate to 2 ml TKM buVer with a Wnal concentra-
tion of 1% and incubated for 20 min at 4°C. The whole
lysate was adjusted to 2 ml TKM buVer with a Wnal
concentration of 40% sucrose, overlaid with 6 ml of
30% sucrose and on top with 3 ml of 5% sucrose in
TKM buVer. After centrifugation (250,000 £ g for at

Table 1 Primer real-time RT-PCR analysis

The table shows sequences of forward and reverse primers in 5�3�
notation, as well as the annealing temperature and the size of the
PCR product. MT5-MMP, membrane-type 5–matrix metallopro-
teinase, HMBS hydroxymethylbilane synthase

Name Forward primer Annealing 
temperature
(°C)

Product 
size(bp)

Reverse primer

MT5-
MMP

att agc tca cac ctg tcc act c 66 106
gca agt aac aac ctc tct gtg c

Integrin
�4

ggg aaa atg gaa agt gga aaa g 59 142
caa tta ctc ttg gat ttg gc

HMBS ggc aat gcg gct gca a 64 75
ggg tac cca cgc gaa tca c
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least 16 h at 4°C), 1 ml fractions were collected from
the top excluding the pellet, numbered 1–9 from top to
bottom, and stored at ¡20°C. Aliquots of the lipid rafts
enriched fractions (fraction 3, 4 and 5) were pooled for
re-banding. Fractions were adjusted to 50% sucrose in
a Wnal volume of 2 ml TKM buVer. Six ml of 40% and
3 ml of 5% sucrose in TKM buVer were overlaid and
the centrifugation was done again at 250,000 £ g for at
least 16 h at 4°C. Finally 1 ml fractions were collected
from the top.

Results

Plasma membrane enrichment

Plasma membrane fractions were used for immuniza-
tion of rabbits and for Western blot analysis. Enrich-
ment of the plasma membrane from the CTCL cell line
HuT78 was established using a series of density cen-
trifugations. EYciency was controlled by antibodies
against organelle-speciWc markers (Fig. 1): ICAM-1
and CD3� for the plasma membrane, calnexin for the
endoplasmic reticulum, �-actin for the cytoskeleton,
Nuclear pore for the nuclear membrane and Tom40 for
the mitochondrial membrane. In contrast to the whole
cell lysate (WC) we did not detect any mitochondrial
membrane marker (Tom40) or nuclear membrane
marker (Nuclear pore) in the plasma membrane
enriched fraction (PM, Fig. 1). Calnexin (ER) and �-
actin (cytoskeleton), however, are still found in frac-
tion PM though clearly reduced. Notably, the ER
membrane has a very similar composition like the
plasma membrane. �-actin is an important component
of the cytoskeleton and linked to the inner side of the
plasma membrane explaining the faint band of �-actin
in lane PM. Appropriate amounts of PM fractions were
used for immunizing rabbits.

Analysis of post-immune antisera for reactivity against 
PM fraction

The reactivity of the antisera was Wrst analyzed by
ELISA (data not shown). The sero-reactivity against
the whole PM fraction reached a plateau already after
the Wrst boost reaction. Additionally, the antisera were
tested in Western blot and immunocytochemical analy-
sis (Fig. 2). Excluded fractions of diVerent enrichment
steps and the PM fraction were loaded on a SDS-
PAGE gel, blotted and Wrst incubated with the 1:5,000
diluted pre-immune serum. The blot was then stripped
and incubated with the post-immune serum (1:5,000).
Apparently, the post-immune serum recognized a

multitude of HuT78 proteins, especially of the PM
fraction (Fig. 2, bottom left). In contrast, the incuba-
tion with the pre-immune serum labeled only a few
faint bands. Similarly, cytospins of HuT78 cells were
only stained by the post-immune serum (1:50; Fig. 2,
bottom right) with a clear preference of the plasma
membrane, and not by the pre-immune serum (1:50;
Fig. 2 top right). Repetition of the immunocytochemis-
try using both rabbit antisera (1:200) and cytospins of
the CTCL cell lines MyLa, SeAx, HH, and HuT78
revealed the same staining pattern (not shown).

Immunoscreening of a CTCL library with the rabbit 
post-immune serum by SEREX

A total of 1.7 £ 106 recombinant clones of a cDNA
phage library derived from CTCL cell line SeAx were
screened using the rabbit post-immune serum. 90
phage clones were found to be reactive with IgG anti-
bodies in the post-immune serum. Sequencing revealed
42 diVerent genes, which are summarized in Table 2.

Homologous genes, their function and putative 
subcellular localization

Numerous proteins homologous to the identiWed
clones have already been described for their predomi-
nant subcellular localization (Table 2). These com-
partments and organelles included plasma membrane

Fig. 1 Western blot analysis of plasma membrane enrichment of
HuT78 cells. Marker protein distribution was used to control the
purity of the plasma membrane fraction. Compared to lane WC
(whole cell suspension) lane PM did not show mitochondrial or
nuclear membrane components (Tom40, Nuclear pore). Small
amounts of �-actin (CS) and some calnexin (ER) were still detect-
ed in fraction PM. Lane CS was loaded with 20 �g and lane PM
with 5 �g protein. PM, plasma membrane; ER, endoplasmic retic-
ulum; CS, cytoskeleton; NM, nuclear membrane; MM, mitochon-
drial membrane

ICAM-1 (PM)

calnexin (ER)

-actin (CS)

CD3 (PM)

tom40 (MM)

nucl. pore (NM)

PMWC
123



788 Cancer Immunol Immunother (2007) 56:783–795
(4 proteins), Golgi apparatus (1), endoplasmic reticu-
lum (3), ribosomes (3), cytosol (4), mitochondria (2),
nucleus (7), and proteins of various subcellular local-
izations (4). Fourteen clones resemble genes, which are
scarcely characterized, and no information on the sub-
cellular localization was available. We used computer
algorithms for the deduced proteins of these genes, but
did not observe any prediction for cell surface localiza-
tion for any of the 14 tested proteins.

Beside the classiWcation by their localization the
identiWed proteins can be categorized by their func-
tions: Ribonucleotide reductase M2 [59] is involved in
DNA synthesis and the splicing factor arginine/serine-
rich 11 [4] in RNA processing. A large group of genes
encodes for proteins involved in protein synthesis
and folding: Ribosomal protein S6 [20], translation
initiation factor 4a [29], elongation factor 1� [52], lysyl-
tRNA synthetase [15], calnexin [55], caseinolytic prote-
ase X homolog [6], hsp70 [62], cyclophilin A [17], and
chaperonin containing TCP-1, subunit zeta [64]. Two
factors, stearoyl-CoA desaturase 5 [1] and cytochrome
b5 [39], have functions in diVerent lipid synthesis steps.

The largest group of identiWed genes comprises pro-
teins with regulatory roles in very diVerent areas of the
cell. First, Ku86 has main roles in the nucleus e.g. in
non-homologous end-joining machinery [35, 63].
Nuclear P1, a homologue of the yeast protein Mcm3,
regulates DNA replication [50]. Aurora A kinase inter-
acting protein inhibits aurora A kinase, which has a

role in regulation of structure and function of centro-
somes [28]. Homer homologue 1 binds to the metabo-
tropic glutamate receptor involved in release of Ca2+

ions of ER into the cytosol [3]. Braf25 (BRCA2-associ-
ated factor 35, transcript variant 25) forms a complex
with BRCA2 (Breast cancer gene 2) and controls the
cell cycle [57]. RAB2L is similar to RalGDS (Ral guan-
ine nucleotide dissociation stimulator), an activator of
Ral, but lacks the GDS activity domain [24]. The septin
Nedd5 is involved in cytokinetics [30]. YME1-like 1
(yeast mitochondrial escape 1-like 1) has a function in
protein metabolism in mitochondria [5]. hZimp10
(human zinc Wnger-containing, Miz1, PIAS-like protein
on chromosome 10) shares a Miz1 domain with PIAS
proteins and has been found to co-activate androgen
receptor [45]. Finally, FoxM1 (Forkhead box M1) is a
transcription factor, which is activated by the Hedge-
hog signaling pathway [31].

Ligatin, the Wrst identiWed plasma membrane pro-
tein, is a base plate for the attachment of peripheral
glycoproteins to the external cell surface [25]. HLA-A
(human leukocyte antigen, alpha chain) is expressed
on almost all cells and involved in cellular immune
response by presenting antigens on the cell surface [2].
Integrin �4 has its role in adhesion to extracellular
matrix and to other cells [49]. MT5-MMP (membrane
type 5 matrix metalloproteinase; formerly named
MMP24) is part of a family mainly responsible in
degrading of extracellular matrix components [41].

Fig. 2 Detection of HuT78 proteins by rabbit sera before and af-
ter immunization. The post-immune serum recognized HuT78
proteins, especially fraction PM, in Western blot analysis (bottom
left) and stained the cell surface (see arrows) of HuT78 cells (bot-
tom right). In contrast, the pre-immune serum labeled only 2

weak bands on the Western blot (top left) and was negative in
immunocytochemistry (top right). The lanes 1, 2, 3, and 4 are
excluded fractions during plasma membrane enrichment. The
sera were diluted 1:5000 in Western blot and 1:50 in immunocyto-
chemistry
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Real-time PCR analysis of integrin �4 and MT5-MMP

Transcriptional levels of both plasma membrane
located genes were determined by real time PCR in
CTCL compared to non-cancer tissues using PBMC of
Wve SzS patients and Wve healthy volunteers, as well as
skin samples of seven MF patients, Wve patients with
benign inXammatory skin diseases (eczema and derma-
titis) and six healthy persons.

In general, integrin �4 mRNA levels were much
higher in PBMC samples than in skin specimens, irre-
spectively whether they were derived from tumor
patients or healthy controls (Fig. 3a). The comparison
between patients and healthy controls unraveled 1/
5 SzS and 3/7 MF specimen with clearly elevated levels

of integrin �4 mRNA in comparison to samples from
benign lesions and/or healthy individuals. Using the
Mann–Whitney U test we did not Wnd any statistically
signiWcant diVerences between healthy controls and
the corresponding CTCL group or benign skin dis-
eases.

MT5-MMP mRNA levels were also higher in the
PBMC probes than in the skin probes, though not to
the same degree like integrin �4 (Fig. 3b). PBMC sam-
ples of healthy donors did not diVer signiWcantly from
those of SzS patients (Mann–Whitney U test). A sig-
niWcant down-regulation could be observed in skin
specimens of MF patients in comparison to those of
normal persons (Fig. 3b, right histogram; Mann–
Whitney U test, 2-tailed p = 0.014).

Table 2 IdentiWed proteins, 
their described predominant 
subcellular localization and 
accession number

Subcellular localization IdentiWed protein Accession no.

Plasma membrane Integrin alpha 4 L12002
Ligatin Bc058905
MT5-MMP Bc047614
HLA-A X13111

Golgi Rab10 Af106681
Endoplasmic reticulum Stearoyl-CoA desaturase 4 Af389338

Cytochrome b5 Ab009282
Calnexina M94859

Ribosomes Translation initiation factor 4a Bc009585
Ribosomal protein S6 Ab062123
Elongation factor 1a X03558

Cytosol RRM2 X59618
RAB2L U68142
Nedd5 Af038404
Lysyl-tRNA Synthetase D32053

Mitochondria ClpX-like protein Aj006267
MEG4 Af151782

Nucleus Splicing factor, arginine/serine-rich 11 Bc017359
Nuclear P1 X62153
hZimp10 Ay235683
FoxM1 L16783
AIP Bc062333
Homer homolog 1 Bc015502
Braf25 Bc002552

Various subcellular 
compartments

Ku86a M30938
Hsp70, transcript variant 1a Bc019816
Cyclophilin A Bc005982
CCT-zeta L27706

Unknown Bac clone RP11-555K2 Ac018692
Bac clone XXbac-55C20 Ai591044
GAS5 Bc038733
KIAA1191 protein Cb155134
UBX domain containing 2 protein D87684
Zinc Wnger protein 292 Ab011102
Zinc Wnger protein 238 (RP58) Bc036677
Chromosome 14, ORF 149 Bi828749
FK506 binding protein 5 Bc042605
Protein X 0004 Bc008416
RNA-binding motif protein 25 Ak125513
Hypothetical protein FLJ11730 Bc056406
Clone CTB-193M12 Ac026401
Cep290 or se2-2 Af273044

a These genes have been de-
scribed to be also expressed at 
the plasma membrane
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Expression of MT5-MMP protein variants in CTCL

Western blot analysis with an MT5-MMP speciWc
antibody, which recognizes the catalytic, the hinge
and the hemopexin-like domain unraveled diVerences
in the relative amounts of MT5-MMP variants in
specimens of the diVerent groups. To date, Wve vari-
ants of MT5-MMP are known [41]: (1) An inactive
proform (64 kDa), (2) an active, membrane-located
form (58 kDa), (3) active, soluble forms missing the
transmembrane and the cytosolic domain (40–46 kDa),
(4) the soluble catalytic form (28 kDa), and (5) the
glycosylated form with unknown activity status
(75 kDa).

We found several protein forms of MT5-MMP in the
various PBMC and tissue samples analyzed with vary-
ing intensities (Fig. 4). The active 58 kDa form was
present in almost all samples, except PBMCs of Sézary
syndrome patients (four tested negative, one positive;
examples see Fig. 4b, open arrows). The soluble, active
46 kDa form was missing in several skin tumor speci-
mens of MF and SzS patients (Fig. 4a, open arrows),
but was present in skin controls and one of the MF
specimen (Fig. 4a, closed arrows).

Lipid raft localization of Ku86

While Ku86 has clear-cut functions in the nucleus and
cytosol [35], there are reports for expression of Ku86 in
the plasma membrane of various tumors [33]. This and
the very frequent isolation of Ku86 during the screen-
ing tempted us to analyze possible Ku86 expression in
the plasma membrane and especially in the lipid rafts
of CTCL cells. First, the total amount of Ku86 was ana-
lyzed by Western blotting of whole cell lysates, show-
ing a strong overexpression in the CTCL cell line
HuT78 in comparison to PBMC of a healthy donor
(Fig. 5a). To test a possible localization of Ku86 in lipid
rafts of HuT78 cells and control PBMC a Tween-20
treatment followed by sucrose density centrifugation
were performed. After collecting 1 ml-fractions from
the top of the gradient, fractions 3, 4, and 5 of both
probes resembled the lipid rafts as demonstrated by a
�-Lck antibody staining (Fig. 5b). Lck serves as a lipid
raft marker in T-cells [26]. In both, HuT78 and control
PBMC, Ku86 could be found in lipid raft fractions
(Fig. 5b), whereas most of Ku86 proteins of HuT78 are
still localized in the soluble fractions (data not shown).
To conWrm the lipid raft localization of Ku86 a second

Fig. 3 QuantiWcation of inte-
grin �4 and MT5-MMP 
mRNA in CTCL and controls. 
Samples included PBMC (left 
graphs) and skin specimens 
(right graphs) from healthy 
donors, patients with benign 
skin diseases, SzS and MF pa-
tients. a Integrin �4 transcript 
levels were higher in PBMCs 
than in skin samples (note 
diVerent scale). Specimens of 
1/5 SzS and 3/7 MF patients 
showed clearly elevated inte-
grin �4 mRNA levels, but no 
signiWcant diVerences were 
found between the groups 
(Mann–Whitney U test). b No 
diVerence in expression levels 
of MT5-MMP mRNA was 
detected between PBMCs 
of healthy donors and SzS 
patients, while specimens of 
MF patients had slightly 
decreased amounts in 
comparison to healthy 
controls (*p = 0.014)

a ITGA4 mRNA levels
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discontinuous gradient centrifugation was performed
with the pooled lipid raft fractions (3, 4, and 5) at
higher sucrose concentrations. Again, Ku86 could be
detected in the lipid rafts fractions of HuT78 cells and
very weakly in control PBMC (Fig. 5c).

Discussion

Numerous studies try to identify tumor-speciWc pro-
teins to be used in immunotherapeutic strategies. For
CTCL only very few speciWc antigens have been identi-
Wed [9, 10]. Two plasma-membrane-located antigens,
KIR3DL2 and SC5 were described for CTCL, which
are not solely expressed on lymphoma cells, but also on
natural killer cells or a subset of normal T cells, respec-
tively [38, 58].

Attempts to directly isolate tumor-speciWc plasma
membrane antigens are hampered by a variety of hur-

dles: The separation of membrane proteins is diYcult
[42] and the usage of technologies based on prokary-
otic expression systems does not provide posttransla-
tional modiWcations of the recombinant protein. While
it is well known, that membrane proteins are often
heavily glycosylated, there are examples of under-gly-
cosylation: E.g. MUC-1 is less glycosylated in its tumor
form than in normal cells [37]. This tempted us to use a
variant of the SEREX method (serological identiWca-
tion of antigens by recombinant expression cloning,
[44]), where polyclonal, polyspeciWc rabbit antisera
were applied for screening. These rabbit antisera were
generated against the plasma membrane enriched frac-
tion of a CTCL tumor cell line. This allowed us to
make usage of the high sensitivity of SEREX and the
simplicity of identifying the isolated genes by sequenc-
ing the clone insert.

To get a native plasma membrane fraction enrich-
ment was achieved by diVerential centrifugation [11].

Fig. 4 MT5-MMP and its variants in CTCL. Cells and tissues
were mechanically disrupted and supernatant and pellet were
analyzed separately. a Specimen of control skin (C1 and C2),
three MF and two SzS specimen displayed the active 58 kDa form
of MT5-MMP. The 46 kDa form is missing in several tumor spec-

imens (open arrows) but present in controls and one MF speci-
men (closed arrows). b PBMC samples of four controls (C3 to C6)
and two SzS patients diVer in the presence or absence of the
active 58 kDa form. Panels c and d represent the corresponding
pellet fractions

b PBMC (supernatant)a Tissues (supernatant)

d PBMC (pellets)c Tissues (pellets)
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Fig. 5 Ku86 expression is elevated in the CTCL cell line HuT78
and partially located in lipid rafts. a Western blot analysis of
whole cell lysates of HuT78 and control PBMCs (ctrl) reveals
higher amounts of Ku86 and Lck in the cell line. b Western blot-
ting of the lipid raft fractions (fractions 3–5) depicts a minor

portion of Ku86 in the rafts of both HuT78 and control PBMC. c
Localization of Ku86 in the lipid rafts has been conWrmed by a
second sucrose density gradient using the lipid raft fractions (3–5)
of the Wrst gradient. Both, Ku86 and Lck, appeared again in the
lipid rafts fractions
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Biotinylation of membrane proteins could not be
applied due to resulting antibodies against biotin.
Western blot analysis with pre- and post-immune sera
showed that the post-immune serum is reactive against
a large number of HuT78 proteins, especially from the
plasma membrane. Using the described combination of
methods we could isolate four known plasma mem-
brane proteins and three proteins already described to
be additionally located at the plasma membrane.

Integrin �4 was the Wrst isolated membrane protein.
Integrins are composed of � and � subunits and are
mainly responsible for cell-cell and cell-extracellular
matrix adhesion [21, 53]. Integrin �4 forms dimers with
either integrin �1 or �7 and is expressed on leukocytes.
We could not detect any major diVerences in integrin
�4 mRNA levels between tumor samples and controls.
Some individual MF specimens showed elevated inte-
grin �4 mRNA in comparison to normal skin, but this
might be explained with the increased number of
malignant and reactive T cells in these samples. In gen-
eral PBMCs of both SzS patients and controls had
much higher integrin �4 levels than skin samples. In a
mouse model with transduced lymphoma cells Gosslar
et al. showed, that the expression of �4-integrins inhib-
its metastasis formation, but not tumor cell spread [16].

MT5-MMP, the second plasma membrane protein
analyzed in detail, is the Wfth member (of the mem-
brane type matrix metalloproteinases (MT-MMPs).
Like other MT-MMPs it is responsible for degrading
extracellular matrix components and for activating sol-
uble MMPs [41]. It was Wrst found in brain tissues espe-
cially during embryogenesis and promotes axon growth
[19]. Besides, MT5-MMP was detected in adult brain,
kidney, pancreas and lung [32]. An overexpression was
described for brain tumors (astrocytoma, glioblastoma)
and diabetic kidney tissue [32, 43].

Our real-time RT-PCR analysis showed a decrease
of MT5-MMP expression in skin specimens of MF
patients compared to those of healthy persons. As
MT5-MMP is a post-translationally modiWed protein
and can appear in various active/inactive and membra-
nous/soluble forms, it is important to analyze the
expression of the diVerent variants in detail. Western
blotting unraveled a rather heterogeneous composition
of MT5-MMP variants, but the main active 58 kDa
form was missing in 4/5 SzS PBMC and the 46 kDa sol-
uble active form was diminished in skin specimen of
MF. The functional consequences of a reduction in
active MT5-MMPs in malignant T cells remain to be
clariWed.

Ku86 was isolated 44 times from the cDNA phage
library by our polyspeciWc rabbit antisera. This points
towards a high expression level in the cell line used for

library construction and a strong induction of rabbit
IgGs against this protein. Ku86 together with Ku70
forms the heterodimeric Ku autoantigen. It was Wrst
discovered by analyzing autoantibodies from sera of
patients with scleroderma polymyositis overlap syn-
drome and related diseases [36]. Ku86 has numerous
functions, explaining its abundance. Still, we wondered
why we isolated Ku86 and not other abundant pro-
teins. One explanation might be an ectopic subcellular
expression: Is Ku86 also expressed at the plasma mem-
brane of CTCL-cells?

Our expression analysis on plasma membrane and
especially lipid rafts unraveled, that Ku86 can be
detected in lipid rafts of both, normal PBMCs and
CTCL tumor cells. Moreover, Ku86 seems to be over-
expressed in tumor cells, which might also explain the
elevated amount of Ku86 protein in the rafts. Looking
at the literature reveals that Ku86 can be found on the
plasma membrane of a variety of tumor cells [33]. One
study discovered Ku86/Ku70 translocation to the cell
surface of multiple myeloma cells upon activation with
CD40L and association of Ku86/Ku70 with CD40 [48].
In addition, CD40 activated tumor cells were protected
against apoptosis induced by irradiation or doxorubi-
cin, but antibodies against Ku86 prevented this protec-
tion. These results led the authors to assume that Ku86
could be an interesting target for the therapy of multi-
ple myeloma.

The actual amount of Ku86 on the cell surface does
probably also depend on the amount of lipid rafts. We
used Lck, an Src-kinase family member, as T cell-spe-
ciWc marker for lipid rafts [26]. Interestingly, we found
an increased level of Lck in the CTCL cell line HuT78
in comparison to normal PBMCs, which points towards
a possible elevation of lipid rafts in this tumor cell line,
though it has to be taken into account, that PBMCs
enclose also non-T cells. As described for multiple
myeloma cells (see above), Ku86 might be associated
with CD40 in lipid rafts of CTCL cells, since CD40 and
its ligand CD40L have also been detected in CTCL
cells [27, 47].

Ku86 might not be the only protein encoded by the
isolated clones (Table 2), which is—contrary to general
assumptions—additionally expressed on the cell sur-
face. In case of two proteins the ectopic expression in
the plasma membrane is already known: Heat shock
protein 70, a chaperone expressed in almost all cell
types has been detected on the cell surface of HIV-
infected cells [7], of tumor cells [13, 51] and of Wbro-
blasts of patients with auto-immune diseases [22]. The
second protein, calnexin, was found on the cell surface
of immature thymocytes in complex with CD3. It seems
to target the membrane by masking its ER retention
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signal [60]. Further studies also detected calnexin in the
plasma membrane of mastocytoma cells, murine
splenocytes, Wbroblasts and HeLa cells [40].

In summary, we isolated 42 diVerent reactive trans-
fectants of a CTCL cDNA phage library by using rab-
bit antisera against a plasma membrane fraction of a
CTCL cell line in a SEREX approach. This technique
has proven to be very sensitive and feasible. The high
number of proteins, which are published as being non-
plasma membrane located, has to be taken with care:
Besides four well known plasma membrane proteins
(ligatin, HLA-A, integrin �4, and MT5-MMP), another
three proteins (Ku86, Hsp70, and calnexin) have been
described to be exceptionally expressed on the cell sur-
face, e.g. by binding to other plasma membrane pro-
teins. The same could apply for other proteins
recognized by our rabbit antisera; thus it is diYcult to
judge speciWcity of this technique. The identiWed
plasma membrane protein MT5-MMP could be shown
to be downregulated in some tumors in its activated,
but rather constant in its inactivated variants. The fre-
quently identiWed Ku86 was overexpressed in HuT78
and for the Wrst time detected in lipid rafts of this cell
line and of normal PBMCs. As plasma membrane pro-
teins are known to be glycosylated using a yeast
expression systems for serological screening (RAYS)
instead of E. coli would probably increase the rate of
yield [56].
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