Cancer Immunol Immunother (2005) 54: 557-570
DOI 10.1007/s00262-004-0620-y

ORIGINAL ARTICLE

Szilvia Mosolits - Katja Markovic - Jan Fagerberg
Jan-Erik Frodin - Mohammad-Reza Rezvany
Shahryar Kiaii - Hakan Mellstedt

Mahmood Jeddi-Tehrani

T-cell receptor BV gene usage in colorectal carcinoma patients
immunised with recombinant Ep-CAM protein or anti-idiotypic antibody

Received: 4 June 2004 / Accepted: 12 September 2004 / Published online: 27 November 2004

© Springer-Verlag 2004

Abstract The tumour-associated antigen, Ep-CAM, is
over-expressed in colorectal carcinoma (CRC). In the
present study, a recombinant Ep-CAM protein or a
human anti-idiotypic antibody (anti-Id) mimicking Ep-
CAM, cecither alone or in combination, was used for
vaccination of CRC patients (n=9). GM-CSF was given
as an adjuvant cytokine. A cellular immune response
was assessed by measuring anti-Ep-CAM lymphopro-
liferation, IFN-y production (ELISPOT) and by analy-
sing the TCR BV gene usage within the CD4+ and
CD8+ T-cell subsets followed by CDR3 fragment
analysis. A proliferative and/or IFN-y T-cell response
was induced against the Ep-CAM protein in eight out of
nine patients, and against Ep-CAM-derived peptides in
nine out of nine patients. Analysis of the TCR BV gene
usage showed a significantly higher usage of BV12
family in CD4 + T cells of patients both before and after
immunisation than in those of healthy control donors
(p<0.05). In the CD8+ T-cell subset, a significant
(p<0.05) increase in the BV19 usage was noted in pa-
tients after immunisation. In individual patients, a
number of TCR BV gene families in both CD4+ and
CD8+ T cells were over-expressed mainly in post-im-
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munisation samples. Analysis of the CDR3 length
polymorphism revealed a higher degree of clonality in
post-immunisation samples than in pre-immunisation
samples. In vitro stimulation with Ep-CAM protein
confirmed the expansion of anti-Ep-CAM T-cell clones.
The results indicate that immunisation with the Ep-
CAM protein and/or anti-Id entails the induction of an
anti-Ep-CAM T-cell response in CRC patients, and
suggest that BV19+ CDS8+ T cells might be involved in
a vaccine-induced immune response.
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Abbreviations
AJCC American Joint Committee on
Cancer

Anti-Id Anti-idiotypic antibody

BCP Baculovirus control protein

CEA Carcinoembryonic antigen

CRC Colorectal carcinoma

CTL Cytotoxic T lymphocyte

ELISA Enzyme-linked immunosorbent assay

ELISPOT Enzyme-linked immunospot

Ep-CAM  Epithelial-cell adhesion molecule

GM-CSF  Granulocyte-macrophage colony-
stimulating factor

IFN-y Gamma interferon

mADb Monoclonal antibody

MHC Major histocompatibility complex

PBMC Peripheral blood mononuclear cells

PHA Phytohemagglutinin

PPD Purified protein derivative of tuberculin

SDS Sodium dodecyl sulfate

SFU Spot-forming unit

SI Stimulation index

TAA Tumour-associated antigen
TCR T-cell receptor
TIL Tumour-infiltrating lymphocytes
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Introduction

Colorectal carcinoma is the second leading cause of
cancer-associated mortality in Western countries.
Despite successful surgery, the recurrence rate for stages
II-1II CRC varies from 20 to 60% [8]. Adjuvant
chemotherapy for stage III colon cancer showed an
absolute survival benefit of 5-6%. In stage II disease, the
survival benefit of adjuvant chemotherapy is controver-
sial. There is therefore a need to develop new treatment
approaches. Immunotherapy may be a complementary
treatment strategy to standard therapy.

The tumour-associated antigen (TAA), Ep-CAM, has
been utilised as a target for immunotherapy [3]. Ep-CAM
is a 40-kDa homotypic cell-adhesion glycoprotein.
Ep-CAM is expressed at a high level by a large number of
epithelial neoplasias, including CRC. Normal epithelial
cells also express Ep-CAM but at a lower density and are
restricted to the basolateral cell surface [3].

Natural immune responses against Ep-CAM have
been described in CRC patients [22, 24]. Treatment with
mAb 17-1A (anti-Ep-CAM) may improve survival of
patients with resected stage III CRC [12, 27, 29]. Vac-
cination with Ep-CAM expressed in viral vectors has
been shown to induce immune responses against the
antigen in animal models and humans [4, 38]. Immuni-
sation with the Ep-CAM protein has been reported to
elicit humoral and cellular immunity in CRC patients
[35]. Anti-Ids mimicking Ep-CAM have also been used
for vaccination and evoked B- as well as T-cell responses
against Ep-CAM in cancer patients [4, 20]. Ep-CAM
protein or anti-Id has, however, not been used together
with the adjuvant cytokine, granulocyte-macrophage
colony-stimulating factor (GM-CSF), which facilitates
the development of both humoral and cellular immune
responses against weakly immunogenic TAAs [39].

A successful approach for active immunotherapy
against cancer entails stimulation of a tumour antigen-
specific cellular immune response. Several in vitro assays
can be used for monitoring an immune response, includ-
ing lymphoproliferative assay and enzyme-linked immu-
nospot (ELISPOT) for detection of cytokine-secreting
cells [7]. Analysis of the T-cell receptor (TCR) V region
gene usage may serve as a complementary in vitro measure
of an antigen-specific cellular immune response [7, 41].

Most human mature T cells use o/f TCRs for specific
recognition of antigenic peptides in the context of major
histocompatibility complex (MHC) molecules [21]. The
o/ TCR consists of an « and a f§ polypeptide chain, each
comprising a variable and constant region. Genes
encoding the variable regions of these polypeptides are
assembled by somatic recombination of one of each of
the variable (V), diversity (D, only for f chain) and
joining (J) gene segments. Three hypervariable or com-
plementarity-determining regions (CDRI1, CDR2 and
CDR3) of the TCR have been defined for the variable
regions of f (BV) and o (AV) chains. It is primarily the
CDR3 loop which is responsible for the specific inter-

action with the antigenic peptide [21]. Specific recogni-
tion of a peptide might induce clonal expansion of T
cells exhibiting a particular TCR V gene product with
identical CDR3 regions. An antigen-specific immune
response may be determined by analysing the expansion
of T cells expressing a particular TCR BV region using
flow-cytometry or polymerase chain reaction (PCR)-
based techniques [14]. Analysis of the CDR3 size dis-
tribution pattern defines the degree of clonality of the T
cells. Development of mono-/oligoclonality might be a
sign of an antigen-driven immune response [14, 26].

In the present study, CRC patients were vaccinated
with the Ep-CAM protein or anti-Id, alone or in com-
bination, together with GM-CSF. An anti-Ep-CAM
T-cell response was assessed by analysing lymphopro-
liferation, IFN-y production and TCR BV gene usage
including CDR3 length polymorphism.

Patients and methods
Patients

Nine patients were enrolled in this study. Eligibility cri-
teria included histo-pathological diagnosis of Ep-CAM-
positive adenocarcinoma of the colon or rectum, AJCC
stage I1 to I1I disease and resection of the primary tumour
without evidence of remaining macroscopic disease. Pa-
tients were required to have a Karnofsky performance
status 280% and adequate hepatic and renal function.
Exclusion criteria were: pregnancy or nursing, HIV
seropositivity, alcohol or drug abuse, autoimmune dis-
ease, known hypersensitivity to insect cells, baculovirus or
GM-CSF, active infection, chronic systemic disorder,
chemo- or radiotherapy or other immunosuppressive
agent within 30 days prior to study entry. Patients were
included before routine adjuvant chemotherapy for stage
III colon cancer was introduced in Sweden. The study was
approved by the ethics committee of the Karolinska
Institute. All patients were treated after informed consent.

Prior to entry into the study, a complete case history
was obtained, a physical examination was carried out
and blood tests including haemoglobin, WBC with dif-
ferentials and platelet counts, serum creatinine and
electrolytes, serum protein electrophoresis, tests for liver
function, thyroid function, serum tumour markers
(CEA, CA19-9, CA50) and standard urine analysis were
performed. HLA typing was done at the Tissue Typing
Laboratory, Huddinge University Hospital. A chest X-
ray and CT scan of the abdomen were performed as
well. During follow-up, patients were regularly checked
for performance status and vital signs, routine blood
haematology and chemistry analyses, standard urine
analysis, thyroid function tests and serum tumour
markers. Adverse events were assessed according to the
National Cancer Institute Common Toxicity Criteria
version 2.0 (http://ctep.cancer.gov/reporting/ctc.html).
Vaccination was discontinued if disease progression



occurred, in which event patients received standard
therapy (surgery, chemo- or radiotherapy).

Vaccine preparations

The extracellular domain of the Ep-CAM protein was
purified using an immuno-affinity column coupled with
mAb GA733 (Centocor, Malvern, PA, USA) from su-
pernatants of cultured Spodoptera frugiperda insect cells
infected with a recombinant Ep-CAM baculovirus con-
struct as described elsewhere [37]. The only modifica-
tions to the previously described method were that
serum-free medium SF900II (GIBCO) was used during
the whole tissue-culture period and detergent was
omitted from the elution buffer in immunoaffinity
chromatography.

The human anti-Id (IgGlx), raised against the mur-
ine mAb 17-1A and mimicking Ep-CAM (ab,f), was
produced by Epstein—Barr virus-immortalised human
lymphoblastoid cell lines of a patient treated with mAb
17-1A [11, 36]. Anti-Id was purified on protein A and
mAD Trap G columns (Pharmacia, Uppsala, Sweden) as
described [11, 36].

Purity of the Ag preparations was confirmed by SDS-
PAGE and electrophoresis. Immunoreactivity of the
products was checked by ELISA and Western blot[11, 36,
37]. Tests for sterility, endotoxin and viruses were per-
formed according to a protocol described previously [11].

Vaccination schedule

Patients were enrolled into one of the three vaccination
schedules receiving i.d./s.c. injections of (1) Ep-CAM
protein (400 ug/dose) at weeks 0, 2 and 6 (n=23); (2) Ep-
CAM protein (400 pg/dose) at weeks 0 and 2 followed
by anti-Id (500 pg) at week 6 (n=4); (3) anti-Id (500 pg/
dose) at weeks 0, 2 and 6 (n=2). Patients received con-
comitant GM-CSF (Leucomax; Schering-Plough, Ken-
ilworth, NJ, USA; 75 pg/day) for four consecutive days
at each immunisation. The first dose of GM-CSF was
given the day before the vaccine. Antigens and GM-CSF
were injected to the same site in the deltoid region.

Healthy controls

Peripheral blood mononuclear cells (PBMC) from 11
healthy blood donors (10 females and 1 male) were used
as controls. The median age was 58 years (range 3267
years).

Antigens for in vitro testing

As controls for the baculovirus recombinant Ep-CAM
protein, a baculovirus control protein (BCP) and bacu-
lovirus recombinant carcinoembryonic antigen (CEA;
Protein Sciences Corporation, Meriden, CT, USA) were
used. Production of BCP and CEA has been described
elsewhere [30].
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Lymphoproliferative assay

Peripheral blood mononuclear cells before and at a
minimum of two time-points after vaccination (between
week 12 and 34) were isolated from fresh heparinised
venous blood by Ficoll-gradient centrifugation. Prolif-
erative T-cell response was assessed in a standard [*H]
thymidine incorporation assay as described [36]. Protein
antigens were added at concentrations 1, 10 and 100 ng/
ml. Twenty-three Ep-CAM-derived 18-mer peptides
(with six amino acid N- and C-terminal overlap) [23]
were also used as stimulators (1 and 10 pg/ml). Phyto-
hemagglutinin (PHA; Sigma-Aldrich, St. Louis, MO,
USA; 10 pg/ml) and purified protein derivative of
tuberculin (PPD; Statens Seruminstitut, Copenhagen,
Denmark; 2.5 pg/ml) were used as positive controls. A
stimulation index (SI) was calculated for each triplicate
by dividing mean cpm in experimental wells by that of
the background value (cells in medium alone).

In healthy control donors, the highest SI values in-
duced by Ep-CAM (n=34) was 1.7+12
(mean + 2SD). The corresponding value (n=21) for the
18-mer Ep-CAM-derived peptides was 2.1+ 1.4. Based
on this result, the threshold level for a positive prolif-
erative T-cell response was set to > 3.0 for protein Ags
and > 3.5 for peptides.

Enzyme-linked immunospot assay (ELISPOT) for
detection of IFN-y producing cells

Cryopreserved PBMC were thawed and allowed to
recover overnight at 37°C in humidified air with 5%
CO,. Cells were tested in ELISPOT as previously
described in [38] before and at a minimum of two
time-points after vaccination (between week 12 and
34). Briefly, IFN-y secretion was assessed on nitrocel-
lulose membrane-bottomed plates (Millipore, Bedford,
MA, USA) using a mouse anti-human IFN-y mAb
pair, clone 1-DIK (10 pg/ml) and 7-B6-1 (1 pg/ml;
Mabtech AB, Stockholm, Sweden). The PBMC (10°
cells/well) were incubated (20 h) in the presence of
Ep-CAM, BCP and CEA proteins, respectively (100
and 1,000 ng/ml). Ep-CAM-derived and HIV RT
control peptides [23] were added at 10 ug/ml concen-
tration. Cells stimulated with PHA (10 pg/ml) and
PPD (2.5 pg/ml) served as positive controls. Strepta-
vidin-AP (1:1,000; Mabtech), followed by BCIP/NBT
(Sigma), was used for development of the colour
reaction. Results were quantified using an automated
computer-assisted video imaging analysis system
(Axioplan 2; Carl Zeiss Vision, Germany).

Results were expressed as the mean number of spot-
forming units (SFU) per 10° cells in six experimental
wells after subtraction of the background value (cells in
medium alone). In some tests, the number of replicates
was reduced due to lack of cells. Results were considered
positive if the number of SFU in experimental wells was
significantly (p <0.05) greater than the background
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value and was at least twice that of the background.
SFU of healthy control donors against Ep-CAM
(n=24), BCP (n=14) and CEA (n=14) were 1143,
6+3 and 11+5 per 10° PBMC (mean + SEM),
respectively. No positive response against any of these
proteins was detected in healthy controls.

Isolation of CD4+ and CD8+ T cell for TCR BV
analysis

Positive selection of CD4+ and CD8+ T cells from
PBMC obtained before and 18 weeks after vaccination
was performed using anti-CD4 and anti-CD8 mAb
coupled to magnetic beads according to the manufac-
turer’s instruction (Dynal AS, Oslo, Norway). The
purification procedure yielded >95% purity of the
respective subset as determined by flow cytometry
analysis (FACScan, Becton-Dickinson, Mountain View,
CA, USA).

In vitro stimulation of PBMC for TCR BV analysis

Peripheral blood mononuclear cells obtained 18 weeks
after vaccination were incubated at 2x10° cells/ml in 24-
well sterile tissue culture plates (Nunc, Denmark) in the
presence of Ep-CAM (1 pug/ml), BCP (1 pg/ml) and
medium alone, respectively, for 4 days at 37°C in
humidified air with 5% CO,. CD4+ and CDS8+ cells
were isolated and analysed for TCR BV gene usage and
CDR3 size distribution pattern.

RNA extraction and cDNA synthesis

Total RNA was extracted from 1x10° CD4+ or CD8 +
T cells, using standard guanidine isothiocyanate-phenol-
chloroform extraction method [6]. First-strand ¢cDNA
was synthesised from 3 pg of total RNA using RT
Superscript II (Life Technologies, Inc., Gaithersburg,
MD, USA) according to the manufacturer’s instructions.

Normalisation of TCR f chain-specific
c¢cDNA concentration

The TCR f chain-specific cDNA concentration was
normalised using a TCR f chain constant region
(BC)-specific PCR [10]. Briefly, a 5" sense (5" BC) and a
3" anti-sense (3’ BC) primer (Table 1), both specific for
TCR BC1 and BC2 genes, were used in a 30-cycle PCR
with serial dilutions of cDNA. The PCR products were
then electrophoresed on 1.5% ethidium bromide-stained
agarose gels and photographed using a GDS 7500 UVP
gel documentation system (UVP, Upland, CA, USA).
TCR BC-specific bands (140 bp) were quantified by gel
scanning (2400 Gel Scan XL; Amersham Biosciences,
Uppsala, Sweden) and based on the scanned data,
equal amounts of TCR f chain-specific cDNA were

Table 1 Oligonucleotide sequences of primers and probes used for
PCR amplification and detection of TCR f chains

TCR BV 5’

TCR BV1 5’-GCA CAA CAG TTC CCT GAC TTG CAC-3’
TCR BV2 5"-TCA TCA ACC ATG CAA GCC TGA CCT-¥
TCR BV3 5-GGG GTA CAG TGT CTC TAG AGA GA-3’
TCR BV4 5’-ACA TAT GAG AGT GGA TTT GTC ATT-3'
TCR BV5S1 5"-ATA CTT CAG TGA GAC ACA GAG AAA C-3
TCR BV582-3  5-TTC CCT AAC TAT AGC TCT GAG CTG-3’
TCR BV6S1-3  5-AGG CCT GAG GGA TCC GTC TC-3

TCR BV7 5’-CCT GAA TGC CCC AAC AGC TCT C-3¥’
TCR BV8 5-ATT TAC TTT AAC AAC AAC GTT CCG-3
TCR BV 9 5’-CCT AAA TCT CCA GAC AAA GCT CAC-3’
TCR BV10 5’-CTC CAA AAA CTC ATC CTG TAC CTT-3
TCR BV11 5"-TCA ACA GTC TCC AGA ATA AGG ACG-3’
TCR BV12 5-AAA GGA GAA GTC TCA GAT-3’

TCR BV13S1  5-CAA GGA GAA GTC CCC AAT-3,

TCR BV13S2  5-GGT GAG GGT ACA ACT GCC-3'

TCR BV14 5-GTC TCT CGA AAA GAG AAG AGG AAT-¥
TCR BV15 5’-AGT GTC TCT CGA CAG GCA CAG GCT-3
TCR BV16 5-AAA GAG TCT AAA CAG GAT GAG TCC-3
TCR BV17 5"-CAG ATA GTA AAT GAC TTT CAG-3

TCR BV18 5-GAT GAG TCA GGA ATG CCA AAG GAA-3
TCR BV19 5"-CAA TGC CCC AAG AAC GCA CCC TGC-3’
TCR BV20 5"-AGC TCT GAG GTG CCC CAG AAT CTC-3’
TCR BV21S1  5-CTG GTT CAA TTT CAG GAT GAG AGT-3’
TCR BV21S2  5-GAT TCG ATA TGA GAA TGA GGA AGG-3’
TCR BV21S3  5-TCT GAT TCA GTT TCA GAA TAA CGG-3'
TCR BV22 5’-AAA GAG GGA AAC AGC CAC TCT G-3’
TCR BV23 5’-CGC TGT GTC CCC ATC TCT AAT C-3'
TCR BV24 5"-CAG TGA CCC TGA GTT GTT CTC A-3’

TCR constant gene primers

3" BC 5’-GTG CAC CTC CTT CCC ATT -3’

5" BC 5’-GTC GCT GTG TTT GAG CCA TCA GAA-3’
BC primer 5-TTC TGA TGG CTC AAA CAC-3’

BC-FITC 5’FITC-GTG CAC CTC CTT CCC ATT-3"

TCR probe

BC reporter 5"-CAC AGC GAC CTC GGG TGG GAG CAC-3

estimated and used in the subsequent TCR BV PCR
amplifications.

Analysis of TCR BV gene usage

Polymerase chain reaction amplifications of BV-specific
cDNA were performed using a panel of 28 TCR BV-
specific 5" primers and a TCR BC-specific 3" primer (BC
primer), recognising sequences in both BC1 and BC2
genes [10] (Table 1). PCR mixtures contained 10x con-
centrated buffer (100 mmol/l Tris-HCI, 15 mmol/I
MgCl,, 500 mmol/l KCI, 1 mg/ml gelatin, pH 8.3;
Roche, Mannheim, Germany); 0.2 mmol/l final con-
centration of each dNTPs (Roche); 0.1 ul Tag DNA
polymerase (5 U/ul; Roche) and 0.5 pmol/l of each
primer. Samples were overlaid with mineral oil and
amplified in a thermocycler (Thermo Hybaid, Needham
Heights, MA, USA) for 35 cycles with a temperature
profile of 94°C for denaturation, 55°C for annealing and
72°C for extension. Each step lasted for 30 s, except for
the last extension that continued for an additional 9 min
to ensure complete extension of the products. To con-
firm the expected size of the amplified BV-BC PCR
products, 10 ul of each product was electrophoresed on
a 1.5% ethidium bromide-stained agarose gel and re-
corded photographically.



Southern blot analysis of TCR BV-BC products

Polymerase chain reaction products were subjected to
electrophoresis on 1.5% agarose gels. The samples were
then denatured using a solution containing 0.5 mol/l
NaOH and 1.5 mol/l NaCl for 15 min and then neutra-
lised in a solution containing 0.5 mol/l Tris-HCI (pH 7.2)
and 1.5 mol/l NaCl for 15 min followed by incubation
for 20 min in 10x SSC. The products were transferred
onto nylon membranes (Amersham Biosciences) [31]. The
membranes were air dried and treated for 2 h at 80°C.

5’-end labelling of BC oligonucleotide probe and
hybridisation to PCR products

A TCR BC-specific oligonucleotide probe (BC reporter)
(Table 1) recognising both BC1 and BC2 genes [10] was
5’-end labelled [31] using T4 polynucleotide kinase en-
zyme (Amersham Biosciences) and y—**P-ATP (Amer-
sham Biosciences). The nylon membranes were first
prehybridised in a buffer containing 2x SSPE, 5x Den-
hardt’s solution and 0.5% sodium dodecyl sulfate (SDS)
for 3 h at 42°C followed by hybridisation in the same
buffer with 1x10° cpm/ml of 5’-end labelled BC reporter
overnight at 42°C. They were then washed twice at 42°C
in a washing solution containing 0.2x SSPE and 0.5%
SDS and were subsequently exposed to Hyperfilm MP
(Amersham Biosciences) for 6 h at —70°C.

Quantification of the relative usage of BV genes
The intensity of the signals shown by specific probing of
the TCR BV-BC amplified products on the films was

quantified by gel scanning. The relative usage of each
BV gene was determined using a standard curve [13].

Analysis of CDR3 length polymorphism

To study the clonal pattern of TCR over-expressions, a
number of over-expressed BV genes were selected and

Table 2 Patient characteristics and immunisation schedules
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CDR3 length polymorphism analysis was performed as
described in [26]. Briefly, cDNA samples were amplified
in 40 cycles of PCR using the 5 BV primers and a fluo-
rescein isothiocyanate (FITC)-conjugated 3° BC-FITC
primer (Table 2). The products were then checked on
1.5% ethidium bromide-stained agarose gels. An aliquot
was loaded onto 6% denaturing polyacrylamide-
sequencing gel, and electrophoresis was performed in the
presence of (50-500 bp) fluorescent size markers (Amer-
sham Biosciences) in an ALF-DNA sequencing machine
(Amersham Biosciences). The data were collected by a
computer and analysed by the “Fragment Manager”
software program (Amersham Biosciences). A dominant
CDR3 peak was defined as a high-intensity signal with a
dramatic reduction of other CDR3 signals within the
particular TCR BV family, i.e. when the area under the
curve was more than 50% of the total peak area [26].

Statistical analysis

The non-parametric Wilcoxon—-Mann Whitney two-
tailed rank sum test was used for comparison of inde-
pendent variables. For comparison of dependent
observations, the two-tailed non-parametric Wilcoxon
signed rank test was applied.

Results
Patient characteristics and adverse reactions

Characteristics of the patients and immunisation
schedules are summarised in Table 2. The vaccination
was well tolerated. Most patients developed local grade
1 or 2 injection-site reactions (pain, redness, heat,
swelling, itching, blister or hypoaesthesia), which gen-
erally resolved within a week after injection. Systemic
adverse events were occasionally reported and mild
(grade 1). These consisted primarily of constitutional

Patients Age Sex AJCC Tumour Prior Immunisation® (weeks) Clinical Survival®
stage site therapy® status (months)

Pl 73 M 111 Colon No Ep-CAM (0, 2, 6) NED 30+

P2 63 F 11 Colon No Ep-CAM (0, 2, 6) LTR (11 m) 12.5

P3 72 M 11 Colon No Ep-CAM (0, 2, 6) LTR (7 m) 10

P4 77 M 11 Rectum No Ep-CAM (0, 2) + Anti-Id (6) NED 54+

P5 70 M 11 Colon No Ep-CAM (0, 2) + Anti-Id (6) NED 56+

P6 69 M 11 Colon No Ep-CAM (0, 2) + Anti-Id (6) NED 56.5+

P7 67 F 11 Colon No Ep-CAM (0, 2) + Anti-Id (6) NED 26+

P8 65 M 11 Colon No Anti-Id (0, 2, 6) NED 20+

P9 71 M I Rectum RT® Anti-Id (0, 2, 6) NED! 39

NED no evidence of disease, LTR local tumour recurrence

4 Therapy before immunisation except for surgical resection of the
tumour

b Pre-operative radiotherapy

¢ Patients received i.d./s.c. injections of Ep-CAM protein
(400 pg/dose) and/or anti-Id (500 pg/dose) in combination with

GM-CSF (75 pg/day, for four consecutive days at each immuni-
sation)

d Died of disease (pneumonia) not related to CRC

¢ Survival is shown from start of immunisation until follow-up in
patients alive (+) or until death
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symptoms, such as fatigue, chills, fever, flu-like symp-
toms and myalgia. Three patients reported transient
chest pain, probably attributed to GM-CSF.

Proliferative and IFN-y T-cell responses

All patients with one exception (8/9) mounted a prolif-
erative and/or IFN-y T-cell response against the Ep-
CAM protein after vaccination (Table 3). Immunisation
with the bona fide antigen, either alone or in combina-
tion with anti-Id, induced a more potent lymphoprolif-
erative response than anti-Id alone. Three patients
receiving Ep-CAM vaccine mounted a lymphoprolifer-
ative response against baculovirus contaminants. The
magnitude of the response against the Ep-CAM protein
was, however, more than twice as high as that against
BCP. IFN-y-producing T cells were induced irrespective
of vaccination with Ep-CAM or anti-Id or a combina-
tion of the two antigens. Two patients had IFN-y-pro-
ducing cells against the Ep-CAM protein prior to
vaccination, which was boosted after immunisation. All
patients mounted a proliferative T-cell response against
18-mer overlapping Ep-CAM-derived peptides and/or
produced IFN-y against MHC class I or II restricted Ep-
CAM-derived peptides. As an example, results of patient
1 after immunisation with the Ep-CAM protein are
shown in Fig. 1.

TCR BV gene usage of CD4+ and CD8+ T cells

The TCR BV gene usage within the CD4 + T-cell subset
of healthy donors and patients before and after immu-
nisation is depicted in Fig. 2a. A statistically significant
increase in BV12 usage was seen within CD4 + T cells of
patients, both before and after immunisation, compared
to controls (p <0.05). Within the CD8 + T-cell subset, a
significantly higher usage of BV19 was observed in

Table 3 Cellular immune responses in patients

patients after immunisation than before immunisation
(p<0.05) (Fig. 2b), which may reflect a T-cell response
induced by vaccination. The BV 19 family usage of post-
vaccination CD8+ T cells was also significantly higher
than that of controls (p <0.05). The BV19 gene usage of
CD8+ T cells was similar in controls and patients
before immunisation.

Over-expression of TCR BV gene families in
individual patients

T-cell receptor BV gene family expression in individual
patients higher than mean + 3SD of that of healthy
controls is considered an over-expression [28, 34]. Ta-
ble 4 shows the pattern of TCR BV gene over-expression
in CD4+ and CD8+ T cells of individual patients be-
fore and after immunisation. Totally, 20 BV families
were over-expressed, of which 13 families (65%) were
seen in samples obtained after immunisation. TCR BV
gene over-expression in the CD8+ subset was more
frequently seen in post-immune than in pre-immune
samples (7 vs. 2 families).

TCR BV gene over-expressions after in vitro
stimulation with Ep-CAM

To assess the proportion of the induced immune re-
sponse directed against baculovirus contaminants, post-
immune (18 weeks) PBMC from patients 1 and 4 were
stimulated in vitro with Ep-CAM and the control pro-
tein (BCP) for 4 days followed by analysis of TCR BV
gene usage of the CD4+ and CD8+ T-cell subsets,
respectively. A TCR BV over-expression was defined as
>50% increase in a particular BV gene usage as com-
pared to unstimulated cells (medium control). The re-
sults are summarised in Table 5. Ep-CAM as well as

Patients  Lymphoproliferative response (*H-thymidine incorporation; SI)*  IFN-y producing cells (ELISPOT; SFU/10° cells)®

Pre-vaccine Post-vaccine Pre-vaccine Post-vaccine

Ep-CAM  BCP CEA Ep-CAM  BCP CEA Ep-CAM BCP CEA Ep-CAM BCP CEA
Pl 0.8 1.2 1.7 15.2 1.9 1.6 2 7 5 34 0 10
P2 1.2 1.8 0.8 51.3 1 0.9 2 0 2 0 2 4
P3 1.1 1.2 1.1 3.7 2.8 2.7 0 0 0 14 15 0
P4 1.5 1.4 1.3 57.4 7.9 3.9 88 14 13 107 16 12
P5 1.3 1.2 0.5 18.2 6.0 1.1 33 15 8 926 20 4
P6 2.9 1.6 2.4 24.9 9.5 2.6 14 16 7 25 12 13
P7 1.3 1.4 1.6 2.5 1.6 2.1 60 14 7 140 14 10
P8 1.0 0.7 0.9 2.8 14 1.2 0 14 0 0 11 0
P9 1.2 1.0 1.0 3.9 3.0 1.4 27 5 7 83 17 20

% The highest SI value induced by 1 or 10 or 100 ng/ml protein
antigen is shown. A proliferative T-cell response was considered
positive (bold letters) if the SI value was >3.0 (mean+2SD of
healthy controls)

® The mean number of spot-forming units (SFU) per 10° cells in
experimental wells are shown after subtraction of the background

value (cells in medium alone). The highest SFU induced by 100 or
1,000 ng/ml protein antigen is shown. Results were considered
positive (bold letters) if the number of SFU in experimental wells
was significantly (p <0.05) greater than the background value and
was at least twice that of the background
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Fig. 1 Proliferative T-cell response against 18-mer Ep-CAM-
derived peptides (a) and IFN-y producing cells (ELISPOT)
recognising the Ep-CAM protein and Ep-CAM-derived HLA A2
restricted peptides (b) before (hatched bar) and after immunisation
(solid bar) with Ep-CAM protein (patient 1). a Dashed line
represents the threshold level (mean + 2SD of healthy controls)
for a positive proliferative T-cell response. b The mean number of
spot-forming units (SFU) per 10° cells in experimental wells is
shown after subtraction of the background value (cells in medium
alone). Asterisks show significantly (p<0.05) greater SFU in
experimental wells than in the background

BCP stimulation evoked an increased usage of particular
TCR BV genes, suggesting that a response against
baculovirus contaminants was also induced. However,
four different BV genes in both patients were over-ex-
pressed only in Ep-CAM-, but not BCP-stimulated
CD4+ T cells. Similarly, four and seven different BV
genes were over-expressed in CD8 + T cells solely after
Ep-CAM stimulation in patients 1 and 4, respectively. In
addition, the degree of over-expression induced by Ep-
CAM was greater than that induced by BCP.

CDR3 length polymorphism of CD8+ BVI9+ T cells

As shown above, BV19 usage of CD8+ T cells was
significantly increased after vaccination (Fig. 2b). To
study the CDR3 distribution pattern in over-expressed
CD8+ BV19+ T cells, BV19-BC-FITC PCR products
from pre- and post-immune CD8 + T cells of all patients
were subjected to fragment analysis [26, 28]. The results
are depicted in Fig. 3. In all patients, either new peaks
emerged or an existing peak expanded considerably.

Patterns of clonality in selected BV gene families

The pattern of clonality before and after immunisation
was studied in several over-expressed (see Table 4) and
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some randomly selected, non-over-expressed BV gene
families in individual patients using CDR3 length
analysis (Fig. 4). Three patterns of CDR3 size distri-
bution were observed: (1) both pre- and post- immune
cells showed a monoclonal pattern with the same
CDR3 size; (2) the CDR3 distribution pattern changed
from a polyclonal to a more restricted mono-/oligocl-
onal pattern; (3) the CDR3 distribution pattern chan-
ged from a mono-/oligoclonal pattern to another
mono-/oligoclonal pattern with a different size of the
main peak.

CDR3 size distribution pattern after in vitro
stimulation with Ep-CAM

Post-immune (week 18) PBMC from patients 1 and 4
were analysed for TCR BV gene usage after in vitro
stimulation with Ep-CAM or the control protein
(BCP). Those TCR BV families that were over-ex-
pressed (Table 5) were subjected to CDR3 size distri-
bution analysis. Figure 5 shows the results of CDR3
fragment analysis of CD8+ BV17+ cells of patient 1,
and CD8+ BV17+ as well as CD8+ BV22+ cells of
patient 4. Arrows indicate peaks, representing T-cell
clones that were expanded after stimulation with Ep-
CAM but not with BCP. For comparison, ex vivo pre-
and post-immune samples were included. A new peak
emerging in a post-vaccine sample was considered to
represent an anti-Ep-CAM response if such a peak
was not noted in pre-immune and BCP stimulated
samples. Anti-Ep-CAM peaks were also noted in some
post-immune samples without in vitro stimulation,
when the magnitude of the anti-Ep-CAM T-cell clone
in vivo was sufficiently expanded to be detected
without further in vitro stimulation. Non-Ep-CAM-
specific peaks in post-immune samples could also be
seen due to an immune response against baculovirus
contaminants.
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Fig. 2 TCR BV gene usage (relative percentage of the total TCR
BV gene usage) of blood-derived CD4+ (a) or CD8+ (b) T cells.
The median percentage of TCR BV gene usage in healthy controls
(dotted bar) (n=11), pre-vaccine (hatched bar) and post-vaccine
(solid bar) samples of CRC patients (n=9) is shown. Asterisks
indicate a significant (p <0.05) over-expression of a particular BV
gene family in patients compared to controls or in post-vaccine
compared to pre-vaccine samples of patients

Discussion

This study forms a part of a project aiming to develop a
vaccination strategy in CRC patients using Ep-CAM as a
target structure. In an attempt to induce an immune
response against Ep-CAM, three different immunisation
regimens were explored: the Ep-CAM protein or anti-Id
was used alone or in combination and GM-CSF was given
as an adjuvant cytokine. The Ep-CAM protein alone or in
combination with anti-Id as compared to anti-Id alone
induced a more potent proliferative T-cell response
against the Ep-CAM protein. IFN-y producing T cells
were, however, induced irrespective of the immunising
antigen. Cellular immune responses against Ep-CAM-
derived peptides were generated in all patients vaccinated
with the recombinant protein Ags. To further characterise
the T-cell response, the TCR repertoire was analysed, as a
restricted TCR repertoire in malignant diseases might be
an indication of an anti-tumour immune response [14].
The amplification of clonal T-cell populations in regres-

Fig. 3 CDR3 length distribution pattern of CD8+ BV19+ T cells
in CRC patients (n=9) before and after immunisation

P1
pre-immune M j\/\\A
post-immune M J\\\/
P6 P7
pre-immune J\jL j\\)m
post-immune J L\L
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Table 4 TCR BV gene family over-expression in individual
patients

Patients CD4+ T cells CD8+ T cells

Pre-immune Post-immune Pre-immune Post-immune

Pl BV26,7 BV7 - -

P2 - - - -

P3 BVI13S2 BVII - BV21S2

P4 - BV14 - -

P5 - - - -

P6 BVI2 - BVI1, 1381 BVI0

P7 - - - -

P8 - BV4, 8 - BVI, 582-3,
19, 23

P9 - BV22 - BV20

TCR BV gene usage was determined by semi-quantitative RT-PCR
and expressed as the relative percentage of the total TCR BV gene
usage by CD4+ or CD8+ T cells. TCR BV over-expression in
individual patients was defined as the percentage of a particular BV
gene usage exceeding the mean + 3SD of that of healthy controls

sive melanoma lesions is a well-known phenomenon [14].
CTL derived from lymphocytes infiltrating lung carci-
noma showed a restricted TCR usage and was associated
with prolonged survival [18]. A restricted TCR BV gene
usage of tumour-infiltrating lymphocytes (TIL) has also
been noted in cancer patients after immunotherapy [14,
19, 32, 41]. An association between response to IL-2
therapy and over-expression of a limited number of TCR
BV families in TIL has also been described [40]. Oligocl-
onal expansions of blood-derived T cells have also been
seen in patients with solid tumours treated with immu-
notherapy [15, 16, 33].

In the present study, significantly higher usage of
BV12 within the CD4+ T-cell subset was observed in
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Table S Over-expression of

TCR BV gene families after in ?V %gne Patient 1 Patient 4
i i i i amilies
;ﬂg";ﬁ“gg}iﬁg’lnp?gig533%?34 CD4+ T cells CD8+ T cells CD4+ T cells CD8+ T cells
Ep-CAM BCP Ep-CAM BCP Ep-CAM BCP Ep-CAM BCP
BV1 - — — — - — — _
BV2 + - — — — — _ _
BV3 - — — — — — _ _
BV4 - — — — - — _ _
BVSsS1 — — — — — _ _ _
BV5S2-3 - - — — — — _ _
BV6 + — — — — _ _ 4
BV7 + - — — — — _ _
BV38 + + — — — — _ _ _
BV9 - — + — — _ _ _
BV10 — — — — + + — +
BV11 - — — — - — + _
BVI2 - - - . ++ T _ _
Post-vaccination PBMCs were BV13S1 — - — — — — _ _
cultured in the presence of BV13S2 — — — - + + — + + +
Ep-CAM protein (1 pg/ml) or BV14 — - + — — — _ _
BCP (1 pg/ml) or medium alone  BV15 — - — — — _ + + _
for 4 days. CD4+ and CD8+ BV16 — — + — - — _ _
cells were separated by mag- BV17 + ++ + + — — + + + —
netic beads and the relative BV18 — - — — - _ _ _
usage of TCR BV genes deter-  BVI19 — — — — ++ _ + _
mined by semi-quantitative RT ~ BV20 — — — — + + + + _
PCR. TCR BV gene over-expr- BV21S1 — - — — - — + + _
ession was defined as > 50% BV21S2 - - ++ + - — — +
(+)or >100% (+ +) increase  BV21S3 + + + + — — + — _ _
in usage of a particular BV gene  BV22 ++ + - — - - ++ —
compared to an unstimulated BV23 — - — — — _ _ _
sample (medium alone) BV24 - - - - + + _ _ _

patients prior to immunotherapy as compared to healthy
controls, which might suggest an involvement of this
particular TCR BV family in a natural T-cell response
against hitherto unidentified CRC antigens. Controls
and patients stratified below and above median age
showed no significant difference in BV12 usage within
CD4+ T cells (data not shown), suggesting that age had
no significant influence on the results. A recent study
also indicates that gender has no effect on the TCR BV
gene usage in CD4+ or CD8+ subpopulations [5].
Natural T-cell responses in CRC patients against MHC
class 1 [24] and MHC class II [23] restricted epitopes
have been reported. However, limited information is
available on TCR BV gene usage. A restricted TCR
repertoire usage by TIL of CRC patients has been
described [2, 25]. Oligoclonality of CD8+ blood lym-
phocytes in CRC patients has also been reported but
with large individual variability. However, the TCR
repertoire was not analysed in comparison to healthy
controls [1]. It has recently been suggested that a natural
T-cell response against weakly immunogenic TAAs is
not mnecessarily mono-/oligoclonal, but may exhibit
broad diversity [9]. The expanded BV12+ CD4+ cells
in the present study displayed a polyclonal pattern
determined by CDR3 length analysis (data not shown).

Kumar et al. [16] treated CRC patients with IL-2 and
noticed clonal T-cell expansions in TIL and in blood. In
our study, a significant over-expression of BV19 was
noted in CD8+ T cells after vaccination, which might

reflect a T-cell expansion in response to vaccination.
Eight of nine patients (89%) were either HLA A2 or
HLA A3 positive. Several shared 9- and 10-mer Ep-
CAM-derived peptides have been predicted to bind with
high affinity to both HLA A2 and A3 molecules (http://
SYFPEITHI.de/). We have recently shown that Ep-
CAM or anti-Id immunisation induced IFN-y producing
T cells recognising Ep-CAM-derived MHC class 1 re-
stricted peptides [23]. These findings might support the
notion that an appropriate MHC-peptide combination
may permit BV19+ T cells to be engaged in antigen
recognition. This might drive a clonal expansion of
BV19+ T cells, which could be evidenced by analysis of
CDR3 size distribution. CD8+ BVI9+ T cells
expanded after immunisation showed either a more
restricted CDR3 distribution pattern or developed an-
other CDR3 peak as compared to the pre-immune
sample. Both these patterns are compatible with an

>

Fig. 4 CDR3 length polymorphism of several over-expressed
(asterisks) and some randomly selected, non-over-expressed TCR
BV genes before and after immunisation. a Monoclonal patterns
with identical CDR3 size distribution pattern in pre- and post-
immune CD4+ and CD8+ T cells. b CD4+ and CD8+ T cells
where the CDR3 distribution pattern changed from a polyclonal to
a more restricted mono-/oligoclonal pattern after vaccination. ¢ A
shift from a mono-/oligoclonal pattern to an alternative mono-/
oligoclonal pattern with a different CDR3 size of the main peak
after vaccination in CD8+ T cells
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Fig. 5 CDR3 length
distribution in post-
immunisation CD8+ T cells in
two patients after in vitro
stimulation with Ep-CAM (a),
BCP (b) and medium alone (c)
compared to that of ex vivo
cells obtained before (d) and
after (e) immunisation

Ep-CAM
week 18
in vitro

BCP
week 18
in vitro

Medium
week 18
in vitro

week 0
ex vivo

week 18
ex Vvivo

antigen-driven clonal expansion. It should be noted that
a monoclonal pattern is not necessarily expected as
clonal diversity may occur even in response to a single
epitope [9]. It cannot be completely ruled out that the
difference in the TCR BV patterns comparing pre- and
post-immunisation samples was due to exposure to
environmental antigens. However, this possibility seems
unlikely, as the TCR patterns in three normal donors
studied on two occasions at an interval of 18-weeks did
not reveal a substantial difference between the two time-
points (data not shown).

Individual patients showed a number of BV over-
expressions in both CD4+ and CD8+ T cells. These
over-expressions may result from a specific response to
the antigen. However, it may also represent a phenom-
enon predominantly observed in elderly individuals [17].
Furthermore, it has recently been shown that non-ex-
panded T cells in tumour patients might also show clo-
nal or oligoclonal CDR3 distribution pattern, indicating
a necessity to analyse a TAA-specific response after in
vitro stimulation [28]. CDR3 length polymorphism was
analysed in pre- and post-immunisation samples in some
over-expressed and in randomly selected, non-over-ex-
pressed BV genes. The CDR3 distribution patterns after
immunisation were similar in over-expressed and non-
over-expressed BV families, i.e. they remained unaltered
or changed to a more restricted clonal pattern, or a new
dominant peak appeared but with a different CDR3 size.

BV17 (P1)

FrCe

BV17 (P4) BV22 (P4)

o U
JL
e
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N
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To confirm specificity, the TCR BV gene usage in post-
vaccination samples of two selected patients, after in
vitro stimulation with Ep-CAM, was studied. Several
BV genes in both CD4+ and CD8+ T cells showed
over-expression only after Ep-CAM, but not BCP
stimulation, suggesting that the expansion of T cells
using these particular BV genes entailed an anti-Ep-
CAM response. According to the CDR3 size distribu-
tion analysis, however, among a large number of TCR
BV over-expressions only three, all in the CD8+ T-cell
subset, showed an anti-Ep-CAM response (BV17 in
patient 1 and BV17 as well as BV22 in patient 4).

In conclusion, the Ep-CAM protein and/or anti-Id
used for vaccination generated a proliferative T-cell
response and/or IFN-y-producing T cells against the
Ep-CAM protein and Ep-CAM-derived peptides in
CRC patients. Analysis of TCR BV gene usage suggests
that BV12 over-expression in patients might represent a
natural CD4+ T-cell response to hitherto unidentified
CRC antigens and that BV19+ CDS8+ T cells might be
involved in a vaccine-induced immune response.
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