Aim of the study: The arsenal of
questions and answers about the mi-
nor cancer initiating cancer stem cell
(CSC) population put responsible for
cancer invasiveness and metastases,
has left with an unsolved puzzle. Spe-
cific aims of a complex project were
partly focused on revealing new bio-
markers of cancer. We designed and
set up novel techniques to facilitate
the detection of cancerous cells.
Materials and methods: As a novel
approach, we investigated B cells in-
filtrating breast carcinomas and mela-
nomas (TIL-B) in terms of their tumour
antigen binding potential. By develop-
ing the TIL-B phage display technolo-
gy we provide here a new technology
for the specific detection of highly
tumour-associated antigens. Single
chain Fv (scFv) antibody fragment
phage ELISA, immunofluorescence
(IF) FACS analysis, chamber slide tech-
nique with IF confocal laser microsco-
py and immunohistochemistry (IHC)
in paraffin-embedded tissue sections
were set up and standardized.
Results: We showed strong tu-
mour-associated disialylated glyco-
sphingolipid expression levels on var-
jous cancer cells using scFv antibody
fragments, generated previously by
uniquely invasive breast carcinoma
TIL-B phage display library technology.
Conclusions: We report herein a nov-
el strategy to obtain antibody frag-
ments of human origin that recog-
nise tumour-associated ganglioside
antigens. Our investigations have
the power to detect privileged mole-
cules in cancer progression, invasive-
ness, and metastases. The technical
achievements of this study are being
harnessed for early diagnostics and
effective cancer therapeutics.
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Introduction

Identifying cancer initiating cancer stem cells (CSC) has been a challeng-
ing task for many years. Even more so because the cancer stem cell concept
has been awaiting its approval for decades. There can be no doubt that ex-
tensive experimental efforts and intensive technical improvements have led
to a better understanding of this minor cancer cell population. Thanks to
the various high throughput analyses to reveal mechanisms that drive can-
cer stemness and the characteristics of cancer stem-like and cancer stem
cells hidden in the cancerous tissue microenvironment, there are important
findings on drug resistance and cancer metastatic process. All previous and
present relevant investigations help to solve the “CSC puzzle”. The CSC story
goes back to the first relevant studies with acute myeloid leukaemia (AML)
[1], after which many other reports were announced showing important rel-
evant data in solid tumours [2, 3]. Because this minor cancer initiating cell
(CIC) population was put responsible for metastatic processes and refraction
to conventional cancer therapeutics [4], there is a special need to solve the
problems in this topic. Substantial information on strategies identifying and
selectively targeting CSCs would have the capacity to drive the cancer re-
search field towards entirely new targeted cancer therapeutics that could be
more effective and less toxic.

There are questions in highlights, whether certain biomarkers could even-
tually be found to characterise this minor cell population or follow in real time
any ongoing changes at cellular or molecular levels? CSCs are endowed with
the capacity to snake through the immunological supervision control, and
this trick is still hidden despite the recent efforts [5-7]. We can only speculate,
which of the revealed cell surface structures, molecular biological markers, or
functional parameters could be selected as main champions in the arena of
metastatic cancer elimination approaches? Functional genomics became the
number one technique to serve with information on cancer stemness, while
showing a new way to follow the cancer metastatic process [8, 9].

We approached the problem with another theory. Taking into account
that ,,Nature must know the answer to cancer”, we have developed a nov-
el strategy: our molecular genetic technology [10, 11], essential findings on
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cancer associated antigens [12] and a complex tumorim-
munological project [13] helped us to reveal cancer target-
ing molecules. B lymphocites accumulated in the tumor
microenvironment, the so called tumor infiltrating B cells
(TIL-B) that can be found in breast cancers and other solid
tumors [14, 15], can be analysed in terms of their antibody
repertoire. These pioneering results could be corroborated
in malignant melanomas [16]. We describe here a complex
protocol by harnessing immune B cells from the tumor mi-
croenvironment to reveal tumorassociated antigens (TAA).

Materials and methods
Patients

Tissue samples of patients with nodular melanoma
(NM) and superficial spreading melanoma (SSM) and fro-
zen tissue specimen of one patient with invasive ductal
breast carcinoma were gathered. Ethical permission (No:
ETT TUKEB 15462-02/2010) and the patients’ formal con-
sent was provided.

Cell lines

Melanoma (SK-Mel28) and invasive ductal breast carci-
noma (MDA-MD 231) cell lines purchased from American
Type Cell Collections (ATCC) were maintained in steady-
state culture conditions, using RPMI-1640 or DMEM (Sig-
ma-Aldrich, San Diego, CA) supplemented with penicillin,
streptomycin, gentamycin, amphotericin B and 5% FBS
(Sigma) in T25 cm? or T75 cm? flasks or chambers. Con-
fluent cultures were harvested by EDTA 0.02% or Trypsin/
EDTA (Sigma) and checked for viability (by Trypan Blue
(0.4%) exclusion) and tested by indirect immunofluores-
cence (IF) assay.

TIL-B antibody phage display

cDNA was reverse-transcribed from RNA preparations
of B cells in the tumor, using (RNeasy Qiagen and Total
RNA isolation Kit Nucleon Spin RNA I, Nucleon Spin RNA
L, Macherey — Nagel, Germany) or standard method with
column purification (RNeasy MinElute Cleanup, Qiagen
Germany). Antibody variable region genes were amplified
with our previously developed technique and single chain
(scFv) antibody variable region genes were constructed
from TIL-B Ig VH and TIL-B Ig Vk gene regions. We used var-
ious molecular biological and biotechnological processes
described in our original protocols for ScFvk phage display
library generation [12, 14]. Some further technology devel-
opments are summarised in our upcoming papers.

ScFv Phage ELISA and soluble scFv ELISA

We tested the antibody fragments of the original ScFv
phage display library in ELISA, against “native” tumor
cell membrane preparations, coated to 96 well microtiter
plates. ScFv molecules with specific binding capacity to in-
vasive ductal breast carcinoma and melanoma cells were
selected. Recombinant Phage Antibody System (RPAS),
scFv Expression and Detection Module (Amersham Bio-
sciences) and pET26b vector-based expression systems

(Novagen) were used. The produced soluble scFv fractions
of interest were validated quantitatively and qualitatively.

Defining tumorassociated antigen binder
molecules

Coding regions of selected tumor binder scFv antibody
fragments were subjects to novel detection and expres-
sion systems, using anti-E Tag, anti-c-myc or anti-His tag
systems. Native membrane preparations and “membrane
ghosts” of invasive ductal breast carcinoma and malignant
melanoma cells and purified target molecules of interest
were used in dot blot.

Immunohistochemistry (IHC)

Formalin-fixed, paraffin-embedded primary and meta-
static tissue sections were deparaffinized in Xilol and Etha-
nol, then endogen hydrogene peroxidase was blocked and
antigen retrieval was performed by heat-exposure using
Microwave (Meditest MFX800-3). After blocking with 3%
bovine serum albumin (BSA) in PBS, tumorassociated and
other IHC panel antigen specific monoclonal antibodies
were reacted on the slides (4°C, overnight or 37°C, 30 min).
Disialylated glycosphingolipid-specific antibodies (GD3,
OacGD3) (Abcam, London, UK, Calbiochem and Axxora/
Alexis) and GSL antibody fragments were tested. AntiCD20
and antiCD19 (DAKO) were used for B cell detection. IHC
was performed with Supersensitive TM One Step Polymer
IHC Detection Kit System (BioGenex), using ImmPact TM
AEC (3-amino-9-ethylcarbazole) substrate-diluent kit or
3,3'-Diaminobenzidine (DAB) substrate Kit (Vector, Burlin-
game, CA).

Immunofluorescence Flow Cytometry — FACS
Analysis

Cancerous cell suspensions were reacted with unique
GD3 ganglioside-specific antibodies (Abcam, London, UK),
Calbiochem) or soluble fractions of expressed antibody
fragments. We used suitable tag specific detection anti-
bodies (anti-E Tag antibody (Abcam, London) and c-Myc
monoclonal antibody (9E10) (ThermoFischer Sciuentific,
Waltham, Massachusetts)) and Fluorescein isothiocyanate
(FITC) or Phycoerythrin (PE) labelled goat anti mouse 1gG
(F(ab’)2 fragment antibodies (R&D systems / Bio-Techne
Ltd, Abingdon) in our indirect IF assay. Flow cytometry
FACS analysis was performed by CyFlow SL-Green, FloMax,
Partec, Munster, Germany.

Immunofluorescence — Confocal laser microscopy

Fresh frozen cancerous melanoma tissues sections (6—8
mm) were cut under tissue freezing media (Bio-Optika, Mi-
lano, Italy) by Slee Cryostat mnt (Auroscience), and were
fixed by 4% paraformaldehyde (PFA) PBS for 15 minutes.
Chamber slide (LAB-TEK Brand Products, Nalgen Nunc, Na-
perville, US) cultures were blocked with 3% BSA PBS, be-
fore tumor-associated disialylated glycosphingolipid-spe-
cific antibodies and the selected antibody fragments were
added and reacted at 4°C overnight. Immunofluorescence
labelling using second antibodies, was detected in confo-
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Fig 1. Flow chart of the novel tumor infiltrating B lymphocyte (TIL-B) scFv phage display protocol, suitable to obtain tumor antigen specific

antibody fragments

cal laser microscopy (Nikon Eclipse E600, Nikon Model C1-
Lu3, Tokyo, Japan) or conventional IF microscopy.

Results

The solution within: Cancer specific antibody
fragments provided by the tumor tissue

1. Potential pathway for defining cancer
antigens

A complex protocol, based on the immune B cells within
the tumor microenvironment, composed of consecutive cel-
lular immunological assays, molecular genetic techniques
and biotechnological processes turned out to be a poten-
tial pathway for revealing novel cancer antigens. We found
that the TIL-B scFv phage display protocol is a suitable tech-
nique to obtaine tumor binder antibody fragments from B
cells, accumulated in any solid tumor (Fig. 1).

2. Detection of B lymphocytes in the tumor microenvi-
ronment

Immunohistochemistry with CD20, CD19 specific an-
tibodies showed a great variability of B lymphocyte infil-
tration in different breast carcinomas. B cells were repre-
sented from rare to abundant amounts in special types of
breast carcinomas. We found that certain types of invasive

ductal breast carcinomas show extremely high immune
cell infiltration, and especially the B lymphocyte content
is elevated (Fig. 2).

3. Cancer specific antibody fragments can be found in
the TIL-B cell antibody repertoire

The TIL-B scFv phage display protocol and comparative
DNA sequence analysis provided us with scFv coding DNA
sequences of cancer specific binder antibody variable re-
gion genes. These scFv coding DNA sequences could be
expressed as soluble scFv antibody fragments with an
E-Tag or C-myc tag. These modifications enabled to test in-
tact breast cancer and melanoma cells via indirect IF assay
and FACS analysis. We defined strong IF labelling with our
tumor binder anti disialylated glycosphingolipid antibody
fragments (Fig. 3).

4. Detection of highly tumor-associated disialylated
glycosphingolipids

Our previous soluble scFv ELISA and Dot blot techniques,
using purified antigens and membrane preparations were
compared to the present disialylated glycosphingolipid
(GD3 ganglioside) detecting systems. Chamber slide cul-
tured SK-mel 28 melanoma cells that strongly express GD3
disialylated GSLs showed intensive IF labelling with our se-
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lected scFv molecule in an indirect IF confocal laser micros-
copy detection system (Fig. 4). The frozen tissue sections
of two malignant melanoma patients’ surgical specimen
gave intensive expression of GSL structures by immuno-
histochemistry (Fig. 5).

Discussion

We describe here a novel theory-based approach, where
new technologies were introduced. These investigations
finally lead to tumor-immunological findings with new
cancer diagnostic and therapeutic impacts. According to
the original hypothesis, the tumor holds the “key solution”
for its fate. Immune B cells in the tumor microenvironment
provide essential antibody variable gene regions with can-
cer membrane structure revealing capacity. Our complex
TIL-B phage display analysis, the phage and soluble scFv
ELISA techniques have the potential to reveal novel can-
cer associated antigens. Our previous and present studies
strengthen the theory about obtaining strongly tumor-as-
sociated disialylated glycosphingolipid-specific human
scFv antibody fragments of human origin. The whole pro-
cess could serve as a gateway technology to gain specific,
human antibody fragments targeting GD3 gangliosides,
other GSLs and their derivatives.

Fig 2. Immunohistology and immunohistochemistry of forma-
line-fixed paraffin-embedded tissue sections show high tumor cell
infiltration and an abundant amount of B lymphocytes in melanoma
(A) and invasive ductal breast carcinoma (B, C). Immunohistochem-
istry was performed with One Step Polymer HRP IHC and AEC sub-
strate (100x)

Using the tumor infiltrating B lymphocyte population
found in the cancerous tissue in the tumor microenviron-
ment turned out to be a challenging idea. Our comprehen-
sive study with carefully designed protocol and the tech-
nical improvements helped to understand more questions
about the TIL-B cells. The sensitive techniques in the tumor
immunological, molecular genetic and biotechnological
processes lead to reveal essential cancer binder antibody
fragments with unique specificities to tumor-associated
disialylated glycosphingolipids. Our original model system
was based on a rare type of invasive ductal breast carcino-
mas, showing extensive B cell infiltration and other specif-
ic characteristics [17, 18]. Additional relevant information
on the antibody repertoire of patients with breast cancer
[19] or malignant melanomas [13] supported the further
potentials of this approach. Comparative DNA sequence
analyses seem to be an effective effort helping to reveal
human antibody variable region genes of interest. We
state that a theoretical comparative DNA analysis parallel
with an experimental testing of the specific tumor binding
capacity is an effective way to define highly cancer asso-
ciated antigen-specific antibodies. We may conclude that
valuable information about characteristic tumor-associat-
ed glycolipid and glycoprotein structures on the cancerous
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Fig 4. Detection of highly tumor associated disialylated glycosphin-
golipids on melanoma cells in a chamber slide culture system by
immunofluorescence confocal laser microscopy
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Fig 3. Immunofluorescence — FACS analysis evidenced strong ex-
pression of unique sialilated GD3 glycosphingolipids on the initiat-
ed melanoma cell lines with the soluble scFv antibody fragment in
a suitable immunofluorescence labelling reaction

cells may be obtained with the “help of TIL-B cells”. The
presented complex TIL-B phage display strategy is a pow-
erful technology to obtain human antibody fragments and
testing specific tumor binding characteristics.

We found that our TIL-B cell-originated soluble ScFv-s
were an excellent tool to detect glycosphingolipid-based
tumor antigens on various cancer cells. However, choos-
ing the suitable label tag (E-Tag or C-myc coded labelling)
essentially depends on the selected reaction systems.
Technology varies according to whether cultured cells are
investigated in suspension or in adherent forms. We could
show that the soluble scFv tumor binder antibody frag-
ment preparations retained their tumor-associated antigen
binder capacity. Cells in chamber tissue culture as well as
in the frozen tissue criostat sections could well preserve
the glycolitic sites’ antigenicity. Reaction conditions and
the paraformaldehyde fixation technique we used help to
standardise the circumstances of the challenging detection
of “tricky” sugar- and lipid-based membrane structures.

Our previous soluble scFv ELISA and Dot blot techniques,
using purified antigens and membrane preparations were
compared to the present disialylated glycosphingolipid
detecting systems. The selected TIL-B-originated antibody
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Fig 5. Unique GD3 ganglioside tumor associated antigen expression was shown on metastatic melanoma tissue cryostat sections with FITC
conjugated labelling antibody and propidium iodide nucleus staining

fragments are useful tools for immunohistochemistry with
fresh frozen cancerous tissue sections. Additional tech-
nical improvements are needed for these antibody frag-
ments to meet the requirements necessary for IHC in par-
affin-embedded tissue sections. Identifying the targeted
disialylated glycosphingolipid (GD3 ganglioside, OAC GD3
ganglioside) and related other glycosphingolipids (GSLs)
on various solid tumors [20-22] can be considered as an
important milestone on the “road” to define useful cancer
biomarkers [23, 24].

By gathering new scientific information on glycosylated
antigenic sites, the large family of glycosphingolipids and
the broad functional importance of these structures the
growing field of glycoimmunomics has gained an utmost
momentum. There is a slowly but straightforwardly accu-
mulating evidence of these molecules in cancerogenesis,
cancer proliferation and metastases [25]. Aberrant glyco-
sylation expressed in glycosphingolipids and glycoproteins
in tumor cells have been implicated as an essential mecha-
nism in defining stage, direction and fate of tumor progres-
sion [26]. A rapidly evolving biological system involves sialic
acids, a family of monosaccharides that are terminal caps
on cell surface and secreted molecules of vertebrates, and
play multifarious roles in immunity [27]. There are multiple
human-specific evolutionary changes in inhibitory and ac-
tivating Siglecs, immune cell receptors that recognize sialic
acids as “self-associated molecular patterns” (SAMPs) to
modulate immunity [27, 28]. Important previous and recent
findings evidence the fact that the detection of various gly-
cosphingolipid-specific human antibodies have diagnostic
value [29] and should be harnessed for new therapeutic
strategies. All this is in line with our recent findings on
a new technology to reveal cancer stem cells [16, 30].

Results of a detailed immunoglobulin repertoire anal-
ysis made it feasible to select overrepresented heavy and
light chain immunoglobulin variable gene regions. Selected

tumor-specific antibody fragment coding DNA sequences
are excellent tools for further antibody engineering tech-
nologies [31, 32]. It has been shown that scFv, Fab frag-
ments or diabodies, tetrabodies etc have important benefi-
cial features for therapeutic usage [33]. Tumor-specific scFv
antibody fragment coding DNA sequences can be subjects
to next genetic engineering issues, like building a chimeric
antigen receptor (CAR) to add new tumor antigen binding
sites onto immune T cells [34, 35]. The presented data hold
the promise to develop genetically modified immune T cells
to redirect and eliminate cancer stem cells.
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