
Abstract. The identification of targets which are located
intracellularly in normal cells and are exposed on the
surface of malignant cells is an issue in the target selection
process for the development of anticancer agents. Targets
with these characteristics should increase the specificity of
intervention and the corresponding therapeutic window. We
discuss targets such as heat-shock protein 70 (HSP70) and
heat-shock protein 90 (HSP90), glucose-regulated protein 
78 (GRP78), actin, cytokeratins, vimentin, nucleolin,
nucleosomes, estrogen receptor-alpha variant 36 (ER-α36)
and feto-acinar pancreatic protein (FAPP). Involvement of
these targets in cellular processes, tumor specificity and
tractability with antibody-related agents, are discussed.

The identification and validation of targets for therapy of
cancer is the first step of the drug discovery and development
process. Dependent on the target, intervention with small
molecules or biologics such as antibody-related biologics,
conjugates or both is possible, as in the case of transmembrane
receptors with enzymatic activity. Criteria for target selection
are: overexpression in tumors in comparison to normal tissues,
the role of the target in the pathogenesis of cancer, and its
tractability with small molecules and/or biologics. Most of the
previously identified targets have a tumor-suppressive role and
are down-regulated. Reconstitution of the function of these

types of targets is difficult from a technical point of view.
Drug development therefore focuses on targets which are up-
regulated or activated by mutations. The function of the targets
match the seven hallmarks of cancer such as tissue invasion
and metastasis, evasion of apoptosis, sustained angiogenesis,
limitless replicative potential, self-sufficiency of growth
signals, insensitivity to growth inhibitors and inflammatory
microenvironment (1, 2).

Target validation investigates the consequences of
inhibition by small molecules, antibodies or interfering
RNAs, with respect to proliferation, migration and survival
of tumor and stromal cells, such as endothelial cells,
macrophages and fibroblasts, and the impact on other tumor-
related parameters in vitro and in vivo. In this paper, we
focus on targets which are located intracellularly in non-
transformed cells and are exposed to the cell surface in
malignant cells. The targets discussed in this review and their
cellular locations are displayed in Figure 1.

Plasma Μembrane-associated HSP70

Heat-shock protein 70 (HSP70) is a chaperone with ATPase
activity and is found in cellular compartments involved in the
folding of nascent proteins, prevention of protein aggregation
and assisting transport across membranes (3). It exhibits high
affinity for unfolded proteins when bound to ADP and low
affinity for folded proteins when bound to ATP. Plasma-
membrane association of expression of HSP70 on tumor cells
has been demonstrated (4-7) by selective membrane protein
iodination and flow cytometry. It was concluded that 15-20%
of the cellular HSP70 protein is plasma-membrane associated
(7).The stress-induced variant is referred to as HSP72 and
does not seem to be expressed on normal cells. Two testis-
specific HSP70 isoforms have been detected on the surface
of human sperm (8). Autologous tumor cell lines, generated
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by antibody-based cell sorting, express membrane-associated
HSP70 differentially and it has been shown that high-level
expressors are more sensitive to natural killer (NK) cell-
mediated killing than low expressors (9). The mechanism by
which HSP70-positive tumor cells are lysed by NK cells is
not clear, however, HSP70 NK cell interaction was
demonstrated in binding studies and a 14-mer peptide termed
TKD which is derived from the C-terminal substrate binding
domain, exhibits immunomodulatory activity on NK cells
(10). Cluster of differentiation 94 (CD94) is a candidate NK
receptor for interaction with plasma membrane-associated
HSP70, which has also been detected on exosomes of tumors
with high HSP70 on their plasma membrane (11). It can be
hypothesized that NK cells might be attracted to and activated
by tumors in vivo via the secretion of exosomes presenting
HSP70 on their lipid membrane. It was shown that HSP70
membrane-positive tumors differ from their membrane
negative counterparts by containing higher amounts of the
glycosphingolipid Gb3 in the plasma membrane and
additionally that HSP70 predominantly binds to artificial
liposomes containing Gb3 (12). A mouse anti-HSP70

monoclonal antibody was generated by immunizing mice
with a 14-mer peptide derived from HSP70 (cmHSP70.1)
(13). This antibody detects membrane HSP70 on viable
mouse and human tumors in vitro and in vivo and it was
evaluated in the murine CT26 colon carcinoma model in more
detail (13). The antibody translocates into early endosomes
and lysosomes. Intraoperative and near-infrared fluorescence
(NIRF) imaging revealed an enrichment of Cy5.5 conjugated
antibody in the tumor after intravenous injection into the tail
vein. Therefore, tumor cells expressing plasma membrane
HSP70 might be targeted with this antibody, as it has been
shown to mediate antibody-dependent cellular cytotoxicity
(ADCC), or with an antibody conjugated with toxins or
radionuclides. One thousand molecules of plasma-membrane
associated HSP70 were detected on CT26 cells. Dose-
dependent efficacy data are not yet available. It remains to be
investigated whether the receptor density is sufficient to
mediate in vivo efficacy of this antibody in different tumor
models. Humanization of this antibody has been described,
yet in vivo data has not been reported (14). The fragment of
antigen binding (Fab) of HSP70.1 (IgG1/λ) has been
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Figure 1. Cellular localization of targets discussed in this review. Ingenuity Pathway Analysis (IPA) Path Designer tool was used to create an
overview of molecules and their locations within the cell. HSP70: Heat-shock protein 70; HSP90: heat-shock protein 90; PAR-4: prostate apoptosis
response 4 protein; GRP78: glucose-regulated protein 78; hERa-36: estrogen receptor alpha, 36 kDa isoform; NL: nucleolin; CK8/18: cytokeratin
8 and 18; Actin: actin; VM: vimentin; NLS: nucleosomes; FAPP: fetoacinar pancreatic protein, glycoform of bile salt-dependent lipase (BSDL).
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Figure 2. (A): Display of proteins interacting with HSP70. Ingenuity Pathway Analysis (IPA) was used to find molecules which interact with secreted and
membrane-associated HSP70 and (B) membrane-associated HSP90. Edges are annotated by the relationship type of two molecules: A – activation; E –
expression; LO – location; MB – membership; P – phosphorylation; PP – protein-protein interaction; RB – regulation of binding. Number of journal
references supporting the relationship is shown in brackets. Abbreviations are as follows: A2M: alpha-2-macroglobulin; CD94: Cluster of Differentiation
94, member 1; CLRN1: clarin 1; CXCL12:  chemokine (C-X-C motif) ligand; EGFR: human epidermal growth factor receptor; HER2: human epidermal
growth factor receptor 2; IFNG: interferon, gamma; IL8: Interleukin 8; SLC5A1: solute carrier family 5 (sodium/glucose cotransporter), member 1. b:
Display of proteins interacting with HSP90. CD91: low density lipoprotein receptor-related protein 1; HER2: human epidermal growth factor receptor
2; HSP90: heat-shock protein 90; HSP90AA1: heat-shock protein 90α isoform; HSP90B1: heat-shock 90 kDβ member 1; TLR4: toll-like receptor 4;
MMP2; matrix metalloproteinase 2; MMP9: matrix metalloproteinase 9; SCARF1: scavenger receptor class F member 1.



expressed as a potential reagent for tumor diagnosis in the
periplasm of Escherichia coli after co-expression of two
periplasmic oxidoreductases and two chaperones with
proline-cis/trans isomerase activity (15). The Fab fragment
sensitively recognizes membrane-associated HSP70 on tumor
cells with immuno-fluorescence microscopy and flow
cytometry, thus highlighting the potential for tumor detection
in vitro and in vivo (15). Figure 2A displays interactions of
membrane-associated and secreted HSP70 with other
proteins, as derived by Ingenuity Pathway Analysis (IPA). We
noted interactions with receptors such as epidermal growth
factor receptor (EGFR), human epidermal growth factor
receptor 2 (HER2), solute carrier family 5, member 1
(SLC5A1) sodium/glucose cotransporter and transmembrane
protein Clarin 1 (CLRN1) which contains an endoplasmic
reticulum (ER) membrane retention signal. Interaction
between secreted and membrane-associated HSP70 and α2-
macroglobulin (α2-M) with several cytokines and chemokines
such as tumor necrosis factor (TNF), interleukin 8 (IL8),

stromal-derived factor 1 (SDF1, CXCL2), interferon γ (IFNγ)
and HSP70 binding protein 1 (HSPBP1) have also been
noted, indicating the involvement of membrane-associated
and secreted HSP70 in several signal transduction pathways.

Plasma Membrane-associated HSP90

HSP90 is a molecular chaperone that assists client proteins in
proper folding. More than 200 proteins are referred to as
clients of HSP90, many of which have an oncogenic function
(16). Client proteins belong to different functional categories
such as protein kinases, ribonucleoproteins, steroid hormone
receptors, transcription factors, chromatin remodeling factors
and members of the kinetochore complex. Prime examples
are B-type rat fibrosarcoma kinase (BRAF), casein kinase
(CK2), nuclear serine-threonine kinase (WEE-1), HER2,
cyclin-dependent kinase 4 (CDK4), androgen receptor (AR),
hypoxia inducible factor-1α (HIF-1α), oncogene fusion
protein consisting of bcr and abl (bcr-abl), mutant p53 and
protein kinase B (AKT). The first HSP90 inhibitor 17-AAG
(17 allylamino-17-dimethoxygeldanomycin, tanespimycin)
entered clinical trials in 1999, followed in 2004 by 17-
dimethylaminoethylamino-17-dimethoxygeldanomycin (17-
DMAG). Based on structural modeling, new scaffold
discovery and other drug discovery efforts, 13 HSP90
inhibitors are currently under clinical investigation (16).

However, HSP90 is not located exclusively intracellularly, it
can also be expressed on the cell surface and can be secreted
into the extracellular space. It was shown that secretion of
HSP90 is determined by the phosphorylation status of Thr-90,
that the plasma level of HSP90α is positively correlated with
tumor malignancy in cancer patients and that secretion of
HSP90α is a prerequisite of its proinvasive function (17).
Furthermore, it was shown that HSP90α localizes to the
leading edge of endothelial cells and promotes their
angiogenic activities, whereas a monoclonal antibody directed
against HSP90α can reverse the effect (18). In 1986, HSP90
was identified as a cell-surface tumor-specific transplantation
antigen (19). The immunization of mice with HSP90 inhibited
tumor growth, suggesting involvement of HSP90 in the host
antitumor response. Surface HSP90 was dramatically up-
regulated in malignant melanoma when compared to benign
melanocytic lesions and it was expressed on the surface of 7
out of 10 melanoma metastases (20). Cell-surface expression
of HSP90 also has been described in small-cell lung cancer
cells (21), fibrosarcoma (22), neuroblastoma (23) and
lymphoma cells (24). Bortezomib was shown to induce
surface expression of HSP90 on dying melanoma cells,
following stimulation of the activity of dendritic cells and the
enhancement of antitumor immunity (25). Cell surface
expression of HSP90 has also been found on different cells of
the nervous system, such as oligodendrocyte precursor cells,
microglial, cerebellar and Schwann cells (26). 
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Figure 3. Display of molecules interacting with GRP78. Ingenuity
Pathway Analysis (IPA) was used to find molecules which interact with
membrane-associated GRP78. Edges are annotated by the relationship
type of two molecules: E – expression; PP – protein–protein interaction;
RB – regulation of binding. Number of journal references supporting
the relationship is shown in brackets. A2M: Alpha-2-macroglobulin;
CLRN1: clarin 1; DNAJC1: DnaJ (HSP40) homolog, subfamily C,
member1; GNAQ: guanine nucleotide binding protein, q polypeptide;
HTR3A: 5-hydroxytryptamine (serotonine) receptor 3A; Insulin: insulin;
LRP: low density lipoprotein receptor-related protein; NCK1: NCK
adaptor protein 1; PAK2: p21 protein (Cdc42/Rac)-activated kinase 2;
PAR-4: prostate apoptosis response 4 protein; PLG: plasminogen.
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Figure 4. Amino acid sequences of BSDL and FAPP. BSDL sequence was derived from Swissprot CEL_HUMAN (phasing of tandem repeats was
modified), FAPP sequence was derived from TrEMBL. Discrepancy at residue #599 (Gly to Asp) was noted, no signal sequence is displayed.
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Figure 5. Amino acid sequences of ER isoforms ER-α66, ER-α46 and ER-α36. Sequences were derived from Swissprot ESR1_HUMAN (ER-α66
and ER-α46) and TrEMBL Q6MZQ9_HUMAN for ER-α36. A discrepancy at residue #279 (Leu to Ile) was noted. 



The molecular mechanisms underlying secretion and the
association of HSP90 with the cell surface are not fully
understood. It is not clear how HSP90 gets to the cell surface
and the extracellular space. A signal sequence for targeting
HSP90 to the secretory pathway or the cell membrane has
not been identified. However, it can not be excluded that an
alternative splice variant of the cytoplasmic molecule is
responsible for these phenomena (27). Involvement of an
unconventional pathway is supported by the identification of
HSP90 in exosomes (28). As shown with neutralizing
antibodies, extracellular HSP90 is crucial for cell mobility in
neuronal cells (29) and mobility of human dermal fibroblasts
(30). Several groups have described involvement of cell
surface HSP90 in migration, invasion and metastasis of
tumor cells. Interaction of surface HSP90 with surface
receptor CD91 was shown to mediate cell migration (31).
This activity is independent of the ATPase function of
HSP90. The pool of extracellular HSP90 was shown to be
involved in cancer cell invasion. A monoclonal antibody
recognizing both the α and the β isoforms of HSP90 (mab
4C5) mediates inhibition of melanoma invasion and
metastasis due to interaction with the extracellular HSP90
pool (29). One of the underlying principles is the inhibition
of actin reorganization which is known to be an important
component of cell migration. In addition to CD91, toll-like
receptor 4 (TLR4) has been identified as a receptor for cell
surface HSP90 (32). Both seem to be crucial for the activity
of NK and antigen presenting cells (APCs) such as

macrophages and dendritic cells. Experimental evidence
indicates that the extracellular domain of HER2 specifically
interacts with cell surface HSP90 and that this interaction is
necessary for HER2 activation and heterodimerisation with
human epidermal growth factor receptor 3 (HER3), resulting
in mitogen-activated protein kinase (MAPK) and
phosphoinosite 3 kinase-AKT (PI3K-AKT) signaling leading
to actin re-arrangement and cell mobility. It was shown that
these functions can be inhibited with cell impermeable mab
4C5 (33, 34) directed against HSP90. This antibody inhibits
heregulin (HRG)-mediated signaling, does not reduce HER2
expression in the cell membrane and leads to a significant
reduction of phosphorylated forms of HER2, indicating that
the antibody does not affect the stability of HER2 but that it
interferes with its activation. It was shown that mab 4C5 had
no effect on endosomal trafficking of the receptor. In
addition, it was demonstrated that mab 4C5 prevents
activation of MMP2 and MMP9 by disrupting their
interaction with extracellular HSP90, resulting in inhibition
of formation of metastatic breast cancer cell deposits (35,
36). Present gaps in the current knowledge base are: the
quantitation of cell surface-associated HSP90, the
mechanism of plasma membrane association, in vivo efficacy
experiments (tumor growth inhibition) in models of
established xenografts, the impact of surface HSP90 on cell
proliferation and systematic immunohistochemistry studies
for surface associated HSP90 in normal and tumor tissues.
As shown in Figure 2b, in addition to the interaction of
plasma-membrane associated HSP90 with HER2, TLR-4,
MMP2 and MMP9, IPA revealed an interaction of HSP90
isoforms with scavenger receptor class F member 1
(SCARF1), an endocytic receptor for calreticulin expressed
on endothelial cells. 

Plasma Membrane-associated GRP78

Glucose-regulated protein 78 (GRP78), also referred to as
BiP is an ER protein is involved in protein folding and
assembly, targeting of misfolded proteins for degradation and
in the regulation of transmembrane ER stress sensors (37).
GRP78 is composed of two functional domains: a 44 kDa
N-terminal ATPase domain and a 20 kDa C-terminal
polypeptide-binding domain. GRP78 is a master regulator of
ER function and the unfolded protein response (UPR), a
cytoprotective signal transduction pathway (38). 

In a variety of tumor types GRP78 is up-regulated and
correlates with malignancy and in addition GRP78 has been
identified as a mediator of drug resistance (37, 38). A
number of studies have demonstrated that GRP78 is
localized in the ER, but also on the cell surface, especially
in tumor cells (37, 38). GRP78 can function as a
transmembrane protein based on hydrophobic domains which
can form transmembrane helices (37, 38). Fingerprinting of
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Figure 6. Display of proteins interacting with FAPP. Ingenuity Pathway
Analysis (IPA) was used to find molecules which interact with FAPP. Edges
are annotated by the relationship type of two molecules: A – activation; E
– expression; PD – protein–DNA interaction; PP – protein–protein
interaction. Number of journal references supporting the relationship is
shown in brackets. CD209: Cluster of differentiation 209; LEP: leptin;
LIPE: lipase, hormone-sensitive; NFIC: nuclear factor I/C; NR0B2:
nuclear receptor subfamily 0, group B, member 2; NR5A2: nuclear
receptor subfamily 5, group A, member 2; TP53: tumor protein p53.



the circulating repertoire of antibodies from cancer patients
revealed GRP78 as a surface-expressed target (39).
Synthetic, chimeric peptides composed of a GRP78-binding
motif fused to an apoptosis-inducing sequence suppress
tumor growth in prostate and breast cancer xenografts (39). It
was shown that the peptides undergo internalization. High
levels of plasma membrane-associated GRP78 were found
on a variety of carcinomas such as gastric, breast, lung,
hepatocellular and prostate cancer (40) and GRP78
expression correlates with prognosis in breast, prostate and
gastric cancer (40). Antibodies directed against the COOH-
terminal domain of GRP78 were shown to promote apoptosis
in DU-145 prostate cancer and A375 melanoma cells (41).
In addition, antibodies inhibit thymidine uptake and cellular
proliferation and act as receptor antagonists by blocking
autophosphorylation and activation of GRP78 (41). The
proteinase inhibitor α2-macroglobulin (α2M) can bind to
cell-surface GRP78 of 1-LN human prostate cancer cells and
induce mitogenic signaling and cellular proliferation and
enhances the metastatic potential of these cells (42). Making
use of IPA, we identified further proteins which interact with
membrane-associated GRP78: α2 macroglobulin receptor (a
low density lipoprotein receptor) which is involved in
receptor-mediated endocytosis and plasminogen. Coupling of
membrane-associated GRP78 signaling is supported through
its interaction with CLRN, a multiple helical transmembrane
protein of the ER, GNAQ, a guanine-nucleotide binding
protein which couples cell-surface 7-transmembrane
receptors to intracellular signaling events, NCK1, a tyrosine
kinase adapter protein, serine/threonine protein kinase 2
(PAK2), an effector that links Rho GTPases to cytoskeleton
reorganization and nuclear signaling as well as 5-
hydroxytryptamine receptor (HTR3A), the receptor of
serotonin. These interactions are highlighted in Figure 3.
However it should be kept in mind that GRP78 also has been
found on the surface of normal cells such as fibroblasts,
macrophages and proliferating endothelial cells (43,44)
pointing to possible side-effects of GRP78-related
approaches of cancer therapy. The interaction between cell-
surface GRP78 and prostate apoptosis response-4 (PAR-4)
has been identified as a mediator of apoptosis selectively in
tumor cells (45-48). PAR-4 is a tumor suppressor and a pro-
apoptotic protein which is down-regulated in several types
of cancer (47). The human protein contains 342 amino acids,
two putative nuclear localization sequences (NLS) in the
N-terminal region, a leucine zipper domain (LZ) and a
nuclear export sequence (NES) in the LZ domain (47). In
addition, PAR-4 possesses conserved sites for
phosphorylation by kinases, such as protein kinase A (PKA)
and AKT. Overexpression of PAR-4 is sufficient to induce
apoptosis in many types of tumor cells in the absence of a
second apoptotic signal, but does not cause apoptosis in
normal and immortalized cells (47). Recent findings indicate

that PAR-4 can be secreted by tumor cells and that
extracellular PAR-4 induces cancer cell specific apoptosis by
interaction with cell-surface receptor GRP78 (48). Analysis
of several deletion mutants from the N- and C-terminus of
human PAR-4 resulted in the identification of a domain
spanning amino acids 137-195 which induces apoptosis
selectively in tumor cells, referred to as selective for
apoptosis in cancer cells (SAC domain). This segment
contains the NSL2 domain which facilitates its nuclear
translocation and the T155 PKA phosphorylation site which
is responsible for its activation. In normal and immortalized
cells, the SAC domain fails to be adequately phosphorylated
at the T155 residue because of low level of PKA activity in
these cells (47). Green fluorescent protein (GFP)-tagged
SAC transgenic mice show pronounced resistance to
formation of spontaneous tumors, consistent with its
apoptotic function (49). PAR-4 induces apoptosis by
translocation of Fas and Fas ligand (Fas/FasL) to the plasma
membrane, which recruits the Fas-dependent death domain
(FADD) adapter protein and induces the formation of the
(DISC), thereby initiating the caspase cascade (47, 48).
Antibodies mimicking PAR-4 function, recombinant PAR-4,
SAC domain or related molecules with improved
pharmacokinetic properties are candidates for evaluation as
possible anticancer agents.

Since GRP78 can also be surface-associated in normal
cells as outlined above, the identification of a tumor specific
glycotope version of GRP78 is an important achievement
(40, 50, 51) regarding the identification of tumor-specific
targets. A fully human monoclonal IgM antibody (SAM-6)
was isolated from a gastric cancer patient and shown to bind
to a new variant of cell-surface GRP78 via an O-linked
carbohydrate moiety which seems to be specific for
malignant cells (50, 51). The epitope recognized by SAM-6
is specifically expressed in malignant tissues and absent in
non-transformed tissues (40). Binding of SAM-6 to cancer
cells induces cell death by lipoptosis caused by accumulation
of intracellular lipids, cholesteryl ester and triglycerides due
to lipotoxicity (50, 51). It is not yet reported whether these
properties can be recapitulated with IgG-based monoclonal
antibodies. 

Plasma Membrane-associated Vimentin

Vimentin belongs to the intermediate family of proteins
which form the cytoskeleton together with microtubules and
microfilaments, is a marker for mesenchyme-derived tissues
and is useful as an immunohistochemical marker for
sarcomas (52). Vimentin is involved in maintainance of the
cell shape, integrity of the cytoplasm and stabilization of
cytoskeletal interactions and was shown to be associated with
the nucleus, the mitochondria and the ER (52). Vimentin
expression correlates with epithelial mesenchymal transition
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(EMT) during tumor progression (53). In soft tissue-sarcoma
an interaction between AKT-1 and vimentin resulting in its
phosphorylation at Ser 39 has been shown to mediate
motility and invasiveness (54). 

Cell surface-associated vimentin was found in endothelial
cells (55) and its recruitment to the cell surface is mediated
by β3 integrin and plectin, resulting in adhesion strength
through focal adhesions. Recruitment of vimentin to the cell
surface is regulated by tyrosine residues in the β3
cytoplasmic domain. In Chinese hamster ovary (CHO) cells
which lack β3 integrin, vimentin seems to be collapsed
around the nucleus (55).

A monoclonal antibody directed against cell-surface
vimentin has been described (56). Pritumumab (also known
in the literature as CLNH11, CLN-IgG and ACA-11) is a
natural human IgG1, kappa antibody that was derived from B
lymphocytes obtained from a regional draining lymph node
from a patient with cervical carcinoma (57). It interacts with
a 226 kDa plasma protein in A549 cells consisting of α (60
kDa) and β (53 kDa) subunits which are disulfide-linked and
correspond to vimentin. In a panel of 20 normal tissues, no
cross-reactivity of Pritumumab was observed, however,
endothelial cells were not included in this panel (56). The
following tumors scored positive for cell-surface vimentin
expression: brain (21/32), thyroid (2/2), esophagus (1/1),
lung (3/5), stomach (3/5), renal (1/1), pancreas (2/2), gall
bladder (2/2), breast (5/15), ovary (6/8), cervical (7/10) and
uterus (2/3). Pritumumab scored positive for ADCC and
mediated significant tumor growth inhibition in a
glioblastoma xenograft model after multiple injections (56).
A daunomycin-pritumumab conjugate was shown to inhibit
cell proliferation of A549 and HeLa 229 cells; no inhibition
of control cells (Flow 200 fibroblasts) was observed.

In various clinical trials in Japan, Pritumumab was
evaluated in 249 brain cancer patients treated with a low dose
regimen of 1 mg twice a week for 24 weeks (56, 57). Overall
response rate was 25-30%, with several patients surviving
more than 5 years post treatment. The half-life of the
antibody was 73 h. The treatment group preferentially
included patients with astrocytoma, anaplastic astrocytoma
and glioblastoma. Correlation between cell-surface expression
of vimentin and response to treatment was not investigated.
In preclinical experiments, the question whether pritumumab
has an impact on proliferation of cell-surface positive tumor
cells in the absence of immune effector cells was not
addressed. Data covering quantitation of surface vimentin are
also not available. Seven patients were treated with 131-I
labeled pritumumab and partial remissions were observed in
two patients (56). Despite promising clinical data the
antibody has to be investigated in standardized clinical studies
in order to evaluate its potential as an anti-tumoral agent. Also
the range of vimentin-positive tumor cells within defined
tumor sub-types should be investigated in more detail.

Plasma Membrane-associated Cytokeratins

Cytokeratins are proteins of intermediate filaments of the
intracytoplasmic cytoskeleton of epithelial tissues. The
localization and distribution of cytokeratin-8 (CK8) on
carcinoma and normal cells was investigated by
immunofluorescence and confocal laser scanning and revealed
its homogeneous expression on the surface of head and neck,
cervix, breast and colon carcinoma cells (58). Healthy tissues
do not express surface-associated CK8, with the exception of
liver and heart which displayed sporadic and weak CK8
membrane association. During mitosis, membrane-associated
CK8 redistributes to speckles and is phosphorylated at serine
73 (58). Membrane-associated CK8 can interact with
plasminogen and tissue-type plasminogen activator (tPA) thus
establishing a protease system on the cell surface (59, 60).
COU-1, a monoclonal IgM antibody was obtained by fusion
of a human B lymphoblastoid cell line with lymphocytes from
a colon cancer patient (61, 62) and intact COU-1 as well as
its recombinant Fab fragment bind to modified forms of CK8
and cytokeratin 18 (CK18) (62). Immunohistochemical
analysis shows that the antibody reacts with malignant tissues
of epithelial origin such as carcinomas of the colon, ovary,
pancreas and breast (62). COU-1, in contrast to murine
antibodies directed against CK8 and CK18 can differentiate
between malignant and normal colon epithelia and between
colon cancer metastasis in the liver and surrounding normal
hepatocytes (62). The modified cytokeratins on the cell surface
undergo endocytosis upon binding of COU-1 or its
recombinant Fab fragment, highlighting modified cytokeratin
at the cell surface of carcinoma cells as a possible target for
therapy with antibodies or immunoconjugates (62). However,
other investigators reported expression of CK18 on the surface
of hepatocytes and its interaction with thrombin-antithrombin
complexes (63). 

Expression of cytokeratin 1 (CK1) on the cell surface was
reported (64) and identified as an endothelial cell receptor
for high molecular weight kininogen (65). Also expression
of actin has been noticed on the cell surface. Actin is a
component of microfilaments and thin filaments which are
part of the contractile apparatus in muscle cells. Cell surface
actin binds to factor Va, angiogenin, plasminogen, tissue-type
plasminogen activator and lipoprotein a (66-68). Binding of
cell-surface α-actinin to thrombospondin (69) and cell-
surface annexin II to plasminogen (70) was noted. It remains
to be investigated whether CK1, actin, α-actinin and annexin
II can be found on the surface of tumor cells.

Plasma Membrane-associated Nucleolin

Nucleolin is a nucleolar protein involved in regulation of
proliferation, cytokinesis, replication, embryogenesis and
nucleogenesis (71, 72). Nucleolin is expressed on the surface
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of tumor-related blood vessels in contrast to mature vessels
or capillaries (73). Interaction of nucleolin with endostatin
was demonstrated (74). Endostatin is a naturally occurring
20 kDa C-terminal fragment which is derived from type
XVIII collagen with anti-angiogenic properties similar to
angiostatin and thrombospondin (75). Blockage of nucleolin
by RNA interference results in loss of the anti-angiogenic
properties of endostatin (74). Nucleolin and endostatin are
co-localized on the surface of angiogenic blood vessels (74).
The following pathway has emerged: nucleolin mediates
internalization of endostatin and transports it into the cytosol
and the nucleus and endostatin inhibits vascular endothelial
growth factor (VEGF) and basic-fibroblast growth factor
(bFGF) stimulated phosphorylation of nucleolin thus
inhibiting proliferation and survival of endothelial cells (74).
Endostar, a recombinant endostatin expressed in E. coli with
an additional nine amino acid sequence and forming another
his-tag structure suppresses VEGF-mediated proliferation,
migration and tube formation of human umbilical vein
endothelial cells (HUVECs) (75). The anti-angiogenic effect
of endostar was exerted by inhibition of VEGF-induced
phosphorylation of KDR/Flk1 of endothelial cells (76).
Unfortunately, comparative experiments with endostatin are
not available. Non-muscle myosin heavy chain 9 (MyH9), an
actin-based motor protein was identified as a physical linker
between nucleolin and the cytoskeleton thus modulating
translocation of endostatin (77). Knocking-down of MyH9,
inhibition of myosin activity or overexpression of
functionally deficient MyH9 disrupts the organization of
cell-surface nucleolin and inhibits its anti-angiogenic
function (77). Voltage-dependent anion channel 1 (VDAC1)
is involved in endothelin-induced endothelial cell apoptosis
(78). Knocking down VDAC1 by RNA interference
attenuates endostatin-induced apoptosis while overexpression
of VDAC1 enhances sensitivity of endothelial cells to
endostatin. A 27 amino acid synthetic peptide corresponding
to the NH2-terminal zinc-binding domain of endostatin is
responsible for its antitumor activity (79). This peptide
contains three histidines that are mediators of Zn-binding.
Mutation of the Zn-binding histidines abolished its antitumor
and antimigration function, but not its antipermeability
properties (79). Endostatin, however does not inhibit
proliferation of surface-nucleolin positive tumor cells,
probably they do not internalize nucleolin in the presence of
endostatin (74). The anti-angiogenic activity of endostatin is
heparin-dependent which is now explained by the finding of
the interaction of the heparin-binding motif of endstatin with
cell-surface associated nucleolin (74). The arginine clusters
in the heparin-binding motif of endostatin significantly
contribute to the interaction with nucleolin and mediate its
anti-angiogenic and antitumor efficacy (79). 

The molecular details of the presentation of nucleolin on
the cell surface are not yet resolved. It also is not yet clear

whether nucleolin acts as a transmembrane protein. The
presented findings explain why endostatin specifically targets
angiogenic blood vessels with virtually no toxicity in animal
studies and clinical trials. Endostar has received approval for
anticancer therapy in China.

It might be of interest whether an agonistic monoclonal
antibody to cell-surface associated nucleolin with improved
pharmacokinetic and pharmacodynamic properties compared
to endostatin can be identified. Since expression of cell-
surface associated nucleolin seems to be restricted to
proliferating endothelial cells and tumor cells also antibody-
cytotoxic conjugate approaches might be considered. The
number of cell-surface associated nucleolin molecules per
cell might be a critical issue for these approaches.

hERα-36 as a Target

Estrogen signaling in humans is mediated by receptors
designated as hERα-66, hERα-46 and hER-β (80, 81). The
hERα-66 and hER-β share a common structural architecture.
The hERα-66 N-terminal domain has a ligand-independent
activation function (AF1) involved in interactions with co-
activators and transcriptional activation of target genes, the
DNA binding domain contains two zinc-finger like structures
involved in receptor dimerisation and binding to ERE’s
(estrogen responsive elements) on DNA and the C-terminal
domain is the ligand-binding domain that mediates receptor
dimerisation, nuclear localization and excerts a ligand-
dependent transactivation function (80, 81). ERα66 largely
mediates 17β-estradiol mediated cell proliferation. However,
complimentary studies have suggested that 17β-estradiol binds
to a cell surface receptor and stimulates generation of cAMP
(82). Recently a new isoform of the estrogen receptor,
designated as hERα-36 (83) has been described. hERα-36 is
generated from a promoter in the first intron of hERα66, lacks
both transcriptional transactivation domains, retains the DNA
binding and partial dimerisation and ligand-binding domains
and possesses an extra 27 amino acid domain at the C-terminus.
The protein sequences of ERα-66, ERα-46 and ERα-36 are
displayed in Figure 5. It was shown that hERα-36 is a
membrane based estrogen receptor (84). The mechanism by
which hERα-36 is localized to the plasma membrane is unclear.
It has no N-terminal signal sequence and contains two nuclear
localization signals and three additional N-myristoylation sites.
The surface localization of hERα-36 might be associated with
the generation of tumor-specific surface epitopes for therapeutic
intervention with small molecules and monoclonal antibodies
or antibody-based conjugates. hERα-36 possesses a broader
ligand binding spectrum than hERα-66. It mediates binding of
estrogens such as E2α, E2β, E3 and E4 as well as tamoxifen
classifying it as a potentially more potent mediator of estrogen
signaling (84). Stimulation of growth by estrogens and anti-
estrogens mediated by hERα-36 occurs through activation of
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the MAPK/ERK signaling pathway (84). This finding is not
anticipated. hERα-36 inhibits transactivation of both estrogen-
stimulated and non-stimulated hERα-66 and hER-β (84) as a
dominant-negative effector. The estrogen and anti-estrogen
signaling pathways mediated by hERα-36 provide an alternative
explanation why some breast cancers are worsened by anti-
estrogen therapy. hERα-66 seems to repress hERα-36 (85).
hERα-36 expression was investigated in specimen of 896
patients with breast cancer (86).  The results indicate that
patients with hERα-66 positive breast cancers are more likely
to benefit from tamoxifen treatment than patients who do not. In
patients with hERα-66-positive breast tumors who received
tamoxifen treatment, hERα36 expression was associated with
poorer survival. These finding raise the possibility that hERα-36
is a therapeutic target because tamoxifen cannot block hERα-
36-mediated membrane initiated estrogen signaling pathways.
Immunohistochemistry-based analysis has revealed that hERα-
36 is expressed in ER-positive and ER-negative human breast
carcinomas (87). Breast cancer tissues only expressing hERα-36
may represent the subset of patients that are diagnosed as ER-
negative, but still could respond to estrogen signaling and anti-
estrogen signaling (87).  hERα-36 also mediates testosterone-
stimulated ERK and AKT activation in endometrial cells (88). It
is possible that the estrogen produced locally from testosterone
in endometrial cells binds to hERα-36 and subsequently
activates MAPK/ERK and PI3K/AKT pathways. Letrozole, an
aromatase inhibitor abrogated testosterone-induced ERK and
AKT phosphorylation, suggesting that aromatase might be
involved in testosterone-mediated carcinogenesis.

Cell surface-associated FetoAcinar 
Pancreatic Protein (FAPP)

FAPP was identified as another surface-associated protein in
pancreatic adenocarcinoma as a possible target for antibody-
related treatment (89). It is an oncofetal glycoform of the
pancreatic enzyme bile-salt dependent lipase (BSDL) which
is a 100 kDa glycoprotein secreted by the pancreas into the
duodenum and is involved in cholesterol and lipid-soluble
vitamin ester hydrolysis and adsorption (90, 91). Its
enzymatic activity is non-specific with regard to the
substrate, as it can hydrolyse cholesterylesters, tri-, di- and
mono-acylglycerols and esters of fat-soluble vitamins (92).
FAPP is expressed in human embryonic and fetal pancreas
(93). Earliest expression of this protein was noticed in
undifferentiated mesenchymal cells and in nascent acini at
the beginning of the morphological differentiation of the
pancreas (93). Molecular cloning of FAPP has indicated that
it is a variant of BSDL (94). The N-terminal domain encoded
by exons 1-10 was identical to that of BSDL. In BSDL, exon
11 encodes for 17 tandem repeated identical mucin-like
sequences. In FAPP, 330 base pairs are deleted in exon 11
resulting in expression of only six of these repeated

sequences. FAPP is different from BSDL in many aspects:
FAPP is much less active than BSDL, the N-linked
glycosylation is of a high-mannose-type, whereas that of
BSDL is complex, the amount of O-linked glycosylation is
largely decreased in FAPP and carbohydrate accounts for
47% of the FAPP mass instead of 20% for BSDL. FAPP
(characterized by its reactivity with mAbJ28) can not be
detected in conditional medium of pancreatic tumor cells
(95). The antibody is directed against the J28 glycotope, a
carbohydrate-dependent antigenic structure located within the
O-glycosylated C-terminal domain of FAPP. Immuno-
histochemistry experiments have indicated that the J28
glycotope is located at the cell surface. The formation of the J28
glycotope requires the expression of two glycosyltransferases,
the expression of which is activated during the pancreatic
neoplastic process: 2-β-1,6-N-acetylglucosaminyl-transferase
and the α-1,3/4 fucosyltransferase (96). Consequently the J28
glycotope represents a potential target for the diagnosis and
therapy of pancreatic adenocarcinoma. Further investigations
indicated that FAPP also distributes within the ER and the Golgi
apparatus (97), is subsequently degraded, and the COOH-
terminal domain of FAPP that carries the oncofetal epitopes is
presented to the surface of tumor cells such as SOJ-6 cells (97).
The amino acid sequences of BSDL and FAPP are displayed in
Figure 4. A 32 kDa protein resulting from FAPP degradation is
specifically recognized by mAb J28 and mAb16D10, two mAbs
directed against the O-glycosylated COOH-terminal domain of
FAPP. The epitope recognized by mAb16D10 is referred to as
16D10 and is identical to the glycotope recognized by mAb J28.
Twenty-two pancreatic tumor tissues scored positive with
mAb16D10 independent of the tissue pretreatment such as
frozen sections or formalin-fixed, paraffin embedded tissues
(97). mAb16D10 did not cross-react with normal tissues or
with tissues derived from other types of cancer. Cell surface
expression of FAPP was investigated in more detail in SOJ-
6 pancreatic tumor cells (97). SOJ-6 cells express a 32 kDa
protein at their cell surface corresponding to the C-terminal
domain of FAPP. Making use of the endoproteinase Lys-C
and geldanomycin it was found that the 32 kDa surface-
associated protein is derived from degradation of FAPP. In a
preventative SOJ-6 xenograft model, mAb16D10 inhibits the
growth of the SOJ-6 xenograft (97). In vitro mAb16D10 has
no impact on proliferation of SOJ-6 tumor cells (9). It is not
yet resolved how the 32 kDa FAPP derived protein is
presented on the tumor cell surface. The unique specificity
of mAb16D10 suggests further preclinical validation of
mAb16D10 or other monoclonal antibodies directed against
the C-terminal FAPP protein for treatment of pancreatic
tumors. Interactions between BSDL and/or FAPP with other
proteins as derived by IPA are displayed in Figure 6.
Unfortunately IPA does not differentiate between BSDL and
FAPP. We note interactions with three nuclear factors
(NROB2, NR5A2 and NFIC), C-type lectin receptor present
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on macrophages and dendritic cells (CD209), adipose
derived hormone leptin (LEP) and hormone-sensitive lipase
(LIPE), indicating possible involvement of BSDL (FAPP) in
signaling processes.

Conclusion

As outlined, cell-surface associated tumor targets can be
created by different mechanisms. In the case of ERα36 and
FAPP, differential splicing is involved. FAPP in addition
reveals new glycotopes. Surface-associated tumor-related
glycotopes also have been identified in GRP78 and
CK8/CK18 exposed in tumor cells (62). It remains to be
investigated whether post-translational modifications can be
found in other tumor cell-associated surface antigens such as
actin, HSP70, HSP90, nucleolin and nucleosomes. With the
exception of the splice variants it is accepted that the
membrane composition which differs in tumor cells compared
to their corresponding non-transformed versions is an
important contributor to differential display of antigens.
Peptides binding to these targets can be identified with phage-
displayed combinatorial libraries as well as single-chain
antibodies or Fab fragments of antibodies with phage-based
antibodies. In order to identify agents which target surface-
associated post-transcriptional modifications such as tumor-
specific glycosylation, hybridoma technology for identification
of appropriate antibodies seems to be the method of choice.
Another mechanism might be based on differential secretion
in tumor versus non-transformed cells as noticed for PAR-4.
The issue of membrane association versus transmembrane
localization has to be investigated in more detail. Only for
surface-associated GRP78, the transmembrane properties were
experimentally substantiated (41). Expression of the identified
surface antigens should be analysed in a broader panel of
tumors and normal tissues and the copy number per cell of the
surface-associated targets should be correlated with their
expression in tumor samples. Internalization of the antigen by
antibodies should also be investigated in more detail in order
to define the optimal agent for therapeutic intervention such
as monoclonal antibody versus antibody-fusion proteins or
antibody–small molecule conjugates. Presently, clinical proof-
of-concept studies for agents as discussed in the previous
sections are not yet available.
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