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Membrane receptors for peptide growth factor receptors
(PGF-R) play a crucial role in the regulation of cancer cell
proliferation and may behave as tumor associated anti-
gens (TAA), which are currently regarded as specific
targets for immunodetection and immunotherapy of hu-
man cancer. PGF-R are often more expressed by tumor
cells than by normal counterparts and, by analogy to
TAA, their surface expression may be regulated by cy-
tokines. Moreover, the biological functions and specific
ligands of most PGF-R are presently well elucidated as
opposed to the great majority of TAA. PGF-R may, there-
fore, represent ideal celliular targets for at least two
ditferent therapeutic approaches: () naked or conju-
gated monoclonal antibodies and (li) genetically engi-
neered fusion proteins composed of PGF-R
physiological ligands linked to genetically modified bac-
terial toxins. To date, clinical studies based on targeting
of receptors for epldermal growth factor and interleukin-2
on tumor cells have been performed. Information from
such studies suggests that PGF-R as well as TAA target-
ing strategies are clinically feasible, but that they still
have to be optimized. A variety of host and tumor factors
which affect targeting of neoplastic cells have been
recently Identified. For instance, it has been demon-
strated that the antigenic density of the targeted mole-
cule at the tumor cell surface is an important factor. In
this view upregulation of PGF-R on cancer cells could be
of major clinical advantage in immunotargeting. It has
been reported that several cytokines and chemical com-
pounds can Induce PGF-R modulation on tumor cells.
This paper reviews therapeutic opportunities related to
the pharmacologic modulation of PGF-R
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expression. In addition a mechanistic hypothesis regard-
ing PGF-R upregulation induced by cytostatic drugs and
cytokines is proposed.
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introduction

Peptide growth factor receptors on
human tumor cells

Cell proliferation is mediated by proteic or glyco-
proteic molecules, peptide growth factors (PGFs),
which interact with specific cell surface receptors
(PGFRs). It has been demonstrated that genetic
aberrations in growth factor signaling pathways are
linked to developmental abnormalities and to a
variety of diseases, including cancer.! In fact, many
cancer cells show alterations in growth factor signal
transduction or changes in the structure of their
receptors.>* Tumor cells can promote their own
proliferation by secreting PGFs which act on the
adjacent cancer cells (‘paracrine secretion’) or on
the same tumor cell producing PGFs (‘autocrine
secretion’).>™® Interaction between PGFs and their
receptors may also occur while the PGFs are still
anchored to the plasma membranes of producer
cells, as in the case of transforming growth factor
receptors (TGF)-a. They may also bind their PGF-R,
e.g. epidermal growth factor (EGFRs), expressed by
the adjacent cells (Yjuxtacrine interaction’),”'® in
which case a tight interaction of producer cells with
receptor expressing target cells is often required.
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This type of cell-cell interaction is mediated by a
number of cell adhesion molecules (CAMs),'" which
represent in turn important ‘co-factors’ regulating
the growth factor receptor ‘loop’ on both normal
and neoplastic cells.? Proliferation of v-sis-trans-
formed cells has been reported to require the inter-
action of platelet derived growth factor (PDGF) with
its receptor in exocytosis vesicles (‘intracrine inter-
action’).!> PGFs appear involved in the control of
tumor cell proliferation not only in vitro but also in
the natural history of tumors in vivo.>* In fact, stu-
dies on tumor biopsies indicated that PGF-Rs are
often overexpressed on tumors compared with the
normal tissues from which they are derived. The
receptors for EGF and for transferrin (TRF-R) are
in fact highly expressed on several human tu-
mors.'*'® Furthermore, the expression of EGF-R
is associated with a poor prognosis in breast, blad-
der, kidney and squamous cell esophageal tumors
while that of TRF-R is associated with aggressive
phenotype of breast cancers.?°"?2 The receptor for
interleukin-2 (IL-2-R) is highly expressed on Hodg-
kin (HL) and non-Hodgkin lymphoma (NHL), on
chronic lymphocytic leukemia (CLL) cells and has
been detected on adult T cell leukemia/lymphoma
(ATL) cells at a higher cell density than on activated
normal T lymphocytes.?>?* On the basis of their
differential expression on normal versus neoplastic
cells, PGF-Rs may be considered as true tumor as-
sociated antigens (TAAs) and have been proposed
as cellular targets for anti-tumor strategies based on
anti-PGF-R monoclonal antibodies (mAbs).?>252% In
fact, anti-PGF-R, as well as anti-TAA mAbs, would
preferentially recognize neoplastic tissues and in-
duce specific tumor cell killing either by comple-
ment-dependent cytolysis and antibody-dependent
cell cytotoxicity (ADCC) or by direct carrying at the
tumor site of cytotoxic drugs, toxins or radioiso-
topes.?”*® A further advantage of PGF-R targeting
is the accessibility of such antigens on the cell sur-
face. In fact, it would be much more difficult to
interfere with cytoplasmic or nuclear molecules
(e.g. oncogene products) than with membrane
structures. Moreover, since PGF-R structure, func-
tion and ligands have been characterized, in con-
trast to those of commonly defined TAAs, 23! anti-
PGF-R mAbs may exert their tumoricidal effects not
only through the interaction with the host immune
system, but also by interferring with the transduc-
tional pathways regulating cancer cell prolifera-
tion.?” In fact, PGF-Rs do not merely represent
inactive anchors for mAbs at the tumor cell sur-
face, but they also behave as active targets.*’” Sev-
eral anti-PGF-R mAbs, which block the receptor
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function, have been generated in the last dec-
ades.>*’ The mechanisms of receptor blockade
by mAbs are represented by the competitive or
uncompetitive  displacement of physiological
ligands from their binding sites on PGF-Rs, or by
activation of the receptor internalization process,
with subsequent PGF-R downregulation and tumor
cell desensitization to the growth promoting activ-
ities exerted by the specific ligands.>*>%3°

Targeting stategies

PGF-R targeting strategies are currently based on
the use of mAbs or other biotechnological pro-
ducts, as genetically engineered fusion proteins.
Anti-PGF-R mAbs can exert anticancer activities not
only by blocking of receptor functions or activating
physiological anti-tumor host immune responses,
but they can also effectively deliver drugs, plant
or bacterial toxins and radioisotopes directly at the
tumor sites (Table 1).%

Anti-PGF-R mAbs have been successfully conju-
gated with cytotoxic drugs.?” Problems with drug-
conjugated mAbs are the lack of stability of the
mAb-drug conjugates, the broad spectrum cellular
drug resistance and the efficient delivery of ade-
quate amounts of mAb—drug conjugates.”"“'42 To
overcome this last shortcoming, mAbs have been
conjugated with drug-activating enzymes, so that
large amounts of inactive and non-toxic pro-drugs
can be systemically administred to achieve their
effective diffusion within tumor tissues. Such
pro-drugs can be subsequently activated in situ
by the specific enzymes delivered to the cancer
cell surface by mAbs.*44

mAbs linked to toxins (immunotoxins) have been
also generated and clinically tested.*> Toxins, if
efficiently targeted, can specifically kill tumor
cells.*® However, the development of host immune
responses directed against both immunoglobulin
and toxin antigenic determinants has turned out
to be a major problem in therapeutic approaches
based on immunotoxin use.***>

A more recent approach for PGF-R targeting relies
on the use of recombinant fusion proteins derived
from the physiological ligands of PGF-R or single
chain immunoglobulin fragment (Fv) and a recom-
binant toxin modified for non-specific binding ca-
pacity.‘”'48 These products are less immunogenic
than classical immunotoxins (mAb + toxin) and
their smaller size permits improved tumor tissue
diffusion.*®*> Since PGF/PGF-R interaction indu-
ces the PGF-R internalization process, a further ad-
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Table 1. Modes of targeted therapy

Naked mAbs

Drug- or toxin-conjugated mAbs

Radioisotope-conjugated mAbs

Enzyme-conjugated mAbs

Recombinant fusion proteins

The antitumor effect is immunologically mediated by means of ADCC and complement-
dependent cytotoxicity.?”+28 This effect should be specifically exerted by IgG2b mAbs.
In the case of anti-PGF-R mAbs, the antiproliferative effects could be also determined
by direct functional receptor blockade (receptor antagonism, receptor downregulation,
inhibition of receptor internalization).32-38.39

The antibody acts as a selective carrier of drugs or toxins to the tumor cells 27414245
mAb internalization is required for toxin cytotoxicity,5°

The antibody acts as a carrier of radioisotopes to the tumor cells. mAb internalization is
not required. The cytotoxic effect is exerted also on neighborhood cells and could be,
therefore, extended also to TAA-negative tumor cells. The antitumor activity is strictly
dependent on the radiosensitivity of the targeted tumor tissues.

The antibody delivers prodrug-activating enzymes to the tumor tissues. This approach
should theoretically enhance the therapeutic index of selected antitumor drugs.*>44
Genetically engineered constructs, consisting of a recombinant toxin which has been

fused to a targetin% component as single chain antibody fragments or a natural ligand

(growth factor).454

In the latter case, the cytotoxic action of the targeted toxin takes

advantage from the physiological internalization process of the bound receptor.4¢4”
Moreover, they are less immunogenic and have a better tumor diffusion.4”:4®

vantage of fusion proteins is the fail-safe internali-
zation of the toxin, which is necessary to achieve
efficient antitumor effects,*8-5°

Moreover, altered expression of PGF (e.g. v-sis
product) or of their receptors (e.g. v-erb-b prod-
uct) is a frequent event in tumor cells, and anti-
sense RNAs have been shown to inhibit oncogene
expression and tumorigenicity of cancer cells.*>!
Since PGF-R and their ligands are involved in the
acquisition of the tumorigenic phenotype by cancer
cells, it appears possible to target neoplastic cells
with antisense RNAs raised against normal or mu-
tated PGF-R RNA.>? ‘

Basic research has, therefore, provided a pleio-
tropic series of biotechnological products which can
be applied in therapeutic strategies involving tumor
cell targeting. Here we review results from the major
clinical studies aimed at PGF-R targeting.

Therapeutical approaches based on PGF-R
targeting

Preliminary results of clinical studies with
anti-PGF-R targeting agents

IL-2-R targeting. Early clinical studies on IL-2-R
targeting agents were performed in patients af-
fected by ATL in which tumor cells express in-
creased levels of high affinity IL-2-R.>*> The
efficacy of the unmodified anti-Tac murine mAb
recognizing the 50 kDa a chain of IL-2-R (CD25)

expressed at a high antigenic density on ATL cells
and, in smaller amounts, at the surface of activated T
lymphocytes was evaluated. Nine patients were
accrued in the study and received a single dose
of anti-Tac mAb.?” One out of nine patients showed
a complete response (CR) while another two pa-
tients had transient and mixed responses lasting
from 1 to more than 8 months.>’ To improve the
effectiveness of IL-2-R-directed therapy, the anti-
Tac antibody was modified by linking with pseudo-
monas exotoxin (PE).** This early PE—anti-Tac con-
jugate was, however, highly hepatotoxic due to the
non-specific binding of PE to galactose receptors
(GRs) expressed on hepatocyte surfaces.?? In a sec-
ond generation of immunoconjugates, the I domain
of PE, responsible for non-specific binding to GR
and of the subsequent hepatotoxicity, was de-
leted,®> so generating a genetically modified
PE40 toxin.*® This toxin preserved its intrinsic cy-
totoxic capacity, but it was no longer able to bind
GR aspecifically. PE40-anti-Tac mAb immunocon-
jugates and the recombinant construct anti-Tac Fv
fragment/PE40 both recognize and inhibit protein
synthesis only on CD25 expressing T cells.® Phase
I/11 trials employing these agents are currently in
progress.%? Further modifications have been intro-
duced on the PE40 COOH terminus by the insertion
of a novel amino acid sequence (lysine, aspartate,
glutamate, leucine).”’ Native proteins harboring this
sequence are efficiently retained in the endoplasmic
reticulum and could diffuse to the cytosol, which is
the specific site of toxin action.’® The derivative

Anti-Cancer Drugs - Vol 5 - 1994 381



P Tagliaferri et al.

Table 2. Biotechnological products raised against IL-2-R

IL-2-R targeting Characteristics Reference
mAbs
anti-Tac mouse-lgG1 blocking 37
Immunoconjugates
anti-Tac—PE anti-Tac/unmodified PE 24
anti-Tac-PE40 anti-Tac/modified PE 55
212gj—anti-Tac anti-Tac/a-emitting radionuclide 69
90y—anti-Tac anti-Tac/B-emitting radionuclide 70
Recombinant fusion proteins
PE40-IL-2 IL-2/modified PE 61
DABggg-IL-2 IL-2/modified DT 65
DAB4gg—IL-2 IL-2/modified DT 62

genetic construct anti-Tac Fv fragment/PE40KDEL
has been proved to be a more potent inhibitor of
protein synthesis ¢z vitro than other anti-Tac con-
jugates in leukemic cells of patients affected by
CLL.>®

In HL, NHL and CLL the neoplastic cells often
express large amounts of the 75 kDa B chain of
IL-2-R (CD122), which is not recognized by anti-
Tac mabs.®®%% IL-2 and its recombinant deriva-
tives, however, bind both to a and B chains of
IL-2-R.% IL-2 has been, therefore, genetically
linked to PE40 or to other similarly modified diph-
teria toxins (DABsgg and DABge), with the aim of
increasing the spectrum of targetable malignancies
which express the IL-2-R in the absence of the
50 kDa a chain.®* DAB4g-IL-2 (0.2 mg/kg/day)
has been administred over 90 min X 5 days at 21
day intervals for up to four courses to 12 patients
affected by cutaneous T cell lymphoma (CTCL). One
patient achieved a CR, while five had minor respon-
ses (MRs). The expression of a and 8 chain of IL-2-R
was evaluated on cutaneous lesions of patients af-
fected by cutaneous lymphoma prior to treatment,
and it was found that the concurrent expression of
both a and B IL-2-R chains positively correlated with
clinical response.65 DABigs—IL-2 was also able to
induce a partial response (PR) in a patient affected
by CLL.%¢ DAB3ge-IL-2 is presently under evaluation
on phase I/II clinical trials on lymphoma patients.
This latter toxin displays a higher anti-tumor activity
in vitrothan DAB436—IL—2,67 it is 2-fold less toxic and
shows a much slower in vivo clearance than
DABygg-IL-2. In early clinical studies, DAB4gg—IL-
2 was administered to 69 highly pretreated lympho-
ma patients. Three patients achieved a CR, while
eight had PR.5” Moreover, one CR and two PRs
induced by DAB4g¢—IL-2 in chemoresistant CTLC
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patients have been recently reported by Hesketh
et al.®® Table 2 lists main biotechnological products
able to target IL-2-R.

EGF-R targeting. In an early phase I clinical trial, the
anti-EGF-R 225 mAb was administered to 19 patients
with advanced squamous cell lung carcinoma. The
efficacy of a '''In-conjugated 225 mAb in tumor
imaging was also assessed in the same study. mAb
concentrations up to 300 mg (total dose) could be
delivered in the absence of toxicity and the uptake
of labeled mAb was dose-dependent on the amount
of administred mAb.”" Anti-EGF-R mAb RG83852
has been recently administered to 13 patients with
non-small cell lung cancer (NSCLC) and head and
neck cancer, in a phase I clinical trial at the MD
Anderson Cancer Center. EGF-R saturation has
been evaluated by image analysis and significant
tumor localization was observed at mAb doses high-
er than 400 mg/m?. Moreover, mAb RG83852 ap-
peared also to regulate EGF-R expression.’?
Combined therapeutical approaches might provide
increased efficacy.

Anti-EGF-R mAbs (mAb 528 and mAb 225) appear
to synergize with cisplatin in the suppression of
subcutaneously established A431 cell tumors.”?

CD30 and CD40 targeting. CD30 and CD40
are surface receptors belonging to the nerve
growth factor/tumor necrosis factor family (NGF-R/
TNF-R).”*® This family includes at least nine dif-
ferent transmembrane proteins such as APO-1/Fas
antigen, the human homolog of the OX40 mole-
cule, CD27, NGF-R, TNF-R, 4-1BB, CD30 and
CD40.”*77 specific ligands for several of such re-
ceptors have been cloned so that a parallel family of
peptide ligands showing homology to TNF and



often expressed in a transmembrane form has
emerged.”® CD30is a 120 kDa glycoprotein’ recog-
nized by mAbs such as Ki-1 and Ber-H2,”® which is
strongly expressed at the surface of RS cells of HL,
on neoplastic cells of ALCL, on a restricted number
of non-ALCL NHL, some carcinomas and on small
subsets of activated normal cells.”*” Accordingly,
anti-CD30 mAbs are currently employed for the
routine immunophenotypic identification of RS
cells and ALCL cells for diagnostic purposes.”®’
The specific CD30-L has been recently cloned and
identified as an extensively glycosylated peptide
whose C-terminal receptor binding portion shows
sequence homology with TNF-a, TNF-8, CD40-L
and CD27-L.8% After binding, its specific receptor,
CD30-L, is capable of stimulating growth of the
human HL cell line HDLM-2 and of exerting a cy-
totoxic activity on the human ALCL cell line Karpas
299.%%2 CD30 and CD30-L can be therefore regarded
as a receptor-ligand pair regulating cell growth of a
restricted subset of human lymphomas. Due to its
restricted expression on normal tissues and its
strong antigenic density on tumor cells of HL and
ALCL, the CD30 receptor represents a candidate
molecule for immunotargeting strategies in these
lymphomas. Preclinical studies have shown that
anti-CD30 immunoconjugates (ricin A or saporin)
exert a powerful killing activity on HL cell lines
in vitro®>%* Anti-CD30/toxin immunoconjugates
also showed significant antitumor activity when
tested in vivo on mice subcutaneously transplanted
with human HL cell lines.?* In a preliminary clinical
study, increasing quantities of cold anti-CD30 mAbs
Ber-H2 with a small dose of !*'I-labeled Ber-H2
were administred to six patients with advanced
HL.%¢ Immunoscintigraphy studies performed at
48-72 h after mAb administration showed that
about 50% of tumor sites previously documented
to be involved by HL were detected. Inmunochisto-
chemistry studies with rabbit anti-mouse Ig and the
APAAP technique on tissue biopsies taken 2472 h
following mAD injection indicated that RS cells in all
tumor sites, including those not detected by im-
munoscintigraphy, were stained by the injected
mAb. In vivotargeting of RS cells and of their mono-
nuclear variants was specific and highly efficient
following a single dose (35-50 mg) of mAb Ber-H2,
as shown by the strong stain of tumor cells on
post-treatment tissue biopsies. mAb administration
did not result in clinical toxicity and, even though
antitumor effects were not observed after a single
dose of cold Ber-H2 mAb, the highly efficient tumor
cell targeting achieved in wvivo, suggests that
anti-CD30 mAbs constitute optimal reagents for
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HL therapy with immunoconjugates.®® Due to the
radiosensitivity of HL, the '*'I- or °y-Ber-H2
immunoconjugates may turn out to represent ideal
candidates for radioimmunotherapy of this lympho-
ma and possibly also for eradication of residual
disease following chemotherapy. Based on the
good results achieved in vitro with anti-CD30 toxin
immunoconjugates, a clinical study with Ber-H2~
saporin was recently undertaken.®” Nine patients
with refractory HL were treated with a total dose
of Ber-H2-saporin ranging from 0.4 to 0.8 mg/kg. In
such patients the circulating immunoconjugates dis-
played a half-life of 20~25 h, and appeared to be
immunologically and biologically active, as indi-
cated by the ability of patients’ serum to bind auto-
logous RS cells (on pre-treatment frozen sections)
and to kill HL cell lines in vitro. A striking reduction
in tumor size (50 to more than 75%) was documen-
ted by computed tomography scanning performed 7
and 30 days after infusion of Ber-H2-saporin in five
out of nine patients. Response duration ranged from
2 to 4 months and therapy was overall well toler-
ated. Toxicity consisted of fever, capillary leak syn-
drome in a mild form in half of the patients,
abnormalities of liver enzyme levels and mild
thrombocytopenia in three patients. Other ap-
proaches under current evaluation for CD30 target-
ing in HD include the generation of anti-CD30 mAbs
complexes with pro-drug activating enzymes such
as AP-1,%>®8 and the development of bispecific
monoclonal antibodies (BimAbs) recognizing
CD30 and CD3 or CD28 determinants on T
cells.*” A construct constituted by bispecific anti-
CD30 mAb HRS-3/AP-1 was able to render HL cell
lines about 100 times more sensitive to the cytotoxic
effects of MOP pro-drug 8588 Interestingly, such
constructs, although unable to increase MOP-
mediated killing of CD30™ cells alone, resulted
in enhanced cytotoxicity of MOP on CD30~ tumor
cells when these latter were admixed to CD30" L540
HL cells.®*® These data indicate that the HRS-3/AP-
1 construct may be advantageous in eradicating
CD30™ tumor cells subclones within CD30* tissues
of HL. BimAbs OKT3/HRS-3 (anti-CD3/anti-CD30)
and 15E8/HRS-3 (anti-CD28/anti-CD30) were able
to induce an antigen-dependent cytotoxicity on
CD30" cell targets by antigen presenting cell
(APC)-depleted peripheral blood lymphocytes.®
IL-2 production by T cell lines co-cultivated with
CD30" tumor cells was also specifically activated
in the presence of the cross-linking BimAb 15E8/
HRS-3.% Similarly anti-CD16/anti-CD30 BimAbs
were able to induce lysis of HL cell lines in vitro
by unstimulated natural killer cells.’® These results
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overall indicate that in vivo targeting of the CD30
receptor is specific and clinically feasible in HL pa-
tients. In addition, significant antitumor responses
have been observed in patients with refractory HL,
suggesting that RS cell targeting via CD30 may repre-
sent a useful tool for eradicating residual disease in
such patients. The tumor cell killing ability of anti-
CD30-saporin conjugates has also been recently
tested on ALCL xenografts in a SCID mouse sys-
tem.”! Results of these studies indicated that Ber-
H2-saporin complexes at doses corresponding to
50% of LDs, were able to induce a complete tumor
eradication insix outof 21 xenotransplanted mice and
significantly delayed tumor growth in the others.”’
Biological studies aimed at evaluating the regulation
of CD30 receptor expressiononRSand ALCL cells are
currently ongoing.®? Cytokines and other biological
agents able to upregulate the expression of CD30 on
lymphoma cells will constitute a useful complement
for CD30 targeting in a clinical setting.

CD40 is a surface receptor mainly expressed on
normal and neoplastic B lymphocytes and on cer-
tain human carcinoma cells.”>*>%* Expression of
CD40 appears to be regulated by cytokines on
several cell types including B cells and carcinoma
cells.?>% CD40 acts as a receptor for a recently
identified protein (CD40-L) which shows homolo-
gy to ligands for other receptors of the NGF-R/TNF-
R family.®”*® The biological activities of CD40 in-
clude stimulation of B cells,*>''°® modulation of Ig
switching,%'loo regulation of the apoptotic process
in the follicular centers®®'®! and modulation of B
cell interactions with T lymphocytes which express
a membrane form of CD40-L.°*'°? Among neoplas-
tic proliferation of B cells CD40 is expressed on
most (more than 80%) of B-NHL, B-CLL and hairy
cell leukemias, and on 30-40% of B lineage acute
lymphoblastic leukemias (ALL).!%31%¢ More interest-
ingly, it has been shown that clonogenic precursors
in B-NHL and B-lineage ALL express CD40. Sorting
experiments have demonstrated that CD40" cell
fractions obtained from B cell neoplasms contain
precursor able to form in vitro colonies upon ad-
dition of low molecular weight B cell growth fac-
tor.'®* Conversely CD40~ fractions in B lineage ALL
and NHL either do not contain clonogenic precur-
sors or these latter are present at a very low fre-
quency.'® On the basis of these results the anti-
CD40 mAb G28.5 has been conjugated to the plant
toxin pokeweed antiviral protein (PAP). G28.5-PAP
immunoconjugates proved to be highly effective in
inhibiting clonogenic growth (up to 99-100%) of
neoplastic precursors in B lineage ALL and NHL
cell samples.’®® The strong killing effects of
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G28.5-PAP complexes in vitro on the clonogenic
cell fraction of B cell neoplasms suggest that anti-
CD40 toxin conjugates may represent an important
tool for clinical targeting of ALL and NHL. Again,
cytokine-induced upregulation of CD40 on clono-
genic cells in these malignancies is an additional
approach to be explored for optimizing CD40
targeting in humans. Finally, the fact that CD40 is
expressed only in a relatively small fraction of
CD34* hemopoietic progenitors®*'°* renders CD40
targeting an appealing new strategy for selective
immunotherapy of B cell neoplasms including erad-
ication of residual disease and bone marrow purg-
ing. CD30 and CD40 represent, therefore, surface
receptors for a new emerging class of ligands in-
volved in the biology of important types of human
lymphomas.'®® Targeting of such molecules by ap-
propriate immunoconjugates will hopefully lead
to a further improvement of selective therapeutic
strategies for patients affected by HL, CD30" ALCL
and subsets of NHL and B lineage ALL.

Challenges in PGF-R targeting strategies. PGF-R
targeting strategies, although promising are still
in a preliminary clinical stage (Tables 3 and 4 list
the currently employed biotechnologic products for
targeting of EGF-R and TRF-R). At present, it is not
possible to predict their future impact in the therapy
of human cancer. However, the results so far sug-
gest that substantial clinical advantages will be
achieved only on the basis of the above described
technical and theoretical considerations.

The obstacles in the PGF-R targeting are similar to
the well known restraints of TAA targeted therapies
(Table 5).%° In this regard, the generation of novel
genetically engineered fusion proteins appears to
exploit the major chances of improvement both in
selectivity and cytotoxic potential.'ﬁ'48 An additional
improvement will be provided by the generation of
humanized chimeric anti-PGF-R mAbs, which theo-
retically could allow better immune system reactivity
(ADCC) and avoid the generation of human anti-mur-
ine antibodies (HAMA) in treated patients.'?

Pharmacological modulation of PGF-R
expression

Rationale for TAA and PGF-R
modulation: TAA density is one of the
major limiting factors of targeting

The in vivo binding of mAbs to tumor targets is
strongly influenced by antigen density at the cell
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Table 3. Biotechnological products raised against EGF-R and related receptors

EGF-R targeting Characteristics Reference
mAbs
425 EGF-competing 106
4253 EGF-competing 107
225 EGF-competing 7
528 EGF-competing 108
RG83852 EGF-non-competing 72
108.1 EGF-non-competing 109
108.4 EGF-non-competing 110
CH225 chimeric mouse/human EGF-competing 11
Immunoconjugates
108.4-Dx 108.4/doxorubicin 110
Recombinant fusion proteins
TP40 TGF-a/modified Pseudomonas exotoxin 112
DAB,gs—EGF EGF/modified DT 113
DAB;go—EGF EGF/modified DT 113
p185°°52 targeting
mAbs
4D5 cytotoxic 114
TAb250 cytotoxic 115
Table 4. Biotechnological products raised against TRF-R
TRF-R targeting Characteristics References
mAbs
R17 208 rat IgM multimeric 114
REM 17.2 rat IgM multimeric 115
42/6 mouse IgA 116
B3/25 mouse IgG1 blocking 117
D65.30 mouse 1gG1 blocking 118
D86.13 mouse IgG1 non blocking 119
Immunoconjugates
45 4A12 rRA 120
anti-TRF-R CRM 107 121
Recombinant fusion proteins
Fv anti-TRF PE40 120

Table 5. Problems of targeted therapies

Binding site barrier

Non-homogeneous antigen expression

Low TAA density

Large size of targeting molecules

(a) Selectivity
TAA expression not absolutely restricted to tumor
tissues

(b) Pharmacokinetics of targeting agent
non-specific tissue and organ binding
trapping by circulating shedded antigens (CEA, Tac)
unfavorable plasma clearance

(c) Tumor tissue distribution
poor tissue vascularization and necrosis

(d) Immunological pitfals
human anti-mouse antibodies
anti-toxin antibodies

surface. In fact, several studies have pointed out this
limiting factor in the efficient targeting of tumors
with anti-TAA mAbs.'2%125 The efficiency of in vivo
targeting with '''In-labeled anti-EGF-R mAbs is
strictly correlated with the number of membrane
EGF receptor sites expressed by the cells.’?* More-
over, Sung et al. have reported that two mAbs with a
similar affinity, recognizing antigens expressed at a
different density, were rather different in their re-
lative efficiency of in vivo tumor targeting. A log-
arithmic increase of tumor uptake was observed
with the mAb specific for the TAA expressed with
a 2- to 3-fold higher in vivo antigen density. These
latter results were obtained at mAb doses high
enough to approach saturating conditions, which
represent the most typical therapeutic applica-
tion.'®> Furthermore, Fujimori et al. have recently
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proposed a mathematical model accounting for the
tissue distribution of the radioconjugated mAbs:
better tumor tissue percolation could be achieved
for antibodies raised against antigens highly expres-
sed at the tumor cell surface, while the use of mAbs
which have high affinity for less expressed antigens
could lead to heterogeneous microdistribution and
to a relatively higher mAb radiolocalization at the
surface of tumor nodules (binding site barrier).'? A
more efficient tumor cell targeting could perhaps be
accomplished by complementing the use of mAbs
with agents able to increase the expression of TAAs
at the cancer cell surface, provided that in vitro
and in vivo antigenic profiles are similar, and the
enhanced expression of TAA does not concurrently
result in an increased shedding of the targeted
antigens.'?7-1%

PGF-R modulating agents

Interferons (IFNs) have been shown to act as
powerful modulators of antigenic expression on
tumor cells and appear also capable of increasing
the immunotargeting of tumor tissues in viyo,130-134
We have recently reported that cellular receptors for
EGF could be upregulated by IFN-a on human epi-
dermoidal carcinoma cells.'®*> We found that a major
upregulation could be achieved at IFN-a concen-
trations capable of inducing 50% growth inhibition
on such cells.>® Moreover, IFN-a and IFN-B have
been reported by others to inhibit proliferation and
induce an increased expression of EGF-R transcripts
in squamous carcinoma cells.'*® These latter effects
were paralleled by the induction of terminal differ-
entiation in epidermoidal cancer cells and, there-
fore, by slowing cell growth.!>” IFN-y can also
increase the expression of EGF-R both at the mRNA
and protein level in human breast carcinoma cell
lines.*® On the other hand, IFN-a has been also
shown to decrease EGF binding in other tumor cell
systems. Interstingly, Zoon et al. have shown that
IFN-a was able to induce EGF-R downregulation on
bovine MDBK untransformed cells, occurring
between 8 and 20 h after the beginning of treat-
ment. Normal bovine cells have, however, been
used in this study: a diverse effect of IFN-a on
EGF-R expression in normal cells as compared with
cancer cells could be therefore possible.!® This
apparent discrepancy may suggest a novel and se-
lective way of interfering with tumor cell growth. In
fact, selective EGF-R upregulation on tumor cells
may significantly improve the specific targeting of
cancer tissues, protecting normal cells from the

386 Anti-Cancer Drugs - Vol 5 - 1994

cytotoxic effects of delivered agents. An opposite
effect of IFN-a on EGF-R expression by human
tumor cells has been also described by Eisenkraft
et al., who reported that IFN-a can inhibit EGF-R
synthesis on EGF-sensitive kidney cancer cells.!*
Nevertheless, in this study IFN-a has been used at
cytotoxic concentrations and it is conceivable that
overall protein synthesis could have been depres-
sed, hampering the specificity of IFN-a effects on
EGF-R synthesis. Anti-tumor agents (including cy-
tokines), when used in vitro at cytotoxic concen-
trations, kill the majority of the tumor cell
population and, under these conditions, it is unli-
kely that one can detect any specific tumor cell
response different from the cytolytic effect itself.
Like IFN-a, retinoic acid has been reported to in-
duce divergent effects on EGF-R expression: upre-
gulation on epithelial tumor cells, normal and
transformed fibroblastic cell lines and mammary
gland cells,'*"1*? and decreased receptor synthesis
on the human epidermoidal ME200 cancer cell
line.'*® These differences could be partially ex-
plained by the heterogeneous lineage and differen-
tiation stage of the tumor cell lines employed as
targets of such experiments. PGFs can in fact de-
termine dissimilar cellular responses: they can
merely promote cell proliferation or can induce
phenotypical changes as part of a differentiation
program triggered by their action, depending on
the transductional pathways activated on different
target cells.!*%¢ Moreover, the EGF-R downregu-
lating effects reported by Zheng et al.'*? occur after
short-term exposure to retinoids (8-24 h), while
EGF-R upregulation is generally induced by a long-
er exposure to retinoids (72 h), and is paralleled by
tumor cell growth inhibition. However, no data
about retinoid effects on ME200 cell proliferation
are reported in the study of Zheng et al.!*> Other
studies have shown that TNF-a also increases the
expression of EGF-R and enhances the binding of
anti-EGF-R mAbs at the surface of human glioma
cells.!*” Conventional anticancer drugs at a low
concentration are also capable of modulating
PGF-R expression by tumor cells. Zuckier et
al® have in fact demonstrated that adriamycin,
at a low concentration, increases EGF binding to
human Hela and mouse 3T3 cells along with a
cytostatic effect. In addition, Baselga et al.!*° have
recently shown an increased expression of EGF-R
and TGF-a mRNA in epidermoidal cancer cell lines
which have been exposed to the same drug. We
have moreover found that cytosine arabinoside
(ara-C) and Saza2'deoxycytidine (5azaCdR) were
both able to induce EGF-R and TRF-R upregulation



on human epidermoidal and lung cancer cells.
These effects were paralleled by the induction of
cell growth inhibition and by the increased cell
binding of anti-EGF-R and anti-TRF-R mAbs,!30-152

Receptor modulation and antiproliferative
activity: a mechanistic hypothesis.

All the previously reported observations suggest
that modulation of PGF-R expression is a common
event in tumor cells where cytostatic effects have
been induced by cytotoxic drugs at low doses or by
biological agents.

We propose that PGF-R upregulation induced by
drugs or cytokines could be part of a homeostatic
cell response to antiproliferative stimuli, since this
phenomenon is generally paralleled by tumor cell
growth retardation. According to this hypothesis,
the enhanced expression of PGF-R and the secre-
tion of autocrine factors by the tumor cells could
represent an attempt to provide an upshot to the
growth retardation induced by cytostatic agents or
cytokines. In this way, viable but growth-inhibited
tumor cells could activate metabolic pathways in-
volved in growth promotion. Moreover, PGF-R over-
expression can sustain tumor cell spreading and
tissue colonization, allowing the adaption to micro-
environments propitious to tumor cell seeding and
proliferation.'*?

Drug-resistance could also be determined, in
some instances, by induction of a homeostatic re-
sponse in the tumor cells. In fact, it has been shown
that alkylating agents and heavy metals can induce
high levels of metallothionein which confer drug
resistance and also cause increased synthesis of
stress proteins in tumor cells.'>*155 From all these
considerations we can hypothesize that an impor-
tant cause of the failure of conventional chemother-
apy, together with the escape from the host immune
surveillance of residual valuable cells, is the tumor
cell response to stress induced by antitumor agents.
Such a response may consist of: (i) the blockade of
tumoricidal effects of antitumor drugs by detoxica-
tion and DNA repair mechanisms,'**'> or (ii) the
superactivation of metabolic pathways involved in
tumor cell proliferation (e.g. PGF and PGF-R upre-
gulation). After conventional chemotherapy, an ap-
parently drug-sensitive tumor mass could,
therefore, consist of: (i) abundant necrotic areas
due to the killing of drug-sensitive tumor cells, or
(ii) minimal residual viable tumor composed of con-
stitutively drug-resistant cells (kinetically resting or
genetically resistant) or by a ’sensitive’ tumor cell
population where drug exposure has induced a
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transient 'homeostatic’ protective response. This
latter cell compartment is often responsible for
the regrowth of tumors, which become poorly
responsive to the tumoricidal effects of the previous-
ly used agent and may account for a more aggres-
sive biological behavior (PGF-R upregulation) of
residual disease.'*® We propose, therefore, that the
homeostatic cancer cell response, which leads to a
defensive reaction in order to escape from drug
cytotoxicity, could, conversely, allow a better tumor
uptake of targeted therapeutic agents. A further ad-
vantage fortherapeutic strategiestaking advantage of
such a tumor cell response could be based on its
theoretical specificity. As the ‘homeostatic re-
sponse’ is a reaction to antiproliferative stimuli, it
might occur only in proliferating cells and, there-
fore, take place more efficiently in tumor cells than
in normal counterparts. This hypothesis is partially
supported by the data reported by Zoon et al.}*®
describing downregulation of EGF-R expression and
of an EGF proliferative response induced by IFN on
normal cells, and suggests that PGF-R upregulation
may selectively occur in the tumor cells.

Therapeutic strategies

Since TAA density is an important limiting factor for
efficient tumor targeting, it appears evident that
upregulation of PGF-R expression at the tumor cell
surface by pharmacologic means could clearly im-
prove targeting of PGF-R in vivo.'?>'?® We propose,
therefore, the sequential administration of selected
conventional antineoplastic drugs at cytostatic
doses or cytokines in order to induce PGF-R up-
regulation in tumor cells, followed by PGF-R-
targeted therapeutic agents.

It should be also considered that cytotoxic agents
(at conventional doses) often induce extensive ne-
crosis in the tumor mass which limits the vascular-
ization, consequently hampering the diffusion at the
tumor site of targeting agents and of immune effec-
tor cells, both necessary for complete eradication of
residual neoplastic cells.?”**° The use of these drugs
at low doses, however effective in regulating
PGF-R, may overcome these detrimental effects at
the tumor site and, therefore, create optimal con-
ditions for tumor cell targeting. Notably, some cyto-
toxic drugs, when used at low doses, can in some
instances also improve the host immune antitumor
response.!*®1% Conversely, it is well known that
conventional doses of cytotoxic drugs usually re-
sult in severe immunosuppression, which is clearly
unfavorable for neoplasm eradication.'®® Further-
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more, all the available information on drug-
induced modulation of PGF-R and our recent find-
ings of a concomitant upregulation of TRF-R and
EGF-R, as induced by IFN-a and ara-C, suggest two
additional important conclusions: (i) PGF-R modu-
lation is a broad phenomenon, because it is induced
by different agents and may involve different types
of PGF-Rs at the same time, and (ii) PGF-R upre-
gulation can overcome two important mechanisms
of tumor cell resistance to targeting agents: hetero-
geneous expression of TAAs and their down-
regulation or ‘modulation’ by the neoplastic
cells, 3740132161 1 can be predicted that the com-
bined use of anti-EGF-R and anti-TRF-R targeting
agents could theoretically accomplish the complete
destruction of the whole cancer cell population in
neoplasms expressing such PGF-Rs.

A further advantage for therapeutic strategies
based on the pharmacologic enhancement of
PGF-R expression is provided by an additional im-
portant finding: neither alterations of PGF-R affinity
for specific ligands or modifications of their inter-
nalization processes have been detected as a con-
sequence of pharmacologically induced PGF-R
upregulation, !33:141:143.150-152 The ynmodified re-
ceptor affinity for PGFs could in fact allow optimal
binding of fusion proteins to the receptor, while the
preserved internalization capability of this latter
could endorse the intracytoplasmic cytotoxic
action of engineered toxins or of drug- and toxin-
conjugated mAbs.?7454748.50 Ap additional thera-
peutic advantage provided by PGF-R modulation
is cell cycle synchronization of tumor cells after
growth stimulation by PGFs, which may allow the
subsequent delivery of S phase cytotoxic drugs,
alone or conjugated to anti-PGF-R targeting
agents. Interestingly, ara-C is able to induce in
human tumor cells an increase of [>Hlthymidine
uptake and a concomitant upregulation of EGF-R
and TRF-R even in the absence of PGFs stimula-
tion.’**1%® On the basis of these results, ara-C ap-
pears capable of acting at the same time as a
modulator of PGF-R expression and a cell cycle
synchronizer.

Promising preclinical results have been obtained
by Baselga et al.'%? and Zan et al.'% which have
been used blocking anti-EGF-R mAbs in combina-
tion with chemotherapic agents. In fact, anti-EGF-R
528 and 225 mAbs increase the antitumor effects of
doxorubicin by 32—-42% on human cell lines MDA-
MB468 and A431. The same treatment determines
40-100% eradication of A431 and MDA-MB468
xenografts in athymic mice, whereas doxorubicin
or anti-EGF-R mAbs alone temporarily inhibit
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growth.'®? Similar results are determined by com-
bination of anti-EGF-R mAbs and cisplatin.*%> At the
present clinical trials with anti-EGF-R mAbs are
being conducted and trials with anti-EGF-R mAbs
combined with cytotoxic drugs are planned.!?

Conclusions

Pharmacological modulation of PGF-R represents
an important tool for the optimization of targeted
therapy of human cancer. While targeting strategies
still hold a great potential, their therapeutic results
are still far from satisfactory, although almost a cen-
tury has past since Ehrlich’s dream formulation of a
‘magic bullet’.'6* Regulation of PGF-R on tumor cells
by pharmacologic means may be regarded as a
further step towards exploiting the therapeutic
potential of neoplastic cell targeting in a clinical
setting.
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