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Abstract

For the therapy of solid tumors, co-administration of angiotensin II (Angll) results in an increased uptake of drugs into the
tumor interstitium. We have engineered a dimeric sc(Fv),-Angll fusion construct that combines the superior kinetics of covalent
dimeric scFvs [sc(Fv),], recognizing the pancarcinoma tumor-associated antigen 72 (TAG-72), with the advantageous intrinsic activ-
ity of Angll. The binding characteristics of the fusion construct were unaltered by the addition of the AnglI sequence [affinity con-
stant Ko 1.18 x 107 and 8.42 x 10° M™! for s¢(Fv), and sc(Fv),-Angll, respectively]. The binding of the fusion construct to the
angiotensin receptor (AT;) was similar to Angll, and the arterial contraction was 16 & 1% of the response observed with norepi-
nephrine. In animal studies, the radiolabeled sc(Fv),-Angll construct exhibited similar uptake and a more homogeneous distribu-

tion within the tumor as compared to sc(Fv),.
© 2005 Elsevier Inc. All rights reserved.
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For the treatment of hematological malignancies,
monoclonal antibodies are promising new therapeutics
that show good results, even in advanced stages of can-
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cer [1]. The clinical success of antibody-based therapeu-
tic regimens in solid tumors, however, did not live up to
their initial promise [2]. While tumor cells of hematolog-
ical malignancies typically are more easily accessible to
the therapeutic antibody, the tumor cells in solid tumors
are well “protected” by the solid stroma and poor vas-
cularization [3]. For clinical therapy of solid tumors, a
fast uptake of the antibody in the tumor interstitium is
required. Unfortunately, this uptake relies almost exclu-
sively on convection that is driven by pressure gradients
between the interstitial fluid pressure (IFP) and the
microvascular pressure (MVP) [4]. In solid tumors how-
ever, this pressure gradient is decreased [5,6]. The leaky
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nature of tumor vasculature, due to structural and func-
tional abnormalities, and the absence of functional lym-
phatic system in tumor result in the decreased MVP and
increased IFP [7-10]. This phenomenon leads to lower-
ing or complete elimination of pressure gradients, thus
impairing the macromolecular transport in the tumor
[11,12].

For increasing the uptake of macromolecules into the
tumor interstitium, an increase of the pressure gradient
between the MVP and IFP can be achieved by the appli-
cation of vasoactive drugs [13]. These drugs induce an
increase in the systemic or local blood pressure that con-
sequently elevates the MVP. Co-administration of
angiotensin II (Ang II) is an attractive approach for
enhancing the tumor uptake of macromolecules [14],
since neoplastic blood vessels are devoid of smooth mus-
cles and therefore lack the ability vascular contraction
[15]. The administration of AnglI results in increased tu-
mor blood flow by diverting the blood flow from normal
tissue, with contracted blood vessels, into the tumor,
with neoplastic blood vessels incapable of contraction
[16-18]. This phenomenon is believed to underlie the
beneficial effect of angiotensin II combination therapies
in the clinical, as well as experimental, settings [19-25].
In chemotherapeutic regimes, for example, the co-ad-
ministration of angiotensin II, in the majority of the
studies, led to an increased drug uptake in the tumor,
thereby resulting in a positive effect on tumor therapy
[26]. In radioimmunotherapy, however, the increase in
antibody uptake in the tumor due to angiotensin II var-
ied between different types of tumors [27,28].

The discrepancy between the clinical success of com-
binations of chemotherapy or microspheres with angio-
tensin II and the inconsistent observations with
protocols involving antibodies can be explained on the
basis of molecular size of the therapeutic molecules.
With their molecular size of 150 Ky, IgGs are several-
fold larger than chemotherapeutic drugs, however, 1gGs
still require diffusion into the interstitium of the tumor.
On the other hand, micro spheres exceed the molecular
weight of IgG, but these drugs are designed to embolize
the vascular bed [29,30]. In that context, one reason for
IgGs to stand behind chemotherapeutic drugs in angio-
tensin II combination treatments could be the slow
pharmacological kinetics of IgGs that are closely related
to the molecular weight of the molecule. Therefore, a
combination of angiotensin II with small molecular

Table 1

PCR primer sequences used for engineering of the sc(Fv),-Angll construct

weight antibody fragments, like diabodies, and single-
chain Fvs (scFvs), with a higher ability for diffusion,
could show a beneficial effect. This might be especially
true since these molecules have shown excellent antigen
binding properties in the past and led to a high tumor
uptake with low distributions to normal tissues [31,32].

We have previously developed mono-, di-, and tetra-
valent scFvs directed against the pancarcinoma antigen
TAG-72 [33-36]. These scFvs, especially as covalent di-
meric and non-covalent tetrameric forms, exhibited
excellent antigen binding and tumor uptake, and also
showed outstanding pharmacological properties in pre-
clinical studies [34]. Therefore, in the present study, we
have combined the superiority of scFvs with the positive
effects of angiotensin II in a genetically engineered fu-
sion construct. The scFv-angiotensin fusion protein
[sc(Fv),-Angll] was expressed as a soluble protein and
purified by affinity chromatography. Further, binding
of sc(Fv),-Angll to antigen (TAG-72) and angiotensin
typel receptor (AT;) was characterized. We have also
studied the in vivo bio-distribution of the fusion con-
struct in tumor-bearing mice.

Materials and methods

Construction of the expression vector. As described previously, the
divalent single-chain Fv [sc(Fv),:Vy-linker-Vy-linker-Vy -linker-Vy]
was constructed by PCR amplification of the variable regions of the
murine mAB CC49 and the 205C linker [32]. This construct served as
template DNA for engineering of the Hisg-sc(Fv),-Angll construct.
The angiotensin construct was engineered by PCR using the forward
primer P1, encoding for the hexahistidine tag (HisTag), and the reverse
primer P2, encoding for a five amino acid spacer with the amino acid
sequence Gly-Ser-Gly-Ala-Ala, and the eight amino acid sequence of
angiotensin 11 Asp-Arg-Val-Tyr-1le-His-Pro-Phe (Table 1).

The PCR product was ligated with EcoRI/Nofl, purified, and
independently ligated into the Pichia pastoris expression vector
pPICZaA (Invitrogen, Carlsbad, CA, USA). The ligation mixtures
were used to transform Escherichia coli OneShot TOP10F’ competent
cells (Invitrogen, Carlsbad, CA, USA), which were selected on low salt
LB plates, containing 25 pg/ml zeocin. After restriction analysis and
sequencing of the plasmid DNA, competent P. pastoris cells were
transformed with Sacl-linearized constructs using the Pichia Easy-
Comp kit according to the supplier’s instructions (Invitrogen, Carls-
bad, CA, USA). The cells were then selected on YPDS plates with
100 pg/ml zeocin and eight clones were cultured in induction medium
to analyze the expressed proteins. The protein from an up-scaled batch
of the selected clone was purified by immobilized metal affinity chro-
matography (IMAC), using the chelating resin Ni?'—nitrilotriacetic
acid (NTA) Superflow (Quiagen, Valencia, CA, USA) with 50 mM

Forward primer (P1)

Reverse primer (P2)

5'-GGGGAATTCCATCATCACCACCATCATGACATTGTGATGTCACAGTCTCCA-3’
5'-GGGCGGCCGCTTATTAGAATGGATGAATATATACTCGGTCAGCAGCTCCACTTCCTGAGGAGACGGTGA

CTGAGGTTCCTTGA-3’

The angiotensin II sequence is underlined, and the spacer sequence is shown in italics in P2. The sequence coding for the hexahistidine tag is shown in
bold letters in P1. Furthermore, the EcoRI site is marked in italics and underlined in P1, and the No«I site is in bold and underlined in P2.
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sodium phosphate, 300 mM NacCl buffer as the mobile phase. Bound
protein was eluted with buffer containing 250 mM imidazole and fur-
ther subjected to size exclusion chromatography using a Superdex 200
column (1.6 x 60 cm, Pharmacia, Uppsala, Sweden) to separate di-
meric and tetrameric forms. The purified product was concentrated
with a Centricon YM-10 centrifugal filter device (Millipore, Bedford,
MA, USA) and stored at —70 °C until further analysis.

SDS-PAGE. The purity and integrity of the constructs was ana-
lyzed by SDS-PAGE. The electrophoresis was performed using a 10%
acrylamide gel under reducing (5% p-mercaptoethanol) and non-re-
ducing conditions. Gels were either stained by Coomassie blue, or in
the case of '*I-labeled constructs, directly exposed to film for auto-
radiography after drying.

Solid-phase competitive ELISA. The specific immuno-reactivity of
the sc(Fv),-Angll and control constructs without angiotensin was as-
sessed at various points in the purification process, as well as in the
final purified product. As published previously [37], polystyrene plates
were coated with 50 ng/well bovine submaxillary gland mucin (BSM)
and dried overnight at 37 °C, followed by blocking with 5% bovine
serum albumin (BSA) at 37 °C for 1 h. Serial dilutions of CC49 1gG
and the constructs were prepared and 5 pl was added to 45 pl of 1%
BSA in PBS containing 6 ng/ml biotinylated CC49 IgG. After 2 h at
room temperature, the plates were incubated with alkaline phospha-
tase-conjugated streptavidin for 90 min, also at room temperature.
After developing with p-nitrophenyl phosphate substrate, the absorp-
tion was assessed at 410 nm.

Surface plasmon resonance studies. The binding kinetics of the
constructs were assessed by surface plasmon resonance detection using
a BIAcore biosensor (Pharmacia Biosensor, Uppsala, Sweden) as de-
scribed previously [35,38]. Briefly, BSM was immobilized on a CM5
dextran sensor chip in 100 mM sodium acetate, pH 3.0, by amine
coupling (Amine Coupling Kit, Pharmacia, Uppsala, Sweden). The
binding analysis was performed in HBS buffer (10 mM Hepes, pH 7.4,
0.15M NacCl, 3.4 uM EDTA, and 0.005% surfactant P,O) at a flow
rate of 30 pl/min at 25 °C. The kinetic constants for association (Ky)
were evaluated using the BlAevaluation 3.0.2 software package
(BIAcore, Piscataway, NJ, USA).

Angiotensin II receptor binding assay. The affinity of the sc(Fv),-
AnglI fusion construct to the AT, receptor was determined by using
commercially available cloned human angiotensin II receptor subtype
1, produced in CHO cells (NEN, Boston, MA). Binding of the fusion
construct was determined by its ability to compete with angiotensin II
analogue {(Sar Ileg)-angiotensin II [(Sar; Ileg)-Angll]}. The binding
assay was performed in polypropylene plates in 170 pl total volume
according to the supplier’s protocol. Briefly, a 500 ul aliquot of CHO
cell membranes was diluted with 7 ml of incubation buffer (50 mM
Tris-HCI, pH 7.4, 5mM MgCl,, ] mM EDTA, and 0.1% BSA). '*I-
(Sar; Ileg)-angll (specific activity >2200 Ci/mmol; 0.01 ml) was added
to 150 ul of diluted membranes to produce a final concentration of a
radio-ligand of 0.2 nM. For competitions, 10 pl cold (Sar; Ileg)-Angll
or sc(Fv),-Angll was added to a final concentration of 0-10 pM. The
mixtures were incubated for 60 min at 37 °C. GF/C filters, presoaked
with 0.3% polyethyleneimine in incubation buffer, were used to sepa-
rate bound from free ligand. Filters were washed nine times with 200 pl
ice-cold 50 mM Tris—-HCI, pH 7.4, at 4 °C. The radioactivity of the
washed filters was assessed with a Packard Minaxi AutoGamma 5000
v-counter (Packard, Meriden, CT, USA).

Functional effect of the sc(Fv),-Angll fusion construct on blood ves-
sels. The functional effect of sc(Fv),-Angll on rat aortic arteries was
examined by a dose-response of the fusion construct and the sc(Fv), in
comparison to the functional effect with norepinephrine (NE). The aortic
artery was removed from the rat following anesthesia in a CO, chamber.
Three millimeter arterial rings were placed in modified Krebs solution
(NaCl 115.5 mM, KCl1 4.6 mM, NaH,PO, 1.16 mM, MgSO,4 1.16 mM,
CaCl, 2.5 mM, NaHCOj; 21.9 mM, and glucose 11.1 mM at pH 7.4,
aerated with 95% 0,/5% CO») and subjected to 1 g pre-load tension
before being allowed to equilibrate at 37 °C for a minimum of 2 h.

Two responses to a maximal concentration of NE (5 uM) were
obtained. After washing the tissue, a complete dose-response curve to
NE, followed by a complete dose-response curve to sc(Fv),-Angll, was
constructed by an approximately threefold stepwise increase of agonist
after the response to the previous dose had reached a plateau. The data
were calculated and plotted as the percent maximum response to NE.

1331 labeling and analysis of radiolabeled sc(Fv) constructs. The
sc(Fv) constructs were labeled with Na'>I as described by Colcher et
al. [39]. In a tube coated with 20 pg Iodo-Gen (Pierce, Rockford, IL
USA), 100 pg protein in 0.1 M sodium phosphate buffer and 0.1 mCi
Na'?’I was mixed and incubated for three minutes at room tempera-
ture. The free iodine was separated from the labeled product by size
exclusion chromatography over a Sephadex 25 column (Sigma, St.
Louis, MO, USA).

Instant thin layer chromatography was performed with the puri-
fied, labeled product with 25% methanol in water as solvent to deter-
mine the percentage of bound '*’I. All radioactive products showed
less than 5% free radioactivity.

HPLC analysis. The extent of aggregation and the degree of
dimerization were monitored by HPLC gel-filtration. Samples were
injected onto a TSK G2000 and TSK G3000 (Toso Haas, Tokyo,
Japan) size exclusion column connected in a series with 67 mM
phosphate and 100 mM KCl buffer (pH 6.8) as a mobile phase at a
flow rate of 0.5 ml/min. The absorption was monitored at 280 nm and
0.25 ml fractions were collected [32]. The radioactivity of the fractions
was determined as described above.

In vivo tumor localization and macro-autoradiography. All animal
studies were performed in accordance with the US Public Health
Service Guidelines for the Care and Use of Laboratory Animals and
approved by the UNMC TACUC. The mice were held under stan-
dardized conditions with a 12/12h dark/light cycle. LS-174T cells
(4 x 10° cells per animal) were implanted subcutaneously in 6-8-week-
old female athymic mice (nu/nu, Charles River, Wilmington, MA).
Eight to 10 days later, when the tumor volume reached nearly 200
300 mm®, animals were injected with !*I-labeled constructs
(0.37 MBq) via the tail vain (five animals per group). After four hours,
the animals were sacrificed. Organs and blood were taken and the
radioactivity was assessed as described above. After counting, the tu-
mors were fixed in 10% phosphate-buffered formalin and embedded in
paraffin. Sections (20 um) of the tumors were cut, mounted on glass
slides, and exposed to X-ray film for 14 days.

Statistical analysis. The statistical analyses were performed with
GraphPad Prism 2.01 (GraphPad Software, San Diego, CA).

Results

Characterization and quality control of the protein
preparation

The covalent dimeric scFv of CC49 linked to the
octapeptide angiotensin II via a five amino acid spacer
[sc(Fv),-Angll] and the covalent dimeric scFv of CC49
(Fig. 1) were secreted as soluble, active proteins by the
transformed P. pastoris, 96-108 h after methanol induc-
tion. The two-step purification of the culture superna-
tant, first by Ni>’-NTA affinity chromatography and
imidazole elution, followed by size exclusion chromatog-
raphy, yielded in both instances a covalent dimeric scFvs
with greater than 90% purity (Fig. 2). HPLC analyses of
both '*I-labeled constructs indicated over 95% of the
radioactivity in fractions associated with the molecular
weight of the construct, thus suggesting that iodination
does not alter the overall integrity of either of the con-
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Fig. 1. Schematic presentation of the design of sc(Fv), and sc(Fv),-
Angll constructs. The variable regions of the light (Vi) and heavy
chains (Vy) of MAb CC49 were connected with 205C linker to form a
covalent dimeric sc(Fv), with a C-terminal hexahistidine purification
tag (6H). The sc(Fv),-Angll construct was engineered from sc(Fv), by
moving the hexahistidine tag to the N-terminal and tethering angio-
tensin II sequence (A) to the C-terminal of Vy through a 5 amino acid
spacer (Sp).

A B C D

199,000 »
131,000»

75,000 »

41,700 »

30,800 »

17,400 »

6,900 »

non-reduced reduced

Fig. 2. The SDS-PAGE under non-denaturing (A,B) and denaturing
(C,D) conditions, followed by Coomassie blue staining, shows more
than 90% purity of the sc(Fv), and sc(Fv),-AngllI after IMAC and size
fractionation. Both constructs appear as one band of approximately
60 kDa, the theoretical weight of the dimeric sc(Fv). (A) sc(Fv),-
Angll, (B) sc(Fv), without B-mercaptoethanol, (C) sc(Fv),-Angll, and
(D) sc(Fv), with B-mercaptoethanol.

structs (Fig. 3). The stability of the constructs during
iodination was further observed in SDS-PAGE, where
under denaturing and non-denaturing conditions the
radiolabeled constructs were intact (data not shown).

Binding characteristics of the sc(Fv), and sc(Fv),-Angll
Two changes possibly affecting the antigen binding

were made to the previously reported dimeric sc(Fv), de-
scribed in Goel et al. [32]. The purification HisTag was

60,000

sc(Fv),-Angll

------ sc(Fv)2
50,000 -

40,000 -

30,000 -+

20,000 -

Radioactivity (CPM)

10,000 A

Fraction number

Fig. 3. The HPLC size fractionation of the radiolabeled scFv with a T-
2000 and T-3000 column in series does not reveal any aggregates of the
sc(Fv),-Angll or sc(Fv), that might form during purification or '*°I
labeling.

moved from the C-terminal end to the N-terminal end
of the molecule and the spacer as well as the angiotensin
IT sequence was added to the C-terminal end of the
sc(Fv), (Fig. 1). The antigen binding was assessed by so-
lid phase competitive ELISA to biotinylated CC49 1gG
and by surface plasmon resonance studies.

When compared to the sc(Fv),, the ability to compete
with whole IgG in solid phase competitive ELISA was
not affected by the modifications to the sc(Fv),-Angll
molecule. The concentration of the single-chain con-
struct to reduce CC49 binding by 50% was determined
to be 6.78x107*M for sc(Fv),-Angll and 5.26 x
107* M for sc(Fv),, respectively (Fig. 4). To assess the
off rates as well as the real-time binding kinetics of both
constructs, surface plasmon resonance studies were per-
formed. As shown in Fig. 5, the profiles obtained in the
BIAcore evaluation of both constructs were similar. The
on rates (k,,) were unaltered by the changes in the
sc(Fv),-Angll molecule and were determined to be
2.97 x 10* and 2.84 x 10* (Ms)~! for sc(Fv),-Angll and
sc(Fv),, respectively. Furthermore, the modifications
of the sc(Fv), did not lead to an alteration of the off rate
(kofr), the rate an antibody diffuses off from its target
molecule. The individual values obtained for the off
rates were 2.52x 10> s~ ! for the sc(Fv),-AngIl and
3.38 x 1072 s7! for the sc(Fv),. Consequently, the calcu-
lation of the kinetic association constants K, did not re-
veal differences in the binding affinities of these two
constructs and led to values of 1.18x10’M for
sc(Fv),-Angll and 8.42 x 10° M for sc(Fv),.
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Fig. 4. Binding of sc(Fv), (triangles) and sc(Fv),-Angll (squares)
constructs with BSM (antigen). Increasing amounts of constructs were
allowed to compete with biotinylated CC49 IgG for binding to BSM in
a solid phase ELISA. A 50% inhibition of CC49-binding was achieved
at approximately the same concentration of 6.78 x 10~% M for sc(Fv),-
Angll and 5.26x10~*M for sc(Fv),, respectively, indicating their
similar binding affinities of the two constructs to BSM.
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Fig. 5. Real-time binding kinetics of sc(Fv), and sc(Fv),-Angll. The
binding kinetics were analyzed by surface plasmon resonance to a
BSM coated chip. The two constructs exhibited similar on and off
rates, and thus had comparable association constants, indicating that
the altered design of sc¢(Fv), had no effect on the inherent specific
binding of the sc(Fv),.

Angiotensin II receptor binding and functional effect

Binding of the angiotensin II peptide in the sc(Fv),-
AnglI fusion protein to its receptor was evaluated using
a commercially available cloned human angiotensin 11
receptor subtype 1 produced in CHO cells with a
no-carrier-added '*°I-(Sar;,Ileg)-Angll as a ligand.
Non-radioactive-(Sary,lleg)-Angll  (positive control)
and sc(Fv),-Angll construct served as competitors.
Sc(Fv), CC49 was used as a negative control. The

sc(Fv),-Angll fusion construct competed effectively with
the '*°I-(Sar,Ileg)-Angll, even though (Sar,,Iles)-AngIl
has an association constant several-fold greater than
Angll (Kx =1.0-3.3x19° M for '*’I-(Sar,,Ileg)-AnglI,
depending on its specific activity). The dissociation con-
stant (K4) values measured in our assay were estimated
using a homologous displacement curve method [40].
As summarized in Fig. 6, the K4 for (Sary,lleg)-Angll
was estimated at 3.6 x 107" M, which is in good agree-
ment with the expected value of 9.5x 10~° M for this
batch of ]251-(Sar1,Ileg)-AngH. The Ky for the sc(Fv),
-Angll fusion construct was 1.13x107°M and was
comparable to the unmodified AngIl (9.4 x 107> M).
To further examine the functional effect of sc(Fv),-
AngllI on isolated blood vessels in vitro, we conducted
a dose-response to sc(Fv),-Angll in the rat aortic artery
and compared the functional effect with norepinephrine
(NE). The aortic artery was removed and arterial rings
of 3 mm in length were challenged with NE, sc(Fv),-An-
gll, and sc(Fv),, and the vascular contraction was re-
corded. The functionality of the isolated aortic arteries
and the maximum contraction that defined 100% were
obtained by the challenge with 5 uM NE. A complete
dose-response curve to NE as the standard curve, fol-
lowed by a complete dose-response curve to s¢(Fv),-An-
gll, was constructed and the data were calculated as the
percent maximum response to NE. The sc(Fv),-Angll
produced an arterial contraction in a dose-dependent
fashion of about 16 £+ 1% of the maximum response to

sc(Fv),-Angll
50004 o e (Sar,,lleg) Ang i
4000 -
3000 -
5 K
\
2000 - \
\
1000 A \
\
K
NS —— —
103 101 10° 107 10 103

Concentration [M]

Fig. 6. Binding of the sc(Fv),-Angll fusion construct to human AT,
receptor. Increasing amounts of cold (Sarj,lleg)-Angll and sc(Fv),-
Angll were allowed to compete with '*’I-(Sary,Ileg)-Angll (specific
activity of 2200 Ci/mmol) for binding to membrane bound recombi-
nant human AT, receptor. The samples were harvested on GF/C
filters, measured in the y-counter, and the bound counts were plotted
against the concentration of the competitor used.
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Fig. 7. In isolated tissue bath studies of the contraction of rat aortic
artery by the sc(Fv),-Angll construct, the sc(Fv),-Angll produced a
contraction in a dose-dependent fashion. At the maximum dose of
5 uM, the contraction was 16 + 1% of the maximum response to
norepinephrine.

5uM NE (Fig. 7). As in the receptor binding studies,
there was no functional effect of the sc(Fv), at concen-
trations similar to the ones used for sc(Fv),-AnglI (data
not shown).

In vivo tumor uptake and tumor penetration

The biological effect of the addition of the angioten-
sin 1T sequence in the C-terminal end of the sc(Fv),
was assessed by the bio-distribution in tumor-bearing
nude mice (Fig. 8). At a low dose, the %ID in the blood
indicated a similar pharmacokinetic pattern of sc(Fv),-
Angll in comparison to sc(Fv),. Also the relative tumor
uptake was not increased with a protein concentration
of approximately 0.25 mg/kg bwt. The comparison be-
tween sc(Fv),-Angll and sc(Fv), revealed no significant
differences in the antibody uptake in the healthy organs.
The macroautoradiography, however, showed a more

% ID/g
o - N w » (4, o ~ o]

k BLOOD TUMOR LVER SPLEEN KIDNEYS HEART LUNGS MUSCLE L.FEMUR

Fig. 8. In vivo biodistribution of radiolabeled sc(Fv),-Angll and
sc(Fv),-Angll constructs I tumor bearing animals. The tumor uptake
of both '*I-labeled constructs was similar and no significant altera-

tions between distribution of sc(Fv),-Angll and sc(Fv),construct in
normal tissues were observed.

sc(Fv), sc(Fv), Angll

>

Fig. 9. Macro-autoradiography of the tumors obtained 4 h after the
treatment with sc(Fv),-AnglI or sc(Fv),, Treatment with sc(Fv),-Angll
resulted in a more homogeneous distribution of the radioactivity in
comparison to the sc(Fv), construct in spite of an unaltered %ID of the
actual tumor tissue.

homogeneous distribution of the radiolabeled sc(Fv),-
Angll in the tumor tissue. The tumor uptake of the
sc(Fv), showed a less homogeneous pattern, with areas
of extremely high and areas of a lower uptake of '*I-
sc(Fv), (Fig. 9).

Discussion

By adding the octapeptide sequence of angiotensin 11
to the C-terminal end of the sc(Fv), molecule, we gener-
ated a divalent construct directed against TAG-72 with
intrinsic activity to modulate blood flow in the tumor
vessels, for the first time. To achieve this, we moved
the HisTag required for IMAC to the N-terminal end
of the molecule (Fig. 1). These alterations of the sc(Fv),
molecule did not affect the antigen binding of the
sc(Fv),-Angll fusion construct to BSM (Fig. 2). This
was a critical observation, since scFvs can lose their
binding affinity, especially when modified at the C-ter-
minus. In the case of the monovalent scFv directed
against TAG-72, the placement of the hexahistidine
tag on the C-terminal end led to a partial loss in antigen
binding affinity. Molecular modeling suggested this to
be due to a partial covering of the antigen recognition
site [41].

Even though an interference of the antigen binding
was not observed with the additional sequences, an
interference resulting in a 50% loss of receptor binding
to AT receptors occurred, when the angiotensin II se-
quence was added to the sc(Fv), sequence without the
5 AA spacer (data not shown). After the introduction
of the amino acid spacer, the AT, receptor binding affin-
ity of the CC49 sc(Fv),-Angll fusion construct was
determined to be 1.13 x 107° M, a value similar to native
angiotensin II, reported to be 9.4x 107> M (Fig. 6).
When isolated rat aortic artery was exposed to
sc(Fv),-Angll, the construct also demonstrated its abil-
ity to contract arterial vessels in a dose-dependent
fashion.
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In in vivo tumor localization studies, however, low
doses of the fusion construct of approximately
2.5% 1072 M/kg BWT did not lead to an increase in tu-
mor uptake (Fig. 8). Even at these low doses, the distri-
bution of the radiolabeled fusion construct seemed to be
more homogeneous, in comparison to the control
sc(Fv), (Fig. 9). This characteristic of angiotensin was
observed earlier by Kinuya et al. [28], who reported a
more homogeneous distribution, even of the larger
IgG, by the combination of angiotensin II and enalapril,
an angiotensin-converting enzyme inhibitor. That study
indicated that the application of '*’I-labeled A7 anti-
body led to large areas of tumors with almost no uptake
in radioactivity in LS-180 colon cancer xenograft tu-
mors. By co-treatment with angiotensin and enalapril,
the distribution was far more homogeneous [28].

Another factor greatly influencing the function of
angiotensin II in tumor therapy is the tumor mass,
which in our model was approximately 200 mg/tumor.
In order for angiotensin II to divert the blood flow from
healthy tissues with contracted vessels to the neoplasm
with vessels incapable of contraction, the tumor has to
exceed the size, which requires a neo-vascularization.
Consequently, the effect of angiotensin II to increase
the tumor blood flow would be, especially in experimen-
tal models, more pronounced in larger tumors. The ef-
fects of angiotensin on the tumor perfusion in the
experimental setting are somewhat contradictory. Some
investigators report a clear increase in tumor blood flow,
while others show variable effects, or even a reduction in
tumor blood flow [24,42-44]. These reports indicate that
not only the actual tumor size influences the tumor
blood flow, but also further, yet undefined, factors, like
tumor type and tumor location, seem to influence the ef-
fect of angiotensin II.

Clinically, however, several types of tumors respond
well to angiotensin chemotherapy combinations [26].
Especially, in pancreatic cancer, a tumor type almost
refractive to radio-, and systemic chemotherapy, the
combination of angiotensin II, methotrexate, and 5-flu-
orouracil applied over an intra-arterial port led to an in-
crease in survival of 1649 months [45]. Imaging
studies, applying angiotensin Il via an intra-arterial
catheter in pancreatic cancer patients, show that the in-
crease in tumor perfusion is likely explanation for the
observed benefit of the therapeutic regimen [46]. These
studies indicate that pancreatic cancer patients, with
their poor prognosis, might be a patient collective that
might benefit from the sc(Fv),-Angll fusion construct
in immunotherapy. In the therapeutic study, however,
angiotensin Il was administered along with the chemo-
therapeutic drugs on a biweekly schedule [45]. This, on
the other hand, led to a repeated angiotensin II applica-
tion that can lead, as was shown in rats, to an increase in
tumor vascularization [47]. Clinically, this effect was
even observed on an individual basis, where a correla-

tion between the vascular densities and the success of
the intra-arterial chemotherapy has been established in
cervical cancer patients [48]. In terms of the long-term
effects of angiotensin I1, sc(Fv),-AnglI construct is char-
acterized by a dramatically longer half-life than native
angiotensin II and, furthermore, displays improved tu-
mor localization due to its antigen specificity. Especially
in the context of the long-term effects of angiotensin II,
the sc(Fv),-Angll might substitute a drug capable of
inducing these long-term effects of angiotensin II.

In conclusion, by the addition of the angiotensin se-
quence to the sc(Fv), we generated a vasoactive mole-
cule that not only has the potential to increase the
tumor perfusion on a short-term basis, but also could
be used in a long-term therapeutic regimen to possibly
alter the angiogenesis in neoplastic tissues. The
sc(Fv),-Angll not only has the potential for immediate,
but also long-term, effects, laying the way for chemo- or
antibody-based therapeutics. Further pre-clinical studies
utilizing our sc(Fv),-Angll fusion construct, addressing
the short- and long-term capabilities, will be performed
to develop regimens for improved tumor perfusion.
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