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Our past research developed tiMe(2-hydroxypropyl)methacrylamide (HPMA) copolymedoxorubicin (Dox)
conjugates that became the first synthetic polyr@rticancer conjugates to be evaluated clinically. The first,
FCE28068, contained Dox bound to the polymeric carrier via a tetrapeptidic linker (glycine-phenylalanine-leucine-
glycine (GFLG)) My, ~ 30000 g/mol;~ 8 wt % drug), and the second, FCE28069, contained additionally
galactosamine (GalMy ~ 30 000 g/mol;~7.5 wt % Dox) again bound by a GFLG linker. Galactosamine was
included to promote hepatocyte/hepatoma targeting via the asialoglycoprotein receptor. Both conjugates showed
antitumor activity and were clinically less toxic than free Dox-Efold). However, despite their similar chemical
characteristics, the conjugates displayed a significantly different maximum-tolerated dose (MTD) in patients.
The aim of this study, therefore, was to use small-angle neutron scattering (SANS) to explore the solution behavior
of a small library of HPMA polymer conjugates including FCE28068, FCE28069, and their pharmaceutical
formulations, plus as reference compounds HPMA copolyn@#LG conjugates containing aminopropanol (Ap)

or galactosamine (Gal) alone (i.e., without Dox). The SANS data obtained showed that HPMA copelymer
GFLG—Ap conjugates (containing 5 and 10 mol % side chains) showed evidence of polymer aggregation, however,
no indication of aggregation was observed for FCE28068 and FCE28069 over the concentration range studied
(2.5-50 mg/mL). Clear differences in the scattering behavior for the two conjugates were observed at equivalent
concentration. Data were best fitted by a model for polydisperse Gaussian coils, and the HPMA copblgrer
conjugate with Gal (FCE28069) exhibited a larger radius of gyragh(py ~2.5 nm) compared to FCE28068.

In conclusion, we have shown that SANS will be a valuable tool to elucidate conforma@formance
relationships for polymerdrug conjugates.

Introduction and the challenges for preclinical and clinical use have all
recently been reviewett® The FCE28068 conjugate tested
Following the suggestion that polymedrug conjugates  clinically was synthesized by Dox aminolysis of an HPMA
might be useful for drug targetingsystematic optimization of ~ copolymer precursor containingd mol % methacryloyl(MA)-
conjugate structure led us to design FCE28068 (PK1) and G(p,L)FLG-p-nitrophenoxy (ONp) side chains to give a conju-
FCE28069 (PK2), bothN-(2-hydroxypropyl)methacrylamide  gate ofM,, ~ 30 000 g/mol and a Dox content of8 wt %
(HPMA) copolymer-doxorubicin (Dox) conjugates (reviewed (free Dox < 2 % total). In Phase | clinical triasthe PK1
in ref 2) that became the first synthetic polymer-based anticancerpharmaceutical formulatidnvas administered by short intra-
drug conjugates to be tested in nfaBince then, more than 10  venous (i.v.) infusion every three weeks to patients with
anticancer drug conjugates have followed into clinical develop- chemotherapy resistant cancer. Aware of the potential osmotic
ment (reviewed in ref 4). Currently, a polyglutamic aeid impact of a macromolecular prodrug, the infusion rate (4.16
paclitaxel conjugate (XYOTAX) is showing particular promise mL/min) and concentration (2 mg/mL Dox-equiv) were kept
for the treatment of women with nonsmall cell lung canter. the same during dose escalation and infusion time was gradually
Polymer-drug conjugates are complex macromolecules having extended. The maximum-tolerated dose (MTD) (the MTD is
a tripartitate structure as a minimum comprising the polymer the dose above which the side effects are too serious to go
backbone, a biodegradable polymerug linker, and a bioactive  higher) of PK1 was 320 mg/f{Dox-equiv). This dose is45
antitumor agent. In some cases, targeting residues and imagingold higher than the usual free Dox dose used clinically. The
moieties are also added. The biological rationale for design of dose-limiting toxicity seen for FCE28068 was typical of
polymer conjugates, their mechanism of action, clinical status, anthracyclines (neutropenia and mucositis), and activity was also
observed in chemotherapy resistant patients. Subsequently,
* Authors to whom correspondence should be addressed. (A. P.); FCE28069 (an HPMA copolymeiGFLG—Dox conjugate
Phone: +44(0)2920 870419. Fax+44(0)2920 874030. E-mail: paula3@  containing galactosamine) was also evaluated clinicale-
ffgg'gg‘;z-g& ég"-JE-_YT-]);”_P;R?gé;gcig?2§89681 (ext. 1303#). Fax:  sjgned to promote multivalent targeting via the hepatocyte
t School of Chemistry, Cardiff University. a5|aloglycc_)prote|_n receptor to improve treatment c_Jf primary liver
#Centro de InvestigatioPrncipe Felipe. cancer this conjugate was the first synthetic biomimetic (of
8 Welsh School of Pharmacy, Cardiff University. an asialoglycoprotein) conjugate. In this case, the HPMA
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FCE28068Y. The range of concentrations chosen ranged from
the relatively low conjugate concentrations that might be
expected in blood following dilution to the higher concentrations
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‘{ Y:5-10 mol % that might be anticipated in lysosomes following endocytic
Ho ° o Z<2mol% internalization. To mimic the pH of lysosomes, experiments
R: Dox, Gal and/or Ap were also undertaken in;D at pH 5.5 with additional NaCl
o o (0.1 M) to mimic physiological ionic strength. Finally, it was
HN HN necessary to establish the most appropriate mathematical model
o o to fit the data, to define conjugate shape, and to allow estimation
NH NH of the radius of gyrationRy).
o :
N HN Materials and Methods
R

HO . . .
Materials. HPMA copolymer precursors carrying GFE®Np side

chains (either 5 or 10 mol %,, ~ 20 000-25 000 g/mol and\,,/M,

. . = 1.3-1.5) were from Polymer Laboratories Ltd, U.K. The ONp
copolymer precursor was synthesized using a monomer feedgontent was calculated usingzs nm= 9500 L/mol/cm (in DMSO).
ratio of HPMA:MA-peptide-ONp adjusted to 90:10 to provide  anhydrous dimethyl formamide (DMF) and dimethyl sulfoxide (DMSO)
the additional pendent side chains needed to load both Dox andwere from Sigma-Aldrich, U.K., HPLC grade solvents were from Fisher
galactosamine. FCE28069 has a slightly lower molecular weight Scientific, U.K., and RO was from Goss Scientific, U.K. All other
(My ~ 25 000 g/mol), because of the polymerization kinetics, reagents were of general laboratory grade and were from Aldrich unless

Figure 1. Conjugate structures.

a Dox content of~7.5 wt %, and galactosamine content of-1.5
2.5 mol %. Although the dose-limiting toxicities seen for
FCE28069 were typical of anthracyclines and were similar to
those seen for FCE28068, its MTD was significantly lower (160
mg/n? Dox-equiv)® Several primary liver cancer patients

otherwise stated. FCE28068 and FCE28069 were kindly supplied by
Pharmacia, Italy (Table 1). The FCE28068 and FCE28069 formulation
samples were prepared as described below.

Methods. Synthesis of the HPMA Copolymekminopropanol
ConjugatesHPMA copolymer precursor containing either 5 or 10 mol

displayed a partial response or stable disease. It is not clear side chains (1 equiv in relation to ONp) was dissolved in a minimal
why FCE28068 and FCE28069 have such different MTDs. Volume of dry DMSO. Then, Ap (3 equiv) was added dropwise, and
FCE280609 is less water-soluble because of the higher Ioadingthe releas_e of ONp was monitored spectrophotometrically at 400 nm.
of hydrophobic (FL) peptidyl side chains. Although this may The reaction was left fo3 h at room temperature (RT). Then, the
explain why infusion using the same conditions employed for SCvent was partly removed under high vacuum, and the residue was
FCE28068 caused pain which led to a reduction in the infusion preupnated Into a vigorously St.'”ed mixture of ac_etongﬁE(t4:1). It

rate (2 mL/min) and a diluted infusion solution (1.0 mg/mL was filtered off and washed with acetone and diethyl ether, and the

DOx- VI it | 27lina why the overall pattern of d ~ conjugate was then dissolved in a minimal amount of water, was
- 0. .equ ).’ . s.pu 9 y the overall pattern of dose purified by dialysis against #0 (M, cutoff 2000 g/mol), and was
limiting toxicity did not change.

. . . freeze-dried. The overall yield based on polymer weight wasa%6.
Recent experiments using small-angle neutron scattering oA Copolymer Galactosamine Conjugatén HPMA copoly-

(SANS) allowed us to study pH-dependent changes in confor- ner precursor containing 10 mol % side chains was used, and 1 equiv
mation of endosomolytic polyamidoamirfeand also to define (i relation to ONp groups) was dissolved in a minimal volume of dry
the radius of gyrationRy) of HPMA copolymer conjugates  pmso. Galactosamine hydrochloride (0.25 equiv) was added in DMSO
containing both Dox and the aromatase inhibitor aminoglute- sojution, and the pH was adjusted to 8 with triethylamine. The reaction
thimide (AGM)'° as a combination therapy. Therefore, the aim was monitored by measuring ONp release at 400 nm and also by thin-
of this study was to use SANS to see if it was possible to identify layer chromatography (TLC) using 2-propanol:pyridine:AcObCH
subtle changes in the coil structure of FCE28068 and FCE28069,(Si0,, 8:8:1:4 v/v) as the mobile phase. The Rf (distance travelled by
and a library of compounds was used to elaborate detailedcomponent spot divided by distance travelled by solvent front) of
structure-property relationships (summarized in Figure 1 and galactosamine was 0.51, and HPMA copolymer galactosamine conju-
Table 1). gate remains at the origin; the Rf of ONp was 0.9. Complete
Aminolyzed (with 1-aminopropan-2-ol (Ap)) HPMA copoly-  disappearance of galactosamine was determined by TLC &fteat
mer intermediates bearing both 5 and 10 mol % side chains RT. Then, an excess of Ap (1 equiv) was added and the solvent was
and HPMA copolymerGFLG—galactosamine (Gal) (10 mol partly removed under 'high vacuum. The product_was then isolated and
% side chains) were first synthesized as reference materials.freeze-dried as described above. The overall yield based on polymer

SANS has been widely used to investigate polymer conforma- Weight was~85%. _
tion in solution, for example, polyelectrolyt&s!2 polymer Preparation of FCE28068 and FCE28069 Pharmaceutical Formula-

surfactant interaction’$ and recently dendrimer conforma- ]Egr;?qli’:‘tligfsruﬁsevifsladom't?r:qsitze;sdtotzngsrfr:tz bﬁi? %Z?irr:na;%ﬂgcil
tion1415To the best of our knowledge, however, outside of our ons p Y opli ) ty during storag
revious preliminary studi SANS has not previously been and, for intravenous administration, to ensure rapid dissolution and
P - . acceptable pH. The composition of the FCE28068 and FCE28069
used to evaluate the solution properties of polyranug

. . fi blish the b i formulations is given in Table 2, and they were prepared following
conjugates, so It was first necessary to establish the baselingye ingjcations described in Cavallo et’aBriefly, the active drug

conditions _for experir‘r_lentation. _Using relatively high sample (FCE28068 or FCE28069, 8.5 mg Dox-equiv) together with a soluble
concentrations sometimes required for good SANS data cansjjer (jactose), a cosolubilizer (polysorbate 80), and a very low

promote polymerpolymer interactions, affecting the scattering  concentration of an organic solvent (ethanol) were completely solubi-
observed and introducing an additional structure factor that will |ized in water and were freeze-dried to obtain PK1/PK2 lyophilized
lead to artifacts. Thus, initial studies were undertaken to establishformulations.

the minimum concentration that could be used to detect SANS kaluation of HPMA Copolymer ConjugateSANS experi-
scattering while at the same time attempting to mimic the ments were performed using the LOQ time-of-flight diffractometer at
concentration used during patient administration (50 mg/mL for ISIS (Rutherford Appleton Laboratories, Oxford) or using the DC?E)V
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Table 1. Characteristics of the Conjugates

side chain Doxf
content content Gal content Dox release MTD Ry?
compound (mol %) (wt %) (mol %) (% at 24 h) (mg/m~2 Dox-equiv) (nm + 0.5)
Control Conjugates?
HPMA copolymer—GFLG—Ap 5 n/a n/a n/a n/a ND
HPMA copolymer—GFLG—Ap 10 n/a n/a n/a n/a ND
HPMA copolymer—GFLG—Gal—Ap 10 n/a ~2 n/a n/a 4.5
Conjugates in Clinical Trials?
HPMA copolymer—GFLG—Dox 5 8.5 n/a 60¢ 320 7.8
(FCE28068)
HPMA copolymer—GFLG—Gal—Dox 10 7.5 1.5-2.5 60° 160 10.5
(FCE28069)
Pharmaceutical Formulations¢
HPMA copolymer—GFLG—Dox 5 8.5 n/a n/a 320 7.8
(lyophilized FCE28068)
HPMA copolymer—GFLG—Gal—Dox 10 7.5 1.5-25 n/a 160 9.0

(lyophilized FCE28069)

a Synthesized as described in Materials and Methods section. ? Kindly supplied by Pharmacia, Italy. ¢ From ref 7. ¢ Calculated using eq 3 (1/(Q) ~
NaCPI(Ap)?>cM (Q2Ry?/3 + 1)) and considering polydispersity = 1.3. ¢ From ref 27. T Abbrevations: Aminopropanol, Ap; doxorubicin, Dox; galactosamine,
Gal; maximum tolerated dose, MTD; n/a, not applicable; ND, not determined.

Table 2. Clinical Formulations of FCE28068 and FCE28069°¢ the data to models for monodisperse spheres, polydisperse spheres, rigid
PK1 PK2 and flexible rods, and polydisperse Gaussian coils.
First experiments examined the scattering behavior of serial dilutions

conjugate 100.0 mg* 116.7 mg? of FCE28069 (starting at 50 mg/mL (5 wt %) to 2.5 mg/mL (0.25 wt
lactose 100.0mg 100.0mg %)) to investigate concentration-dependent aggregation effects or any
polysorbate 80 1.7mg 1.7mg influence of conjugate concentration on the conformation adopted in
ethanol? 17.7 ul 17.7 uL ;

solution.
water? 2.5mL 2.5mL

a Equivalent to approximately 8.5 mg of Dox. » Removed during freeze-

drying. ¢ From ref 7. Results

camera at the Institute Laue-Langevin (ILL), (Grenoble). HPMA The pOIymer conjugates used and their Character!stlcs are
copolymer, FCE28068, and FCE28069 solutions were preparegin D SOwn in Figure 1 and Table 2. The SANS scattering data
(pH 5.5, 0.1 M NaCl) at concentration of (250 mg/mL) and were obtained fo_r FC_E28069 during _serlal dilution from 50 mg/mL
placed in 2-mm path length quartz cells, mounted in a sample changer@r€ shown in Figure 2. As conjugate concentration decreases,
thermostated at 37C (+0.2). Data were collected and corrected for there is an accompanying decrease in scattering intensity
the scattering and transmission of the solvent and cell and were consistent with the change in concentratio(Qf O ¢). No
placed on an absolute intensity scale with reference to a flat scatterersignificant changes were seen in the overall shape of the
(ILL) or a well-characterized polymer blend (ISIS). Scattering data are scattering profile indicating that there are no major changes in

expressed in terms of the scattering vecowhich is given byQ = conjugate conformation (e.g., change of aggregation state or
4ngt/2 sin (0/2) in whichn is the refractive index for neutronas & 1), sphere-rod transition). Normalization of the data to remove
4 is the wavelength, and is the scattering angle. The neutron the concentration contribution (the scattering data were divided
wavelengths used were between 2 and 10 A (LOQ@) @ (D22) to by the solution volume fraction after subtraction of the incoher-
spanQ-ranges of approximately 0.6.6 on D22 and 0.0080.3 A~* ent background scattering) produced data sets that fall on a
on LOQ. common curve (Figure 2 inset). This confirmed that there was

The scattering intensity(Q) is described in terms of the relative  no concentration-induced interaction between the polymer
contributions of the form factoP(Q) (which describes the size and  qpjygate chains over the concentration range used (i.e., absence
shape of the scattering body), the structure faB(Q) (which describes o 5 girycture factorS(Q)). Dilution experiments were also
interactions between different scattering bodies), Bagwhich is a undertaken with FCE28068, and again no polymer interaction
fr:atdrlz;a(;kr?;elijniaatr;g?v\tiﬁ?] 't';]‘;(’::rrnenlfescatte”ng’ principally from was seen, with the normalized data falling onto a common curve.

yarog pie. Therefore, for all further comparative experiments, a polymer
_ 2 concentration of 50 mg/mL was used.
I(Q _¢VP(AP) PQS(Q) + By @ In the absence of a structure fact8fQ), eq 1 may be

: rewritten
¢Vu(Ap)? is a sample-dependent scale factor dependent on the polymer ewritten as

volume fractionyp, the volume of a single partich,, and contrast term I(Q) — B

(Ap)?> which describes the difference in scattering length density 2% ey (Ap)ZP(Q) 2)

between the solvent and the polymAp = psoivent— Ppolymer (Psolvent= ¢ P

6.4 x 10 cm2, ppoymer = 0.9 x 10'° cm~2). Since hydrogen and ] )

deuterium are at opposite ends of the scattering length density scaleHence, the scattering data obtained for FCE28068 and FCE28069

in these systems contrast is achieved by dissolving the HPMA (50 mg/mL) were plotted in the reduced form given by eq 2,

copolymer conjugates in £. which removed the background incoherent scattering plus the
Scattering functions for simple geometric shapes are knéwio. concentration and scattering length density dependence of the

identify the adopted solution conformation, attempts were made to fit scattering. This gave a direct comparison of the form factorCfBrV
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Figure 2. Effect of concentration on SANS scattering of FCE28069 in D,0. Key: 50 mg/mL (circles), 30 mg/mL (triangles), 10 mg/mL (squares),
5 mg/mL (diamonds), 2.5 mg/mL (inverted triangles). Bottom panel shows data normalized for concentration after subtraction of the incoherent
background scattering [((Q) — Binc)/¢ vs Q] for FCE28068 (left) and FCE28069 (right).
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Figure 3. Comparison of normalized scattering data obtained for
polymer conjugates (50 mg/mL) in D,O. Data were normalized by
subtraction of the incoherent background scattering and division by
sample volume fraction, as described in the text. Key: FCE28068
(open circles) and FCE28069 (closed circles).

each sample (Figure 3). On a lelpg representation, th®

d is the bulk density and! is the molecular weight. This is
valid at low Q values in dilute solution, in the limiQRy < 1.
The approach gavigy values of 9.3+ 0.5 nm and 11.3: 0.5
nm for FCE28068 and FCE28069, respectively (Figure 4a).

1 NAd2 (QzRgz )
_— A — 1
Q) (Ap)em\ 3 "

Attempts were made to fit the scattering data to a variety of
theoretical form factors. It was clear that the monodisperse and
polydisperse sphere models and the rigid and flexible rod models
gave poor fits (Figure 4b) and physically unreasonable param-
eters. The best fit was obtained for a polydisperse Gaussian
coil model, the form factor for which is given by eq 4, where
Ry is thez-average of the radius of gyration. From this model,

it is possible to obtain th&; of the conjugates.

®3)

P(Q) — 2 (—=1/(p—1))
(QR;)2 “He (Q%)2
le('0_1)1+2(p—1)) i 2p-p ¢
@QR)* | @
(1+(P- 1))(m)

The absolute value for th&, obtained is sensitive to the

dependence (slope) of the scattering curves are indicative ofpolydispersityp. In this case, @ value of 1.3 was used as this
the shape of the scattering body, and it can be seen that theeflects the polydispersity of the parent polymer. In addition,

form of the scattering profile is similar for both conjugates,
indicating that their overall shape is similar.

Using a Zimm plot, values for the radii of gyratioRy, could
be estimated from a plot of 1(Q)) versusQ? using eq 3, where

tests fits were carried out using a rangepofalues (1.6-2.0).
Although the absolut®&; values for FCE28068 and FCE28069
changed from 7.2 to 8.940.5) nm and from 9.4 to 12.10.5)

nm, respectively, the relative values were unaltered, Withélfﬁ/
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Figure 5. SANS scattering data obtained for the reference control
polymers. Key: HPMA copolymer—GFLG—Ap (5 mol % side chains)
(circles); HPMA copolymer—GFLG—Ap (10 mol % side chains)
(triangles); HPMA copolymer—GFLG—Gal—Ap (10 mol % side chains)
(squares). The line shown is the best fit and represents the polydis-
perse Gaussian coil model.

scattering intensity, I(Q) / em!

is no longer sensitive to the overdl, of the polymer coil. As
the scattering profiles obtained for the HPMA copolymer
GFLG—Ap 5 mol % and 10 mol % side chain conjugates were
extremely similar, and in fact identical over the intermed@te
range, this would suggest no significant difference in the size
of these conjugates.

There was a significant change in the scattering profile
following conjugation of the Gal targeting group, and for the
HPMA copolymer-GFLG—Gal—Ap conjugate, only the first
few points of the scattering data show an upturn. So, for this

scattering vector, Q / A1

Figure 4. Expression of scattering data as Zimm plots and evaluation

of the models with best fit. Panel (a) shows the Zimm plots for
FCE28068 (open circles) and FCE28069 (closed circles) and the lines
are best fits to low Q data made as described in text. Panel (b) shows

data set, a reasonable estimateRgfwas obtained by fitting
the polydisperse Gaussian coil model but excluding the first
four points in the calculation. This gave &g estimate of 4.5

the fits to the FCE28068 data obtained for various models. Key:
Monodisperse spheres (long dash); polydisperse spheres (dash dot);
rigid rods (short dash); flexible rods (dotted); polydisperse Gaussian
coil (solid).

+ 0.5 nm. QR; ~ 0.8).

Discussion

Ry of FCE28069 consistently larger by2.5 nm. Data for the A growing number of studies have examined the physico-
conjugates FCE28068 and FCE28069 as pharmaceutical for-chemical properties of nonviral vectors designed for gene
mulations were also fitted to this model. The radius of gyration delivery}718 but the solution and physicochemical properties
for FCE28068 was identical to that in,O (pH 5.5, 0.1 M NaCl) of polymer-drug conjugates have rarely been studi&d? and
(7.8 &+ 0.5 nm). For FCE28069, a largé (9.0 = 0.5 nm) the behavior of conjugates in physiologically relevant solutions
compared to FCE28068 was again obtained indicating a moreis still poorly understood. Preclinical, physicochemical charac-
open solution conformation. terization of HPMA copolymer conjugates (including FCE28068,
Several control studies were undertaken to investigate the FCE28069, and HPMA copolymepaclitaxel PNU166945)
effect of the small changes in HPMA copolymer conjugate reported by Mendichi et &B2* focused primarily on the
composition on scattering (Figure 5). Data were obtained for determination of conjugate molecular weight distribution using
HPMA copolymer-GFLG—Ap (5 mol % side chains), HPMA  size-exclusion chromatography coupled with viscosity and
copolymer-GFLG—Ap (10 mol % side chains), and HPMA  multiangle light scattering (MALS) fraction detection. These
copolymer-GFLG—Gal-Ap (10 mol % side chains). The  measurements were carried out in the organic elution solvents
scattering data obtained suggested aggregation (the upturn irmethanol and dimethyl formamide (DMF) containing LiBr (0.01
scattering intensity at low values) of the HPMA copolymer M) and CHCOOH (0.05 M). Ulbrich et al. have used light-
GFLG—Ap conjugates. This upturn is more pronounced for the scattering techniques to study the solution properties of HPMA
polymer with 5% side chains, indicating that there is more copolymers withp-nitroaniline as a model drug substance with
aggregation for the 5% than 10% modification. This upturn was various peptidyl linkers (these experiments were carried out in
evident at all concentrations between 50 mg/mL and 5 mg/mL TRIS buffer)20
suggesting that aggregation was not disrupted by dilution. This  Drug conjugation can dramatically increase its solubility; for
prevented data fitting as it is not possible to separate contribu- example, Dox conjugation increases solubitt§0-fold. Despite
tions to the scattering from th&Q) and P(Q) elements, this high solubility, the dissolution rate of FCE28068 and
according to eq 1. Once above the lirQiR; < 1, the scattering FCE28069 in aqueous solution is relatively slow30 min). CDV
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To create faster dissolving, filter-sterilized, freeze-dried formu-  Comparison of the scattering data obtained for FCE28068
lations suitable for i.v. administration during clinical use, and HPMA copolymerGFLG (5 mol %)-Ap showed that Dox
addition of polysorbate 80 (as a dissolution enhancer), lactose,conjugation (equivalent to approximately-8 Dox molecules
and a small amount of etharfialas used for formulations that  per chain) had a significant effect on solution conformation.
are stable during storage and that can be reconstituted with wateiNo evidence of aggregation/interaction for the Dox-containing
for injection with a rapid dissolution times2 min. conjugate was seen. Significant differences were also apparent
It has become apparent that attachment of hydrophobic drugsWhen comparing Dox-containing conjugates with and without
to the hydrophilic HPMA copolymer platform can lead to the Gal. Although FCE28068 and FCE28069 contain a similar
formation of unimolecular micelles, an effect that has been @mount of drug, the conjugate containing Gal had a laRyer
confirmed using HPMA copolymeramino—ellipticine (APE) (Table 2). This may be attributable to the presence of the
conjugates by measuring pyrene entrapmerfiowever, as addition peptidyl side chains (unlikely because of the lack of
pyrene entrapment is an indirect measurement that reports onlydifférence between HPMA copolymeGFLF—Ap containing
on the local environment of the probe molecule itself, it is not © and 10 mol % side chains) or a reduction in the hydrophobic
possible to use this as conclusive evidence for a tightly coiled InNteractions between adjacent Dox molecules £ stacking)
core-shell micellar structure. The propensity of HPMA co- becguse of the adjace_nt hydrophlllc Gal residues. Clearly, overall
polymer-drug conjugates containing hydrophobic side chains COniugate conformation is a complex balance between the
(+drugs) to form unimolecular micelles or multimolecular t€ndency of the polymer to form a compact coil structure, the
aggregates in aqueous solution will influence conjugate biodis- 1€ chains to cause intermolecular aggregation, and the
tribution, potentially toxicity, and ultimately antitumor activity. ~hydrophobic/hydrophilic balance of substituted components that
The latter can be governed by accessibility of the intracellular nfluénce the conformation. _ o
activating enzymes to a peptidyl polymetrug linker. It has The largerR, seen for FCE28069 might explain its lower
been shown that increasing drug loading of Dox and APE MTD during clinical trial. Its more “open coil structure poulql
decreases their rate of liberation by lysosomal thiol-dependentleao_| to greater f_expos_ure_of conjugated drug to the biological
proteased526 The desire to gain physical evidence to support environment, which might in turn also accelerate the drug release

the assumed solution behavior of such conjugates led to the'at€- Although the amount of drug released from both conjugates
studies described here. was the same after 24 k60%) when measured in vitro, these

. L studies did not establish the kinetics of release (a single enzyme
. HPMA copolymer conjugate C°r?f°”_”a“°” In agueous s_olu- concentration was used).This possibility certainly warrants
tion may be mfluenqed by a coml_)lnanon of moleculqr welgh_t further investigation and illustrates the possibility of combining
of the po_Iymer_ chqln, dru_g _'Oad'r?Q' _the_ pendent side Ch"?“n SANS and enzymology preclinically with a view to designing
content (including its statistical distribution along the main

chain), as well as the presence of more hydrophilic targeting conjugates with better drug release profiles.
residues like Gal. It might be expected that addition of Gal Conclusions

would improve water solubility, but FCE28069 is less soluble
than FCE28068 because of the increased content of relatively
hydrophobic F-L-containing side chains. Although there was
no discernible difference in the size and shape (a polydisperse
Gaussian coil) of the HPMA copolymeGFLG—Ap con-
jugates (5 and 10 mol %), the scattering data for these
compounds showed an upturn at I@walues (Figure 5). Two
factors might explain this scattering pattern: the existence of a
small number of high molecular weight polymer chains would
result in a rise in scattering at lo® values because of their
large size Q O 1/size), and alternatively, the presence of  Acknowledgment. A. P. was supported by an EPSRC
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