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Abstract
We evaluated a new concept in cancer therapy, coiled-coil mediated induction of apoptosis in Raji
B cells, for treatment of human B-cell lymphoma in a preclinical animal model. The system is
composed of a pair of complementary coiled-coil peptides, CCE and CCK, forming antiparallel
heterodimers; Fab’ fragment of the 1F5 anti-CD20 antibody; and N-(2-
hydroxypropyl)methacrylamide (HPMA) copolymer. One peptide is conjugated to the Fab’
fragment (Fab’-CCE), the other is conjugated in multiple grafts to polyHPMA (CCK-P; P is the
HPMA copolymer backbone). Intravenous administration of Fab’-CCE conjugate, followed by the
administration of CCK-P produced long-term survivors in SCID (C.B.-17) mice bearing human B-
lymphoma xenografts. The rationale of the design is the absence of low molecular weight drugs
and the fact that crosslinking of CD20 at B-cell surface results in apoptosis. This approach creates
a new paradigm for manipulating molecular recognition principles in the design of improved
cancer treatment.
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1. Introduction
Non-Hodgkin’s lymphoma (NHL) is a prevalent cancer with over a half-million individuals
having a history in the United States [1]. About 85% of NHLs are malignancies originating
from B cells while the remaining malignancies are of T cell origin [2]. B-cell NHLs include
Burkitt’s, diffuse large B-cell, follicular, immunoblastic large cell, precursor B-
lymphoblastic, and mantle cell lymphomas. These cancers are generally classified as either
indolent or aggressive, which then dictates the type of therapy the patient may receive. In
general aggressive NHLs are more treatable than indolent NHLs [3]. Immunotherapeutic
approaches targeted to CD20 have revolutionized the treatment of NHL [2]. However, large
refractory populations exist that are not responsive to these therapies [4]. Thus, although
treatments for NHLs have made great improvements, refractive malignancies still occur that
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are nonresponsive to current therapies in about half of all patients, indicating that improved
treatment strategies are needed [4].

As with any well-designed drug delivery system, the biological target is of great importance.
CD20 is one of the most reliable cell surface markers of B lymphocytes [5–8]. Since it
remains on cell surface after antibody ligation [5,9] it has become an attractive target for
immunotherapies intended to deplete B-cells [9]. CD20 is expressed on most NHL
malignant cells as well as on normal B cells. However, it is not expressed on stem cells and
mature plasma cells. Consequently, normal numbers of B cells can be restored after
treatment [10]. CD20 is a cell cycle regulatory protein [8,11] that either controls or functions
as a store operated calcium channel [12]. The protein forms dimers and tetramers [7,8]
constitutively associated in lipid rafts of the cell membrane [13]. The fact that crosslinking
of CD20 leads to apoptosis is well established [14–17]. Clinical success was reached when
Rituximab, a human-murine antibody (Ab) chimera, received FDA approval for the
treatment of NHL [2,4,18–20]. It has since been approved for a number of immune disorders
and transplant proliferative disorders that have been linked to B cells [21]. Rituximab’s
ability to clear B cell populations has been attributed to antibody dependent cellular
cytotoxicity, complement dependent cytotoxicity, and apoptosis [14,15,22,23]. To a limited
extent, Rituximab can cause homoaggregation of CD20, and induce apoptosis. This response
is magnified by crosslinking ligated Rituximab with a secondary antibody or with effector
cells [14]. Covalently crosslinked Rituximab preparations enhanced induction of apoptosis
and tumor clearance when compared with Rituximab alone [16,17].

The self-assembly of hybrid materials, composed of synthetic and biological
macromolecules, is mediated by the biorecognition of biological motifs [24–27]. We have
previously designed self-assembling hybrid hydrogel systems composed of a synthetic N-(2-
hydroxypropyl)methacrylamide (HPMA) copolymer backbone and coiled-coil peptide
motifs; the results showed that it is possible to impose properties of a well-defined coiled-
coil peptide onto a whole hybrid hydrogel [28]. Recently, we designed a pair of oppositely
charged pentaheptad peptides (CCE and CCK) that formed antiparallel coiled-coil
heterodimers (see Figure 1a for explanation of coiled-coil structure) and served as physical
crosslinkers [29]. HPMA graft copolymers, CCE-P and CCK-P (P is the HPMA copolymer
backbone), self-assembled into hybrid hydrogels with a high degree of biorecognition
[29,30].

In our previous report [31] we hypothesized that this unique biorecognition of CCK and
CCE peptide motifs could be expanded past biomaterials design and be applied to a living
system and mediate a biological process. This would provide a bridge between the designs
of biomaterials and macromolecular therapeutics. We presented a new paradigm for
apoptosis induction in B cells [31] based on the biorecognition of peptide motifs at cell
surface and formation of antiparallel coiled-coils with concomitant crosslinking of CD20
receptors (Figure 1a). The new model for treating NHL is based on the biorecognition of
peptide motifs at cell surface. This binary system consists of a pair of complementary
peptides (CCE and CCK) [29]; one attached to Fab’ fragment of 1F5 Ab [9] (Fab’-CCE) and
the other as grafts to HPMA–based graft copolymer (CCK-P) (Figure 1b). CCE and CCK
form antiparallel coiled-coil heterodimers in saline (Figure 1c). It is important to note that,
in contrast to Rituximab, ligated 1F5 requires crosslinking to generate a biological response
of apoptosis [14]. Exposure of CD20+ Raji B cells to Fab’-CCE results in decoration of the
cell surface with multiple copies of CCE via antigen-antibody fragment biorecognition
(CD20 is a non-internalizing receptor; thus decoration of Raji B cell surface with peptides
holds for hours as demonstrated in Figure 1d). Subsequent exposure of the decorated cells to
CCK-P produces CCE/CCK coiled-coil heterodimers at the cell surface. This second

Wu et al. Page 2

J Control Release. Author manuscript; available in PMC 2013 January 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



biorecognition event causes crosslinking of CD20 receptors and triggers apoptosis of Raji B
cells in vitro as identified by caspase 3, TUNEL, and Annexin V apoptotic assays [31].

Here, we used an in vivo model of NHL, SCID (C.B.-17) mice bearing human Raji cell B-
lymphoma xenografts, with the aim to evaluate if the biorecognition of CCE/CCK sequences
results in tumor treatment.

2. Materials and methods
2.1 Preparation of conjugates Fab’-CCE and CCK-P

The structures of coiled-coil forming peptides, CCE and CCK, are shown below; they were
prepared by solid phase peptide synthesis and their structure validated with mass
spectrometry and reversed phase HPLC, as previously reported [29–31].

Fab’-CCE and CCK-P were synthesized [31] following the schemes shown in Figure 1b.
The details are briefly described below:

Fab’-CCE conjugate—Anti-CD20 mAb 1F5, prepared from the anti-CD20 hybridoma
clone 1F5 (ATTC, Bethesda, MD) in a CellMax© bioreactor (Spectrum Laboratories,
Rancho Dominguez, CA) as previously described [32], was digested into F(ab’)2 with lysyl
endopeptidase (Wako Chemicals USA, Richmond, VA). F(ab’)2 was then labeled with
Rhodamine Red-X succinimidyl ester (Invitrogen, Carlsbad, CA) to introduce a fluorophore
that facilitated the fluorescence microscopy investigation. Briefly, 40 µl of Rhodamine Red-
X succinimidyl ester solution (5 mM) in DMF was added into 3 ml of F(ab’)2 solution (3
mg/ml) in PBS (pH 7.4). The pH of the mixture was gradually adjusted to 8.3 using 0.1 N
NaOH under constant stirring. Additional 30 min were allowed to complete the labeling
reaction. The labeled F(ab’)2 was then purified twice using a PD10 column (GE Healthcare,
Buckinghamshire, UK) to remove the unreacted labeling agent.

Fab’-CCE was obtained by conjugation of Fab’ with CCE using maleimide-thiol chemistry.
Immediately prior to use, the labeled F(ab′)2 was reduced to Fab’ with 10 mM tris(2-
carboxyethyl) phosphine hydrochloride (TCEP) in PBS (pH 7.4) containing 5 mM EDTA
for 1 h at 37 °C in the dark. CCE (1.5× in excess to Fab’) was added and the coupling
reaction proceeded at 4 °C in the dark overnight. The crude product was then purified twice
using a PD10 column.

CCK-P conjugate—To synthesize HPMA copolymer grafted with peptide CCK, HPMA
was copolymerized with N-(3-aminopropyl)methacrylamide (MA-NH2) in methanol at 50
°C using AIBN as the initiator as previously described [29]. N-methacryloylaminopropyl
fluorescein thiourea (MA-FITC) was optionally used when a fluorescent probe in polymer
was needed. The molecular weight and molecular weight distribution of the copolymer were
measured on the ÄKTA FPLC system (Amersham Pharmacia Biotech, Piscataway, NJ)
equipped with UV and RI detectors using a Superose 6HR10/30 column with PBS (pH=7.4)
as the mobile phase. Linear polyHPMA fractions were employed for calibration of the
column. The copolymer (P-NH2) yield was 82% with an amine content of 397 nmol/mg (5.8
mole%) as determined by ninhydrin assay. The number average molecular weight was 99.6
kDa (Mw/Mn = 2.26).

P-NH2 was further reacted with succinimidyl trans-4-(maleimidylmethyl)cyclohexane-1-
carboxylate (SMCC) (molar ratio [NH2]:[SMCC] = 1:1.5) in DMF in the presence of
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triethylamine (3× [NH2]) at room temperature overnight. After precipitation into acetone/
ether (3:2), the product was re-dissolved in methanol and precipitated into acetone twice to
remove unreacted SMCC. The HPMA copolymer with maleimide side chain (P-mal) was
obtained. The maleimide content was 285 nmol/mg (4.35 mole %) as measured by the
modified Ellman’s assay.

Attachment of CCK to P-mal was accomplished via thioether bond formed by the reaction
of maleimide with cysteine at the N-terminus of CCK ([Mal]:[CCK] = 1:1). The coupling
reaction proceeded at room temperature overnight with analytical RP-HPLC monitoring the
progress. The conjugate was then dialyzed against DI water using a dialysis tube with
molecular weight cutoff 6–8 kDa (to remove unreacted CCK) and then lyophilized.

The graft content in the resulting copolymer was determined by amino acid analysis. The
copolymer (2.08 mg) was hydrolyzed in 0.2 ml 6 N HCl at 120 °C for 16 h in a sealed
ampoule and then dried under vacuum. Precolumn derivatization with ophthaldialdehyde
was used and the samples were analyzed by HPLC with fluorescence detector (excitation
229 nm and emission 450 nm) using gradient elution from buffer A to buffer B, where
buffer A: 0.05 M sodium acetate, pH 6.0, and buffer B: 70% methanol in buffer A [31]. The
average number of CCK grafts per macromolecule was determined as 8.94. Thus, we
denoted the HPMA copolymer grafted with CCK as (CCK)9-P.

2.2 Cell line and systemic NHL SCID mouse model
Human Burkitt’s B-cell NHL Raji cells (ATCC, Manassas VA) were cultured as described
before [31]. The cells were maintained in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS) at 37 °C in a humidified atmosphere of 5% CO2. Cells at the
exponential growth phase were used for mice inoculation.

Female C.B-17 SCID mice (~6 weeks old) were purchased from Charles River Laboratories
(Wilmington, MA) and maintained following the protocol approved by the Institutional
Animal Care and Use Committee (IACUC) of the University of Utah. Following the animal
models described by Ghetie et al. [33] and Griffiths et al. [34], mice with body weight
around 20 g were intravenously injected with 4×106 Raji cells in 200 µl normal saline (N.S.)
via the tail vein. The onset of hind limb paralysis time is the end point of this animal model
[34].

2.3 In vivo efficacy studies
Inoculated mice were divided into five groups: Control, group without treatment; CS,
consecutive administration of single dose; PS, premixed administration of single dose; CM,
consecutive administration of multiple (3) doses; and PM, premixed administration of
multiple (3) doses. Here consecutive administration involved the i.v. injection of Fab’-CCE
first and 1 h later the (CCK)9-P conjugate were applied via the same route; while in the
premixed administration, the two conjugates were first mixed outside the body for 1 h, and
then injected via the tail vein. For single-dose groups, conjugates were administered 24 h
post inoculation; for multiple-dose groups, conjugates were applied 24, 72, 120 h post
inoculation.

The doses in all treatments were 50 µg/20 g Fab’-CCE and 324 µg/20 g (CCK)9-P. This
combination ensured the molar ratio between CCE and CCK to be 1:25, a proved efficient
ratio to allow for maximum apoptosis induction in vitro [31].

Post-operation monitoring was exercised at least once a day. Major aspects of the mice
closely assessed included body weight, physical appearance (e.g. hunched back,
piloerection), food intake and hind limb paralysis. Body weight of mice was monitored
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every day. Animals were sacrificed at signs of sickness, such as the onset of hind-limb
paralysis or when body weight loss was >20%. Animals without signs of paralysis were
sacrificed at 100 days. Statistical comparison between groups was performed with the log-
rank test using Prism (Windows version 5.01, GraphPad) software.

2.4 Residual Raji cell analysis
Bone marrow cells were collected by purging fresh femurs with cold PBS and then 5
volumes of cold red blood lysing solution was added into 1 volume bone marrow cell
suspension. The mixture was incubated for 2–3 min at room temperature and centrifuged to
remove cell debris. After washing with cold washing buffer once, the bone marrow cells
were divided into three tubes (~50 µl each) and suspended again in cold washing buffer.
One tube was spared as control, and the other two tubes were stained by Raji cell specific
primary antibodies [35]: R-phycoerythrin (PE) mouse anti-human CD10 (mouse IgG1, κ
isotype) and allophycocyanin (APC) mouse anti-human CD19 (mouse IgG1, κ isotype).
Both antibodies were purchased from BD Biosciences (San Jose, CA). Twenty microliter
fluorescently labeled antibody (CD10 or CD19) was added and incubated with processed
bone marrow cells for 40 min at 4 °C in the dark. Finally, flow cytometry was employed to
identify the residual Raji tumor cells.

2.5 Pathological examinations and histopathological evaluation
Immediately after the sacrifice, organs were harvested: brain, heart, lung, liver, spleen,
kidneys, and femurs. Except femurs, all other organs were fixed and preserved in formalin at
4 °C and then sent for pathological examinations; the organs were mounted 4-µm sections
on glass slides and stained by hematoxylin and eosin. Harvested organs were evaluated by a
veterinary pathologist.

2.6 Macrophage activation in response to peptides CCE, CCK, the mixture of CCE/CCK,
and HPMA copolymer - peptide conjugate

Murine macrophage RAW 264.7 cell line [36] was maintained in DMEM medium
supplemented with 10% fetal bovine serum. RAW 264.7 cells were plated at 8×104 cells in
200 µl per well in 96-well tissue culture plates. After 48 h, cells were incubated with
peptides and HPMA copolymer-peptide conjugate for 1 and 7 days, respectively in the
presence of 5 µg/ml polymyxin B. Polymyxin B was used to inhibit LPS contamination.
Cells incubated with solvent used for dissolving conjugates were also used as the negative
control. After incubation, supernatants in 4 replicate wells were collected and the release of
TNF-α was measured by ELISA (R&D Systems, Minneapolis, MN).

3. Results and Discussion
The translational potential of hybrid macromolecular systems, composed from both natural
and synthetic molecules, is immense [26]. The design of drug free macromolecular
therapeutics was inspired by our previous work on the self-assembly of hybrid materials
composed of synthetic and biological macromolecules. Individually, the oppositely charged
pentaheptad (35 amino acid) peptides, CCE and CCK, are random coils, but their equimolar
mixture formed antiparallel coiled-coil heterodimers [29]. Equimolar mixtures of HPMA
graft copolymers, CCE-P and CCK-P, self-assembled into hybrid hydrogels with a high
degree of biorecognition [29,30]. In vitro exposure of Raji B cells to Fab’-CCE followed by
subsequent exposure to (CCK)9-P resulted in high degree of apoptosis in the presence of
10% of fetal calf serum [31].

Here, we examined the biorecognition of coiled-coil forming peptides CCE and CCK in an
in vivo situation. To this end, the therapeutic efficacy of our new strategy in a preclinical

Wu et al. Page 5

J Control Release. Author manuscript; available in PMC 2013 January 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



animal model was evaluated. We used the human Raji B cell line and female SCID
(C.B.-17) mice (6–7 weeks of age) bearing human B-lymphoma xenografts [33,34].

Post-operation, the mice were monitored daily for hind limb paralysis and general physical
appearance such as weight changes, food intake, piloerection, and hunched back. The mice
were sacrificed upon onset of paralysis; otherwise the mice were kept until 100 days and
considered long-term survivors.

Preliminary experiment with three mice per group was conducted for dose selection (Figure
2). For each treatment, 50 µg/20 g of Fab’-CCE and 324 µg/20 g of CCK-P were
administered, respectively. This value was based on in vitro apoptosis induction
experiments: the molar ratio between CCE and CCK 1:25 allowed for maximum apoptosis
induction [31]. One mouse out of three in PM group and two out of three in CM group
survived for 100 days without paralysis (Figure 2), which indicated the dose selected was
appropriate.

We repeated the experiment on a larger group of animals (seven mice per groups). The
results are shown in Figure 3a. Untreated (control) mice developed hind-limb paralysis
within 24–32 days. This observation was in good agreement with literature [34,35,37].
Single dose groups had a substantially longer survival time (38–57 days) than controls;
whereas the group that received three doses produced 5 out of 7 long-term survivors (100
days) for consecutive administration, and 7 out of 7 long-term survivors for premixed
administration group.

Statistical analyses showed that all administration modes of the drug-free macromolecular
therapeutic system produced statistically significant (P<0.002) enhancement of treatment
efficacy compared with the control group. In addition, multiple treatments resulted in
significantly (P<0.001) higher effectiveness than the single dose treatment. However, the
differences in treatment efficacy of consecutive and premixture treatments were not
statistically significant.

To further assess that the surviving mice in the therapy groups (specially PM and CM) were
tumor free, we sacrificed the mice to detect if there was any residual Raji cells in the bone
marrow [35]. Two fluorescently labeled mouse anti-human antibodies, PE labeled mouse
anti-human CD10 and APC labeled mouse anti-human CD19, have been used for flow
cytometry analysis. As shown in Figure 3b, the presence of residual Raji B cells was
confirmed in control group, and also in mice that received single-dose treatment (and
developed paralysis); however, no residual malignant B cells were detected in mice treated
with three doses that survived for 100 days without sign of hind-limb paralysis.

Harvested organs (lung, kidney, spleen, liver, heart and brain) were evaluated by a
veterinary pathologist. Results revealed that there was acute congestion in all tissues (lung,
kidney, liver, spleen, heart) with minimal variation in lesions between the individuals.
Smooth muscle hypertrophy of the lung tissues was also observed. Prominent
extramedullary hematopoiesis occurred in the spleens, which demonstrated the reserved
ability of blood cell reestablishment after treatments. Importantly, no toxicity of the
treatment was suggested in any of the tissues evaluated.

Immunogenicity is a major biocompatibility concern when peptide/protein-based therapeutic
agents are used for treatment of human diseases. We have evaluated the potential of coiled-
coil forming peptides to activate RAW 264.7 macrophages in vitro. The release of the
inflammatory cytokine, TNF-α (tumor necrosis factor-α) has been frequently used as a first
line of biocompatibility evaluation [36]. We incubated the macrophages with free peptides
CCK and CCE; with CCK peptide grafted in multiple copies to HPMA copolymer, CCK-P
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(to increase the molecular weight and evaluate if the peptide may act as a hapten), and with
a premixed equimolar mixture of CCE/CCK (to evaluate the impact of peptide
conformation). The RAW 264.7 macrophages were incubated with 1, 10, 100, and 1000 nM
of peptides. The results bode well for the biocompatibility of the approach – minimal TNF-α
release was observed even at the highest concentrations used. The maximum release was
only 2.5 times larger than non-treated controls (Figure 3c). We are aware that numerous
tests need to be done before a conclusion on the immunogenicity of peptides can be made.
We have performed such tests in the past with shorter oligopeptide sequences attached to
HPMA copolymers [38–42]. HPMA copolymers with oligopeptide side chains behaved as
thymus independent antigens with low immunogenicity [39]. The intensity of response
depended on the structure of the side-chains, dose, and genetic background of the mice [38].
Neither the homopolymer nor the HPMA copolymers possessed mitogenic activity. The
immune response towards oligopeptides attached to HPMA copolymers was about 4 orders
of magnitude lower when compared with bovine gamma globulin [42]. Generally,
attachment of peptides and/or antibodies to HPMA copolymers results in a decrease in their
immunogenicity [39,41].

4. Conclusions
In summary, we presented a new paradigm for NHL treatment, drug-free macromolecular
therapeutics, based on the biorecognition of peptide sequences at the cell surface, formation
of antiparallel coiled-coil heterodimers, and crosslinking of CD20 receptors with
concomitant induction of apoptosis. This approach produced a large number of long-term
survivors in a disseminated NHL model in SCID mice. The difference between consecutive
and pre-mixture treatment were statistically not significant. However, we believe that the
two-step (consecutive) delivery possesses an advantage for the translation into the clinics.
As shown by other groups [43–46] maximal tumor concentration of antibody (in our case
antibody fragment-CCE conjugate) is achieved after 12 – 24 hours. Finding the optimal time
when to administer the second part of the delivery system (graft copolymer CCK-P) will
result in enhanced, specific tumor accumulation with favorable tumor to tissue ratio. The
two-step pre-targeting system has the potential to optimize the delivery based on the
individual patient condition. Thus our approach, in addition to providing an effective
alternative to NHL treatment, may potentially serve as a model for other biocompatible
drug-free macromolecular therapeutics.
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Figure 1.
Drug-free macromolecular therapeutics. (a) Cartoon of overall design and possible
mechanism of treatment of NHL with conjugates of antiparallel coiled-coil forming
peptides, CCE and CCK. The induction of apoptosis in human Burkitt’s NHL Raji B cells
was triggered by crosslinking of the surface CD20 antigen due to biorecognition processes
of antigen-antibody and complementary peptides. Raji B cells were first exposed to Fab’
conjugate with unfolded CCE. Binding to (non-internalizing) CD20 receptor decorated the
cell surface with CCE peptide. Subsequent exposure of decorated B cells to the HPMA
copolymer containing multiple CCK grafts resulted in the formation of antiparallel coiled-
coil heterodimers and apoptosis. The diagram is not drawn to scale. Inset: Helical wheel
representation of two-stranded, antiparallel α-helical coiled coils formed by the dimerization
of CCE and CCK. The primary sequence of a typical coiled-coil is composed of 7-residue
repeats, designated as heptads. The amino acid residues in a heptad are conventionally
denoted as “a, b, c, d, e, f, g”. Hydrophobic residues at positions “a” and “d” form an inter-
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helical hydrophobic core, providing a stabilizing interface between the helices. Charged
residues at positions “e” and “g” form electrostatic interactions, which contribute to coiled-
coil stability and mediate specific association among helices. The view is shown looking
down the superhelical axis from the N-terminus of CCE and from the C-terminus of the
CCK. CC denotes the coiled-coil peptides. E and K denote peptides in which most of the e
and g positions are occupied by either glutamic acid or lysine, respectively. The sequences
are written in the one-letter amino acid code. (b) Schematic outline of preparations of
peptide-conjugates, Fab’-CCE and CCK-P. (c) Circular dichroism spectrum of the
equimolar mixture of CCE and CCK in PBS. (d) Confocal fluorescence images of Raji B
cells after exposure to the mixture of Fab’-CCE + CCK-P showing biorecognition of CCE/
CCK on the surface of Raji B cells within 4 h.
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Figure 2.
Preliminary evaluation of therapeutic efficacy of drug-free macromolecular therapeutics
against systemically disseminated Raji B cell lymphoma in C.B.-17 SCID mice (3 mice per
group). Four million Raji B cells were injected into the tail vein on day 0 to initiate the
disseminated disease. The incidence of hind-limb paralysis or survival of mice was
monitored up to 100 days. Five groups of animals were evaluated: i) untreated (Control); ii)
consecutive administration of single dose (CS); iii) premixed administration of single dose
(PS); iv) consecutive administration of three doses at days 1, 3, and 5 (CM); and v)
premixed administration of three doses at days 1, 3, and 5 (PM). Consecutive administration
involved the i.v. injection of 50 µg/20 g Fab’-(CCE)1 first and 1 h later the i.v.
administration of 324 µg/20 g (CCK)9-P conjugate; in the premixed administration, the two
conjugates were first mixed outside the body, kept for 1 h, and then injected via the tail vein.
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Figure 3.
Therapeutic efficacy of drug-free macromolecular therapeutics against systemically
disseminated Raji B cell lymphoma in C.B.-17 SCID mice (7 mice per group). (a) Top panel
shows timeline for the in vivo efficacy study. Four million Raji B cells were injected into the
tail vein on day 0 to initiate the disseminated disease. The incidence of hind-limb paralysis
or survival of mice was monitored until day 100. Five groups of animals were evaluated:
untreated controls; consecutive administration of single dose (CS); premixed administration
of single dose (PS); consecutive administration of three doses at days 1, 3, and 5 (CM); and
v) premixed administration of three doses at days 1, 3, and 5 (PM). Consecutive
administration involved the i.v. injection of 50 µg/20 g Fab’-CCE first and 1 h later the i.v.
administration of 324 µg/20 g CCK-P conjugate; For premixed administration, the two
conjugates were mixed together 1 h before injection via the tail vein. Bottom panel shows
survival rate of tumor-bearing mice that received above treatments. The curve was presented
in a Kaplan-Meier plot with indication of numbers of long-term survivors (7 mice per
group); (b) Estimation of residual Raji B lymphoma cells in the bone marrow. Shown are
results from representative mice that received the indicated treatment. Revealed are
histograms of bone marrow cells isolated from mice (as indicated) followed by staining with
PE mouse anti-human CD10 and APC mouse anti-human CD19. (c) Preliminary evaluation
of immunogenicity. TNF-α released from RAW 264.7 cells upon exposure to peptides (1
day) and HPMA copolymer-peptide conjugate (7 days) in vitro. The values are shown as
averages (n = 4) ± S.D.
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