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1 Summary 

 

The development of more selective anticancer agents is one of the main goals of 

modern cancer research. One of the most promising avenues towards the 

development of better drugs for the therapy of cancer consists in the antibody-

mediated delivery of therapeutic agents (e.g., cytokines) to tumor sites, sparing 

normal tissues (1, 2). In this context, certain antigens in the modified tumor stroma 

and neovasculature appear to be ideal targets, in view of their abundance, stability, 

and specificity (3-6). 

 

Many proinflammatory recombinant cytokines display potent anticancer activities, but 

their preclinical and clinical use is limited due to excessive toxicities, even at low 

concentrations, preventing the administration of therapeutically active doses. 

Furthermore, cytokines typically lack the ability to preferentially accumulate at the 

tumor site following intravenous administration. Thus, the antibody-based targeted 

delivery of cytokines to the tumor environment appears to be a promising strategy for 

improving the therapeutic index of these potent anticancer agents (3, 6). One of 

these agents is the proinflammatory cytokine interleukin-2 (IL-2), which plays an 

essential role in the immune response. It has a variety of functions, including the 

stimulation of proliferation of T cells and the induction of the generation of cytotoxic T 

lymphocytes (CTLs) and natural killer (NK) cells, which specifically attack tumor cells. 

 

Our group has recently described the isolation of the human monoclonal antibody 

fragment scFv(F16), which is specific to the alternatively spliced A1 domain of 

tenascin-C and which is able to selectively accumulate at neovascular tumor sites in 

animal models of cancer (7). The F16 antibody exhibits a virtually undetectable 

staining of most normal organs (including breast), while it strongly reacts with 

neovascular and stromal components of most human breast, lung, and head/neck 

cancers (7). The overexpression of large splice isoforms of tenascin-C in breast 

cancer has been well documented (8). 
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In this thesis, we report the cloning, expression, and characterization of F16-IL2, a 

noncovalent homodimeric fusion protein consisting of the human scFv(F16) with a 

short 5-amino acid linker, fused to human IL-2. F16-IL2 displayed an excellent ability 

to selectively localize at neovascular sites in mouse xenograft models of human 

breast cancer, as evidenced by quantitative biodistribution studies performed in the 

presence or absence of preadministration of doxorubicin. Furthermore, F16-IL2 was 

found to potentiate the therapeutic action of both doxorubicin and paclitaxel in mice 

bearing subcutaneous human MDA-MB-231 breast tumors, with weight loss below 

10% for all therapy groups in the study. In addition, F16-IL2 has been found to be 

safe in cynomolgus monkeys, when used alone or in combination with doxorubicin at 

equivalent doses comparable to ones now used for clinical studies in humans. 

 

In summary, the data presented in this thesis are of clinical significance and provide 

the scientific rationale for two phase Ib studies of F16-IL2, one in patients with breast 

and ovarian cancer in combination with doxorubicin, and one in patients with breast 

and lung cancer in combination with paclitaxel, which have recently started. 
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1 Zusammenfassung 

 

Die Entwicklung von selektiveren antineoplastischen Wirkstoffen ist eines der 

Hauptziele der modernen Krebsforschung. Einer der vielversprechendsten Wege zur 

Entwicklung besserer Krebsmedikamente besteht darin, Therapeutika (z.B. Zytokine) 

mit Hilfe von Antikörpern direkt an den Tumor zu bringen, wodurch gesundes 

Gewebe geschont wird (1, 2). In diesem Zusammenhang scheinen bestimmte 

Antigene im modifizierten Tumorstroma und in neugebildeten Blutgefässen perfekte 

Ziele zu sein, besonders aufgrund ihrer hohen Expression, Stabilität und Spezifität 

(3-6). 

 

Viele proinflammatorische rekombinante Zytokine weisen eine starke 

krebshemmende Wirkung auf. Ihr präklinischer und klinischer Einsatz wird jedoch oft 

durch eine hohe Toxizität begrenzt, die meist schon bei niedrigen Dosierungen 

auftritt und eine Dosiserhöhung zu therapeutisch wirksamen Konzentrationen 

unmöglich macht. In den meisten Fällen reichern sich Zytokine nach intravenöser 

Applikation nicht bevorzugt im Tumor an. Daher scheint die gezielte Anreicherung 

von Zytokinen im Tumor durch Antikörper ein vielversprechendes Konzept zu sein, 

um den therapeutischen Index dieser sehr wirksamen Krebstherapeutika zu 

verbessern (3, 6). Einer dieser Wirkstoffe ist das proinflammatorische Zytokin 

Interleukin-2 (IL-2), das eine entscheidende Rolle in der Immunantwort spielt. Es hat 

viele verschiedene Funktionen, einschliesslich Stimulation der T-Zellproliferation, 

Induktion der Bildung von zytotoxischen T Lymphozyten und natürlichen Killer (NK) 

Zellen, welche spezifisch Tumorzellen attackieren. 

 

Unsere Gruppe hat kürzlich die Isolation des humanen monoklonalen 

Antikörperfragmentes scFv(F16) beschrieben. ScFv(F16) erkennt spezifisch die 

alternativ gespleisste A1 Domäne von Tenascin-C und weist in Tiermodellen eine 

selektive Akkumulation an neugebildeten Blutgefässen in Tumoren auf (7). Der F16 

Antikörper zeigt eine praktisch undetektierbare Färbung in den meisten normalen 

Organen (inklusive Brust), reagiert aber stark mit neugebildeten Blutgefässen und 

Stromakomponenten der meisten humanen Brust-, Lungen- und Kopf-Hals-Tumoren 
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(7). Die Überexpression der grossen gespleissten Isoformen des Tenascin-C in 

Brustkrebs ist ausführlich dokumentiert (8). 

 

In dieser Doktorarbeit wird die Klonierung, Expression und Charakterisierung von 

F16-IL2, einem nicht-kovalenten homodimeren Fusionsprotein, das aus humanem 

scFv(F16) und humanem IL-2 besteht, beschrieben. F16-IL2 war in der Lage, 

selektiv an neugebildeten Blutgefässen in Xenograftmodellen von humanem 

Brustkrebs zu akkumulieren, was in quantitativen Biodistributionsanalysen mit oder 

ohne vorherige Administration von Doxorubicin nachgewiesen werden konnte. 

Zudem wurde gezeigt, dass F16-IL2 die therapeutische Wirkung sowohl von 

Doxorubicin als auch von Paclitaxel in Mäusen mit subkutanen humanen MDA-MB-

231 Brusttumoren verstärkt, mit Gewichtsverlusten von weniger als 10% in allen 

Therapiegruppen. Es konnte weiterhin gezeigt werden, dass F16-IL2 in Dosierungen, 

welche mit in klinischen Studien verwendeten vergleichbar sind, alleine oder in 

Kombination mit Doxorubicin in Cynomolgus-Affen sicher ist. 

 

Zusammenfassend sind die Daten, die in dieser Doktorarbeit präsentiert werden, von 

klinischer Bedeutung, da sie die wissenschaftliche Grundlage für zwei Phase Ib 

Studien mit F16-IL2 liefern, eine für Patienten mit Brust- und Ovarialkarzinom in 

Kombination mit Doxorubicin, und eine für Patienten mit Brust- und Lungenkrebs in 

Kombination mit Paclitaxel, welche kürzlich begonnen haben. 
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2 Introduction 

 

2.1  Cancer and chemotherapy 
 

Chemotherapy of cancer often relies on the assumption that drugs will preferentially 

kill rapidly growing tumor cells rather than cells in normal tissues. However, most 

conventional anticancer drugs display lack of specificity, leading to an overall low 

therapeutic index and toxicities in healthy organs with enhanced proliferation rates, 

such as hair follicles, bone marrow, and the gastrointestinal tract.  

 

Chemotherapeutic drugs typically exhibit low accumulation in the tumor, which mainly 

owes to the markedly irregular, tortuous vasculature and high interstitial blood 

pressure that are inherent characteristics of the tumor environment (9). Moreover, 

multidrug resistance proteins may further decrease drug uptake and can even cause 

therapy failure (10). Consequently, the development of agents that are capable of 

selective accumulation in solid tumors represents an exciting new field and form a 

key goal of modern anticancer research. 

 

2.2  Angiogenesis in physiology and in disease 
 

The term angiogenesis is generally applied to the process of new blood-vessel 

growth. It plays an essential role in embryonic development, but once the vascular 

network is in place, the endothelial cells lining the blood vessels remain quiescent 

and angiogenesis is only induced locally and transiently during a number of 

physiological processes. Physiological angiogenesis occurs in reproduction, 

development, and wound repair (11). It is usually focal, such as in blood coagulation 

in a wound, and self-limited in time, taking days (ovulation), weeks (wound repair), or 

months (placentation). However, angiogenesis also plays an essential role in many 

pathological conditions such as cancer (12). By contrast to the physiological growth 

of new blood vessels, pathological angiogenesis can persist for years, and is 

necessary for tumors and their metastases to grow beyond the size of a few 

millimeters. In such conditions, angiogenesis can give rise to bleeding, vascular 
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leakage, and tissue destruction; consequences that can ultimately be responsible, 

directly or indirectly, for the symptoms, incapacitation or death associated with a 

broad range of “angiogenesis-dependent diseases”. Examples of such diseases 

include cancer, autoimmune diseases, age-related macular degeneration, 

atherosclerosis, and chronic inflammation, where an increase in blood supply may 

compensate for hypoxia and insufficient delivery of nutrients to the tissue (13, 14). 

 

Angiogenesis is a tightly regulated process that is orchestrated by a range of 

angiogenic factors and inhibitors. During angiogenesis, the endothelial cells detach 

from the pre-existing destabilized blood vessel and migrate into the perivascular 

space where they proliferate to finally mature and form new vascular structures. A 

number of growth factors, proteases, adhesion molecules, and other angiogenic 

mediators that enable endothelial cell migration and proliferation regulate this 

process (Figure 2.1). One of the most important angiogenic growth factors is vascular 

endothelial growth factor (VEGF), which increases the permeability of existing blood 

vessels, acts as an endothelial cell survival factor, and is a potent endothelial cell 

mitogen (15). 

 

 
 
Figure 2.1: The angiogenic process. Angiogenesis is a complex system featuring numerous 

inducing and inhibitory proteins, which contribute to the development of new blood vessels 

from pre-existing ones. 
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2.2.1  Tumor angiogenesis 

 

Most of the current knowledge of angiogenesis stems from investigations on tumor 

angiogenesis, and a large number of molecules involved in angiogenesis have first 

been identified in tumors and later confirmed in other pathological conditions. In 

humans, many tumors persist in situ without being accompanied by angiogenesis 

(16, 17), at which stage they tend to be clinically undetectable and rarely larger that 

1-2 mm in diameter because diffusion of oxygen and nutrients limits their size. The 

high rate of proliferation in these tumors is compensated by abundant internal 

apoptosis as a consequence of insufficient blood supply. As the tumor adopts an 

angiogenic phenotype, the balance between pro- and antiangiogenic factors is upset 

and angiogenesis is triggered, which allows the tumor mass to overtake the apoptotic 

rate and expand. This process is referred to as “angiogenic switch” (18, 19). 

 

Not only is angiogenesis required for tumors to grow beyond a certain size, but it also 

enables tumor cells to migrate into surrounding tissue and to colonize distant sites, 

forming metastases. Again, these metastases can only grow to a considerable size if 

the metastatic cells are able to trigger angiogenesis (18). Thus, unlike the situation in 

physiological conditions, blood vessels grow unabated in cancer and other 

pathologies, and tumor angiogenesis sustains the progression of the disease. Even 

though the mechanisms eliciting the angiogenic switch are not entirely understood to 

date, it is believed that besides tumor-suppressor mutation and oncogene activation, 

hypoxia plays a pivotal role (20). When tumors grow beyond the limit of oxygen 

diffusion, hypoxia triggers vessel growth by signaling through hypoxia inducible 

transcription factors (HIFs) (14). These factors induce the production of 

proangiogenic compounds like VEGF, placental growth factor (PGF), angiopoietin-1 

(Ang-1), and various cytokines (13). Reduced oxygen tension promotes angiogenesis 

not only by stimulating the production of inducers, but also by reducing the 

production of inhibitors. Thrombospondin-1 was the first angiostatic protein for which 

anoxia-triggered downregulation during tumorigenesis was demonstrated (21). A 

number of endogenous angiogenesis inhibitors have been identified since. 
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Already in the early 1970s, Judah Folkman postulated that the growth of new blood 

vessels is essential for tumor development (16). Consequently, inhibition of 

angiogenesis would represent an avenue for blocking tumor growth, possibly 

circumventing the multidrug resistance problem, since, unlike tumor cells, the 

endothelial cells lining the tumor blood vessels are genetically stable (22). 

Accordingly, various antiangiogenic strategies have been investigated preclinically. 

The extensive research has culminated in the recent approval of the neutralizing anti-

VEGF antibody bevacizumab (Avastin, Genentech) as first-line treatment of 

metastatic colon carcinoma (23, 24). Although early studies of bevacizumab in far-

advanced metastatic breast cancer were disappointing (25), the results of a recently 

reported clinical trial by the Eastern Oncology Group comparing first line paclitaxel 

with or without bevacizumab has demonstrated statistically significant improvements 

in response rates and progression-free survival (26). Ongoing studies are now 

investigating the benefits of bevacizumab with other chemotherapeutic and biologic 

agents in early metastatic disease as well as in the adjuvant setting (27). 
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2.3  Tumor vascular targeting 

 

Tumor vascular targeting comprises the targeted delivery of bioactive molecules such 

as drugs, cytokines, radionuclides, or procoagulant factors to the tumor environment 

through the use of binding molecules specific for tumor-associated markers. Figure 

2.2 illustrates this general concept. 

 

 
Figure 2.2: Concept of ligand-based vascular targeting of disease. The targeted drug, 

consisting of a ligand and an effector function, is administered intravenously. The ligand 

binds specifically to a marker, which is overexpressed and accessible from the bloodstream 

in the diseased tissue (e.g., a tumor), but not (or only to a much lesser extend) present or 

accessible in the normal, healthy organs. This leads to an accumulation of the drug at the 

site of disease. If the effector function is an imaging agent, this accumulation allows the 

detection of the lesion(s) by diagnostic procedures. In case of a therapeutic effector function, 

the drug will preferentially act at the site of disease, which reduces side effects to healthy 

tissues.  
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Unlike the inhibition of angiogenesis, which prevents the growth of new blood 

vessels, vascular targeting aims at the rapid and selective shutdown and/or damage 

of the established tumor vasculature, leading to secondary tumor cell death. This 

strategy has potential advantages compared to the direct attack of tumor cells. For 

instance, endothelial cells in the tumor are usually easily accessible from the blood 

stream for any compound. Also, a large number of tumor cells typically depend on 

one blood vessel; by disrupting the vasculature one can therefore trigger an 

avalanche of tumor cell death. Furthermore, endothelial cells are genetically more 

stable than tumor cells and bear a lower risk to escape therapy due to resistance. 

Finally, a wide range of tumors can be treated with one vascular targeting agent, as 

the tumor vasculature is believed not to differ substantially among various cancer 

types (28). 

 

The endothelium and surrounding stroma of tumors are quite different from normal 

tissues, at a molecular, anatomical, and pathophysiological level. For example, the 

tumor vasculature is remarkably disorganized and tortuous. Indeed, it is sometimes 

difficult to distinguish arterioles and venules, and the occurrence of vascular shunts, 

in which blood passes directly from an arteriole to a venule, is common. Moreover, 

the flow of blood through the tumor capillaries is often sluggish, and at times might be 

stationary or even experience a reversal in the direction of flow (29, 30). Extensive 

fenestration, an abnormal basement membrane and unusually wide gaps between 

adjacent endothelial cells make the tumor blood vessels leaky (31-33). Also, the 

haemoglobin in the erythrocytes is depleted of oxygen and the microenvironment, 

which includes both the blood and the endothelium lining the vessels, is profoundly 

hypoxic (34). 

 

In this environment, the endothelial cell is distinctly different from that in a normal 

tissue, in which the endothelium is remarkably quiescent. The endothelium in tumors 

proliferates rapidly and contributes to active angiogenesis (35). The tumor is also 

nutrient (for example, glucose) starved, acidic (owing to lactate production from 

anaerobic glycolysis), and under oxidative stress (36, 37). The endothelial cell has 

been shown to respond transcriptionally to all these stimuli, and the existence of 
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hypoxically induced endothelial specific genes indicates that the endothelial cell can 

adapt to an hypoxic environment.  

 

While the term “vascular tumor targeting” is often used to denominate a broad variety 

of anticancer strategies that affect the endothelium (e.g., the use of combrestatins to 

achieve an intraluminal blood coagulation at the tumor site), this thesis will only focus 

on agents capable of selective localization on the tumor neovasculature. Such 

molecules represent invaluable vehicles for the efficient delivery of bioactive 

molecules to the tumor environment. 

 

2.3.1  Identification of tumor vascular targets 

 

Until recently, most approaches for the identification of tumor vascular targets relied 

on the direct comparison of endothelial cells cultured in vitro under conditions thought 

to mimic those in normal and tumor tissues. The culture conditions included those 

favoring proliferation or quiescence; hypoxia or normoxia; as well as exposure to 

tumor-cell-conditioned media. Protein electrophoresis clearly revealed differences in 

gene expression (38), yet it proved difficult to identify the differentially expressed 

proteins at the molecular level. Another popular approach has been to raise 

antibodies either by immunization (39) or by antibody phage technology (40) to 

different endothelial cell cultures. These efforts were successful in terms of the 

discovery of endothelial markers, but failed to identify differentially expressed genes, 

possibly because such proteins represent a minority of all proteins present on the cell 

surface. However, real advances have come with the emergence of techniques that 

allow full genome analysis. In particular, mRNA-based serial analysis of gene 

expression (SAGE) or microarray analysis combined with bioinformatics analyses on 

the large quantity of expression data that are now available in the public domain have 

been especially fruitful. 
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Bioinformatics 

 

In 1995, Adams and colleagues presented an initial assessment of human gene 

diversity and expression patterns based on 83 million nucleotides of DNA sequence 

(41). They observed that the endothelial cell is one of the richest transcriptional sites, 

which indicates that there could be several genes for which expression is restricted to 

the endothelium. Their work comprised the selection of tumor endothelial markers by 

screening the expression of endothelial specific genes in normal and tumor tissues. 

One such approach applied a subtractive algorithm to the expressed sequence tag 

expression data that is available in the public databases to identify novel endothelial-

specific genes (42). These were then screened for expression by in situ hybridization, 

which identified roundabout-4 (ROBO-4) and an endothelial-specific protein 

disulphide isomerase (EndoPDI) as tumor endothelial markers (43, 44). 

 

Transcriptomics 
 

Serial analysis of gene expression, SAGE, allows simultaneous and quantitative 

analysis of a large number of transcripts (45). Following the isolation of endothelium 

from normal and cancerous colon, SAGE libraries were constructed and a direct 

comparison identified genes that were upregulated in the tumor endothelium, thus 

leading to the identification of several novel tumor endothelial markers, TEMs (46). 

As target accessibility from the blood stream is fundamental in tumor vascular 

targeting, the work was pursued on proteins with predicted transmembrane domains 

(46-48). 

 

TEM1, TEM7, and TEM8 all show a single-pass transmembrane domain, whereas 

TEM5 is an orphan seven-pass transmembrane G-protein coupled receptor (GPCR) 

with a long extracellular amino-terminal domain that belongs to the adhesion family of 

GPCRs. An investigation performed on the expression of mouse orthologues in 

normal and tumor tissue revealed the exclusive expression of TEM1, TEM5, and 

TEM8 in tumor endothelium (47). TEM1 has been shown to be identical to endosialin 

(49), suggesting a contamination of the endothelial cells from which the SAGE-
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libraries were derived with pericytes and fibroblasts, which represent the main source 

of this marker in normal conditions (50). TEM8 has been shown to be an anthrax-

toxin receptor, which might explain the antitumor activity of the toxin, as binding of 

the toxin to TEM8 expressed on tumor endothelium leads to endothelial death (51). 

 

Perfusion with silica beads 
 

The in vivo labeling of vasculature, followed by recovery and comparative proteomic 

analysis, constitutes a very promising avenue for the discovery of novel markers of 

angiogenesis. Schnitzer and colleagues used a subtractive proteomic mapping 

strategy to identify proteins that are differentially expressed on the endothelial 

surface in normal and tumor tissue (52). They described the use of colloidal silica for 

the in vivo coating of vascular structures followed by subcellular fractionation to 

directly isolate luminal endothelial cell plasma membranes. The isolated plasma 

membranes are then analyzed using two-dimensional gel electrophoresis or multiple 

multidimensional mass spectrometry techniques to produce high-resolution protein 

maps. Differential spot analysis followed by mass spectrometry of tryptic peptides, 

database searching, and immunoblotting allowed the characterization of differentially 

expressed proteins. Indeed, the analysis of the endothelium of normal rat lung tissue 

compared to lungs with metastatic breast adenocarcinomas led to the identification of 

15 proteins that were upregulated on the endothelium (53). One of these markers, 

annexin A1, will be described in chapter 2.3.2. 

 

In vivo and ex vivo biotinylation 
 

Recently, our group developed a methodology based on the in vivo perfusion of 

tumor bearing mice with active ester derivatives of biotin (54). The active ester 

moiety of the biotinylation reagent subsequently reacts with primary amino groups of 

proteins, which are readily accessible from the blood stream. After homogenization in 

the presence of SDS, biotinylated proteins were captured onto a streptavidin column, 

subjected to a tryptic digest, and identified using LC-MS/MS methodologies (55, 56). 

Figure 2.3 schematically illustrates this methodology. The biotinylation of mice with 
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F9 subcutaneous tumors or orthotopic kidney tumors revealed both quantitative and 

qualitative differences in the recovery of biotinylated proteins compared to normal 

tissues (54). This approach has lately been extended to the ex vivo biotinylation of 

surgically resected human organs with cancer (57). 

 

 
Figure 2.3: Schematic representation of in vivo and ex vivo biotinylation procedures. This 

technique is based on the perfusion of rodents or of intact organs with a reactive ester 

derivative of biotin that enables the covalent modification of proteins readily accessible from 

the bloodstream. A differential proteomic analysis of biotinylated proteins in different tissues 

may reveal novel markers of pathology. 

 

2.3.2  Targets of tumor vasculature 

 

Several protein antigens expressed either in the tumor blood vessel or in the 

adjacent matrix have been characterized through in vivo targeting studies using 

radiolabeled targeting agents or molecules delivering a payload to the tumor 



 21 

vasculature. In principle, marker proteins expressed on the luminal surface of 

endothelial cells promise to be the most readily accessible targets for intravenously 

administered ligands. However, antigens expressed in the stroma around the 

neovasculature have the advantage of being typically more abundant and more 

stable in a variety of different tumor types. 

 
Extra-Domain B (EDB) of Fibronectin 
 

Fibronectin is a large glycoprotein present in considerable amounts in plasma and 

tissues. EDB is a 91-amino acid type III homology domain that becomes inserted into 

the fibronectin molecule during tissue remodeling by a mechanism of alternative 

splicing at the level of the primary transcript (58). In healthy adult individuals, EDB is 

essentially undetectable. However, EDB-containing fibronectin is abundant in many 

aggressive solid tumors and displays either predominant vascular or stromal 

expression patterns, depending on the tumor type (59). Figure 2.4 shows a model of 

a fibronectin monomer. 

 

 
Figure 2.4: Model of the domain structure of a fibronectin monomer. A fibronectin subunit 

consists of a series of repeating units of three different types (type I, type II, type III). 

Disulfide bonds at the carboxyl termini join two monomers. The protein sequences 

undergoing alternative splicing; EDB, EDA, and IIICS, are indicated in white. The epitope 

recognized by the recombinant antibody L19 is located within the repeat EDB. 

 

As the EDB sequence is identical in mouse, rat, rabbit, dog, monkey, and man, the 

generation of anti-EDB antibodies using hybridoma technology has not been 

possible, which probably is due to tolerance. Presently however, the conservation of 

the EDB domain facilitates animal experiments in immunocompetent syngeneic 

settings using human monoclonal phage derived antibodies (60-62). These include 

the high-affinity human antibody L19 which was isolated in our laboratory and has 

been shown to efficiently localize on tumor blood vessels in animal models (63-66) 
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and patients with cancer following intravenous injection (67). The three-dimensional 

structure of EDB has been solved in solution using nuclear magnetic resonance 

(NMR) methods (68). A large number of therapeutic derivatives of the L19 antibody 

have been produced. Notably, the anti-EDB antibody L19, in homodimeric scFv 

format and labeled with iodine-123, has been studied in over 40 patients with cancer. 

The results obtained in the first 20 patients have recently been described (67) and 

confirm the ability of the antibody to localize to tumor masses exhibiting rapid growth. 

An immunohistochemical analysis using L19 in small immunoprotein (SIP) format 

showed strong staining of the human xenograft tumor A375 (malignant melanoma) 

(Figure 2.6). 

 

Large tenascin-C isoforms 
 

Tenascins are a family of four glycoproteins, which are typically present in many 

different connective tissues where they contribute to extracellular matrix (ECM) 

structure and influence the behaviour of cells that are in contact with the latter. 

Tenascins are all built from a common set of structural motifs, and several isoforms 

of the protein can be generated as a result of different patterns of alternative splicing 

in the region between fibronectin type III domains A1 and D. Figure 2.5 shows the 

structure of tenascin-C. 

 

A 

 

 

 

 

B 

 
 

Figure 2.5: Structure of tenascin-C. A, model of a tenascin-C hexabrachion, B, schematic 

representation of an individual tenascin-C polypeptide. 
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Certain large extra-domain containing isoforms have been identified as tumor-

associated antigens showing if not complete absence a clearly more restricted 

expression pattern in normal tissues compared to the small tenascin isoforms without 

extra domains (8). Of all domains that can be inserted in the large isoforms, domain 

C of Tenascin-C shows the most restricted expression pattern. While being 

undetectable in normal human tissues and only barely detectable in most 

carcinomas, it is extremely abundant in high-grade astrocytoma (grade III and 

glioblastoma), particularly around vascular structures and proliferating cells (69). 

Immunohistochemical experiments using the phage-derived anti-extra domain C of 

tenascin-C antibody G11 in SIP format showed a prominent perivascular staining 

pattern in the human xenograft tumor A375 (malignant melanoma) (Figure 2.6). 

 

 
Figure 2.6: Immunohistochemical analysis on human xenograft A375 malignant melanoma. 

The sections were stained with SIP(L19) (left panel) and SIP(G11) (right panel). 

 

A critical immunohistochemical analysis of the expression pattern of the different 

isoforms in various cancer types is required to evaluate their potential as targets for 

biomolecular intervention. Radiolabeled derivatives of monoclonal antibodies to 

domains A1 and D of tenascin-C have been used for over a decade for imaging and 

radioimmunotherapy in patients with cancer (70, 71). The staining pattern of these 

antibodies varies between different tumors, the two extremes being a predominantly 

vascular and a diffuse stromal staining.  
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VEGFs and their receptors 

 

Vascular endothelial growth factors, VEGFs, represent a class of proteins that 

mediate angiogenesis, increase vascular permeability, and contribute to endothelial 

cell survival in blood and lymphatic vessels (13, 23, 72, 73). The overexpression of 

VEGFs and their receptors in tumors (53, 74) makes them attractive antigens for the 

targeted delivery of antibody derivatives to the tumor neovasculature (75). The 

contribution of VEGF to cancer progression is further highlighted by the recent 

approval of the humanized anti-VEGF monoclonal antibody bevacizumab (Avastin®, 

Genentech) for first-line cancer treatment (23, 76). 

 

In addition, the selective localization of monoclonal antibodies to VEGF receptor 2 

and the VEGF-A/VEGF receptor 2 complex has been studied (77). The targeting 

efficiencies reported so far were modest, which possibly reflects kinetic limitations in 

the targeting of low or medium abundance antigens, even when they are readily 

accessible to intravenously injected binding agents (78). 

 

Integrins 
 

During vascular remodeling and angiogenesis, endothelial cells exhibit increased 

expression of several cell-surface molecules that potentiate cell invasion and 

proliferation. One such molecule is integrin αvβ3, which has a key role in endothelial 

cell survival during angiogenesis in vivo and which might be suitable as a target for 

therapeutic molecules, particularly those that require internalization in endothelial 

cells. αvβ3 was the first integrin shown to be associated with tumor angiogenesis and 

is indeed highly expressed in angiogenic endothelial cells in malignant tumors and 

wound granulation tissue but not, or to a much lower extent, in quiescent endothelial 

cells.  

 

A high-affinity anti-αvβ3 humanized antibody (Vitaxin®, MedImmune) is in clinical 

development as an antiangiogenic therapeutic agent (79). However, so far its tumor-

targeting performance for cancer imaging has been unsatisfactory (80). Anti-αvβ3 
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antibodies have been shown to preferentially localize on tumor blood vessels using 

ex vivo fluorescence microscopy detection (81). Moreover, a paramagnetic contrast 

agent targeted to the LM609 monoclonal antibody, which is specific for αvβ3, has 

been described for the in vivo imaging of angiogenesis using magnetic resonance 

(82). 

 
Annexin A1 
 

Annexins are cytosolic proteins capable of associating with the cell membrane in a 

calcium dependent manner. Some annexins might translocate the lipid bilayer to the 

external cell surface. As described earlier, Schnitzer and colleagues recently 

discovered annexin A1 as a tumor endothelial target by the terminal perfusion of 

tumor-bearing rats with silica beads. A monoclonal antibody to annexin A1 has been 

used for the radioimmunoscintigraphic detection of solid tumor lesions in a rat model. 

Moreover, relatively low radioactive doses of the same antibody labeled with iodine-

125 showed therapeutic benefit in rats (53).  

 

Prostate-specific membrane antigen 
 

Prostate-specific membrane antigen, PSMA, is a membrane glycoprotein with 

proteolytic activity. It is predominantly expressed in the prostate and serum 

concentrations are often elevated in patients with prostate cancer (83). There have 

been several studies showing an overexpression of PSMA in the neovasculature of 

various tumors (84, 85) whereas in normal vasculature the expression is restricted to 

some vessels of the breast, duodenum, kidney, and prostate. Tumor imaging using 

the radiolabeled humanized monoclonal antibody J591 demonstrated excellent tumor 

targeting (86), and the antibody is currently being evaluated for therapeutic 

applications (87, 88). Furthermore, radioimmunotherapy studies in rodent models of 

cancer using radiolabeled derivatives of J591 with α-emitters have shown 

antiproliferative activities (89). Due to their high-energy and short tissue penetration 

(a few cell layers), α-particles might be uniquely suited as selective depositors of 

toxic radiation to tumor vascular structures (90). 
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2.3.3 Specific binding molecules for vascular targeting applications 

 

At present, monoclonal antibodies are the best-established class of binding 

molecules for tumor diagnosis and therapy. Nonetheless, certain drawbacks do exist, 

such as the requirement for an expensive mammalian cell production system, 

dependence on disulfide bonds for stability, low expression yields, and tendency for 

aggregation, especially when fused to additional domains or proteins (e.g., 

cytokines). Therefore, aptamers, peptides, and specific small organic molecules are 

currently being investigated for tumor targeting applications. 

 

Antibodies 
 

Monoclonal antibodies (and possibly aptamers) represent the only classes of specific 

binding molecules that can be rapidly isolated and that exhibit strong affinity for 

virtually any antigen. Already in 1975, Kohler and Milstein succeeded in isolating 

monoclonal antibodies of rodent origin by means of hybridoma technology (91). In 

1986, the group of Greg Winter pioneered the generation of humanized antibodies by 

grafting the complementarity determining regions (CDRs) of murine antibodies onto a 

human antibody framework (92), thereby minimizing immunogenicity. The antibody 

humanization methodology was later complemented by the generation of human 

antibodies through immunization of transgenic animals carrying human 

immunoglobulin genes (93) and by antibody phage technology (94).  

 

The construction of large (>109) libraries of human antibodies is possible through the 

display of antibody fragments (scFv or Fab) on the surface of filamentous phage (95, 

96). Monoclonal antibodies can then be isolated by panning the phage library onto 

the antigen of choice, and selected antibody fragments may be affinity matured using 

combinatorial mutagenesis of the antibody gene in order to achieve dissociation 

constants in the nanomolar to picomolar range (60). Figure 2.7 illustrates the concept 

of phage display. In 1999, ribosome display was proposed as a fully in vitro avenue 

for the isolation and affinity maturation of human antibodies (97). 
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Figure 2.7: Selection of binders from a phage display library. A library of proteins displayed 

on the phage surface is used as input for the selection. Phage which display a binding 

protein (here in red) are captured on immobilized target molecules, and after unbound phage 

are washed off, bound phage can be eluted. The eluted phage population is then used to 

infect E.coli cells and can be propagated in bacterial cultures. The resulting phage population 

is enriched with target-specific binders and can be used for subsequent rounds of panning. 

 

The available array of antibody formats show different pharmacokinetics and tumor-

targeting properties (63). Full IgGs are slowly eliminated form the blood and typically 

accumulate in the liver. Consequently, rapidly clearing antibody fragments are 

typically preferred for imaging applications in nuclear medicine. However, intact 

immunoglobulins remain the antibody format of choice for many therapeutic 

applications (98), such as whenever activation of signaling pathways, the 

complement system or antibody-dependent cellular cytotoxicity (ADCC) is required 
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for the observation of a therapeutic benefit. If desired, antibody fragments isolated by 

phage display may easily be converted into full IgGs by subcloning the genes 

encoding the variable antibody domains into a suitable expression vector. Figure 2.8 

shows a selection of different formats of antibodies and antibody fragments. 

 

 
Figure 2.8: Different formats of antibodies and antibody fragments. A, Immunoglobulin IgG, 

150 kDa. B, Small Immunoprotein (SIP), 75 kDa. C, F(ab)2, 100 kDa. D, single chain Fv 

(scFv), 27 kDa. E, Diabody, 54 kDa. VL, variable light chain; VH, variable heavy chain; CL, 

constant light chain; CH, constant heavy chain.  

 

Aptamers 
 

In addition to antibodies, aptamers (single-stranded nucleic acids capable of adopting 

a complex three-dimensional structure) are possibly the only other class of molecules 

from which specific binding molecules against a variety of target proteins can be 

rapidly isolated (99). Aptamer technology enables the generation of large libraries 

(>1012) of single-stranded DNA or RNA molecules, which can be panned for target 

antigen binding. The nucleic acids selected during this procedure are then amplified 

using PCR-based techniques in order to generate the input material for further 

selection cycles. Aptamers are typically molecules of 8-15 kDa, which renders them 

slightly smaller than scFvs (25 kDa) and intermediate in size compared to antibodies 

(150 kDa) and small peptides (1-5 kDa). The rather small size and polyanionic nature 

of aptamers may minimize the residence in organs of excretion, providing some 

potentially useful features for imaging and radiotherapy, but it is unclear whether it 

may also impact the ability of the aptamer to extravasate. Dissociation constants of 

aptamers usually lie in the micromolar to subnanomolar range. The in vivo stability 
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still needs to be properly assessed and a number of strategies have been proposed 

for this purpose, including Spiegelmer technology (100). Recently, the first 

therapeutic aptamer (Macugen®, Pfizer and Eyetech) was approved for the treatment 

of age-related macular degeneration (101). Upon intravitreal administration, 

Macugen® binds to VEGF-165 (but not to smaller VEGF-A isoforms) and inhibits 

ocular angiogenesis. Promising imaging studies of rodent models of cancer with the 

radiolabeled aptamer TTA1 specific for tenascin-C have recently been described 

(102). The potential of aptamers for tumor targeting applications is currently being 

investigated in clinical trials. 

 

Peptides 
 

Peptidic binders to target proteins of interest can be isolated from commercially 

available phage display libraries of linear and disulfide constraint peptides (103). 

However, peptide phage display generally has lower success rates than antibody 

phage technology and yields binders of affinities that rarely exceed the micromolar 

range. This limitation can be overcome by multimerization resulting in an 

improvement of avidity (104, 105). Ribosome display (106) and other technologies for 

the construction of very large peptide libraries and for their molecular evolution have 

been proposed (107), but the isolation of high-affinity peptidic binders remains a 

difficult challenge. Peptide phage libraries have been used for in vivo panning by the 

groups of Ruoslahti and Pasqualini (108, 109), but there is still need to confirm the 

real imaging and therapeutic potential of these phage-derived peptides in advanced 

animal models and in the clinic. 

 

Several internalizing peptides that are specific for receptors, which are 

overexpressed on the tumor cell, have been used for the imaging of tumors and for 

the selective delivery of therapeutic radionuclides to neoplastic lesions. For example, 

the somatostatin analogue Sandostatin® LAR® (octreotide, Novartis) has been 

approved in Europe and the USA for the imaging of tumors (110). A number of other 

agents are in development (111, 112), such as integrin-binding peptides comprising 

an arginine-glycine-aspartate (RGD) tripeptide-motif (113) or bombesin peptide 
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analogues (113, 114). Moreover, peptides occurring naturally, e.g., peptides derived 

from physiological angiogenesis inhibitory proteins or peptides resulting from the 

degradation of extracellular matrix components, have been shown to selectively 

target the tumor vasculature by microscopic techniques (115). The introduction of an 

analogy to the CDR loops of binding antibodies has also been exploited for peptide 

design with the aim to construct tumor-targeting molecules of improved specificity 

and affinity (116). Nevertheless, the generation of peptidic binders of sufficient affinity 

is not possible for every antigen. Additionally, the limited in vivo stability of peptidic 

drugs remains a major cause of concern.  

 

Small organic molecules 
 

The majority of drugs on the market are small organic compounds. Such molecules 

have several advantages over biopharmaceuticals, including oral bioavailability, easy 

manufacture, lack of immunogenicity, and favorable tissue distribution properties. 

Small organic molecules, capable of specific binding to proteins, can be isolated from 

large libraries of chemical compounds whenever the target proteins of interest 

display a measurable enzymatic activity or have labeled ligands, which can be used 

in displacement assays. In this case compound libraries can be screened individually 

(one molecule at a time) in order to identify novel ligands. These hits are then 

selected for further optimization by medicinal chemistry (117). Such high-throughput 

screening approaches, which are routinely used by the pharmaceutical industry and 

increasingly also by academic research centers, may be expensive both in terms of 

target protein requirements and library-associated costs (e.g., synthesis, quality 

controls, library management, screening assays, and robotics). Thus, practical 

screening campaigns are limited to a few hundred thousand compounds at best. 

 

The use of DNA fragments as amplifiable “bar-codes” for the identification of 

chemical compounds in a library represents an attractive avenue for the synthesis 

and screening of large combinatorial libraries (118-123). Several strategies can be 

considered for the construction of DNA-encoded chemical libraries, for example the 

use of self-assembling chemical libraries where each of the two complementary DNA 
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strands carries a different chemical moiety (“dual pharmacophore chemical 

libraries”)(124-126) or the use of individual compounds covalently attached to unique 

DNA fragments (127, 128). 

 

In contrast to other library screening methodologies with mixtures of compounds, for 

which identification procedures become more and more problematic with increasing 

library sizes, DNA-encoding enables the use of individual library members at very low 

concentrations, provided that the library is captured with a biotinylated target protein 

at concentrations greater than Kd, or panned on resins coated with protein at high 

density (> 1 mg/ml), in full analogy to peptide and antibody phage display libraries, in 

which rare binders can be efficiently recovered and identified (94, 96). The advent of 

high-throughput sequencing technologies, such as 454 sequencing (129) opens the 

possibility of profiling the relative abundance of individual library members before and 

after a single panning step, thus providing direct information about the relative 

enrichment rate for all compounds in the library (128). 

 

It remains to be seen whether approaches such as the use of DNA-encoded 

chemical libraries are efficient enough in generating specific binders to protein 

targets of interest to compete with recombinant antibody technology. 

 

2.3.4 Use of ligands for selective delivery of bioactive moieties to tumor 

 

Imaging applications 
 

The macroscopic in vivo imaging of sites of disease is perhaps one of the most 

straightforward biomedical applications of ligands (typically monoclonal antibodies) 

capable of selective localization around tumor vascular structures. The attractiveness 

of antibody-based vascular targeting for imaging applications lies in the ready 

accessibility of vascular structures for agents that are administered intravenously. 

However, the targeting of different classes of vascular antigens can be more or less 

efficient, depending on whether the antigens are expressed on the luminal or 

abluminal side of new blood vessels (130). Moreover, the same antigen can be 
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expressed on either of these aspects of new blood vessels in different tumors (e.g., 

luminal expression of EDB in glioblastoma) (131). 

 

Luminal antigens can perhaps be thought as superior for imaging applications, yet 

this may not always be the case. For example, luminal antigens are often less 

abundant than other antigens (e.g., components of the basement membrane), 

necessitating the use of low concentrations of ligands in order to achieve a 

stoichiometric match between target and targeting agent (78). Consequently, low 

concentrations of ligand will require targeting agents of exceptionally high affinity, 

which may nonetheless be incapable of selective targeting since association kinetics 

are limited by diffusion (i.e., upper limit on kinetic association constants). 

 

For the majority of practical molecular imaging applications, four main modalities can 

be considered: radioactivity-based imaging procedures (Positron Emission 

Tomography (PET) / Single Photon Emission Computed Tomography (SPECT)), 

near-infrared (NIR) fluorescence imaging, Magnetic Resonance Imaging (MRI), and 

ultrasound-based imaging. 

 

Most imaging applications of vascular targeting antibodies have been performed 

using radiolabeled antibody preparations. We have recently reviewed these 

experiments elsewhere (132). The increasing relevance of PET/CT imaging 

methodologies, with their excellent sensitivity, resolution and possibility of 

quantification, highlights the need for suitable labeling strategies of antibody 

fragments with PET radionuclides. 

 

NIR fluorescence imaging is based on the fact that infrared radiation can penetrate 

tissues to a certain extent, with 10% penetration through 1 cm at 800 nm (133, 134). 

Tomographic procedures such as diffuse optical tomography have recently made it 

possible to detect breast cancer lesions 5-10 cm below the skin using non-specific 

fluorophores as contrast agents (135). Furthermore, it is expected that the targeted 

delivery of judiciously selected fluorophores to sites of disease may facilitate the use 

of NIR imaging modalities in biomedical applications. 
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Due to its high resolution and no need for use of radioactivity, MRI would be an ideal 

methodology for molecular imaging applications. However, MRI contrast agents 

usually need to be used at high concentrations. For instance, Magnevist (di-N-

methylglucamine salt of gadopentetate (Gd-DTPA)) is typically administered at 0.1 

mmol/kg, enabling sufficient relaxivities for minutes to hours depending on the 

elimination rate, at blood concentrations in the range of 240-600 µM. Estimations 

show that local concentrations of Gd in the order of 1-10 µM are needed to provide 

sufficient sensitivity for MRI-based imaging applications. Such conditions may be met 

only for the most abundant luminal vascular antigens and will likely require the use of 

immunoliposomes (82) or antibody-nanoparticle conjugates (136). It is uncertain 

whether these large molecules will be able to extravasate, thus accessing 

perivascular structures. Such concerns also exist for microbubble-based ultrasound 

contrast agents, even though the successful use of peptide microbubble conjugates 

for the imaging of tumor vasculature has recently been reported (137). The use of 

anti-EDB antibody-microbubble conjugates has until now only been described in vitro 

(138). 

 

The targeting of EDB fibronectin for imaging has been investigated in a preliminary 

clinical study using 123I-labeled human recombinant anti-EDB antibody L19. In this 

study, recurrent glioblastoma, small cell lung cancer, and a large liver metastasis of a 

colon carcinoma could be detected using the iodinated scFv (Figure 2.9)(67). 

However, for clinical use, 99mTc may be the more suitable isotope compared to 123I. 

The optimal physical properties of 99mTc, such as a shorter half-life (6 h), a nearly 

monoenergetic γ-emission of 140 keV, and its instant availability through a generator 

system, make it an advantageous isotope for scintigraphic imaging. 
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Figure 2.9: SPECT images, obtained 21 h after injection of radioiodinated scFv(L19), 

showing the transaxial, sagittal, and coronal projection of the abdomen of a patient with liver 

metastases of colorectal cancer, were matched to the CT scan of the abdomen of the same 

patient. The liver metastasis is indicated with arrowheads in the CT scan. Adapted from 

Santimaria et al. (67). 

 

Molecular imaging of tumor angiogenesis has been performed using 99mTc-L19 (139). 

Recombinant and chemically modified derivatives of L19, capable of being labeled 

with 99mTc, were synthesized and radiolabeled, and the resulting compounds were 

injected into tumor-bearing mice. A specific accumulation of radioactivity in the tumor 

expressing EDB could be demonstrated by scintigraphic imaging of the 99mTc-L19 

derivatives. The excellent planar scintigraphy in vivo gave clear tumor images with 

low background activities (Figure 2.10). 
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Figure 2.10: Scintigraphic images (posterior) of a recombinant modified derivative of L19, 

radiolabeled with 99mTc, in tumor-bearing mice A, 3 h; B, 5 h; and C, 24 h after injection. 

Adapted from Berndorff et al. (139). 

 

Therapeutic applications 
 

Presently, unmodified antibodies in IgG format represent the large majority of 

antibody-based products approved for clinical use in the US and in Europe. 

Nevertheless, two radiolabeled antibodies (Zevalin®, Biogen Idec and Bexxar®, 

GlaxoSmithKline) and one drug conjugate (Mylotarg®, Wyeth Ayerst) have been 

approved for cancer therapy. It is very likely that in the future more antibody 

derivatives, in which the antibody moiety acts as a vehicle to deliver therapeutic 

agents at sites of disease, will be used clinically. 

 

The modification of the structure of an intact antibody or antibody fragment can result 

in considerable changes in pharmacokinetic behavior. At the two extremes, full IgGs 

display long residence time in blood (63) while the small scFv fragments are rapidly 

cleared via the renal route, leading to a clearance of > 90% of the injected antibody 

from blood within 1 hour (65). Much effort is put into the pharmaceutical development 

of intact antibodies, and recent advances in the potentiation of Fc-mediated effector 

functions by mutagenesis (140) or by glycoengineering (141) are likely to improve the 

therapeutic performance of antibodies that are already used in the clinic. In particular, 

a judicious engineering of the Fc portion of the antibody molecule can influence both 

complement activation and antibody-dependent cell cytotoxicity. Conversely, scFv 
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antibody fragments may be preferable for the delivery of bioactive agents at sites of 

disease, since these proteins retain the binding specificity of the parental antibody 

(142) and are encoded by a single gene, thus facilitating functionalization strategies 

based on genetic fusion. Figure 2.11 illustrates a selection of the most promising 

antibody modification strategies that are being pursued clinically or preclinically. 

These are typically grouped in two main categories depending on whether the 

antibody derivative is going to be used for imaging or therapeutic applications. For 

therapeutic applications, antibody fragments have successfully been coupled to 

fluorophores and photosensitizers (134, 143, 144), radionuclides (63, 132, 145), 

liposomes (146, 147), procoagulant agents (148, 149), cytokines (78, 150-153), 

enzymes (154), and other proteins (130, 155). Some of the most promising 

conjugation partners will be presented in the following sections. 

 

 
 

Figure 2.11: Schematic representation of antibody derivatives that can be used either for 

tumor imaging or therapeutic applications. 
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Cytokines 

 

In order to enhance a patient’s insufficient antitumor response to cancer, the targeted 

delivery of anticancer cytokines to the tumor environment appears to be a particularly 

promising strategy, especially since systemic delivery of cytokines is very often 

associated with considerable toxicity. A number of cytokines are either approved 

drugs or are in advanced clinical trials, yet these biopharmaceuticals do not typically 

localize efficiently in solid tumors, and manifest their therapeutic potential at the 

expense of severe side effects.  

 

Proinflammatory cytokines such as interleukin-2 (IL-2) or tumor necrosis factor (TNF) 

have already been used in the therapy of certain tumors for some time. However, 

their very small therapeutic window and high toxicity has led them to be used solely 

in tumors which can not be treated by other means (156) or in isolated limb perfusion 

(157). Interleukin-12 (IL-12), another member of this group, never found its way to 

routine clinical application due to extremely high toxicity and even deaths in a phase 

II clinical trial (158). Antibody cytokine fusion proteins allows the pursuit of a logical 

avenue for improving the therapeutic index of anticancer cytokines whose excessive 

toxicity compromises their clinical value (159). Fusion proteins composed of the scFv 

antibody fragment L19 and either IL-2 or TNF exhibited excellent tumor uptake and a 

potent antitumor activity in various animal models (150, 152). Both L19-IL2 and L19-

TNF are currently in clinical development (160).  

 
Interleukin-2 

 

The proinflammatory cytokine IL-2 is a 15.5 kDa globular glycoprotein that has a wide 

palette of functions. IL-2, also known as T-cell growth factor, is normally produced by 

the body during an immune response, where its major function is activation of various 

cells of the immune system including helper T-cells, cytotoxic T-cells, B-cells, NK-

cells, and macrophages. It mediates its action by binding to its corresponding cell 

surface receptor. At low doses, IL-2 preferentially stimulates NK-cells, while at higher 

doses delivered intermittently; it stimulates CD4+ cells to reproduce (161). 
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Aldesleukin (Proleukin, Novartis) is the genetically engineered product that 

possesses the biological activity of human native IL-2. It is the first FDA approved 

drug treatment for metastatic renal cell cancer (RCC), for which there is no standard 

treatment (162). Aldesleukin has also been approved for the therapy of metastatic 

melanoma refractory to conventional treatment (163) 

 

The exact mechanism of the antitumor activity of IL-2 is not known. However, studies 

have shown that IL-2 enhances lymphocyte mitogenesis as well as supports the 

proliferation and clonal expansion of lymphokine activated killer cells and NK cells, 

which specifically attack tumor cells. It also enhances the production of other 

cytokines such as TNF, IL-1, and IFN-γ. 

 

The side effects associated with the use of aldesleukin are dose-related and need 

special mention. Most of the adverse reactions are self-limiting and are usually 

reversible within 2 or 3 days of discontinuation of therapy. The most frequently 

reported serious adverse reactions with high doses include capillary leak syndrome 

(CLS), which results in hypotension, renal dysfunction with oliguria/anuria, pulmonary 

congestion, and mental status changes (162). Other serious adverse effects include 

myocardial infarction, bowel perforation, seizures, and coma. Because of the severe 

adverse events, a thorough clinical evaluation is warranted and it is essential that 

administration of aldesleukin be carried out in a hospital setting under adequate 

medical supervision. 

 

The targeted delivery of cytokines such as IL-2 to tumors by means of antibody 

cytokine fusions create a preferential accumulation of the cytokines at the tumor site, 

thus improving the therapeutic index of these biopharmaceuticals (164-166). In turn, 

this may lead to a more efficient activation of a specific antitumor response, and/or 

allow the administration of lower doses and limit toxicities to normal organs. 
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Tissue factor 

 

The selective delivery of procoagulant factors to the tumor neovasculature is a 

promising approach for depriving tumor cells of oxygen and nutrients. Thorpe and 

coworkers examined the antitumor performance of truncated tissue factor (tTF) that 

was selectively delivered to the vascular endothelium in tumors through the use of 

antibodies to either VCAM-1 or to an artificially introduced antigen (167). The therapy 

results were promising and showed retardation of tumor growth or even total collapse 

of the tumor. The fusion of tTF to L19 resulted in a fusion protein that accumulated 

around tumor blood vessels in vivo and even caused the complete and selective 

infarction of three different types of solid tumors in mice (148).  

 

Photosensitizers 

 

Photodynamic therapy (PDT) is a promising method for the treatment of superficial 

tumors. However, the lack of selectivity of the photosensitizers causes severe 

toxicity, which limits the usefulness of the approach. Such agents were conjugated to 

antibodies for the targeted delivery to tumor sites and subsequently activated in situ 

through light of the corresponding wavelength, which resulted in encouraging 

antitumor responses in animal models (168). As for tissue factor, this strategy also 

aims at the selective occlusion of blood vessels, thereby depriving tumors of nutrients 

and oxygen and ultimately causing tumor cell death. The chemical conjugation of the 

photosensitizer bis(triethanolamine)Sn(IV)chlorine6 to scFv(L19) and the subsequent 

irradiation with red light mediated complete and selective occlusion of ocular 

neovasculature and promoted apoptosis of the corresponding endothelial cells (143). 

Mice carrying different subcutaneous tumors were subjected to the same 

photosensitizer coupled to SIP(L19), which resulted in considerable tumor growth 

retardation (169).  
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Radioligands 

 

Recently, the approval of Zevalin® and Bexxar®, two radiolabeled anti-CD20 

antibodies for the radioimmunotherapy (RIT) of lymphoma, spurred a renewed 

interest in radioimmunotherapy as an avenue for the selective eradication of 

disseminated neoplasia (170). Some of the attractions of RIT strategies are the 

crossfire effect of β-emitting radionuclides and the possibility to predict therapeutic 

outcome based on dosimetric data. However, the practical implementation of RIT 

protocols in the clinic remains problematic due to cost issues and the need of 

radioprotection. Furthermore, there are concerns about long-term side effects of 

antibody based radiopharmaceuticals, particularly if they are cleared via the renal 

route (171).  

 

Similar approaches could be considered for vascular targeting strategies (172). Van 

Dongen and colleagues described antitumor effects in incurable patients with bulky 

head and neck squamous cell carcinoma treated with a 186Re-labeled humanized 

monoclonal antibody to CD44v6 (173). As shown for the antibody J591 to PSMA, 

also α-emitters are ideally suited for being coupled to vascular targeting agents, as 

their high energy and short tissue penetration would selectively destroy tumor 

endothelial cells (89). The L19-antibody derivative 131I-SIP(L19) exhibited superior 

antitumor efficacy and toxicity profile in the F9 teratocarcinoma mouse model 

compared to other L19-based radioimmunoconjugates (145). Clinical trials 

investigating 131I-SIP(L19) in patients with cancer are in progress. 

 

Drugs 

 

Antibody drug conjugates represent another important class of therapeutic agents. 

One such agent, Mylotarg®, is composed of an anti-CD33 antibody and the cytotoxic 

drug calicheamycin and has been approved for the treatment of acute myeloid 

leukemia. Currently, most efforts in this field are being made by biotech companies 

such as Immunogen, Seattle Genetics and Genentech (174-176).  
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2.4 Breast cancer and current treatment options 

 

Breast cancer is a major cause of morbidity and mortality in post-menopausal 

women, especially in the United States and Europe, where approximately 180,000 

and 430,000 new cases are diagnosed every year, and 41,000 and 130,000 women 

will die of the disease, respectively (177-179). Although advanced age is the single 

most important risk factor for the development of breast cancer in women, a number 

of other epidemiologic associations have been identified, such as a positive family 

history, nulliparity, early menarche, and a personal history of breast cancer (in situ or 

invasive). Considerable progress has been made in the diagnosis and treatment of 

primary and metastatic breast cancer over the last two decades, and the now 

widespread use of routine mammography has led to an increased incidence in the 

detection of early primary lesions, which has contributed to a significant decrease in 

mortality. Furthermore, less aggressive, conservative local breast surgery has been 

shown to be as effective as mastectomy in prolonging survival, with reduced 

cosmetic disfigurement. Adjuvant systemic therapy, such as chemotherapy and/or 

hormonal therapy, has also contributed to the prolonged survival of patients with 

early breast cancer.  

 

Breast cancer is a highly heterogeneous disease, both pathologically and clinically, 

and several very different subtypes exist (180). As functional hormonal receptors 

(HR) can be found in nearly two-thirds of tumor specimens, breast cancer can be 

classified in three categories: highly endocrine responsive, incompletely endocrine 

responsive, and endocrine non-responsive. In fact, as the result of a major shift in 

thinking, risk relapse is no longer the major determinant in the 2005 and 2007 St. 

Gallen algorithm for clinical decision-making; it comes second after the determination 

of endocrine responsiveness (181, 182). In general, the presence of functional 

hormonal receptors, meaning a positive estrogen receptor (ER) and/or progesterone 

receptor (PgR) status of the primary tumor, indicates a lower risk of recurrence and a 

better prognosis. Moreover, the HER2/neu gene alteration is present in 15-30% of all 

breast cancer tumors. Overexpression of the HER2-receptor is generally associated 

with a poor prognosis, shortened overall survival, and a shorter time to disease 
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progression. HER2-status is now accepted as an obligatory parameter for risk group 

stratification and optimal treatment decision-making (183). Nodal involvement, for 

example metastases to axillary lymph nodes, usually results in lower long-term 

survival and is a very important prognostic factor. Indeed, the five-year survival 

dramatically decreases when the breast cancer is no longer confined locally but has 

spread to regional or even distant lymph nodes (Figure 2.12). 

 

 
Figure 2.12: Five-year survival with respect to disease stage at time of breast cancer 

diagnosis. Female Breast Cancer - US (SEER), 1995-2001. Adapted from American Cancer 

Society, Surveillance Research, 2005. 

 

2.4.1 In situ breast cancer 

 

In situ breast lesions, such as ductal carcinoma in situ (DCIS), are noninvasive 

conditions (Figure 2.13). The prognosis for patients with in situ breast tumors is 

usually very good. Nonetheless, invasive lesions will develop in a certain fraction of 

patients with in situ carcinomas, but estimates of the likelihood of this vary widely. 

The currently held “micrometastatic paradigm” proposes that many breast cancer 

patients, including some with early stage disease, have distant micrometastatic 

disease present at the time of diagnosis, putting them at risk for the later 

development of overt metastatic disease (184). 
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Figure 2.13: Mammogram showing an in situ breast lesion. A mammogram, which is a low 

dose x-ray of the breast, is the most sensitive diagnostic test available for early detection of 

breast cancer. Mammography can detect breast cancer tumors up to two years before they 

can be felt during a physical breast examination. Adapted from Hudson Valley Radiology 

Associates. 

 

Until recently, mastectomy was the treatment of choice for patients with early stage 

breast cancer (185). However, in view of the success of breast-conserving surgery 

combined with breast radiation for invasive carcinoma, this conservative approach 

was extended to the noninvasive entity. Indeed, recent studies have suggested that 

breast-conserving surgery and radiation therapy with or without tamoxifen 

(Nolvadex; AstraZeneca) may be appropriate for patients with in situ breast lesions 

(186, 187). 

 

The consensus among many breast cancer experts is that tamoxifen is still 

considered a viable option for patients with endocrine responsive early breast cancer, 

although aromatase inhibitors (AIs) such as anastrozole (Arimidex; AstraZeneca) 

and letrozole (Femara; Novartis Pharma) are now increasingly being used, 

especially after 2-3 years after tamoxifen treatment (182). For premenopausal 

women, tamoxifen is usually used alone or with ovarian function suppression through 

the administration of a luteinising hormone-releasing hormone (LHRH) analogue, for 

example goserelin (Zoladex; AstraZeneca). 
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As a result of successful clinical trials of trastuzumab (Herceptin; Genentech) for 

HER2-positive disease (188-190), it is now standard practice to administer adjuvant 

trastuzumab to patients with HER2-overexpressing tumors. Trastuzumab is 

administered sequentially to or concomitant to adjuvant chemotherapy, usually an 

anthracycline or a taxane. As trastuzumab is associated with considerable 

cardiotoxicity, cardiac monitoring during therapy is crucial. A remaining critical issue 

is the identification of the potential mechanisms of resistance to trastuzumab, both de 

novo and acquired, since about 60% of HER2-positive patients do not respond to this 

treatment. Furthermore, when response is seen, the median duration of trastuzumab, 

when given as a single agent, is around 9 months (191). 

 

Adjuvant chemotherapy continues to form an essential part of early breast cancer 

treatment. In general, patients are given 6-8 cycles of chemotherapy, and most 

regimens consist of combinations of two or three different agents. Anthracycline-

containing regimens, especially with doxorubicin (Adriamycin; Pfizer), are generally 

accepted as a backbone of adjuvant chemotherapy. Alkylating agents, such as 

cyclophosphamide (Endoxan; Baxter), and taxanes, usually represented by 

paclitaxel (Taxol; Bristol-Myers Squibb) and docetaxel (Taxotere; Aventis 

Pharmaceuticals Inc.), are also commonly included in early breast cancer treatment 

schedules (183). 

 

2.4.2 Invasive breast cancer 

 

Approximately 10% of newly diagnosed breast cancer patients have locally advanced 

and/or metastatic disease, and 20-85% of patients, depending on the initial stage, 

tumor biology, and treatment strategy used, who are diagnosed with early breast 

cancer will later develop recurrent and/or metastatic disease. Despite more than 3 

decades of research, metastatic breast cancer (MBC) remains essentially incurable 

and, after documentation of metastasis, the median survival time is approximately 2 

years (191). Breast cancer at this stage often requires a multimodality approach to 

treatment. However, few drugs or combinations provide a significant improvement in 

survival and, therefore, in the great majority of cases, treatment is given with a 
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palliative intent. With the exception of first-line therapy, for which general agreement 

exists, currently there is no consensual standard of care. Figure 2.14 shows a PET 

image of a breast cancer patient with metastases in regional lymph nodes. 

 

 
Figure 2.14: Patient with breast cancer and metastatic lymph node involvement. Axillary and 

cervical lymph node metastases are clearly visible. In oncology, PET scanning is usually 

performed with a glucose analog tracer, which results in intense radiolabeling of tissues with 

high glucose uptake such as the brain, heart, and most tumors. Adapted from Centro 

Andaluz de Diagnostico PET. 

 

Although treatment is rarely curative at this stage of disease, recurrent breast cancer 

is often responsive to therapy. Patients with localized breast or chest wall 

recurrences, for instance, may be long-term survivors with appropriate therapy. As 

for early breast cancer, clinicians can use three different treatment modalities for 

advanced breast cancer: endocrine therapy, chemotherapy, and biologic targeted 

therapy. Systemic endocrine therapy is the most important approach to the treatment 

of hormone-sensitive, non-life-threatening MBC. As for early breast cancer, it is 

based on a positive estrogen receptor (ER) and/or progesterone receptor (PgR) 

status of the primary tumor. Historically, tamoxifen has been the gold standard 

hormonal agent for first-line treatment with hormone-sensitive breast cancer for more 

than 25 years. For MBC however, AIs have now established themselves as the new 
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gold standard for first-line endocrine therapy in postmenopausal MBC patients. In 

premenopausal patients, available options include tamoxifen alone or with ovarian 

ablation through surgery. 

 

For women with ER- and HER2-negative, endocrine resistant disease, chemotherapy 

is the only therapeutic option. The most active cytotoxic agents are the 

anthracyclines and the taxanes, followed by alkylating agents, antimetabolites, and 

vinca alkaloids. Although such drugs often generate a response in patients, the 

benefit is short-lived and progression of the disease is almost inevitable. Generally, 

anthracycline-containing regimens have shown superiority to regimens that do not 

include anthracyclines. Indeed, doxorubicin is one of the most active cytotoxic agents 

for the treatment of MBC, but epirubicin (Epirubicin “Ebewe”; Nycomed Pharma) 

seems to be equally efficient as doxorubicin at equivalent doses, with less toxicity for 

epirubicin (192). The now common use of anthracyclines in earlier stages of breast 

cancer (i.e. in the adjuvant setting) has increased the likelihood of anthracycline-

resistant MBC. In light of this situation, taxanes have become very important parts of 

treatment regimens, and have now started to be used earlier in MBC management, in 

patients with no or minimal prior anthracycline exposure and/or in combination with 

anthracyclines. Indeed, taxanes, especially docetaxel, are considered the new 

standard of care for MBC after anthracycline resistance. For patients with 

anthracycline- and taxane-resistant disease, no standard of care exists. These 

patients are usually treated with antimetabolites, such as capecitabine (Xeloda; 

Roche), and vinca alkaloids, for example vinorelbine (Navelbine; Robapharm). 

 

Trastuzumab is indicated for treatment of HER2-overexpressing MBC, especially for 

patients who have failed anthracyclines and taxanes. In this setting, it is administered 

alone or in combination with cytotoxic agents such as paclitaxel or carboplatin 

(Paraplatin; Bristol-Myers Squibb). Addition of trastuzumab to taxane-based 

chemotherapy improves general response to therapy and overall survival compared 

to chemotherapy alone. 
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2.5 Aim of thesis 

 

Many proinflammatory recombinant cytokines display potent anticancer activities, but 

their preclinical and clinical use is limited due to excessive toxicities, even at low 

concentrations, preventing the administration of therapeutically active doses. 

Furthermore, cytokines typically lack the ability to preferentially accumulate at the 

tumor site. Thus, the antibody-based targeted delivery of cytokines to the tumor 

environment appears to be a promising strategy for improving the therapeutic index 

of these potent anticancer agents (3, 6). One of these agents is the proinflammatory 

cytokine interleukin-2 (IL-2), which plays an essential role in the immune response. It 

has a variety of functions, including the stimulation of proliferation of lymphokine 

activated killer cells and NK cells, which specifically attack tumor cells. 

 

Our group has recently described the isolation of the human monoclonal antibody 

fragment scFv(F16), which is specific to the alternatively spliced A1 domain of 

tenascin-C and which is able to selectively accumulate at neovascular tumor sites in 

animal models of cancer (7). The F16 antibody exhibits a virtually undetectable 

staining of most normal organs (including breast), while it strongly reacts with 

neovascular and stromal components of most human breast, lung, and head/neck 

cancers (7). The overexpression of large splice isoforms of tenascin-C in breast 

cancer has been well documented (8). 

 

This thesis describes the cloning, expression, and characterization of the 

immunocytokine F16-IL2, consisting of the antibody fragment F16 fused to human IL-

2. Further, the tumor targeting ability and anticancer properties of the fusion protein 

were investigated in a murine model of human breast cancer. Also, the ability of F16-

IL2 to potentiate the anticancer activity of chemotherapy was studied. Lastly, the 

safety profile of F16-IL2 was tested in cynomolgus monkeys. 
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3 Results 

 

3.1  Cloning, expression, purification, and characterization of F16-IL2 
 

The fusion protein F16-IL2, consisting of scFv(F16) with a 5-amino acid linker 

between VH and VL, sequentially fused to human IL-2, was cloned into the 

HindIII/NotI sites of the mammalian expression vector pcDNA3.1, yielding vector 

pJM1. The VH, VL, and IL-2 gene segments were sequentially assembled using PCR-

based techniques (Figure 3.1 A; see also Materials and Methods). A short amino acid 

linker between the VH and VL domains forces the formation of noncovalent 

homodimers (193). CHO-K1 cells were stably transfected with the pJM1 vector, 

yielding a monoclonal cell line capable of growing in suspension and directing the 

expression of F16-IL2 at > 50 mg/liter yields in fermenters (data not shown). Figure 

3.1 B shows an SDS-PAGE analysis of F16-IL2 following purification by Protein A 

chromatography and ion exchange polishing, revealing a single band of the correct 

size both in reducing and non-reducing conditions. As expected, a single peak was 

observed in gel-filtration analysis on a Superdex S-200 column, corresponding to a 

noncovalent homodimer of F16-IL2 of apparent ~ 80 kDa (Figure 3.1 C). The fusion 

protein was found to display a slow kinetic dissociation from the antigen in a BIAcore 

assay (Figure 3.1 D) and to exhibit biological activity comparable to the one of 

recombinant human IL-2 used as a standard in a Pharmacopoeia lymphocyte 

proliferation assay (Figure 3.1 E). 
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Figure 3.1: Cloning, expression, and characterization of F16-IL2. A, Schematic 

representation of the cloning strategy and domain assembly of the scFv-huIL2 fusion protein 

F16-IL2 with a 5-amino acid (aa) linker between heavy and light chain. B, SDS-PAGE and C, 

gel-filtration analysis of affinity-purified F16-IL2 reveals complete noncovalent homodimer 

formation. The elution volumes of two markers are indicated by arrows; left arrow, IgG (150 

kDa); right arrow, BSA (67 kDa). D, BIAcore analysis performed at 370 nM concentration of 

F16-IL2 revealed a slow kinetic dissociation from the antigen. E, F16-IL2 displayed biological 

activity comparable to the one of recombinant human IL-2 used as a standard in a CTLL-2 

cell proliferation assay. SP, signal peptide; N, NH2 terminus of the fusion protein; MW, 

molecular weight of the protein markers; nr, non-reducing; r, reducing. 
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3.2  Biodistribution studies with radiolabeled F16-IL2 

 

MDA-MB-231 tumors grafted subcutaneously into nude mice were chosen as a 

model to study the tumor targeting properties of F16-IL2. This tumor is derived from 

an invasive ductal cell carcinoma and represents one of the most commonly used 

animal models of breast cancer (194). Figure 3.2 shows the immunohistochemical 

findings of an MDA-MB-231 section, stained with the F16 antibody, revealing a 

strong and uniform labeling of neovascular and stromal structures. In order to test 

whether the ability of F16-IL2 to selectively localize on breast cancer was affected by 

preadministration of a chemotherapeutic agent, we performed quantitative 

biodistribition studies using an i.v. injection of radioiodinated F16-IL2 either alone or 

following a single i.v. injection of doxorubicin (10 mg/kg; 8 days, 24 hours, or 2 

hours). Figure 3.3 shows that the tumor targeting performance of F16-IL2 was not 

negatively affected by the preadministration of doxorubicin, with ~ 5% ID/g in the 

tumor and with excellent tumor : (normal organ) ratios 24 hours after the injection of 

the radiolabeled immunocytokine (~ 15 : 1). 

 

 
 

Figure 3.2: Immunohistochemistry on MDA-MB-231 human breast tumor sections, stained 

with the F16 antibody, revealed a strong and uniform labeling of neovascular and stromal 

structures (left panel). Right panel, negative control (no F16 primary antibody included). Bar, 

50 µm. 
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Figure 3.3: Quantitative biodistribution studies of radioiodinated F16-IL2 in MDA-MB-231 

tumor-bearing BALB/c nude mice. The animals received an i.v. injection of radioiodinated 

F16-IL2 either alone or following a single i.v. injection of doxorubicin (10 mg/kg; 8 days, 24 

hours, or 2 hours). Mice were sacrificed 24 hours after injection of the fusion protein (12.5 

µg, 3.3 µCi per mouse). The biodistribution analysis showed that the tumor targeting 

performance of F16-IL2 was not negatively affected by the preadministration of doxorubicin, 

with ~ 5% ID/g in the tumor and with high tumor : (normal organ) ratios 24 hours after the 

injection of the radiolabeled immunocytokine (~ 15 : 1). Targeting results are expressed as 

%ID/g at 24 hours (n ≥ 5). 

 

3.3  Therapy studies in combination with doxorubicin and with paclitaxel 
 

Both doxorubicin and paclitaxel are frequently administered to patients with once 

weekly schedules. We conducted therapy studies in nude mice bearing 

subcutaneously grafted MDA-MB-231 tumors. Previous studies with the L19-IL2 

immunocytokine had revealed that the targeted delivery of IL-2 to solid tumors 

mediated an anticancer effect mainly through NK cells, and that the therapeutic 

performance in nude mice was comparable to the one observed in 

immunocompetent mice bearing the same tumor (150). Using a three injections a 

week schedule, a dose of 20 µg in the mouse and of 3.75 mg in patients with cancer 

(i.e., 22.5 million international units of IL-2) were found to be well tolerated, in line 

with the conversion factor between mouse and human body surface (195). 
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Therapy was started nine days following tumor cell implantation, when tumors had 

reached approximately 50 to 100 mg in size. Five weekly i.v. administrations of 

doxorubicin (1 mg/kg or 4 mg/kg) slowed down tumor growth, but did not result in 

cures (Figure 3.4 A). We found higher doses of doxorubicin to give rise to excessive 

toxicity (data not shown). F16-IL2 (20 µg; a suboptimal dose at the once-weekly 

schedule) exhibited a tumor growth inhibition which was comparable with the one 

observed in the high-dose doxorubicin group. By contrast, equimolar amounts of 

recombinant IL-2 did not exhibit any therapeutic benefit, similar to what had been 

previously reported for other animal models of cancer (150, 153, 160), reinforcing the 

concept that the antibody-mediated targeted delivery of IL-2 may dramatically 

improve the antitumor properties of this cytokine. The combination of doxorubicin (1 

mg/kg) with F16-IL2 did not result in additional tumor growth retardation. By contrast, 

high-dose doxorubicin (4 mg/kg) combined with F16-IL2 resulted in substantially 

improved tumor growth retardation, compared with both single doxorubicin (P = 0.04) 

and F16-IL2 (P = 0.01) treatment (Figure 3.4 A). Furthermore, single F16-IL2 was 

significantly better than recombinant IL-2 (P = 0.0098). Throughout the treatment, 

weight loss was less than 10% for all therapy groups, indicating that the regimens 

were well tolerated. 

Using a similar administration schedule, we tested the therapeutic activity of 

paclitaxel at low-intermediate doses (1 mg/kg and 5 mg/kg) either alone or in 

combination with F16-IL2 (20 µg). This time, coadministration of F16-IL2 dramatically 

improved the therapeutic performance of paclitaxel at both dose levels (Figure 3.4 B; 

F16-IL2 + paclitaxel 5 mg/kg vs paclitaxel 5 mg/kg: P = 0.0447; F16-IL2 + paclitaxel 1 

mg/kg vs paclitaxel 1 mg/kg: P = 1.6 × 10-6). At the highest dose level, tumors 

remained smaller than 500 mg for over 80 days, with only five treatments. Also in this 

study, weight loss was less than 10% for all mice at any time point during the 

treatment. 
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Figure 3.4: A, Therapeutic efficacy of F16-IL2 alone or in combination with doxorubicin on 

s.c. MDA-MB-231 tumors. Tumor growth curves of MDA-MB-231 in BALB/c nude mice after 

i.v. treatment with 20 µg F16-IL2 + 4 mg/kg doxorubicin (◆), 4 mg/kg doxorubicin (Δ), 20 µg 

F16-IL2 + 1 mg/kg doxorubicin (✳), 1 mg/kg doxorubicin (■), 20 µg F16-IL2 (●), 6.6 µg 

recombinant IL-2 (✕), or saline (; n = 5). The therapy experiments showed a statistically 

significant reduction of tumor growth rate and prolongation of survival at a 4 mg/kg 

doxorubicin dose (F16-IL2 + doxorubicin 4 mg/kg vs F16-IL2: P = 0.01; F16-IL2 + 

doxorubicin 4 mg/kg vs doxorubicin 4 mg/kg: P = 0.04), but not at a 1 mg/kg dose (F16-IL2 + 

doxorubicin 1 mg/kg vs F16-IL2: P = 0.38; F16-IL2 + doxorubicin 1 mg/kg vs doxorubicin 1 

mg/kg: P = 0.97). Moreover, single F16-IL2 was significantly better than recombinant IL-2 (P 

= 0.0098). B, Therapeutic efficacy of F16-IL2 alone or in combination with paclitaxel on s.c. 
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MDA-MB-231 tumors. MDA-MB-231 tumor growth curves following i.v. treatment with 20 µg 

F16-IL2 + 5 mg/kg paclitaxel (■), 5 mg/kg paclitaxel (Δ), 20 µg F16-IL2 + 1 mg/kg paclitaxel 

(☐), 1 mg/kg paclitaxel (✕), 20 µg F16-IL2 (●), or saline (◆; n = 5). Combination therapy of 

F16-IL2 with paclitaxel (5 mg/kg and 1 mg/kg) exhibited a significant therapeutic benefit 

compared with paclitaxel alone at both dose levels (F16-IL2 + paclitaxel 5 mg/kg vs 

paclitaxel 5 mg/kg: P = 0.0447; F16-IL2 + paclitaxel 1 mg/kg vs paclitaxel 1 mg/kg: P = 1.6 × 

10-6). Arrows, days of treatment. All agents were injected weekly for 5 consecutive weeks. 

 

3.4  Ex vivo microscopic analysis of cell infiltration 
 

In order to assess the effect of F16-IL2 in terms of immunohistology of cells 

infiltrating tumors, we sacrificed groups of mice 24 hours after the second therapeutic 

treatment (day 8 after the first injection) and analyzed tumor sections by 

immunofluorescence (3 mice per group). Figure 3.5 shows a comparative analysis of 

infiltrating cells from mice treated with saline, F16-IL2 alone, F16-IL2 plus 

doxorubicin, and F16-IL2 plus paclitaxel. Staining with an anti-CD45 antibody 

revealed that all three F16-IL2 treatment groups presented a higher level of 

infiltrating leukocytes, compared to the saline treatment group. The highest number 

of tumor infiltrating cells was detected in the F16-IL2 plus paclitaxel treatment group. 

A similar staining pattern was observed with an anti-asialo-GM1 antibody, which 

preferentially stains NK cells (196), and with the macrophage-specific antibody F4/80 

(197) (Figure 3.5). This is consistent with our previous studies of tumor infiltrating 

leukocytes in mice treated with immunocytokines (150, 151, 153, 198). In contrast to 

our experience with other mouse strains, detection of infiltrating NK cells using NK1.1 

and NKp46 did not provide stainings of sufficient quality (data not shown).  
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Figure 3.5: Immunofluorescence studies of cells infiltrating s.c. MDA-MB-231 tumors treated 

with 20 µg F16-IL2 alone or in combination with 4 mg/kg doxorubicin or 5 mg/kg paclitaxel. 

Upper panels, CD45 cells. Middle panels, Asialo GM1 (NK cells). Lower panels, F4/80 

(macrophages). All agents were injected weekly for two consecutive weeks. Tumors were 

excised 24 hours after the last injection and analyzed for infiltrating cells. Bar, 100 µm. 

 

3.5  Safety studies in cynomolgus monkey 
 

The superior performance of doxorubicin- or paclitaxel-based chemotherapy when 

administered in combination with F16-IL2, compared to chemotherapy alone, 

motivated us to move forward to combination Phase Ib clinical trials in patients with 

metastatic breast cancer. In preparation for these studies, we performed a toxicity 

assessment of weekly administrations of F16-IL2 either alone or in combination with 

doxorubicin in cynomolgus monkeys. 

Once weekly administrations of F16-IL2 for 7 weeks at a dosage of 80 million 

international IL-2 units (MioIU) human equivalents (i.e., 0.57 mg F16-IL2/dose), or at 

a dosage of 20 MioIU human equivalents (i.e., 0.1425 mg F16-IL2/dose) in 

combination with doxorubicin, was very well tolerated with few side effects observed. 

A doxorubicin dose of 0.35 mg/kg per week was chosen, in consideration of the fact 

that a single injection of 2 mg/kg doxorubicin leads to severe side effects, which 
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require over two months for recovery (199), and that three weekly injections of 1.3 

mg/kg doxorubicin cause up to 90% reduction in reticulocytes and 80% reduction in 

neutrophils. Ophthalmoscopy, electrocardiograhy, blood pressure, coagulation, and 

clinical chemistry parameters were all unaffected (Supplementary Table). 

Overall, findings reported in the study related directly to the pharmacological action of 

either F16-IL2 (i.e., the IL-2 moiety) or doxorubicin, with the hemolymphopoietic 

system mostly affected. Minor reversible changes in hematological parameters (e.g., 

20% decrease in hematocrit and ~ 20% increase in white blood cell counts) were 

observed, which returned to baseline at the end of the seven-week treatment period 

(Supplementary Table). Minor microscopic changes were seen in the spleen, thymus, 

and lymph nodes.  

In animals receiving F16-IL2 in combination with doxorubicin, moderate lymphocyte 

depletion was observed in the spleen, mesenteric lymph nodes, and in the thymus, 

which correlated with a slight reduction in organ weight recorded at necropsy. For 

animals receiving doxorubicin, these findings, together with the slower rebound effect 

for lymphocytes, were considered to be a consequence of the known 

myelosuppressive properties of this chemotherapeutic agent (200). 

 

Toxicokinetic analysis revealed an essentially monophasic blood clearance profile for 

F16-IL2 when used as monotherapy or in combination with doxorubicin, in both 

cases with a t1/2 ~ 2 hours (Figure 3.6). This pharmacokinetic profile was very similar 

to the one observed for L19-IL2 in cynomolgus monkeys. As expected with i.v. 

administration, peak serum concentrations were observed within 5 minutes of 

completion of dosing. Samples were collected at pre-dose, 5 and 30 min, and 1, 3, 

and 24 hours after end of infusion, in a total of 6 monkeys per group.  
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Figure 3.6: Pharmacokinetic profile of F16-IL2 when used as monotherapy (0.57 mg/dose, 

upper panel) and in combination with 0.35 mg/kg doxorubicin (0.1425 mg/dose, lower panel) 

in cynomolgus monkeys. Blood samples were taken at pre-dose, 5 and 30 min, and 1, 3, and 

24 hours after end of infusion. 

 

F16-IL2 was found to be only weakly immunogenic in monkeys, based on a sandwich 

ELISA assay with a threshold set at 0.3 Absorbance Units, using plasma in a 1:10 

dilution. ELISA values were below the threshold at the earlier time points tested (0, 8, 

and 15 days) and only slightly exceeded the threshold at days 22 and 43 in the F16-

IL2 treatment groups (Supplementary Figure).  
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In conclusion, the weekly administration of F16-IL2 alone or in combination with 

doxorubicin was successfully administered to cynomolgus monkeys with few side 

effects observed. Pharmacologically relevant findings were observed, indicating that 

the combination of both these agents does not result in unexpected toxicity. This 

further supports the hypothesis that combining F16-IL2 and doxorubicin (or other 

existing chemotherapeutic agents) in the clinic will lead to superior benefits for 

cancer patients. 
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4  Discussion 

 

The data presented in this thesis indicate that the immunocytokine F16-IL2 is able to 

substantially increase the therapeutic efficacy of anthracycline- and taxane-based 

chemotherapy in a mouse xenograft model of human breast cancer. Anthracyclines 

and taxanes represent standard elements in the adjuvant treatment of breast cancer 

and for the therapy of metastatic disease. The demonstration of a median survival 

increase upon combination of doxorubicin or paclitaxel with the anti-HER2neu 

antibody trastuzumab (Herceptin®) (201) in a sub-population of breast cancer 

patients positive for the antigen provides a rationale for the clinical development of 

combination therapeutic regimens. 

 

In our preclinical studies, the tumor-targeting performance of F16-IL2 was found not 

to be influenced by the preadministration of chemotherapy. A dramatic increase of 

survival time was observed when F16-IL2 was combined with doxorubicin at a high 

dose (4 mg/kg), but not at a lower dose (1 mg/kg), indicating a rather narrow 

therapeutic window. By contrast, a strong synergistic effect of F16-IL2 and paclitaxel 

was observed at both doses tested (1 mg/kg and 5 mg/kg). In all experiments, 

addition of the immunocytokine to the chemotherapeutic regimen did not result in 

additional toxicities as indicated by constant weight monitoring. It should be noted 

that suboptimal doses of both paclitaxel and F16-IL2 were used in this study. Our 

choice was motivated by the intention to mimic as closely as possible the doses and 

regimens, which will be used in clinical studies, rather than aiming for the best 

possible therapeutic results in the mouse setting. Using a once-weekly schedule, 

doxorubicin and paclitaxel are generally administered at 20 mg/m2 and 80 mg/m2 

doses, respectively, in patients with breast cancer. Comforted by the excellent safety 

profiles observed in cynomolgus monkeys, F16-IL2 has recently entered two Phase 

Ib clinical trials, in combination with doxorubicin (breast and ovarian cancer) or in 

combination with paclitaxel (breast and lung cancer). As for the mouse study, the 

immunocytokine will be administered once weekly, immediately before the 

administration of chemotherapeutic drug. The dose escalation protocol features 

cohorts of three patients each, which will receive standard of care chemotherapy 
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doses, combined with 5, 10, or 20 MioIU of F16-IL2. When correcting for body 

surface, the 20 µg dose of F16-IL2 in the mouse corresponds to a dose of 4.5 mg (~ 

27 MioIU IL-2) in humans. A Phase I clinical trial with L19-IL2, an immunocytokine of 

structure and pharmacokinetic properties similar to F16-IL2, has revealed limiting 

toxicities at 30 MioIU IL-2, whereas the recommended dose of 22.5 MioIU IL-2 was 

found to be well tolerated and nonimmunogenic in patients for up to 18 infusions, 

using a three times a week administration schedule, alternated with recovery periods 

of two weeks without treatment (Spitaleri et al., manuscript in preparation). 

 

In summary, we have shown that the immunocytokine F16-IL2 strongly increases the 

potency of taxane- and anthracycline-based chemotherapy without apparent 

additional toxicities in a mouse xenograft model of human breast cancer. 

Combination clinical trials in patients with metastatic breast, lung, and ovarian 

cancer, featuring weekly administrations of F16-IL2, have recently started. 
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5  Materials and Methods 

 

5.1  Cell lines and reagents  
 
For the tumor experiments, the tumor cell line MDA-MB-231 human breast 

adenocarcinoma (ATCC, LGC Promochem, Molsheim Cedex, France) was used. 

The cells were cultured in DMEM (Invitrogen, Basel, Switzerland) containing 10% 

FCS (Invitrogen) and incubated at 37 ºC and 5% CO2. The CTLs line 2 (CTLL-2) cell 

line was obtained from ATCC. CTLL-2 cells were cultured in RPMI (Invitrogen) 

supplemented with 10% FCS, 2 mM L-Glutamine, 1 mM sodium pyruvate, 50µM 2-

mercaptoethanol (all purchased from Invitrogen), and 20 U/ml IL-2 (Roche). The 

human antibody fragment scFv(F16) has been described elsewhere (7). The CHO-

K1 cells used for F16-IL2 expression were kindly provided by Luciano Zardi (Istituto 

Giannina Gaslini, Genova, Italy) and were cultured in RPMI containing 10% FCS and 

1 mM L-Glutamine or ProCHO-5 Protein-free medium (Lonza, Basel, Switzerland) 

supplemented with 8 mM L-Glutamine. Recombinant human IL-2 (Proleukin®), was 

purchased from Prorero Pharma (Liestal, Switzerland), doxorubicin was from Sigma 

(Buchs, Switzerland), and paclitaxel from Bristol-Myers Squibb (Baar, Switzerland). 

 

5.2  Cloning, production, and characterization of F16-IL2 
 

5.2.1  Cloning 

 

For cloning of F16-IL2, the huIL2 gene was amplified from a previously described 

vector directing the expression of L19-IL2 (150). In order to obtain the fusion protein 

in a noncovalent homodimeric format, the linker between heavy (VH) and light (VL) 

chain of the already existing scFv(F16) had to be shortened to 5 amino acids 

(GSSGG). Therefore the gene for the VH was PCR amplified priming on the region 

corresponding to the signal peptide using the primers NcoI-Sip-VH-F16-back (5’- 

CATGCCATGGCCGAGGTGCAGCTGTTGGAGTCT-3’) and VH-F16-for (5’-TCTCG 

ACACGGTGACCAGGGTTCC-3’). The VL gene was amplified with the primers VL-

F16-back (5’-TCGTCTGAGCTGACTCAGGACCCT-3’) and NotI-VL-F16-for (5’-
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GAGTCATTCTCGACTTGCGGCCGCGCCTAGGACGGTCAGCTTGGTCCCTCCGC

CGAA-3’). Subsequently, the VH and VL genes were amplified with the primer pairs 

NcoI-Sip-VH-F16-back and 5aa-VH-F16-for (5’-AGACGAACCGCCACTGGACCCTC 

TCGACACGGTGACCAGGGTTCC-3’) or 5aa-VL-F16-back (5’-TCGAGAGGGTCCA 

GTGGCGGTTCGTCTGAGCTGACTCAGGACCCT-3’) and NotI-V-F16-for, followed 

by a PCR assembly with the oligos NcoI-Sip-V-F16-back and NotI-VL-F16-for, 

leading to the formation of the complete scFv(F16) gene with a 5-amino acid linker. 

Subsequently, the antibody and cytokine gene portions were assembled by PCR and 

cloned into the mammalian cell expression vector pcDNA3.1(+) (Invitrogen) using the 

HindIII and NotI sites, yielding vector pJM1. 

 

5.2.2  Expression and purification 

 

Adherent CHO-K1 cells grown in RPMI as described above were stably transfected 

with pJM1 using Lipofectamine 2000 transfection reagent (Invitrogen). Selection was 

carried out in the presence of G418 (0.5 g/L). Clones of G418-resistant cells were 

screened for expression of the fusion protein by ELISA using recombinant domain A1 

of tenascin-C as antigen (7) and an anti-huIL2 antibody (eBioscience, San Diego, 

USA) for detection. Following generation of monoclonal cell lines, the best 

expressing clone was adapted to growth in ProCHO-5 protein-free medium for large-

scale production of F16-IL2. The fusion protein could be purified from cell culture 

medium by protein A affinity chromatography as there is a Staphylococcal protein A 

binding site present on most VH3 domains (96, 202, 203). The size of the fusion 

protein was analyzed in reducing and non-reducing conditions on SDS-PAGE and in 

native conditions by fast protein liquid chromatography gel filtration on a Superdex S-

200 size exclusion column (GE Healthcare, Otelfingen, Switzerland). 

 

5.2.3  Bioactivity assay  

 

To determine the cytokine activity of F16-IL2, a CTLL-2 cell proliferation assay was 

performed. CTLL-2 cells were seeded into 96-well plates at a concentration of 4*104 

cells per well in 200 µL of complete medium containing varying amounts of huIL2 
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standard (NIBSC, Potters Bar, Hertfordshire, United Kingdom) or the fusion protein at 

a maximum of 375 pM IL-2 equivalents and serial dilutions. After 48 hours at 37 °C, 

20 µL of Cell Titer 96 Aqueous One Solution (Promega, Milano, Italy) was added to 

each well. The plate was incubated for another 4 hours, gently mixed, and the 

absorbance was read at 490 nm. The experiment was done in triplicate for F16-IL2 

and in duplicate for huIL2.  

 

5.2.4  Immunohistochemistry on frozen tissue sections 

 

MDA-MB-231 tumor sections of 8 - 10 µm thickness were treated with ice-cold 

acetone, rehydrated in TBS (50 mmol/L Tris, 100 mmol/L NaCl (pH 7.4)), and 

blocked with 20% FCS. The antibody F16 in small immunoprotein (SIP) format (38) 

was added onto the sections in a final concentration of 5 µg/mL. The SIP format 

consists of a covalent homodimer, in which each monomeric unit comprises a scFv 

fused to a human εCH4 domain of the secretory isoform S2 of human IgE (63). This 

domain promotes the formation of homodimers that are further stabilized by disulfide 

bonds between the C-terminal cysteine residues, resulting in a 75 kDa homobivalent 

miniantibody. Bound SIP antibody was detected with rabbit anti-human IgE antibody 

(Dako A/S, Glostrup, Denmark) followed by biotinylated goat anti-rabbit IgG antibody 

(Biospa, Milan, Italy) and streptavidin-alkaline phosphatase complex (Biospa). Fast 

Red (Sigma) was used as phosphatase substrate and sections were counterstained 

with Gill’s hematoxylin no. 2 (Sigma). 

 

5.2.5 Biodistribution experiments 

 

The in vivo targeting performance of F16-IL2 was evaluated by quantitative 

biodistribution analysis as described before (44). Briefly, female BALB/c nude mice 

bearing s.c. MDA-MB-231 tumors were grouped (n ≥ 5) when tumors were clearly 

palpable and injected i.v. into the lateral tail vein with radioiodinated F16-IL2 either 

alone or following a single i.v. injection of doxorubicin (10 mg/kg; 8 days, 24 hours, or 

2 hours). Antibody immunoreactivity after labeling was evaluated by loading a sample 

of radiolabeled F16-IL2 onto TNC-A1-Sepharose resin, followed by radioactive 
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counting of the flow-through and eluate fractions. Immunoreactivity, defined as the 

ratio between the counts of the eluted protein and the sum of the counts of the eluted 

and flow-through fractions, was 91%. Mice were sacrificed 24 hours after injection of 

the fusion protein (12.5 µg, 3.3 µCi per mouse). Organs were weighed and 

radioactivity was counted with a Packard Cobra gamma counter. Radioactivity 

content of representative organs was expressed as the percentage of the injected 

dose per gram of tissue (%ID/g). 

 

5.3  Tumor therapy 

 

5.3.1  Tumor mouse models  

 

Tumor-bearing mice were obtained by s.c. injection of 2*107 MDA-MB-231 cells in 

10- to 12-week old female BALB/c nude mice (Charles River Laboratories, Sulzfeld, 

Germany). Normally, 9 days after tumor cell implantation, when tumors were clearly 

palpable and had reached a size of 50-100 mm3, mice were grouped (n = 5) and 

injected i.v. into the lateral tail vein with saline, 20 µg F16-IL2 (corresponding to 6.6 

µg IL-2), 6.6 µg recombinant IL-2, doxorubicin (4 or 1 mg/kg), or paclitaxel (5 or 1 

mg/kg) alone or in combination in a maximum volume of 250 µL. For combination 

studies, the immunocytokine was injected first, immediately followed by the i.v. 

injection of the chemotherapeutic agent. For all treatments, we used a weekly 

schedule, for 5 consecutive weeks. This weekly dosing was chosen in order to mimic 

the schedules for doxorubicin and paclitaxel treatments that are commonly 

administered to patients with metastatic breast cancer. Mice were monitored daily 

and tumors were measured with a caliper three times per week. Tumor volume was 

estimated using the following formula: volume = length * width2 * π/6. Animals were 

sacrificed when tumors reached a volume > 2,000 mm3 or when tumors turned 

necrotic according to Swiss regulations and under a project license granted by the 

Veterinäramt des Kantons Zürich (198/2005). Tumor volumes are expressed as 

mean ± SE. Doxorubicin was used at the maximal tolerated dose of 4 mg/kg, while 

for paclitaxel (which in optimal conditions can be tolerated up to 40 mg/kg (204)) we 

used doses up to 5 mg/kg, which do not present any solubility problems. 
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5.3.2  Immunofluorescence studies of tumor-infiltrating cells 

 

For immunofluorescence analysis of lymphocytic infiltration following therapy, female 

Balb/c nude mice bearing s.c. MDA-MB-231 tumors were injected weekly for two 

weeks i.v. with saline, 20 µg F16-IL2, 4 mg/kg doxorubicin and 20 µg F16-IL2 or 5 

mg/kg paclitaxel and 20 µg F16-IL2. 24 hours after the second injection, the mice 

were sacrificed and the tumors were excised and embedded in optimal cutting 

temperature (OCT) compound (Micron International AG, Volketswil, Switzerland) and 

frozen in liquid nitrogen. Cryostat sections of 10 µm were cut of each tumor, 

transferred to glass slides (SuperFrost®Plus, Menzel-Gläser, Braunschweig, 

Germany), and stored at -80 °C until needed.  For immunofluorescent staining, slides 

were thawed and fixed by immersion in -20 °C acetone for 10 min. The sections were 

then circled by a water-repellent pen and slides were washed in PBS for 5 min. 

Blocking was done by incubating the sections with 20% FCS in PBS for 1 hour. 

Following washing with PBS for 2 x 5 min, sections were incubated with the primary 

antibodies rat anti-mouse F4/80 (anti-macrophage) (Abcam, Cambridge, UK), rat 

anti-mouse CD45 (BD Biosciences Pharmingen, Allschwil, Switzerland), or rabbit 

anti-asialo GM1 (anti-NK) (Wako Pure Chemical Industries Ltd., Osaka, Japan) in 

12% BSA in PBS for 1 hour at room temperature or overnight at 4 °C. Sections were 

washed 3 x 5 min with PBS at room temperature and then incubated with fluorescent 

Alexa488- or Alexa594-coupled secondary antibodies (BD Biosciences Pharmingen) 

and Hoechst (DAPI) in 12% BSA-PBS. Finally, sections were washed 3 x 5 min in 

PBS and mounted with Glycergel (Dako, Baar, Switzerland) and a cover glass (VWR 

International, Dietikon, Switzerland). Images were obtained using the individual 

fluorescent channels using an Axioskop 2 mot plus (Carl Zeiss AG, Feldbach, 

Switzerland). 

 
5.4  Toxicology studies in cynomolgus monkey 
 

Toxicology studies were contracted to Nerviano Medical Sciences (Nerviano, Milan, 

Italy) and performed in accordance with GLP guidelines. During the study, 9 male 

and 9 female cynomolgus monkeys (Macaca fascicularis) were assigned to 3 groups 
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(3 males and 3 females per group) and administered intravenously over 1 hour (once 

weekly for 7 weeks) with F16-IL2 at 0.57 mg/dose, or 0.1425 mg/dose in combination 

with 0.35 mg/kg doxorubicin. A similarly constituted control group received the 

vehicle alone. Animals were assessed daily for reaction to treatment and the 

following investigations were performed: bodyweight, food consumption, 

ophthalmoscopy, electrocardiography, blood pressure, haematology, and clinical 

chemistry. In addition, blood sampling for toxicokinetics, flow cytometry, and antibody 

determinations was performed at time points defined in the Supplementary Table. 

 

The flow cytometry markers evaluated for immunophenotyping included: Cell 

Population, CD3/CD4/CD69/CD8, CD3+, CD3+/CD4+, CD3+/CD8+, 

CD3+/CD8+/CD69+, CD3/CD16/CD8, CD3-/CD16+, CD3/CD20/CD40, CD3-/CD20+, 

CD3-/CD40+/CD20+, CD25/CD4/CD14, CD4+/CD14-/CD25+, and CD14+/CD25+. 

 

On completion of the study all animals were sacrificed and underwent full necropsy 

and histopathology examination. 

 

Immunogenicity tests were performed by sandwich ELISA, coating F16-IL2 at 2 µg/ml 

on plastic plates and detecting monkey anti-fusion protein antibodies with suitable 

horseradish peroxidase conjugated secondary antibodies (Nerviano Medical 

Sciences, Italy). 

 

5.5  Statistical analysis 
 

Data are expressed as mean ± SE. Differences in tumor volume between different 

mice populations were compared using Student’s t-test, where P values < 0.05 were 

considered to be significant. 
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9 Appendices 

 
9.1 Supplementary Table 
 

 

Hematology data, pretest phase: Day -12

Group 1: Group 2: Group 3:
Control (Vehicle) F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 6.31 ± 0.5 6.16 ± 0.129 6.59 ± 0.542 7.02 ± 0.987 6.59 ± 0.542 6.33 ± 0.345
Hemoglobin g/dL 13.4 ± 0.92 12.8 ± 0.53 13.5 ± 0.61 13.4 ± 0.49 13.9 ± 0.36 12.7 ± 0.58
Hematocrit % 39.9 ± 2.18 40 ± 1.42 41.4 ± 1.7 42 ± 1.73 42.6 ± 1.15 39.9 ± 1.9
Mean corpuscular volume fL 63.2 ± 2 64.9 ± 1.5 63 ± 4.16 60.4 ± 6.01 65.3 ± 2.52 63 ± 0.75
Mean corpuscular hemoglobin pg 21.2 ± 0.36 20.8 ± 0.57 20.6 ± 1.84 19.4 ± 2 21.3 ± 0.92 20.1 ± 0.76
Mean corpuscular HGB conc. g/dL 33.5 ± 0.5 32.1 ± 0.15 32.7 ± 0.85 32 ± 0.2 32.6 ± 0.15 31.8 ± 0.82
Red cell distribution width % 14.1 ± 0.85 13.9 ± 0.76 14.5 ± 0.75 *15.5 ± 0.49 15.4 ± 0.42 14.4 ± 0.53
Hemoglobin distrib. width g/dL 2.68 ± 0.217 2.6 ± 0.095 2.5 ± 0.196 2.79 ± 0.216 2.68 ± 0.156 2.46 ± 0.059
Reticulocytes % 0.6 ± 0.25 1 ± 0.35 0.5 ± 0.17 0.7 ± 0.3 0.9 ± 0.35 1.1 ± 0.51
Reticulocytes abs 10^9/L 38.6 ± 16.82 59 ± 19.54 31.8 ± 10.96 50.7 ± 25.62 56.2 ± 21.13 71.4 ± 27.68
Mean corpuscular vol. retic. fL 85.3 ± 2.5 88 ± 4.27 86.2 ± 5.33 84.6 ± 8.15 90 ± 4.87 85.2 ± 3.73
Mean hemoglobin conc. retic. g/dL 27.7 ± 0.4 27.5 ± 0.53 27.3 ± 1.25 26.6 ± 0.15 26.7 ± 0.46 27.3 ± 1.51
Cellular hemoglobin retic. pg 23.6 ± 0.69 24.1 ± 0.69 23.5 ± 2.19 22.4 ± 2.1 23.9 ± 0.87 23.2 ± 2.34
Platelets 10^3/L 366 ± 99.2 454 ± 148.5 297 ± 95 355 ± 103.2 327 ± 61.6 383 ± 6
Mean platelet volume fL 7.4 ± 1.44 7.8 ± 1.97 7.9 ± 0.99 9 ± 2.51 7.8 ± 1.01 7.4 ± 0.65
Platelet distrib. width % 61.5 ± 7.33 65.5 ± 15.26 66.6 ± 7.67 64.8 ± 9.76 63.1 ± 9.08 62.4 ± 6.35
Platelet hematocrit % 0.26 ± 0.049 0.34 ± 0.09 0.23 ± 0.055 0.3 ± 0.021 0.25 ± 0.032 0.28 ± 0.021
White blood cells 10^3/mcL 8.59 ± 1.461 12.69 ± 4.399 8.02 ± 0.6 11 ± 1.906 7.74 ± 2.421 11.68 ± 1.247
Neutrophils abs 10^3/mcL 4.12 ± 1.544 5.3 ± 1.32 2.73 ± 1.456 *1.9 ± 0.72 3.21 ± 1.865 3.95 ± 2.002
Lymphocytes abs 10^3/mcL 3.87 ± 0.912 6.63 ± 2.875 4.75 ± 1.907 8.24 ± 2.559 3.93 ± 0.995 6.86 ± 2.89
Monocytes abs 10^3/mcL 0.33 ± 0.031 0.43 ± 0.132 0.26 ± 0.076 0.38 ± 0.057 0.37 ± 0.053 0.43 ± 0.078
Eosinophils abs 10^3/mcL 0.14 ± 0.17 0.18 ± 0.147 0.12 ± 0.065 0.31 ± 0.104 0.09 ± 0.049 0.29 ± 0.14
Basophils abs 10^3/mcL 0.03 ± 0.006 0.04 ± 0.032 0.03 ± 0.006 0.04 ± 0.021 0.03 ± 0.006 0.05 ± 0.021
Large unstained cells abs 10^3/mcL 0.11 ± 0.032 0.11 ± 0.038 0.12 ± 0.075 0.13 ± 0.026 0.11 ± 0.006 0.11 ± 0.038
Neutrophils % 47.2 ± 13.24 42.8 ± 5.96 35 ± 21.44 18.4 ± 9.93 39.5 ± 12.6 34.8 ± 18.63
Lymphocytes % 45.8 ± 11.68 51.1 ± 7.19 58.4 ± 20.69 73.6 ± 10.9 52.4 ± 10.45 57.6 ± 18.52
Monocytes % 3.8 ± 0.42 3.6 ± 1.4 3.3 ± 0.75 3.5 ± 0.53 5.1 ± 1.5 3.7 ± 0.68
Eosinophils % 1.5 ± 1.71 1.3 ± 0.61 1.5 ± 0.75 2.9 ± 0.95 1.2 ± 0.5 2.5 ± 1.3
Basophils % 0.3 ± 0 0.3 ± 0.15 0.3 ± 0.06 0.4 ± 0.1 0.3 ± 0 0.4 ± 0.1
Large unstained cells % 1.3 ± 0.55 0.9 ± 0.06 1.5 ± 0.78 1.2 ± 0.3 1.6 ± 0.57 0.9 ± 0.21
Lymphocytes abs 10^3/mcL 3.87 ± 0.912 6.63 ± 2.875 4.75 ± 1.907 8.24 ± 2.559 3.93 ± 0.995 6.86 ± 2.89
T cells % 60.11 ± 4.848 61.46 ± 5.602 58.93 ± 4.33 65.41 ± 8.367 56.91 ± 8.75 55.67 ± 10.403
T cells abs 10^3/mcL 2.3 ± 0.359 4.1 ± 1.983 2.85 ± 1.29 5.35 ± 1.542 2.19 ± 0.323 3.82 ± 1.672
T cells CD4+ % 60.36 ± 5.567 60.8 ± 3.198 62.49 ± 1.656 48.97 ± 15.853 *51.63 ± 1.786 51.97 ± 4.55
T cells CD4+ abs 10^3/mcL 1.39 ± 0.286 2.5 ± 1.253 1.77 ± 0.79 2.78 ± 1.462 1.13 ± 0.131 1.95 ± 0.716
T cells CD8+ % 29.55 ± 5.827 29.74 ± 1.87 26.53 ± 1.339 38.71 ± 12.733 32.65 ± 5.775 34.44 ± 6.789
T cells CD8+ abs 10^3/mcL 0.68 ± 0.182 1.22 ± 0.587 0.75 ± 0.318 1.94 ± 0.03 0.72 ± 0.189 1.39 ± 0.876
B cells % 25.56 ± 1.93 23.29 ± 8.765 26.33 ± 9.318 18.76 ± 5.312 19.5 ± 11.482 25.58 ± 8.078
B cells abs 10^3/mcL 1 ± 0.311 1.63 ± 0.934 1.31 ± 0.764 1.6 ± 0.887 0.84 ± 0.682 1.72 ± 0.734
NK cells % 11.35 ± 3.288 12.93 ± 6.056 12.64 ± 9.673 13.48 ± 3.018 19.6 ± 2.829 14.19 ± 4.103
NK cells abs 10^3/mcL 0.46 ± 0.215 0.74 ± 0.007 0.5 ± 0.276 1.11 ± 0.459 0.75 ± 0.094 1.05 ± 0.744
Activated T cells CD4+ % 6.56 ± 2.331 5.92 ± 2.178 6.56 ± 2.285 7.58 ± 2.434 9.02 ± 1.863 8.58 ± 1.161
Activated T cells CD4+ abs 10^3/mcL 0.09 ± 0.021 0.16 ± 0.123 0.11 ± 0.06 0.19 ± 0.072 0.1 ± 0.029 0.17 ± 0.076
Activated T cells CD8+ % 9.17 ± 3.729 7.86 ± 1.62 13.03 ± 4.066 *3.71 ± 0.972 8.07 ± 1.694 5.56 ± 1.89
Activated T cells CD8+ abs 10^3/mcL 0.07 ± 0.039 0.1 ± 0.062 0.1 ± 0.066 0.07 ± 0.019 0.06 ± 0.006 0.07 ± 0.036
B cells CD40+ % 88.52 ± 1.488 86.47 ± 8.008 83.41 ± 14.842 90.08 ± 2.457 85.19 ± 5.63 87.16 ± 4.046
B cells CD40+ abs 10^3/mcL 0.89 ± 0.289 1.36 ± 0.739 1.12 ± 0.79 1.45 ± 0.85 0.71 ± 0.577 1.52 ± 0.711
Monocytes abs 10^3/mcL 0.33 ± 0.031 0.43 ± 0.132 0.26 ± 0.076 0.38 ± 0.057 0.37 ± 0.053 0.43 ± 0.078
Activated monocytes % 0.61 ± 0.349 0.75 ± 0.555 0.23 ± 0.117 0.65 ± 0.365 0.43 ± 0.311 0.6 ± 0.349
Activated monocytes abs 10^3/mcL 0 ± 0.001 0 ± 0.003 0 ± 0.000 0 ± 0.001 0 ± 0.001 0 ± 0.001

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
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Hematology data, pretest phase: Day -7

Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 6.42 ± 0.571 6.03 ± 0.18 6.35 ± 0.545 6.98 ± 0.763 6.25 ± 0.119 6.25 ± 0.406
Hemoglobin g/dL 13.2 ± 0.57 12.6 ± 0.76 12.9 ± 0.44 13.4 ± 0 13.1 ± 0.4 12.5 ± 0.32
Hematocrit % 40.1 ± 1.89 37.6 ± 2 39.8 ± 1.06 40.8 ± 0.7 40.9 ± 1.16 37.9 ± 1.7
Mean corpuscular volume fL 62.7 ± 2.8 62.3 ± 1.58 63 ± 4.44 58.8 ± 5.3 65.6 ± 2.6 60.8 ± 1.2
Mean corpuscular hemoglobin pg 20.7 ± 1.15 20.9 ± 0.58 20.4 ± 1.72 19.4 ± 2.1 21 ± 1 20.1 ± 0.98
Mean corpuscular HGB conc. g/dL 32.9 ± 0.75 33.6 ± 0.61 32.4 ± 0.61 32.9 ± 0.55 32 ± 0.46 33.1 ± 0.98
Red cell distribution width % 14.5 ± 0.76 13.8 ± 0.7 14.8 ± 0.84 *15.5 ± 0.46 15.6 ± 0.36 14.4 ± 0.83
Hemoglobin distrib. width g/dL 2.63 ± 0.254 2.69 ± 0.068 2.5 ± 0.271 2.78 ± 0.181 2.69 ± 0.173 2.46 ± 0.101
Reticulocytes % 0.4 ± 0.21 1 ± 0.45 0.5 ± 0.25 0.9 ± 0.47 0.8 ± 0.15 1 ± 0.25
Reticulocytes abs 10^9/L 26.5 ± 12.5 61.8 ± 25.94 35.1 ± 12.07 66.1 ± 38.42 48.1 ± 8.45 62.7 ± 11.13
Mean corpuscular vol. retic. fL 83.8 ± 3.41 82.4 ± 4.39 86.6 ± 6.93 80.8 ± 7.08 91 ± 5.99 81 ± 4.16
Mean hemoglobin conc. retic. g/dL 28.5 ± 0.4 28.5 ± 0.64 27.8 ± 1.04 27.5 ± 0.45 27 ± 0.46 27.7 ± 1.65
Cellular hemoglobin retic. pg 23.8 ± 1.19 23.4 ± 0.71 24 ± 2.28 22.1 ± 2.26 24.5 ± 1.14 22.4 ± 2.31
Platelets 10^3/L 300 ± 79.2 482 ± 108.2 336 ± 111.2 380 ± 93.8 395 ± 113.4 398 ± 85.8
Mean platelet volume fL 8.3 ± 2.74 6.5 ± 0.7 7.3 ± 0.55 8.2 ± 2.46 7.9 ± 0.81 6.7 ± 0.58
Platelet distrib. width % 66.8 ± 12.58 59.7 ± 6.76 60.8 ± 6.83 68.2 ± 6.05 63.3 ± 9.63 64.3 ± 11.83
Platelet hematocrit % 0.24 ± 0.015 0.31 ± 0.064 0.24 ± 0.072 0.3 ± 0.012 0.31 ± 0.074 0.27 ± 0.046
White blood cells 10^3/mcL 8.72 ± 1.472 11.84 ± 0.674 8.25 ± 3.177 14.18 ± 1.816 8.66 ± 3.72 13.81 ± 4.244
Neutrophils abs 10^3/mcL 3.82 ± 1.945 5.12 ± 1.573 2.88 ± 1.467 5.24 ± 0.621 4.02 ± 3.268 6.55 ± 4.68
Lymphocytes abs 10^3/mcL 4.14 ± 0.481 5.89 ± 2.096 4.79 ± 2.672 7.95 ± 2.249 3.97 ± 1.862 6.33 ± 0.474
Monocytes abs 10^3/mcL 0.42 ± 0.066 0.46 ± 0.119 0.29 ± 0.104 0.48 ± 0 0.47 ± 0.173 0.47 ± 0.183
Eosinophils abs 10^3/mcL 0.18 ± 0.209 0.22 ± 0.07 0.11 ± 0.11 0.31 ± 0.11 0.08 ± 0.084 0.28 ± 0.177
Basophils abs 10^3/mcL 0.04 ± 0.012 0.04 ± 0.01 0.03 ± 0.026 0.05 ± 0.006 0.02 ± 0.015 0.05 ± 0.006
Large unstained cells abs 10^3/mcL 0.13 ± 0.025 0.12 ± 0.035 0.14 ± 0.136 0.15 ± 0.01 0.1 ± 0.032 0.13 ± 0.01
Neutrophils % 42.3 ± 14.45 43.8 ± 15.25 36 ± 19.41 37.7 ± 8.45 43 ± 20.56 43.3 ± 20.68
Lymphocytes % 48.7 ± 11.67 49.2 ± 14.47 57.3 ± 18.02 55.3 ± 8.78 48.9 ± 17.9 49.6 ± 19.12
Monocytes % 4.9 ± 0.29 3.9 ± 0.97 3.6 ± 0.4 3.4 ± 0.45 5.8 ± 1.82 3.5 ± 1.32
Eosinophils % 2.2 ± 2.62 1.8 ± 0.49 1.2 ± 0.7 2.1 ± 0.64 1 ± 0.83 2.2 ± 1.39
Basophils % 0.4 ± 0.06 0.3 ± 0.06 0.4 ± 0.15 0.4 ± 0 0.3 ± 0.12 0.4 ± 0.1
Large unstained cells % 1.5 ± 0.49 1 ± 0.26 1.5 ± 0.87 1.1 ± 0.12 1.1 ± 0.21 1 ± 0.36
Lymphocytes abs 10^3/mcL 4.14 ± 0.481 5.89 ± 2.096 4.79 ± 2.672 7.95 ± 2.249 3.97 ± 1.862 6.33 ± 0.474
T cells % 58.06 ± 3.318 62.32 ± 4.404 54.75 ± 5.707 65.51 ± 6.325 56.35 ± 12.241 61.75 ± 7.18
T cells abs 10^3/mcL 2.39 ± 0.14 3.69 ± 1.42 2.58 ± 1.286 5.27 ± 1.902 2.11 ± 0.573 4.9 ± 1.251
T cells CD4+ % 62.46 ± 4.058 61.51 ± 0.571 62.83 ± 3.015 48.53 ± 14.259 *52.82 ± 3.712 *52.53 ± 3.448
T cells CD4+ abs 10^3/mcL 1.5 ± 0.182 2.27 ± 0.872 1.6 ± 0.731 2.68 ± 1.492 1.11 ± 0.267 2.59 ± 0.781
T cells CD8+ % 28.8 ± 3.351 29.9 ± 0.763 26.46 ± 4.237 38.33 ± 10.98 30.39 ± 3.761 35.31 ± 5.389
T cells CD8+ abs 10^3/mcL 0.69 ± 0.059 1.11 ± 0.451 0.69 ± 0.415 1.93 ± 0.471 0.63 ± 0.097 1.7 ± 0.247
B cells % 23.95 ± 2.373 26.79 ± 8.351 27.36 ± 10.221 20.54 ± 6.708 21.28 ± 9.384 27.43 ± 7.268
B cells abs 10^3/mcL 1 ± 0.191 1.58 ± 0.661 1.49 ± 1.335 1.6 ± 0.548 0.96 ± 0.859 2.36 ± 1.453
NK cells % 15.1 ± 1.817 9.24 ± 3.775 15.42 ± 9.534 11.87 ± 1.84 15.89 ± 7.04 8.79 ± 2.502
NK cells abs 10^3/mcL 0.63 ± 0.142 0.51 ± 0.151 0.6 ± 0.118 *0.92 ± 0.119 0.65 ± 0.397 0.69 ± 0.174
Activated T cells CD4+ % 6.3 ± 0.75 7.16 ± 2.307 6.88 ± 1.911 6.92 ± 1.844 9.8 ± 1.963 8.51 ± 0.729
Activated T cells CD4+ abs 10^3/mcL 0.09 ± 0 0.17 ± 0.094 0.12 ± 0.085 0.17 ± 0.061 0.11 ± 0.008 0.22 ± 0.063
Activated T cells CD8+ % 9.82 ± 2.919 6.3 ± 2.247 12.68 ± 2.589 4.31 ± 0.7 8.24 ± 3.814 5.18 ± 2.485
Activated T cells CD8+ abs 10^3/mcL 0.07 ± 0.026 0.07 ± 0.051 0.09 ± 0.07 0.08 ± 0.032 0.05 ± 0.034 0.08 ± 0.036
B cells CD40+ % 85.43 ± 8.047 85.11 ± 13.286 80.54 ± 17.156 91.17 ± 3.164 85.43 ± 8.661 88.67 ± 2.563
B cells CD40+ abs 10^3/mcL 0.85 ± 0.173 1.31 ± 0.529 1.3 ± 1.38 1.47 ± 0.549 0.8 ± 0.7 2.09 ± 1.274
Monocytes abs 10^3/mcL 0.42 ± 0.066 0.46 ± 0.119 0.29 ± 0.104 0.48 ± 0 0.47 ± 0.173 0.47 ± 0.183
Activated monocytes % 0.48 ± 0.154 0.33 ± 0.036 1.24 ± 1.631 0.33 ± 0.059 0.87 ± 0.747 0.36 ± 0.212
Activated monocytes abs 10^3/mcL 0 ± 0.001 0 ± 0.001 0 ± 0.004 0 ± 0.000 0 ± 0.006 0 ± 0.001

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance

F16-IL2 + doxorubicinControl (Vehicle)
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Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 5.39 ± 0.366 5.04 ± 0.412 5.01 ± 0.325 5.49 ± 0.547 4.78 ± 0.277 4.91 ± 0.957
Hemoglobin g/dL 11.5 ± 0.76 10.8 ± 1.14 10.2 ± 0.38 10.8 ± 0.49 10.2 ± 0.75 10 ± 1.7
Hematocrit % 34.2 ± 0.99 32.4 ± 3.2 31 ± 1.06 33.2 ± 1.43 31.7 ± 2.68 30.6 ± 5.27
Mean corpuscular volume fL 63.6 ± 2.65 64.3 ± 1.21 61.9 ± 4.48 60.6 ± 4.6 66.2 ± 2.97 62.6 ± 2.19
Mean corpuscular hemoglobin pg 21.2 ± 0.55 21.4 ± 0.6 20.5 ± 1.97 19.7 ± 1.81 21.3 ± 1.12 20.4 ± 1.21
Mean corpuscular HGB conc. g/dL 33.4 ± 1.53 33.2 ± 0.46 33.1 ± 1.55 32.5 ± 0.61 32.3 ± 0.76 32.5 ± 0.82
Red cell distribution width % 14 ± 0.74 13.7 ± 0.91 14.4 ± 1.29 15.3 ± 0.32 14.8 ± 0.31 14.2 ± 0.93
Hemoglobin distrib. width g/dL 2.77 ± 0.295 2.77 ± 0.082 2.85 ± 0.385 2.78 ± 0.052 2.8 ± 0.259 *2.54 ± 0.078
Reticulocytes % - - - - - -
Reticulocytes abs 10^9/L - - - - - -
Mean corpuscular vol. retic. fL - - - - - -
Mean hemoglobin conc. retic. g/dL - - - - - -
Cellular hemoglobin retic. pg - - - - - -
Platelets 10^3/L 368 ± 104.9 381 ± 122.5 *163 ± 58.4 260 ± 29.1 284 ± 52.4 296 ± 40.2
Mean platelet volume fL 7.6 ± 1.05 8.2 ± 1.76 7.9 ± 0.65 7.7 ± 1.21 7.3 ± 0.59 6.9 ± 0.64
Platelet distrib. width % 70.3 ± 27.06 68 ± 16.7 74.8 ± 13.28 70.8 ± 9.75 60.7 ± 5.2 58.3 ± 6.52
Platelet hematocrit % 0.27 ± 0.047 0.3 ± 0.095 *0.13 ± 0.046 0.2 ± 0.01 0.21 ± 0.029 0.2 ± 0.035
White blood cells 10^3/mcL 10.04 ± 2.211 10.2 ± 1.177 4.54 ± 1.613 *6.26 ± 0.744 10.05 ± 5.353 10.7 ± 7.232
Neutrophils abs 10^3/mcL 4.61 ± 2.106 3.31 ± 0.0815 1.95 ± 0.95 2.09 ± 0.277 6.39 ± 4.543 6.05 ± 7.694
Lymphocytes abs 10^3/mcL 4.55 ± 0.835 5.83 ± 1.684 *2.02 ± 0.729 3.33 ± 0.674 2.84 ± 0.902 3.75 ± 0.712
Monocytes abs 10^3/mcL 0.53 ± 0.102 0.61 ± 0.152 *0.22 ± 0.09 0.41 ± 0.07 0.38 ± 0.118 0.46 ± 0.085
Eosinophils abs 10^3/mcL 0.21 ± 0.184 0.27 ± 0.065 0.18 ± 0.066 0.24 ± 0.021 0.2 ± 0.096 0.25 ± 0.092
Basophils abs 10^3/mcL 0.02 ± 0.006 0.03 ± 0.006 0.02 ± 0.015 0.05 ± 0.01 0.03 ± 0.01 0.04 ± 0.01
Large unstained cells abs 10^3/mcL 0.11 ± 0.006 0.14 ± 0.036 0.15 ± 0.051 0.15 ± 0.026 0.21 ± 0.121 0.14 ± 0.031
Neutrophils % 44.9 ± 11.9 33.1 ± 9.91 42 ± 10.51 33.4 ± 3.66 56.1 ± 21.77 42.5 ± 31.09
Lymphocytes % 46.2 ± 9.16 56.6 ± 10.48 44.9 ± 9.32 52.9 ± 5.75 34.5 ± 18.37 47.1 ± 26.92
Monocytes % 5.3 ± 0.81 6 ± 1.42 4.7 ± 0.31 6.7 ± 1.95 4.6 ± 2.43 5.2 ± 2.07
Eosinophils % 2.2 ± 1.91 2.7 ± 0.49 4.6 ± 2.57 3.8 ± 0.38 2.1 ± 0.4 3 ± 2.14
Basophils % 0.2 ± 0.06 0.3 ± 0.06 0.5 ± 0.15 *0.8 ± 0.15 0.4 ± 0.21 0.4 ± 0.21
Large unstained cells % 1.2 ± 0.26 1.3 ± 0.21 *3.3 ± 1.06 2.4 ± 0.68 2.3 ± 0.67 1.7 ± 0.95
Lymphocytes abs 10^3/mcL 4.55 ± 0.835 5.83 ± 1.684 *2.02 ± 0.729 3.33 ± 0.674 2.84 ± 0.902 3.75 ± 0.712
T cells % 61.06 ± 6.39 63.53 ± 4.126 72.86 ± 3.756 78.01 ± 8.161 72.84 ± 14.102 65.93 ± 9.049
T cells abs 10^3/mcL 2.77 ± 0.523 3.74 ± 1.301 1.47 ± 0.563 2.62 ± 0.765 2.07 ± 0.797 2.5 ± 0.672
T cells CD4+ % 62.35 ± 4.485 61.18 ± 4.5 70.63 ± 3.625 56.75 ± 15.257 60.87 ± 2.122 56.03 ± 5.48
T cells CD4+ abs 10^3/mcL 1.74 ± 0.421 2.32 ± 0.95 1.03 ± 0.372 1.55 ± 0.749 1.25 ± 0.433 1.38 ± 0.303
T cells CD8+ % 27.9 ± 2.97 30.44 ± 3.494 21.69 ± 2.35 33.72 ± 12.952 27.86 ± 5.298 33.37 ± 7.128
T cells CD8+ abs 10^3/mcL 0.76 ± 0.072 1.12 ± 0.29 0.32 ± 0.131 0.83 ± 0.147 0.6 ± 0.328 0.86 ± 0.382
B cells % 26.59 ± 3.316 26.32 ± 9.498 19.84 ± 7.126 11.95 ± 3.151 17.42 ± 10.14 18.89 ± 4.15
B cells abs 10^3/mcL 1.2 ± 0.198 1.55 ± 0.695 **0.41 ± 0.211 0.39 ± 0.123 *0.49 ± 0.268 0.7 ± 0.101
NK cells % 9.85 ± 4.325 7.01 ± 3.459 5.07 ± 3.508 8 ± 5.049 7.31 ± 4.346 9.85 ± 5.294
NK cells abs 10^3/mcL 0.46 ± 0.276 0.39 ± 0.144 0.09 ± 0.034 0.25 ± 0.126 0.21 ± 0.122 0.38 ± 0.258
Activated T cells CD4+ % 36.62 ± 54.122 5.88 ± 1.119 12.39 ± 2.755 12.65 ± 4.948 11.06 ± 0.614 *13.9 ± 2.643
Activated T cells CD4+ abs 10^3/mcL 0.49 ± 0.66 0.14 ± 0.087 0.13 ± 0.041 0.17 ± 0.035 0.14 ± 0.056 0.19 ± 0.067
Activated T cells CD8+ % 8.84 ± 5.04 7.71 ± 2.891 *18.49 ± 1.618 7.08 ± 2.515 10.29 ± 4.047 11.48 ± 2.022
Activated T cells CD8+ abs 10^3/mcL 0.07 ± 0.031 0.09 ± 0.049 0.06 ± 0.029 0.06 ± 0.027 0.06 ± 0.023 0.09 ± 0.028
B cells CD40+ % 92.89 ± 1.365 91.78 ± 5.59 88.16 ± 10.303 91.88 ± 2.187 89.84 ± 5.759 91.27 ± 1.776
B cells CD40+ abs 10^3/mcL 1.12 ± 0.194 1.4 ± 0.592 **0.36 ± 0.186 *0.36 ± 0.122 *0.43 ± 0.217 0.64 ± 0.102
Monocytes abs 10^3/mcL 0.53 ± 0.102 0.61 ± 0.152 *0.22 ± 0.09 0.41 ± 0.07 0.38 ± 0.118 0.46 ± 0.085
Activated monocytes % 2.78 ± 3.424 1.75 ± 1.385 2.24 ± 0.841 0.99 ± 0.335 2.18 ± 1.434 2.16 ± 1.428
Activated monocytes abs 10^3/mcL 0.01 ± 0.013 0.01 ± 0.007 0 ± 0.001 0 ± 0.002 0.01 ± 0.008 0.01 ± 0.006

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Hematology data, test phase: Day 3

Control (Vehicle) F16-IL2 + doxorubicin
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Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 5.4 ± 0.45 5.15 ± 0.463 5.16 ± 0.594 5.98 ± 0.626 5.09 ± 0.243 5.17 ± 0.659
Hemoglobin g/dL 11.4 ± 0.81 11.1 ± 1.32 10.5 ± 0.96 11.6 ± 0.17 10.9 ± 0.7 10.5 ± 1.11
Hematocrit % 33.5 ± 1.95 32.9 ± 3.65 31.8 ± 2.05 35.9 ± 1.75 33.4 ± 2.3 32.3 ± 3.44
Mean corpuscular volume fL 62.2 ± 1.64 63.8 ± 1.4 62 ± 4.81 60.3 ± 3.35 65.7 ± 2.76 62.6 ± 1.55
Mean corpuscular hemoglobin pg 21.2 ± 0.4 21.5 ± 0.59 20.4 ± 1.88 19.6 ± 1.76 21.5 ± 1.06 20.3 ± 1.34
Mean corpuscular HGB conc. g/dL 34.1 ± 0.55 33.8 ± 0.78 32.9 ± 0.99 32.3 ± 1.14 32.6 ± 0.35 32.3 ± 1.36
Red cell distribution width % 14.3 ± 1 14.2 ± 1.25 14.5 ± 1.62 15.9 ± 0.83 15.2 ± 0.53 15.1 ± 1.07
Hemoglobin distrib. width g/dL 2.85 ± 0.275 2.87 ± 0.012 2.81 ± 0.206 2.91 ± 0.072 2.79 ± 0.202 **2.69 ± 0.038
Reticulocytes % - - - - - -
Reticulocytes abs 10^9/L - - - - - -
Mean corpuscular vol. retic. fL - - - - - -
Mean hemoglobin conc. retic. g/dL - - - - - -
Cellular hemoglobin retic. pg - - - - - -
Platelets 10^3/L 417 ± 111.4 459 ± 90.9 301 ± 114.1 459 ± 81.8 474 ± 127.3 471 ± 112.9
Mean platelet volume fL 7.9 ± 1.14 7 ± 0.79 8.6 ± 1.43 7.8 ± 1.36 8 ± 0.81 6.9 ± 0.45
Platelet distrib. width % 57.8 ± 5.77 59.4 ± 5.23 68.4 ± 9.82 61.4 ± 9.22 56.8 ± 0.86 62.3 ± 6.72
Platelet hematocrit % 0.33 ± 0.072 0.32 ± 0.056 0.26 ± 0.105 0.35 ± 0.017 0.37 ± 0.081 0.32 ± 0.058
White blood cells 10^3/mcL 9.12 ± 1.021 11.04 ± 0.208 14.28 ± 3.808 17.94 ± 3.206 11.03 ± 4.175 13.41 ± 1.553
Neutrophils abs 10^3/mcL 2.95 ± 0.848 4.22 ± 1.244 5.13 ± 2.528 4.41 ± 2.102 3.9 ± 2.37 4.08 ± 2.028
Lymphocytes abs 10^3/mcL 5.31 ± 0.903 6.04 ± 1.063 7.75 ± 3.562 11.69 ± 4.555 6.18 ± 1.61 8.14 ± 0.652
Monocytes abs 10^3/mcL 0.49 ± 0.056 0.38 ± 0.128 0.58 ± 0.083 0.42 ± 0.134 0.4 ± 0.114 0.45 ± 0.135
Eosinophils abs 10^3/mcL 0.24 ± 0.157 0.23 ± 0.074 0.45 ± 0.338 **0.93 ± 0.214 0.38 ± 0.199 0.44 ± 0.235
Basophils abs 10^3/mcL 0.03 ± 0.01 0.03 ± 0.006 *0.09 ± 0.03 *0.15 ± 0.055 0.05 ± 0.015 0.08 ± 0.031
Large unstained cells abs 10^3/mcL 0.11 ± 0.032 0.14 ± 0.015 0.28 ± 0.161 *0.34 ± 0.085 0.12 ± 0.04 0.23 ± 0.055
Neutrophils % 32.4 ± 8.19 38.1 ± 10.74 35.7 ± 14.68 26.4 ± 16.88 32.5 ± 12.27 29.5 ± 11.65
Lymphocytes % 58.2 ± 7.63 54.8 ± 10.24 53.7 ± 14.68 63.4 ± 16.32 58.5 ± 10.39 61.6 ± 11.97
Monocytes % 5.4 ± 1.18 3.4 ± 1.08 4.2 ± 0.56 2.3 ± 0.38 3.9 ± 1 3.3 ± 0.6
Eosinophils % 2.5 ± 1.59 2.1 ± 0.67 3.8 ± 3.87 *5.2 ± 0.38 3.5 ± 1.22 3.3 ± 1.77
Basophils % 0.3 ± 0.12 0.3 ± 0.06 *0.6 ± 0.1 0.8 ± 0.17 0.4 ± 0 0.6 ± 0.32
Large unstained cells % 1.1 ± 0.29 1.3 ± 0.1 2 ± 0.99 1.9 ± 0.21 1.2 ± 0.21 1.7 ± 0.45
Lymphocytes abs 10^3/mcL 5.31 ± 0.903 6.04 ± 1.063 7.75 ± 3.562 11.69 ± 4.555 6.18 ± 1.61 8.14 ± 0.652
T cells % 62.68 ± 7.032 65.47 ± 2.654 65.1 ± 2.207 69.86 ± 6.063 63.48 ± 8.422 59.49 ± 4.26
T cells abs 10^3/mcL 3.28 ± 0.195 3.94 ± 0.574 5.09 ± 2.498 8.16 ± 3.167 3.83 ± 0.556 4.84 ± 0.514
T cells CD4+ % 59.89 ± 5.788 61.96 ± 2.207 54.78 ± 2.131 45.61 ± 15.422 54.61 ± 4.479 47.62 ± 6.481
T cells CD4+ abs 10^3/mcL 1.97 ± 0.29 2.44 ± 0.352 2.8 ± 1.409 4.05 ± 2.422 2.08 ± 0.199 2.29 ± 0.291
T cells CD8+ % 30.5 ± 5.628 29.16 ± 0.421 31.33 ± 2.9 38.03 ± 7.878 30.62 ± 1.855 38.46 ± 8.829
T cells CD8+ abs 10^3/mcL 1 ± 0.178 1.15 ± 0.155 1.59 ± 0.773 *2.94 ± 0.725 1.17 ± 0.182 1.88 ± 0.576
B cells % 25.01 ± 3.036 23.3 ± 7.731 21.03 ± 7.967 13.29 ± 4.642 16.52 ± 7.989 20.6 ± 7.298
B cells abs 10^3/mcL 1.34 ± 0.378 1.45 ± 0.64 1.59 ± 0.72 1.6 ± 1.045 1.09 ± 0.758 1.65 ± 0.467
NK cells % 9.47 ± 4.65 9.74 ± 6.156 8.87 ± 4.408 13.55 ± 2.968 14.63 ± 6.868 15.54 ± 7.312
NK cells abs 10^3/mcL 0.53 ± 0.346 0.56 ± 0.279 0.68 ± 0.391 1.52 ± 0.529 0.93 ± 0.527 1.3 ± 0.709
Activated T cells CD4+ % 37.48 ± 53.701 8.16 ± 0.67 19.8 ± 9.033 20.72 ± 6.31 16.03 ± 2.324 **14.63 ± 0.714
Activated T cells CD4+ abs 10^3/mcL 0.66 ± 0.919 0.2 ± 0.046 0.49 ± 0.096 0.74 ± 0.34 0.34 ± 0.074 0.34 ± 0.058
Activated T cells CD8+ % 9.87 ± 4.525 7.95 ± 1.812 16.33 ± 3.282 5.27 ± 1.23 6.48 ± 1.018 7.18 ± 2.661
Activated T cells CD8+ abs 10^3/mcL 0.1 ± 0.065 0.09 ± 0.033 0.27 ± 0.177 0.16 ± 0.055 0.08 ± 0.023 0.14 ± 0.076
B cells CD40+ % 94.06 ± 1.214 88.23 ± 7.593 89.2 ± 8.571 90.41 ± 2.791 86.32 ± 4.933 88.47 ± 1.762
B cells CD40+ abs 10^3/mcL 1.27 ± 0.368 1.26 ± 0.524 1.39 ± 0.564 1.47 ± 0.999 0.92 ± 0.601 1.46 ± 0.398
Monocytes abs 10^3/mcL 0.49 ± 0.056 0.38 ± 0.128 0.58 ± 0.083 0.42 ± 0.134 0.4 ± 0.114 0.45 ± 0.135
Activated monocytes % 1.44 ± 0.561 0.67 ± 0.519 1.66 ± 1.801 0.89 ± 0.885 1.39 ± 0.459 0.59 ± 0.165
Activated monocytes abs 10^3/mcL 0.01 ± 0.002 0 ± 0.001 0.01 ± 0.011 0 ± 0.003 0.01 ± 0.001 0 ± 0.001

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Hematology data, test phase: Day 6

Control (Vehicle) F16-IL2 + doxorubicin
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Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 5.19 ± 0.37 5.53 ± 0.424 4.82 ± 0.666 5.82 ± 0.755 5.23 ± 0.331 5.35 ± 0.763
Hemoglobin g/dL 11.1 ± 0.61 11.5 ± 1.15 9.8 ± 1.21 11.3 ± 0.98 11.2 ± 0.42 11.1 ± 1.25
Hematocrit % 33 ± 1.65 34.8 ± 2.75 29.8 ± 2.54 35.1 ± 3.12 34.5 ± 2.01 33.9 ± 3.75
Mean corpuscular volume fL 63.5 ± 1.87 62.9 ± 3.08 62.1 ± 4.68 60.6 ± 3.8 66 ± 2.4 63.6 ± 2.71
Mean corpuscular hemoglobin pg 21.4 ± 0.46 20.8 ± 1.28 20.4 ± 1.92 19.6 ± 1.75 21.4 ± 0.92 20.7 ± 1.25
Mean corpuscular HGB conc. g/dL 33.7 ± 0.93 33.1 ± 0.7 32.8 ± 1.54 32.3 ± 0.9 32.5 ± 0.69 32.6 ± 0.64
Red cell distribution width % 14.8 ± 1 15.1 ± 0.78 15.3 ± 1.32 16.8 ± 0.82 16.2 ± 0.57 15.7 ± 1.01
Hemoglobin distrib. width g/dL 2.89 ± 0.251 2.86 ± 0.044 3.04 ± 0.303 3.08 ± 0.154 3.04 ± 0.227 2.73 ± 0.032
Reticulocytes % - - - - - -
Reticulocytes abs 10^9/L - - - - - -
Mean corpuscular vol. retic. fL - - - - - -
Mean hemoglobin conc. retic. g/dL - - - - - -
Cellular hemoglobin retic. pg - - - - - -
Platelets 10^3/L 401 ± 118 514 ± 127.3 410 ± 142.9 485 ± 88.1 576 ± 242.5 529 ± 122.5
Mean platelet volume fL 7.3 ± 1.5 7.1 ± 0.67 7.6 ± 1.62 8.1 ± 1.65 7.4 ± 0.5 7.3 ± 0.46
Platelet distrib. width % 58.8 ± 6.82 57.9 ± 4.32 64.4 ± 17 63.6 ± 10.94 56.4 ± 5.29 52.9 ± 4.52
Platelet hematocrit % 0.28 ± 0.042 0.37 ± 0.106 0.3 ± 0.059 0.38 ± 0.025 0.42 ± 0.179 0.38 ± 0.061
White blood cells 10^3/mcL 8.77 ± 3.082 13.88 ± 2.627 14.32 ± 4.695 20.17 ± 4.752 10.74 ± 2.426 13.3 ± 1.546
Neutrophils abs 10^3/mcL 5.43 ± 2.512 7.62 ± 4.764 6.9 ± 3.312 8.89 ± 12.178 6.34 ± 0.762 3.83 ± 1.654
Lymphocytes abs 10^3/mcL 2.95 ± 0.777 5.55 ± 2.195 6.57 ± 2.164 9.66 ± 6.634 3.83 ± 1.551 8.36 ± 1.18
Monocytes abs 10^3/mcL 0.25 ± 0.064 0.4 ± 0.072 0.16 ± 0.042 0.4 ± 0.095 0.26 ± 0.4 0.52 ± 0.121
Eosinophils abs 10^3/mcL 0.06 ± 0.078 0.18 ± 0.025 *0.44 ± 0.167 0.97 ± 0.725 0.19 ± 0.143 0.42 ± 0.238
Basophils abs 10^3/mcL 0.02 ± 0.006 0.03 ± 0.012 0.04 ± 0.017 *0.08 ± 0.025 0.03 ± 0.012 0.05 ± 0.015
Large unstained cells abs 10^3/mcL 0.07 ± 0.01 0.09 ± 0.015 0.22 ± 0.193 0.16 ± 0.11 0.09 ± 0.059 0.12 ± 0.006
Neutrophils % 60.7 ± 9.37 51.6 ± 27.26 47.1 ± 11.84 37 ± 45.67 60.1 ± 8.5 28.4 ± 11.2
Lymphocytes % 34.7 ± 8.7 43.2 ± 25.6 46.3 ± 10.23 54.2 ± 40.27 34.7 ± 7.65 63.3 ± 11.72
Monocytes % 3 ± 0.82 3.1 ± 1.06 **1.1 ± 0.26 2.1 ± 0.83 2.4 ± 0.21 3.9 ± 0.46
Eosinophils % 0.5 ± 0.61 1.3 ± 0.42 3.5 ± 1.95 5.4 ± 4.17 1.7 ± 0.9 3 ± 1.4
Basophils % 0.2 ± 0.12 0.2 ± 0 0.3 ± 0.06 0.4 ± 0.21 0.2 ± 0.06 0.4 ± 0.15
Large unstained cells % 0.9 ± 0.17 0.6 ± 0.25 1.8 ± 1.78 0.9 ± 0.67 0.8 ± 0.35 0.9 ± 0.12
Lymphocytes abs 10^3/mcL 2.95 ± 0.777 5.55 ± 2.195 6.57 ± 2.164 9.66 ± 6.634 3.83 ± 1.551 8.36 ± 1.18
T cells % 58.8 ± 10.055 61.78 ± 5.793 65.09 ± 0.839 65.74 ± 8.367 53.92 ± 7.022 61.04 ± 4.872
T cells abs 10^3/mcL 1.72 ± 0.517 3.42 ± 1.439 *4.27 ± 1.381 6.55 ± 4.731 1.99 ± 0.595 5.13 ± 0.999
T cells CD4+ % 61.56 ± 4.179 59.56 ± 6.285 55.64 ± 2.018 53.29 ± 5.961 54.56 ± 2.987 47.45 ± 7.84
T cells CD4+ abs 10^3/mcL 1.07 ± 0.344 2.1 ± 1.079 *2.39 ± 0.835 3.68 ± 2.772 1.08 ± 0.277 2.4 ± 0.474
T cells CD8+ % 27.37 ± 4.057 32.48 ± 6.755 30.03 ± 4.071 36.11 ± 5.984 29.23 ± 2.919 39.78 ± 10.79
T cells CD8+ abs 10^3/mcL 0.46 ± 0.077 1.06 ± 0.27 **1.25 ± 0.258 2.18 ± 1.453 0.58 ± 0.147 2.08 ± 0.832
B cells % 23.16 ± 4.503 30.49 ± 1.324 19.6 ± 7.337 19.34 ± 6.471 16.67 ± 9.561 19.65 ± 6.145
B cells abs 10^3/mcL 0.66 ± 0.121 1.68 ± 0.631 1.34 ± 0.693 1.68 ± 1.219 0.72 ± 0.663 1.6 ± 0.295
NK cells % 13.57 ± 7.131 5.16 ± 2.565 16.81 ± 16.158 12.38 ± 1.216 22.11 ± 6.899 *16.28 ± 5.736
NK cells abs 10^3/mcL 0.42 ± 0.291 0.3 ± 0.185 0.94 ± 0.665 1.23 ± 0.873 0.83 ± 0.352 1.39 ± 0.652
Activated T cells CD4+ % 37.99 ± 51.632 11.94 ± 4.734 13.11 ± 3.47 20.01 ± 9.395 16.23 ± 1.763 9.19 ± 5.891
Activated T cells CD4+ abs 10^3/mcL 0.3 ± 0.346 0.22 ± 0.068 0.3 ± 0.101 0.57 ± 0.347 0.18 ± 0.061 0.23 ± 0.179
Activated T cells CD8+ % 8.26 ± 2.354 6.99 ± 1.575 11.93 ± 4.732 4.89 ± 1.768 7.64 ± 0.642 6.49 ± 0.573
Activated T cells CD8+ abs 10^3/mcL 0.04 ± 0.009 0.07 ± 0.028 0.15 ± 0.09 0.11 ± 0.092 0.04 ± 0.014 0.14 ± 0.067
B cells CD40+ % 90.29 ± 1.7 87.17 ± 3.474 83.72 ± 15.173 89.77 ± 5.553 85.22 ± 5.87 88.81 ± 3.536
B cells CD40+ abs 10^3/mcL 0.6 ± 0.113 1.48 ± 0.598 1.12 ± 0.662 1.55 ± 1.167 0.61 ± 0.571 1.41 ± 0.229
Monocytes abs 10^3/mcL 0.25 ± 0.064 0.4 ± 0.072 0.16 ± 0.042 0.4 ± 0.095 0.26 ± 0.4 0.52 ± 0.121
Activated monocytes % 1.77 ± 1.447 4.62 ± 2.902 2.59 ± 1.052 1.95 ± 0.86 2.25 ± 0.704 3.21 ± 0.379
Activated monocytes abs 10^3/mcL 0 ± 0.002 0.02 ± 0.014 0 ± 0.002 0.01 ± 0.005 0.01 ± 0.002 0.02 ± 0.002

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Hematology data, test phase: Day 8

Control (Vehicle) F16-IL2 + doxorubicin
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Hematology data, test phase: Day 15

Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 5.9 ± 0.381 5.57 ± 0.361 5.67 ± 0.627 6.26 ± 0.766 5.65 ± 0.366 5.63 ± 0.457
Hemoglobin g/dL 12.4 ± 0.72 12 ± 1.06 11.4 ± 0.56 12 ± 0.47 11.8 ± 0.36 11.4 ± 0.44
Hematocrit % 38.5 ± 1.25 36.7 ± 2.81 35.9 ± 0.8 38.6 ± 2.16 38.2 ± 1.96 36.6 ± 0.9
Mean corpuscular volume fL 65.3 ± 2.08 66 ± 0.79 63.7 ± 5.74 62.1 ± 4.68 67.8 ± 1.65 65.1 ± 3.65
Mean corpuscular hemoglobin pg 21.1 ± 0.45 21.5 ± 0.57 20.2 ± 1.91 19.3 ± 1.7 20.9 ± 0.87 20.3 ± 1.4
Mean corpuscular HGB conc. g/dL 32.2 ± 0.87 32.5 ± 0.76 31.7 ± 1.5 31 ± 0.49 30.9 ± 0.7 31.2 ± 0.86
Red cell distribution width % 15 ± 1.01 14.8 ± 1.05 16.2 ± 2.91 16.6 ± 0.42 15.8 ± 0.61 16.1 ± 1.08
Hemoglobin distrib. width g/dL 2.82 ± 0.189 2.76 ± 0.038 3.2 ± 0.396 3.07 ± 0.268 2.99 ± 0.324 2.73 ± 0.051
Reticulocytes % 1.4 ± 0.61 1.6 ± 0.64 2.2 ± 0.99 2.2 ± 0.06 1.5 ± 0.47 3 ± 1.65
Reticulocytes abs 10^9/L 79.5 ± 33.31 87.3 ± 32.65 118.3 ± 40.39 139.4 ± 18.31 82.3 ± 21.87 164.5 ± 84.14
Mean corpuscular vol. retic. fL 84.9 ± 1.96 85.5 ± 2.48 84.7 ± 6.49 84.5 ± 7.36 91.2 ± 3.38 86.9 ± 2.91
Mean hemoglobin conc. retic. g/dL 28.6 ± 0.67 28.9 ± 0.55 27.7 ± 1.47 27 ± 0.25 26.6 ± 0.26 27.5 ± 1.32
Cellular hemoglobin retic. pg 24.2 ± 1.01 24.7 ± 0.72 23.4 ± 1.72 22.8 ± 1.85 24.2 ± 0.61 23.9 ± 1.7
Platelets 10^3/L 472 ± 115.5 480 ± 167.3 489 ± 58.9 563 ± 143.5 539 ± 112.3 576 ± 75.8
Mean platelet volume fL 7.4 ± 1.59 7.2 ± 0.85 6.9 ± 0.5 8.4 ± 2.41 7.3 ± 1 6.8 ± 0.35
Platelet distrib. width % 60.7 ± 12.34 58.9 ± 9.13 67.2 ± 10.78 63.8 ± 10.46 61.1 ± 11.4 56.8 ± 6.2
Platelet hematocrit % 0.34 ± 0.038 0.34 ± 0.104 0.34 ± 0.04 0.45 ± 0.006 0.38 ± 0.061 0.39 ± 0.044
White blood cells 10^3/mcL 9.08 ± 0.324 10.9 ± 1.147 11.91 ± 3.262 **24.67 ± 3.111 8.53 ± 3.213 15.06 ± 1.676
Neutrophils abs 10^3/mcL 2.54 ± 1.145 4.67 ± 1.817 1.86 ± 1.332 3.69 ± 0.831 3.67 ± 2.396 4.13 ± 2.117
Lymphocytes abs 10^3/mcL 5.58 ± 0.968 5.41 ± 1.677 8.52 ± 3.252 **14.35 ± 2.359 4.14 ± 0.720 9.03 ± 2.460
Monocytes abs 10^3/mcL 0.55 ± 0.025 0.42 ± 0.031 **0.23 ± 0.045 0.55 ± 0.206 **0.29 ± 0.066 0.41 ± 0.147
Eosinophils abs 10^3/mcL 0.2 ± 0.131 0.26 ± 0.165 **1.1 ± 0.256 *5.75 ± 1.601 0.35 ± 0.089 1.33 ± 0.576
Basophils abs 10^3/mcL 0.03 ± 0.015 0.03 ± 0.015 0.04 ± 0.021 *0.13 ± 0.035 0.02 ± 0 0.05 ± 0.032
Large unstained cells abs 10^3/mcL 0.17 ± 0.112 0.11 ± 0.045 0.15 ± 0.055 0.21 ± 0.085 0.07 ± 0.01 0.11 ± 0.038
Neutrophils % 28 ± 12.62 42.8 ± 16.83 15.9 ± 9.77 15.3 ± 5.32 38.8 ± 16.73 27.5 ± 14.2
Lymphocytes % 61.5 ± 11.02 49.6 ± 15.24 70.4 ± 10.18 58 ± 3.74 52 ± 14.29 59.7 ± 11.74
Monocytes % 6 ± 0.32 3.9 ± 0.62 **2.1 ± 0.42 2.3 ± 0.86 **3.6 ± 0.85 2.8 ± 1.23
Eosinophils % 2.2 ± 1.5 2.4 ± 1.65 *10.1 ± 4.82 **23 ± 3.57 4.4 ± 1.26 9 ± 4.66
Basophils % 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.12 0.5 ± 0.1 0.2 ± 0.06 0.4 ± 0.21
Large unstained cells % 1.9 ± 1.17 1 ± 0.35 1.2 ± 0.26 0.8 ± 0.25 1 ± 0.55 0.7 ± 0.17
Lymphocytes abs 10^3/mcL 5.58 ± 0.968 5.41 ± 1.677 8.52 ± 3.252 **14.35 ± 2.359 4.14 ± 0.720 9.03 ± 2.460
T cells % 57.28 ± 5.786 63.6 ± 5.738 67.9 ± 3.216 64.66 ± 8.787 57.77 ± 5.737 61.66 ± 7.249
T cells abs 10^3/mcL 3.18 ± 0.491 3.42 ± 1.063 5.85 ± 2.502 **9.25 ± 1.757 2.37 ± 0.348 5.62 ± 1.839
T cells CD4+ % 59.62 ± 6.528 64.08 ± 3.57 56.62 ± 3.14 44.71 ± 16.204 54.69 ± 2.773 47.43 ± 6.328
T cells CD4+ abs 10^3/mcL 1.91 ± 0.489 2.19 ± 0.722 3.29 ± 1.381 4.3 ± 2.113 1.3 ± 0.223 2.6 ± 0.594
T cells CD8+ % 30.66 ± 5.289 28.25 ± 2.815 31.19 ± 1.65 40.84 ± 11.829 31.22 ± 2.553 40.86 ± 8.559
T cells CD8+ abs 10^3/mcL 0.97 ± 0.183 0.96 ± 0.282 1.81 ± 0.72 *3.65 ± 0.44 0.75 ± 0.168 2.4 ± 1.247
B cells % 20.71 ± 3.351 22.34 ± 9.877 15.38 ± 3.152 15.75 ± 6.614 15.29 ± 10.143 17.82 ± 4.231
B cells abs 10^3/mcL 1.17 ± 0.345 1.3 ± 0.773 1.34 ± 0.615 2.34 ± 1.307 0.66 ± 0.486 1.56 ± 0.303
NK cells % 16.01 ± 7.103 10.71 ± 5.357 13.4 ± 4.998 15.14 ± 3.536 20.46 ± 5.56 16.99 ± 2.228
NK cells abs 10^3/mcL 0.94 ± 0.503 0.52 ± 0.068 1.05 ± 0.135 **2.15 ± 0.552 0.84 ± 0.271 1.55 ± 0.546
Activated T cells CD4+ % 31.47 ± 43.458 7.59 ± 0.991 12.59 ± 2.653 *16.79 ± 5.575 12.76 ± 2.388 12.58 ± 1.077
Activated T cells CD4+ abs 10^3/mcL 0.53 ± 0.692 0.17 ± 0.075 0.41 ± 0.149 **0.64 ± 0.169 0.17 ± 0.058 0.33 ± 0.091
Activated T cells CD8+ % 11.85 ± 9.342 8.12 ± 1.498 10.83 ± 2.866 *3.65 ± 0.618 8.01 ± 2.506 6.63 ± 1.894
Activated T cells CD8+ abs 10^3/mcL 0.12 ± 0.112 0.08 ± 0.032 0.21 ± 0.135 0.14 ± 0.036 0.06 ± 0.011 0.16 ± 0.083
B cells CD40+ % 88 ± 2.482 82.01 ± 8.595 83.67 ± 13.301 87.12 ± 1.156 80.44 ± 6.766 80.6 ± 5.72
B cells CD40+ abs 10^3/mcL 1.04 ± 0.328 1.02 ± 0.558 1.1 ± 0.465 2.03 ± 1.113 0.51 ± 0.355 1.27 ± 0.331
Monocytes abs 10^3/mcL 0.55 ± 0.025 0.42 ± 0.031 **0.23 ± 0.045 0.55 ± 0.206 **0.29 ± 0.066 0.41 ± 0.147
Activated monocytes % 1.8 ± 0.756 2.04 ± 1.197 3.2 ± 0.665 3.88 ± 1.531 2.54 ± 1.841 1.87 ± 0.646
Activated monocytes abs 10^3/mcL 0.01 ± 0.004 0.01 ± 0.004 0.01 ± 0.001 0.02 ± 0.007 0.01 ± 0.007 0.01 ± 0.005

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Control (Vehicle) F16-IL2 + doxorubicin
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Hematology data, test phase: Day 17

Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 5.84 ± 0.6 5.62 ± 0.495 5.47 ± 0.66 5.85 ± 0.759 5.6 ± 0.451 5.27 ± 0.447
Hemoglobin g/dL 12.5 ± 1.11 12 ± 1.21 11.2 ± 0.5 11.4 ± 0.58 12 ± 0.55 10.8 ± 0.69
Hematocrit % 36.8 ± 2.79 37.3 ± 3.66 34.2 ± 0.89 35.9 ± 3.44 36.4 ± 2.46 33.7 ± 1.79
Mean corpuscular volume fL 63 ± 2.23 66.4 ± 0.81 63 ± 6.17 61.5 ± 3.21 65.1 ± 2.35 64.1 ± 3.76
Mean corpuscular hemoglobin pg 21.5 ± 0.46 21.3 ± 0.32 20.7 ± 1.95 19.5 ± 1.7 21.4 ± 1.07 20.6 ± 1.26
Mean corpuscular HGB conc. g/dL 34.1 ± 0.46 32.2 ± 0.1 32.9 ± 1.42 31.8 ± 1.5 32.8 ± 0.76 32.1 ± 0.44
Red cell distribution width % 15 ± 0.92 14.7 ± 0.95 15.9 ± 2.67 16.2 ± 0.32 15.6 ± 0.55 15.6 ± 0.64
Hemoglobin distrib. width g/dL 2.8 ± 0.177 2.62 ± 0.006 3.15 ± 0.391 2.99 ± 0.173 3.05 ± 0.303 2.63 ± 0.038
Reticulocytes % - - - - - -
Reticulocytes abs 10^9/L - - - - - -
Mean corpuscular vol. retic. fL - - - - - -
Mean hemoglobin conc. retic. g/dL - - - - - -
Cellular hemoglobin retic. pg - - - - - -
Platelets 10^3/L 405 ± 84.5 427 ± 111.5 340 ± 65.6 373 ± 33.2 433 ± 58.9 405 ± 90.8
Mean platelet volume fL 7.1 ± 1.04 7.3 ± 1.28 6.9 ± 1.23 7.7 ± 1.86 6.8 ± 1.12 6.4 ± 0.38
Platelet distrib. width % 56.7 ± 7.66 64.9 ± 10.09 74.9 ± 19.55 66.8 ± 8.33 59.5 ± 13.12 57.5 ± 8.85
Platelet hematocrit % 0.28 ± 0.035 0.31 ± 0.075 0.23 ± 0.01 0.29 ± 0.05 0.3 ± 0.059 0.26 ± 0.045
White blood cells 10^3/mcL 6.91 ± 0.855 10.87 ± 1.971 7.43 ± 1.881 15.17 ± 3.928 6.56 ± 1.290 9.34 ± 2.722
Neutrophils abs 10^3/mcL 2.49 ± 0.887 3.16 ± 0.579 1.35 ± 0.710 2.68 ± 0.758 2.72 ± 1.357 2.61 ± 0.965
Lymphocytes abs 10^3/mcL 3.98 ± 1.498 6.72 ± 1.989 3.88 ± 0.956 7.1 ± 2.240 2.35 ± 0.157 5.06 ± 1.520
Monocytes abs 10^3/mcL 0.24 ± 0.044 0.53 ± 0.058 0.27 ± 0.092 0.49 ± 0.121 0.25 ± 0.025 *0.31 ± 0.084
Eosinophils abs 10^3/mcL 0.08 ± 0.095 0.3 ± 0.125 *1.74 ± 0.379 **4.57 ± 1.194 1.11 ± 1.134 1.23 ± 1.068
Basophils abs 10^3/mcL 0.03 ± 0.006 0.04 ± 0.03 0.05 ± 0.021 0.1 ± 0.025 0.02 ± 0.006 0.05 ± 0.036
Large unstained cells abs 10^3/mcL 0.09 ± 0.026 0.12 ± 0.046 0.13 ± 0.074 *0.22 ± 0.015 0.1 ± 0.068 0.12 ± 0.006
Neutrophils % 37.2 ± 16.48 29.9 ± 8.46 17.3 ± 5.37 17.9 ± 4.13 40.6 ± 14.29 27.8 ± 4.55
Lymphocytes % 56.5 ± 16.2 60.9 ± 8.86 52.3 ± 3.47 46.4 ± 3.59 37.1 ± 10.47 54 ± 5.33
Monocytes % 3.5 ± 1.13 5 ± 1.43 3.6 ± 0.46 3.4 ± 1.4 3.9 ± 0.49 3.5 ± 1.06
Eosinophils % 1.1 ± 1.27 2.7 ± 0.76 *24.4 ± 8.28 **30.2 ± 2.53 16.5 ± 15.96 12.8 ± 9.33
Basophils % 0.4 ± 0.06 0.3 ± 0.25 *0.7 ± 0.17 0.6 ± 0.15 0.2 ± 0.06 0.5 ± 0.26
Large unstained cells % 1.3 ± 0.25 1.1 ± 0.26 1.7 ± 0.7 1.5 ± 0.25 1.5 ± 0.67 1.3 ± 0.44
Lymphocytes abs 10^3/mcL 3.98 ± 1.498 6.72 ± 1.989 3.88 ± 0.956 7.1 ± 2.240 2.35 ± 0.157 5.06 ± 1.520
T cells % 52.8 ± 10.353 63.92 ± 3.341 71.11 ± 7.148 72.28 ± 7.031 62.26 ± 5.511 70.3 ± 5.145
T cells abs 10^3/mcL 2.04 ± 0.715 4.27 ± 1.177 2.8 ± 0.938 5.09 ± 1.392 1.47 ± 0.228 3.53 ± 1.049
T cells CD4+ % 58.29 ± 6.912 61.23 ± 2.815 63.33 ± 0.888 51.55 ± 17.032 58.51 ± 1.789 53.96 ± 10.163
T cells CD4+ abs 10^3/mcL 1.21 ± 0.548 2.59 ± 0.607 1.77 ± 0.586 2.76 ± 1.401 0.86 ± 0.139 1.84 ± 0.319
T cells CD8+ % 31.13 ± 5.595 31.34 ± 2.247 27.93 ± 0.927 38.05 ± 14.548 29.63 ± 2.479 36.78 ± 10.886
T cells CD8+ abs 10^3/mcL 0.63 ± 0.2 1.35 ± 0.461 0.78 ± 0.238 1.83 ± 0.368 0.44 ± 0.092 1.37 ± 0.744
B cells % 23.68 ± 1.316 22.98 ± 8.807 **10.92 ± 0.652 12.52 ± 5.424 14.3 ± 6.594 13.33 ± 3.051
B cells abs 10^3/mcL 0.95 ± 0.364 1.63 ± 0.888 0.42 ± 0.115 0.97 ± 0.725 *0.33 ± 0.134 0.64 ± 0.066
NK cells % 19.49 ± 9.614 10.12 ± 5.016 15.46 ± 7.271 12.04 ± 5.923 19.66 ± 3.823 13.82 ± 4.952
NK cells abs 10^3/mcL 0.84 ± 0.531 0.63 ± 0.224 0.55 ± 0.112 0.84 ± 0.411 0.46 ± 0.079 0.73 ± 0.462
Activated T cells CD4+ % 30.96 ± 40.217 8.1 ± 1.316 19.22 ± 3.548 **20.15 ± 4.248 17.91 ± 1.578 *15.59 ± 0.655
Activated T cells CD4+ abs 10^3/mcL 0.3 ± 0.347 0.21 ± 0.063 0.33 ± 0.093 0.52 ± 0.236 0.15 ± 0.029 0.29 ± 0.038
Activated T cells CD8+ % 12.53 ± 9.4 9.68 ± 3.913 25.71 ± 10.918 10.75 ± 5.528 11.87 ± 5.747 12.46 ± 2.486
Activated T cells CD8+ abs 10^3/mcL 0.08 ± 0.065 0.14 ± 0.101 0.22 ± 0.147 0.2 ± 0.122 0.05 ± 0.013 0.18 ± 0.101
B cells CD40+ % 86.45 ± 2.219 87.24 ± 6.944 80 ± 16.602 89.86 ± 0.815 85.49 ± 7.214 84.41 ± 4.813
B cells CD40+ abs 10^3/mcL 0.82 ± 0.333 1.38 ± 0.695 *0.33 ± 0.05 0.87 ± 0.653 *0.28 ± 0.105 0.54 ± 0.086
Monocytes abs 10^3/mcL 0.24 ± 0.044 0.53 ± 0.058 0.27 ± 0.092 0.49 ± 0.121 0.25 ± 0.025 *0.31 ± 0.084
Activated monocytes % 1.79 ± 1.422 3.6 ± 1.146 3.81 ± 1.209 1.81 ± 0.382 3.9 ± 2.275 2.65 ± 0.866
Activated monocytes abs 10^3/mcL 0 ± 0.003 0.02 ± 0.004 0.01 ± 0.007 **0.01 ± 0.001 0.01 ± 0.007 **0.01 ± 0.003

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Control (Vehicle) F16-IL2 + doxorubicin
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Hematology data, test phase: Day 20

Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 5.8 ± 0.417 5.48 ± 0.264 5.51 ± 0.646 5.83 ± 0.521 5.74 ± 0.31 5.7 ± 0.381
Hemoglobin g/dL 12.2 ± 0.76 11.7 ± 0.79 11.1 ± 0.56 11.2 ± 0.1 12 ± 0.32 11.5 ± 0.8
Hematocrit % 38.1 ± 1.7 36.1 ± 2.21 35.1 ± 1.29 36.2 ± 1.01 39 ± 0.86 36.8 ± 1.67
Mean corpuscular volume fL 65.9 ± 3.34 65.9 ± 0.84 64.3 ± 5.51 62.4 ± 4.56 68.1 ± 2.29 64.7 ± 2.66
Mean corpuscular hemoglobin pg 21.1 ± 0.32 21.3 ± 0.44 20.3 ± 1.91 19.3 ± 1.72 21 ± 1.05 20.3 ± 1.52
Mean corpuscular HGB conc. g/dL 32.1 ± 1.1 32.3 ± 0.2 31.6 ± 1.76 31 ± 0.95 30.9 ± 0.69 31.3 ± 1.14
Red cell distribution width % 14.4 ± 0.74 14.4 ± 1.21 15.2 ± 2.42 16.2 ± 0.65 14.9 ± 0.35 15.3 ± 0.35
Hemoglobin distrib. width g/dL 2.63 ± 0.131 2.76 ± 0.069 3.05 ± 0.386 **3.08 ± 0.135 2.78 ± 0.257 2.69 ± 0.035
Reticulocytes % - - - - - -
Reticulocytes abs 10^9/L - - - - - -
Mean corpuscular vol. retic. fL - - - - - -
Mean hemoglobin conc. retic. g/dL - - - - - -
Cellular hemoglobin retic. pg - - - - - -
Platelets 10^3/L 413 ± 76.8 447 ± 126.1 374 ± 80.1 401 ± 57 458 ± 98.7 455 ± 88.1
Mean platelet volume fL 8.6 ± 2.22 7.7 ± 1.53 7.8 ± 1.23 8.9 ± 1.96 8.4 ± 1.45 7.5 ± 0.71
Platelet distrib. width % 60.1 ± 7.82 63 ± 13.53 76.1 ± 16.75 66.1 ± 6.67 68.8 ± 3.71 60.5 ± 8.45
Platelet hematocrit % 0.35 ± 0.067 0.34 ± 0.092 0.29 ± 0.031 0.35 ± 0.029 0.38 ± 0.06 0.34 ± 0.029
White blood cells 10^3/mcL 8.28 ± 1.515 9.79 ± 0.876 14.16 ± 5.056 **24.87 ± 6.089 12.17 ± 7.386 13.11 ± 2.409
Neutrophils abs 10^3/mcL 2.03 ± 0.546 2.63 ± 0.62 2.66 ± 1.225 2.15 ± 0.201 4.35 ± 3.045 2.36 ± 1.19
Lymphocytes abs 10^3/mcL 5.42 ± 1.33 6.25 ± 1.468 8.65 ± 4.471 **14.4 ± 2.747 5.55 ± 2.51 7.86 ± 1.746
Monocytes abs 10^3/mcL 0.47 ± 0.104 0.44 ± 0.127 0.33 ± 0.202 0.42 ± 0.012 0.46 ± 0.21 0.35 ± 0.081
Eosinophils abs 10^3/mcL 0.2 ± 0.103 0.32 ± 0.128 2.29 ± 1.165 7.44 ± 3.244 1.61 ± 1.843 2.36 ± 2.451
Basophils abs 10^3/mcL 0.04 ± 0.026 0.04 ± 0.023 0.05 ± 0.031 *0.14 ± 0.046 0.05 ± 0.04 0.05 ± 0.021
Large unstained cells abs 10^3/mcL 0.13 ± 0.03 0.1 ± 0.026 0.17 ± 0.1 **0.33 ± 0.085 0.16 ± 0.093 0.15 ± 0.031
Neutrophils % 24.8 ± 6.98 27.3 ± 8.44 22.3 ± 15.67 9.1 ± 2.72 32.5 ± 12.45 19.3 ± 12.7
Lymphocytes % 65 ± 7.15 63.5 ± 10.97 58.4 ± 12.97 58.5 ± 4.08 51.2 ± 15.07 60.2 ± 11.76
Monocytes % 5.7 ± 1.59 4.4 ± 1.26 *2.4 ± 1.11 *1.7 ± 0.44 4.1 ± 0.85 2.7 ± 0.93
Eosinophils % 2.4 ± 1.45 3.3 ± 1.49 *15.4 ± 3.32 *28.8 ± 7.1 10.6 ± 7.59 16.3 ± 14.43
Basophils % 0.5 ± 0.20 0.5 ± 0.29 0.3 ± 0.15 0.6 ± 0.06 0.3 ± 0.15 0.4 ± 0.15
Large unstained cells % 1.6 ± 0.2 1 ± 0.15 1.1 ± 0.42 1.3 ± 0.2 1.3 ± 0.36 1.1 ± 0.25
Lymphocytes abs 10^3/mcL 5.42 ± 1.33 6.25 ± 1.468 8.65 ± 4.471 **14.4 ± 2.747 5.55 ± 2.51 7.86 ± 1.746
T cells % 59.49 ± 12.087 64.55 ± 5.61 68.23 ± 4.763 66.22 ± 8.359 62.24 ± 2.678 62.51 ± 6.854
T cells abs 10^3/mcL 3.12 ± 0.263 4.03 ± 1.011 6.03 ± 3.44 **9.45 ± 1.564 3.41 ± 1.444 4.9 ± 1.122
T cells CD4+ % 59.78 ± 7.237 63.43 ± 2.183 56.36 ± 3.402 45.47 ± 16.002 55.05 ± 5.545 49.32 ± 7.716
T cells CD4+ abs 10^3/mcL 1.85 ± 0.076 2.56 ± 0.663 3.33 ± 1.806 4.45 ± 2.077 1.84 ± 0.654 2.4 ± 0.636
T cells CD8+ % 31.1 ± 6.294 28.85 ± 1.064 30.58 ± 1.079 39.91 ± 12.531 31.33 ± 0.392 37.86 ± 8.991
T cells CD8+ abs 10^3/mcL 0.98 ± 0.286 1.16 ± 0.274 1.82 ± 1.002 **3.65 ± 0.507 1.07 ± 0.453 1.88 ± 0.695
B cells % 19.86 ± 2.618 22.11 ± 8.736 14.97 ± 2.798 16.37 ± 7.459 12.47 ± 5.71 15.63 ± 4.514
B cells abs 10^3/mcL 1.09 ± 0.334 1.45 ± 0.749 1.27 ± 0.614 2.47 ± 1.532 0.78 ± 0.667 1.18 ± 0.07
NK cells % 17.11 ± 10.383 10.7 ± 5.810 13.3 ± 4.114 13.18 ± 3.621 20.8 ± 3.417 18.1 ± 8.791
NK cells abs 10^3/mcL 1.02 ± 0.787 0.61 ± 0.17 1.03 ± 0.332 1.87 ± 0.51 1.11 ± 0.376 1.5 ± 0.996
Activated T cells CD4+ % 31.5 ± 40.03 8.19 ± 1.945 18.25 ± 4.997 *21.54 ± 7.086 15.74 ± 2.649 17.13 ± 1.653
Activated T cells CD4+ abs 10^3/mcL 0.57 ± 0.706 0.21 ± 0.071 0.62 ± 0.351 **0.87 ± 0.295 0.29 ± 0.12 0.41 ± 0.133
Activated T cells CD8+ % 15.43 ± 9.457 8.83 ± 1.931 19.65 ± 4.022 5.29 ± 0.72 15.32 ± 5.12 9.18 ± 2.967
Activated T cells CD8+ abs 10^3/mcL 0.17 ± 0.15 0.1 ± 0.033 0.38 ± 0.272 0.19 ± 0.043 0.18 ± 0.13 0.18 ± 0.086
B cells CD40+ % 87.42 ± 2.08 82.44 ± 9.771 83.23 ± 13.226 88.54 ± 2.97 84.94 ± 3.528 83.3 ± 4.009
B cells CD40+ abs 10^3/mcL 0.95 ± 0.312 1.15 ± 0.518 1.05 ± 0.536 2.17 ± 1.32 0.65 ± 0.542 0.98 ± 0.019
Monocytes abs 10^3/mcL 0.47 ± 0.104 0.44 ± 0.127 0.33 ± 0.202 0.42 ± 0.012 0.46 ± 0.21 0.35 ± 0.081
Activated monocytes % 3.68 ± 2.299 3.19 ± 2.556 3.43 ± 0.401 2.67 ± 1.309 2.82 ± 1.145 4.48 ± 1.409
Activated monocytes abs 10^3/mcL 0.02 ± 0.013 0.02 ± 0.015 0.01 ± 0.006 0.01 ± 0.005 0.01 ± 0.009 0.01 ± 0.004

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Control (Vehicle) F16-IL2 + doxorubicin



 96 

 

Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 6.11 ± 0.47 5.83 ± 0.418 5.92 ± 0.743 6.46 ± 0.669 5.85 ± 0.295 6.16 ± 0.52
Hemoglobin g/dL 12.8 ± 0.95 12.5 ± 1.07 12 ± 0.4 12.4 ± 0.31 12.3 ± 0.57 12.5 ± 0.76
Hematocrit % 39.9 ± 1.91 38.3 ± 3.18 37.2 ± 1.97 40 ± 1.76 38.8 ± 2.35 39.3 ± 2.36
Mean corpuscular volume fL 65.5 ± 5.5 65.7 ± 1 63.3 ± 5.64 62.1 ± 4 66.3 ± 2.97 64 ± 2.71
Mean corpuscular hemoglobin pg 21 ± 0.56 21.5 ± 0.32 20.4 ± 2.02 19.4 ± 1.7 21.1 ± 1.14 20.3 ± 1.51
Mean corpuscular HGB conc. g/dL 32.2 ± 2.02 32.8 ± 0.35 32.3 ± 1.87 31.2 ± 0.76 31.9 ± 0.62 31.7 ± 0.95
Red cell distribution width % 14.6 ± 0.85 14.6 ± 1.02 15.6 ± 2.58 *16.4 ± 0.75 15.3 ± 0.57 15.3 ± 0.38
Hemoglobin distrib. width g/dL 2.7 ± 0.246 2.68 ± 0.04 3.17 ± 0.446 *3 ± 0.172 2.86 ± 0.271 2.62 ± 0.062
Reticulocytes % 0.6 ± 0.21 1.1 ± 0.31 1.1 ± 0.65 1.9 ± 0.95 0.6 ± 0.32 1.3 ± 0.38
Reticulocytes abs 10^9/L 38.9 ± 8.49 63.8 ± 17.47 63.8 ± 29.86 121.3 ± 69.17 35.7 ± 17.6 79.2 ± 20.19
Mean corpuscular vol. retic. fL 82.6 ± 4.69 86 ± 3.9 83.1 ± 7.45 84 ± 6.86 87.8 ± 6.5 82.3 ± 2.65
Mean hemoglobin conc. retic. g/dL 29.7 ± 0.92 28.9 ± 0.4 28.7 ± 1.25 *27 ± 0.15 28.2 ± 0.81 28.2 ± 1.4
Cellular hemoglobin retic. pg 24.4 ± 0.61 24.8 ± 0.87 23.8 ± 2.26 22.6 ± 1.8 24.7 ± 1.15 23.2 ± 1.73
Platelets 10^3/L 457 ± 85.5 499 ± 174.7 393 ± 66.8 524 ± 108.8 459 ± 164.4 546 ± 151.8
Mean platelet volume fL 7.4 ± 1.82 7.4 ± 1.57 7.7 ± 1.01 8.3 ± 2.2 7.7 ± 1.26 6.7 ± 0.61
Platelet distrib. width % 62.2 ± 5.08 62.5 ± 14.14 75 ± 8.96 63.4 ± 10.62 64.9 ± 12.75 56.8 ± 7.25
Platelet hematocrit % 0.33 ± 0.04 0.36 ± 0.098 0.3 ± 0.062 0.42 ± 0.025 0.35 ± 0.123 0.37 ± 0.085
White blood cells 10^3/mcL 8.36 ± 1.076 8.08 ± 1.112 7.62 ± 3.066 **15.15 ± 1.4 5.35 ± 2.257 8.8 ± 1.071
Neutrophils abs 10^3/mcL 2.74 ± 1.193 2.63 ± 1.222 1.26 ± 0.441 2.08 ± 1.354 2.15 ± 1.252 2.96 ± 1.409
Lymphocytes abs 10^3/mcL 5.15 ± 1.98 4.84 ± 1.773 5.31 ± 1.99 **10.41 ± 0.883 2.71 ± 1.021 4.96 ± 1.701
Monocytes abs 10^3/mcL 0.28 ± 0 0.36 ± 0.166 0.19 ± 0.044 0.35 ± 0.045 0.2 ± 0.061 0.27 ± 0.026
Eosinophils abs 10^3/mcL 0.08 ± 0.061 0.15 ± 0.05 0.72 ± 0.563 **2.11 ± 0.384 0.23 ± 0.301 0.5 ± 0.501
Basophils abs 10^3/mcL 0.03 ± 0.017 0.03 ± 0.012 0.02 ± 0.01 0.05 ± 0.021 0.01 ± 0.006 0.03 ± 0.015
Large unstained cells abs 10^3/mcL 0.08 ± 0.015 0.08 ± 0.015 0.11 ± 0.084 *0.15 ± 0.015 0.05 ± 0.015 0.08 ± 0.032
Neutrophils % 34 ± 18.64 32.9 ± 16.65 16.7 ± 1.28 13.5 ± 8.49 38.3 ± 12.57 34.1 ± 17.83
Lymphocytes % 60.4 ± 18.35 59.4 ± 18.74 70.3 ± 2.51 69 ± 6.43 52.8 ± 11.2 55.7 ± 14.26
Monocytes % 3.4 ± 0.45 4.5 ± 2.17 2.7 ± 0.87 2.3 ± 0.44 4 ± 0.67 3.1 ± 0.38
Eosinophils % 0.9 ± 0.75 1.8 ± 0.4 *8.7 ± 3.55 *13.9 ± 2.26 3.7 ± 3.93 5.9 ± 6.35
Basophils % 0.4 ± 0.17 0.3 ± 0.1 0.3 ± 0 0.3 ± 0.12 0.3 ± 0.06 0.4 ± 0.06
Large unstained cells % 0.9 ± 0.1 1 ± 0.15 1.4 ± 0.5 1 ± 0.15 0.9 ± 0.2 0.9 ± 0.2
Lymphocytes abs 10^3/mcL 5.15 ± 1.98 4.84 ± 1.773 5.31 ± 1.99 **10.41 ± 0.883 2.71 ± 1.021 4.96 ± 1.701
T cells % 53.81 ± 9.224 58.67 ± 7.969 62.48 ± 2.845 63.58 ± 5.916 59.01 ± 8.426 53.53 ± 7.171
T cells abs 10^3/mcL 2.66 ± 0.728 2.85 ± 1.237 3.33 ± 1.277 **6.59 ± 0.292 1.55 ± 0.413 2.66 ± 0.928
T cells CD4+ % 56.83 ± 9.632 62.36 ± 2.256 55.49 ± 3.552 47.03 ± 18.927 55.26 ± 3.901 46.73 ± 7.047
T cells CD4+ abs 10^3/mcL 1.5 ± 0.491 1.79 ± 0.822 1.83 ± 0.639 3.12 ± 1.316 0.85 ± 0.166 1.22 ± 0.395
T cells CD8+ % 31.76 ± 8.712 29.5 ± 1.768 29.21 ± 5.021 37.54 ± 12.178 30.28 ± 1.719 38.21 ± 9.223
T cells CD8+ abs 10^3/mcL 0.87 ± 0.386 0.83 ± 0.318 0.94 ± 0.294 *2.46 ± 0.723 0.47 ± 0.106 1.06 ± 0.56
B cells % 24.67 ± 4.9 23.41 ± 9.614 18.04 ± 2.587 14.47 ± 5.227 15.56 ± 8.821 17.41 ± 4.707
B cells abs 10^3/mcL 1.33 ± 0.692 1.22 ± 0.739 0.99 ± 0.478 1.54 ± 0.69 0.48 ± 0.434 0.81 ± 0.068
NK cells % 17.47 ± 4.889 14.03 ± 7.695 15.8 ± 5.717 18.61 ± 3.602 20.72 ± 7.142 24.63 ± 7.493
NK cells abs 10^3/mcL 0.96 ± 0.549 0.59 ± 0.13 0.77 ± 0.132 *1.95 ± 0.473 0.56 ± 0.248 1.29 ± 0.812
Activated T cells CD4+ % 12.73 ± 10.185 8.12 ± 1.298 13.36 ± 2.229 *16.95 ± 4.874 14.35 ± 3.756 *16.11 ± 1.026
Activated T cells CD4+ abs 10^3/mcL 0.18 ± 0.131 0.15 ± 0.083 0.25 ± 0.118 **0.49 ± 0.109 0.12 ± 0.034 0.2 ± 0.061
Activated T cells CD8+ % 11.35 ± 6.936 10.23 ± 1.146 15.84 ± 3.474 7.4 ± 0.817 9.83 ± 2.302 12.4 ± 3.117
Activated T cells CD8+ abs 10^3/mcL 0.11 ± 0.108 0.09 ± 0.042 0.15 ± 0.07 0.18 ± 0.045 0.05 ± 0.02 0.13 ± 0.073
B cells CD40+ % 81.1 ± 8.862 78.4 ± 12.003 76.99 ± 15.777 84.48 ± 1.432 77.93 ± 8.994 73.95 ± 5.711
B cells CD40+ abs 10^3/mcL 1.12 ± 0.664 0.9 ± 0.491 0.78 ± 0.479 1.29 ± 0.556 0.36 ± 0.32 0.6 ± 0.091
Monocytes abs 10^3/mcL 0.28 ± 0 0.36 ± 0.166 0.19 ± 0.044 0.35 ± 0.045 0.2 ± 0.061 0.27 ± 0.026
Activated monocytes % 3.68 ± 1.345 6.74 ± 0.431 6.28 ± 2.13 8.06 ± 1.34 5.86 ± 0.922 8.04 ± 0.182
Activated monocytes abs 10^3/mcL 0.01 ± 0.004 0.02 ± 0.01 0.01 ± 0.002 0.03 ± 0.008 0.01 ± 0.003 0.02 ± 0.002

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Hematology data, test phase: Day 22

Control (Vehicle) F16-IL2 + doxorubicin
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Group 1: Group 2: Group 3:
F16-IL2

Male Female Male Female Male Female
Red blood cells 10^6/mcL 6.46 ± 0.375 5.82 ± 0.351 6.68 ± 0.6 *6.99 ± 0.671 6.05 ± 0.114 6.24 ± 0.361
Hemoglobin g/dL 13.7 ± 0.62 12.4 ± 1.11 13.5 ± 0.46 13.4 ± 0.2 12.7 ± 0.49 12.5 ± 0.75
Hematocrit % 42.1 ± 1.46 38.8 ± 3.21 41.9 ± 0.7 43.9 ± 0.93 40.5 ± 0.21 39.7 ± 1.97
Mean corpuscular volume fL 65.3 ± 2.78 66.6 ± 1.54 62.9 ± 4.71 63.2 ± 5.91 67 ± 1.15 63.5 ± 2.65
Mean corpuscular hemoglobin pg 21.2 ± 0.36 21.4 ± 0.69 20.2 ± 1.89 19.3 ± 1.77 21.1 ± 1.1 20 ± 1.37
Mean corpuscular HGB conc. g/dL 32.5 ± 0.85 32.1 ± 0.31 32.1 ± 0.95 *30.5 ± 0.1 31.5 ± 1.16 31.5 ± 0.85
Red cell distribution width % 13.7 ± 0.44 13.7 ± 1.3 14.2 ± 1.69 14.6 ± 0.53 14.4 ± 0.3 14 ± 0.93
Hemoglobin distrib. width g/dL 2.54 ± 0.156 2.56 ± 0.1 2.68 ± 0.205 2.59 ± 0.087 2.41 ± 0.221 2.54 ± 0.029
Reticulocytes % 0.5 ± 0.31 0.9 ± 0.35 0.3 ± 0.1 0.5 ± 0.21 0.5 ± 0.06 0.7 ± 0.26
Reticulocytes abs 10^9/L 34.1 ± 19.03 49.3 ± 19.35 21.1 ± 7.13 38.9 ± 18.4 26.8 ± 2.91 42.9 ± 13.31
Mean corpuscular vol. retic. fL 83.6 ± 2.8 85 ± 3.52 82 ± 7.58 81.4 ± 8.58 88.2 ± 5.74 81.5 ± 3.15
Mean hemoglobin conc. retic. g/dL 29.2 ± 0.81 28.8 ± 0.55 29 ± 0.99 27.4 ± 0.26 27.7 ± 0.23 28 ± 1.31
Cellular hemoglobin retic. pg 24.3 ± 0.56 24.5 ± 0.55 23.6 ± 2.45 22.1 ± 2.12 24.3 ± 1.56 22.8 ± 1.91
Platelets 10^3/L 404 ± 88.6 440 ± 103.1 389 ± 122.2 508 ± 134.7 412 ± 114.2 511 ± 140.2
Mean platelet volume fL 7.5 ± 1.5 7.3 ± 1.05 7.3 ± 0.51 8.8 ± 2.97 7.3 ± 0.84 7.3 ± 0.52
Platelet distrib. width % 61.7 ± 1.8 62.7 ± 9.8 66.7 ± 4.74 62.2 ± 9.1 61.1 ± 7.73 57.6 ± 3.07
Platelet hematocrit % 0.3 ± 0.059 0.32 ± 0.079 0.28 ± 0.082 0.42 ± 0.015 0.3 ± 0.061 0.37 ± 0.072
White blood cells 10^3/mcL 9.14 ± 0.595 10.4 ± 1.762 9.57 ± 3.219 *17.53 ± 3.893 7.67 ± 2.742 10.77 ± 2.733
Neutrophils abs 10^3/mcL 2.08 ± 0.685 3.69 ± 1.523 1.47 ± 0.38 3.56 ± 0.924 2.31 ± 0.969 3.81 ± 0.971
Lymphocytes abs 10^3/mcL 6.21 ± 1.21 5.72 ± 1.572 6.62 ± 2.495 *11.03 ± 2.288 4.63 ± 1.562 5.38 ± 1.065
Monocytes abs 10^3/mcL 0.51 ± 0.095 0.52 ± 0.143 0.29 ± 0.071 0.43 ± 0.102 0.43 ± 0.175 0.39 ± 0.142
Eosinophils abs 10^3/mcL 0.19 ± 0.155 0.34 ± 0.152 *1.04 ± 0.483 2.22 ± 1.171 0.19 ± 0.137 1.05 ± 1.525
Basophils abs 10^3/mcL 0.03 ± 0.01 0.03 ± 0.015 0.03 ± 0.026 0.07 ± 0.031 0.02 ± 0.006 0.03 ± 0.006
Large unstained cells abs 10^3/mcL 0.11 ± 0.031 0.11 ± 0.03 0.12 ± 0.07 0.2 ± 0.068 0.08 ± 0.029 0.12 ± 0.035
Neutrophils % 23.2 ± 8.71 35.2 ± 12.56 16 ± 3.73 20.2 ± 2.05 29.5 ± 2.96 36 ± 9.75
Lymphocytes % 67.6 ± 8.69 54.9 ± 10.03 68.9 ± 5.6 63.5 ± 7.13 61 ± 4.35 51 ± 11.8
Monocytes % 5.6 ± 1.32 5.1 ± 1.63 *3.1 ± 0.64 *2.5 ± 0.35 5.6 ± 0.95 3.5 ± 0.4
Eosinophils % 2 ± 1.47 3.4 ± 2.17 **10.4 ± 2.61 12.3 ± 5.25 2.5 ± 1.22 8 ± 10.57
Basophils % 0.3 ± 0.15 0.3 ± 0.12 0.3 ± 0.17 0.4 ± 0.1 0.4 ± 0.15 0.3 ± 0.06
Large unstained cells % 1.3 ± 0.3 1 ± 0.15 1.3 ± 0.57 1.1 ± 0.2 1.1 ± 0 1.2 ± 0.44
Lymphocytes abs 10^3/mcL 6.21 ± 1.21 5.72 ± 1.572 6.62 ± 2.495 *11.03 ± 2.288 4.63 ± 1.562 5.38 ± 1.065
T cells % 60.77 ± 8.705 62.53 ± 4.942 64.1 ± 7.054 58.86 ± 9.136 63.78 ± 9.305 57.53 ± 10.309
T cells abs 10^3/mcL 3.71 ± 0.271 3.59 ± 1.073 4.35 ± 2.104 6.58 ± 2.065 2.89 ± 0.895 3.11 ± 0.912
T cells CD4+ % 58.4 ± 6.026 62.08 ± 2.366 55.69 ± 4.115 43.97 ± 14.623 53.36 ± 4.898 49.8 ± 7.42
T cells CD4+ abs 10^3/mcL 2.18 ± 0.383 2.23 ± 0.669 2.42 ± 1.228 2.86 ± 1.311 1.54 ± 0.495 1.56 ± 0.619
T cells CD8+ % 33.03 ± 5.422 29.95 ± 1.565 32.87 ± 0.726 41.67 ± 11.627 35.67 ± 2.787 38.54 ± 8.962
T cells CD8+ abs 10^3/mcL 1.22 ± 0.114 1.07 ± 0.327 1.42 ± 0.654 *2.75 ± 1.088 1.04 ± 0.359 1.19 ± 0.371
B cells % 21.48 ± 3.992 22.72 ± 9.095 19.24 ± 5.754 20.19 ± 9.7 13.06 ± 7.787 16.88 ± 4.348
B cells abs 10^3/mcL 1.36 ± 0.488 1.32 ± 0.668 1.27 ± 0.528 2.12 ± 0.683 0.62 ± 0.446 0.88 ± 0.028
NK cells % 14.97 ± 4.16 11.75 ± 4.509 14.01 ± 5.704 18.18 ± 1.469 19.43 ± 4.59 22.13 ± 9.918
NK cells abs 10^3/mcL 0.96 ± 0.424 0.65 ± 0.188 0.84 ± 0.055 *2.02 ± 0.578 0.95 ± 0.486 1.22 ± 0.701
Activated T cells CD4+ % 7.4 ± 2.391 6.55 ± 0.948 *11.69 ± 1.63 18.79 ± 7.655 10.54 ± 0.816 *12.59 ± 1.516
Activated T cells CD4+ abs 10^3/mcL 0.15 ± 0.025 0.15 ± 0.065 0.28 ± 0.122 **0.48 ± 0.09 0.16 ± 0.066 0.2 ± 0.101
Activated T cells CD8+ % 12.63 ± 6.037 9.35 ± 2.563 15.62 ± 7.384 6.09 ± 1.572 13.2 ± 6.089 9.48 ± 3.158
Activated T cells CD8+ abs 10^3/mcL 0.16 ± 0.088 0.1 ± 0.051 0.25 ± 0.231 0.17 ± 0.083 0.14 ± 0.072 0.12 ± 0.062
B cells CD40+ % 87.29 ± 1.938 82.89 ± 10.024 84.99 ± 9.906 88.74 ± 2.478 81.9 ± 8.142 75.63 ± 4.487
B cells CD40+ abs 10^3/mcL 1.19 ± 0.454 1.06 ± 0.477 1.07 ± 0.447 1.88 ± 0.589 0.49 ± 0.325 0.66 ± 0.038
Monocytes abs 10^3/mcL 0.51 ± 0.095 0.52 ± 0.143 0.29 ± 0.071 0.43 ± 0.102 0.43 ± 0.175 0.39 ± 0.142
Activated monocytes % 4.1 ± 1.593 2.84 ± 1.374 5.03 ± 3.76 6.83 ± 3.246 5.5 ± 5.906 3.81 ± 1.216
Activated monocytes abs 10^3/mcL 0.02 ± 0.008 0.01 ± 0.002 0.01 ± 0.012 0.03 ± 0.012 0.03 ± 0.039 0.02 ± 0.01

Group means without footnotes were not statistically different from the control at p=0.05 or p=0.01.
* The group mean was significantly different from the control at p=0.05 with Dunnett's test of significance
** The group mean was significantly different from the control at p=0.01 with Dunnett's test of significance

Hematology data, test phase: Day 43

Control (Vehicle) F16-IL2 + doxorubicin
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9.2 Supplementary Figure 
 
 

 


