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INTRODUCTION: 

The goal of this research is to understand how overexpression of the HER2/neu 

protooncogene can modulate cellular response to the cytotoxicc effects of the cytokine TNF. In 

this context, the chimeric fusion construct scfv23/TNF which binds to HER2/neu and contains 

TNF appears able to overcome HER2/neu mediated resistance to this cytokine. Therefore, this 

research project focuses on both in vitro and in vivo development of the scfv23/TNF as a 

potential therapeutic agent and on understanding the signal transduction events responsible for 

these observations in breast cancer. 

BODY: 

Below are reprinted the first two Objectives from the approved Statement of Work: 

Technical Objective 1 

We propose to develop genetic fusion constructs of TNF for the purpose of targeting 

cytotoxic cytokines to human tumors. 

Task 1- months 1-5 

Construction of scfv23/TNF in two possible configurations. Confirm by DNA sequence 

analysis. 

Task 2- months 6-9 

Express and purify the constructs. Analyze TNF and antibody biological activity. 



Technical Objective 2 

We next propose to examine the in vitro tumor cell binding ability and the antitumor 

activity of scfv23/TNF against target human tumor cell lines compared to native TNF. 

Task 3-months 10-15 

Assess scfV23/TNF cytotoxic activity against TNF sensitive and TNF resistant breast tumor 

cell lines. 

The Appendix contains a galley proof of a manuscript entitled, "A Novel Recombinant 

Fusion Toxin Targeting HER2/NEU-Over-Expressing Cells and Containing Human Tumor 

Necrosis Factor". This article is in press in the International Journal of Cancer and describes the 

PCR construction of a chimeric gene encoding scfv23/TNF and insertion of this gene into a 

bacterial expression vector. The completed vector (designated pCFR-09, Figure 1) was then 

transfected into bacterial host cells and the recombinant protein was expressed as shown in the 

manuscript (Figure 2). Western analysis demonstrated the presence of both TNF and the scfv23 

antibody components in the construct(Figure 3). The scfv23 component binding HER2 on the 

surface of breast cancer cells was shown to be intact (Figures 4 and 5). The biological activity of 

the TNF component was assessed using L-929 cells and was also found to be intact compared to 

native TNF. Another chimeric construct of scfv23/TNF in an alternate configuration was 

generated and tested; however, no significant differences were found with this material and a 

decision was made to focus on one product. Against cells expressing FIER2/neu, the construct 

was shown to be 2,000 fold more active than native TNF. Against cells expressing much higher 

TNF levels, the construct did not appear to be more active than TNF itself possibly suggesting a 

difference in the signaling events as a result of EDER2 overexpression. 



As described, these studies complete Objective 1. Significant progress has also been made 

towards completion of Objective 2. Thus far, there have been no significant problems of note. 

Production of the scfV23/TNF at high levels is still a limitation, but progress has been made 

towards improving both the purification process and the bacterial yield of material. 

KEY RESEARCH ACCOMPLISHMENTS: 

□ Generated a scfv23/TNF chimeric construct. 

□ Expressed and purified the construct. 

□ Demonstrated that the construct is capable of binding Her2/neu and contains active TNF. 

□ Demonstrated that the chimeric scfv23/TNF is 2,000 fold more active than TNF on Her2/neu 

expressing cells. 

REPORTABLE OUTCOMES: 

Publications: 

1. M. G. Rosenblum, S. A. Horn, L. H. Cheung, Int. J. Cancer 87, (in press). 

Abstracts: 

1. Y. Liu, L. Cheung, M. Rosenblum, Proceed. Am. Assoc. for Can. Res. Abstract No. 1237, 

Vol.41, 194(2000). 



Funding Applied For Based on this Work: 

1. Grant Number:       DAMD17-99-1-9259 

Investigator: Michael G. Rosenblum, Ph.D. 

Amount of Award: $263,461 

Award Period:        July 1, 1999 through July 31, 2002 

CONCLUSIONS: 

In summary, we have generated a unique chimeric fusion construct designated scfv23/TNF 

which appears to be capable of binding specifically to breast tumor cells expressing HER2/neu. 

This fusion construct appears to be specifically cytotoxic to HER2/neu expressing tumor cells 

although the mechanism of action by which this occurs has not been elucidated. This novel 

construct should be considered for development as a new therapeutic agent for the treatment of 

breast cancer. 

REFERENCES: 

Listed under Reportable Outcomes. 

APPENDICES: 

Attached manuscript and abstract. 
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#1237 TNF FUSION CONSTRUCTS TARGETED TO HUMAN MELANOMA 
CELLS CAN OVERCOME RESISTANCE TO TNFa. Yuying Liu, Lawrence 
Cheung, and Michael Rosenblum, The Univ of Texas M D Anderson Cancer Ctr, 
Houston, TX 

Fusion constructs targeting tumor cells have significant potential for directed 
therapeutic applications in both solid and hematological malignancies. We have 
developed a fusion construct of TNFa and a single-chain antibody (scfvMEL) 
recognizing the surface domain of the gp240 antigen present on human mela- 
noma cells. This construct was expressed in bacterial cells and purified to 
homogeniety using IMAC. The construct (45 kDa) was found to bind specifically 
to antigen-positive but not antigen-negative cells in culture. The TNF component 
was biologically active as assessed using the L-929 assay. The fusion construct 
was more cytotoxic to antigen-positive human melanoma cells than TNFa alone, 
and was active against antigen-positive, TNF-resistant human melanoma cells. 
Minimal contact time studies indicate a difference between the scfvMELTNF 
construct and TNFa itself. The augmented cytotoxicity of scfvMEL/TNF was 
mediated by antibody-specific binding to the cell surface since competition with 
free ZME reduced cytotoxicity of the construct. Our studies also suggest that the 
scfvMEL/TNF construct self-associates into a trimeric structure. The scfvMEL/ 
TNF molecule also activated the NF-kB pathway via phosphorylation and pro- 
teolytic degradation of IkB in both TNF-sensitive and TNF-resistant human mel- 
anoma cells. Animal model studies are in progress to determine the MTD and 
efficacy against tumor xenografts. These studies are a prelude to proposed 
clinical trials with this agent in patients with melanoma. Research conducted, in 
part, by the Clayton Foundation for Research. 

#1238 CLINICAL PHARMACOLOGY STUDIES OF RHIL-12 ADMINIS- 
TERED BY THE INTRAPERITONEAL ROUTE. Weihe (Wendy) Zhang, Renato 
Lenzi, Chris D Platsoucas, Ralph S Freedman, James L Abbruzzese, and Michael 
G Rosenblum, M D Anderson Cancer Ctr, Houston, TX, and Temple Univ Sch of 
Medicine, Philadelphia, PA 

Recombinant human IL-12 (rhlL-12) is a cytokine of approximately 75 kDa 
composed of heterodimeric chains of 35 and 40 kDa. The biological properties of 
rhlL-12 include immunomodulatory and antitumor effects. The antitumor effects 
of rhlL-12 are proposed to occur as a result of the anti-angiogenic properties of 
this molecule. As a part of Phase I clinical trials in patients with ovarian cancer, 
patients received increasing doses of rhlL-12 via an intraperitoneal catheter. 
Samples of blood and peritoneal fluid (pf) were obtained at various times after 
administration and frozen until analysis. Levels of rhlL-12, TNF, and IL-1a were 
assessed by ELISA assay. Values were subjected to nonlinear regression analysis 
to obtain standard pharmacokinetic parameters. Immediately after administra- 
tion, peritoneal fluid concentrations of rhlL-12 ranged from 100-500pg/ml and 
persisted for up to 48 hrs in most patients. Initial post-treatment plasma levels of 
rhlL-12 were 10-100 fold lower than pf and ranged from 0.1-10 pg/ml. At lower 
doses, levels in plasma and pf followed a variable pattern of clearance over time. 
Plasma and pf from initial patients showed that levels of TNF-a (1-10pg/ml) were 
detectable in 2/4 patients, IL-1a was detectable in 1/16 patients and IFN-y was 
found elevated (0.1-1000pg/ml) in 4/8 patients studied. These studies suggest 
that increased concentrations of IFN-7 and TNFa were the most frequently 
detected after IL-12 administration and may play a role in the host response 
mechanism. Further studies on the role of these cytokines in the host response in 
vivo appear to be warranted. 

#1239 DIFFERENT INFLUENCE OF INTERLEUKIN-15 ON CYTOTOXIC 
T-LYMPHOCYTES AND LAK CELLS ON CELL-MEDIATED CYTOTOXICITY IN 
PANCREATIC CANCER. Matthias Herbert Peiper, Thomas E Langwieler, Hakim 
Jaballah, Wolfram T Knoefel, and Jakob R Izbicki, Univ Hosp Eppendorf, Ham- 
burg, Germany 

lnterleukin-15 shares no homology with IL-2, but requires parts of the IL-2 
receptor complex for binding and signaling. Its possible role for use in novel 
immunotherapy approaches remains unclear. This study was performed to eval- 
uate the influence of IL-15 on tumor-specific CTL and LAK cells in pancreatic 
cancer. LAK cells were generated from buffy coats and high-dose rhlL-2, while 
CTL were generated from HLA-A2 positiv tumor-associated lymphocytes, acti- 
vated on anti-CD3, educated using repeated autologous tumor cell stimulation. 
Prior to functional assays using the LDH-method, CTL and LAK cells were 
incubated with IL-15 (3-100ng/ml) for 1-3 days. Target cells were autologous and 
allogeneic pancreatic cancer cells with/without mAB anti-HLA I (W6/32) or mAB 
anti-HLA-A2 (BB7.2). Normal LAK cells lysed pancreatic cancer cells to a high 
amount (>55% at 40:1 target/effector ratio (T/R), the lysis was not HLA-A2 
restricted (P>0.05). Incubation with IL-15 did not enhance or lower cytotoxicity in 
LAK cells. TAL-derived CTL lysed autologous and allogeneic tumor cells HLA-A2 
restricted with a median of 42% at 40:1 T/R for HLA-A2 positiv and 17% for 
HLA-A2 negativ, resp (P<0.001). Incubation with IL-15 enhanced lysis of autol- 
ogous tumor cells time- and dose-dependent (P<0.05). Lysis of autologous 
tumor cells was significant higher than of allogeneic tumor cells (P<0.05). Lysis 
was inhibited in all experiments by incubation with mAB anti-HLA I (P<0.05) and 
-A2 (P<0.05). Our data demonstrate that there is a different influence of IL-15 on 
HLA-A2-restricted and tumor-specific CTL vs LAK cells. Further studies on the 
functional role of IL-15 are neccessary to evaluate its distinct mechanisms of 
action. 

#1240     ANTIBODY-CYTOKINE FUSION PROTEIN IMMUNOTHERir*. 
PULMONARY METASTASES IN A SYNGENEIC MURINE RENAL CEUr * 
CINOMA MODEL. Myra M Mizokami, Peisheng Hu, Leslie A Khawli an-1* 
Epstein, Keck Sch of Medicine, Univ of Southern CA, Los Angeles, CA "     • 

lnterleukin-2 (IL-2), tumor necrosis factor-a(TNF-a), and interferon-ydPf 
important cytokines which may be involved in the natural rejection of P* 
Their efficacy in clinical practice, however, has been limited by dose-,^?*1 

toxicities associated with systemic administration. Genetically enginee'r&T*1* 
body/cytokine fusion proteins represent a new therapeutic approach v.rir". .** 
the targeted delivery of potent immunological mediators to tumor f0- "* 
minimizing systemic toxicity. Our laboratory has developed a novel tä--^!* 
system known as Tumor Necrosis Therapy, in which monoclonal antibodies-1 

intracellular antigens accessible only in degenerating and necrotic raorT* 
tumors. In our current study, the efficacy of chimeric TNT-3/cytokine t * * 
proteins were examined in a murine pulmonary metastasis model of rer-"** 
carcinoma. BALB/c mice were injected intravenously with 2x105 RENCA £ * 
day one and received daily treatment with either the antibody fusion prose--'1 * 
relevant control on days five through nine. On day 21, the mice were saw-1' 
and the number of tumor nodules in the lungs were enumerated after vrj °? 
staining. Results demonstrated that non-toxic doses of these fusion o-l-Z 
significantly decreased the number of lung metastasis compared to contro- 
treated with antibody alone. Targeted immunotherapy of malignan' a-Jl 
through the use of antibody-cytokine fusion proteins represents a sic-i^, 
improvement in the delivery of potent immune modulators and in the im~,A 

therapy of metastasis in this syngeneic mouse tumor model. 

#1241 BIDIRECTIONAL ACTIVATION OF DENDRITIC CELLS AND CO» 
LIGAND EXPRESSING, ACTIVATED T CELLS. M Terai, R Yasuda, K Hasm» 
Watanabe, D Berd, and T Sato, Electro-Chemical & Cancer Institute. T&* 
Japan, and Jefferson Med Coll of Thomas Jefferson Univ, Philadelphia, PA 

There is accumulating evidence that mutual interaction between dendritic c* 
(DC) and T cells are critically important for the establishment of an effect« 
immune response, lnterleukin-12 (IL-12) production by DC triggers the deve«» 
ment of Th1 responses and induces production of gamma Interferon (IFN-9» 
ma). On the other hand, stimulation of DC with CD40 ligand (CD40L) promc* 
maturation of DC and induces IL-12 production. We investigated in vitro inter» 
tion between DC and CD40L-expressing, activated T cells (AT). DC were obtar* 
from peripheral blood monocytes with GM-CSF and IL-4. AT consisted o*j» 
ripheral blood mononuclear cells activated by PHA and then stimulated »t 
calcium ionophore. The AT produced IFN-gamma and highly expressed CWi 
on the surface. The DC expressed CD40, CD11c, CD54, MHC I, II and CD« 
Co-culture of DC and AT induced significant production of IL-12, which was* 
seen with DC alone. IL-12 production was maximum at a DC:AT ratio of 1.« 
IL-12 production and IFN-gamma production continuously increased throughr 
hours of co-culture (1,200 pg/ml and 2,000 pg/ml at 37 hours, respectively! > 
contrast, the IL-12 level reached a plateau at 18 hours (maximum 700 pg/mf t 
control: DC stimulated with LPS without AT. The IFN-gamma level reach«! 1 
plateau at 3 hours (maximum 600 pg/ml) with AT alone. These results confirm t» 
importance of mutual interaction between DC and AT and support clinical 
cation of DC and AT therapy. 

#1242 DEVELOPMENT OF AN ASSAY TO DETECT AN ANTI-HU14.184J 
RESPONSE FOLLOWING IN VIVO THERAPY WITH ANTI-GD2 FUSION Pf» 
TEIN, HU14.18-IL2. Amy M Ostendorf, Mark R Albertini, Jacek Gan, Jacquely' 
Hank, Stephen D Gillies, and Paul M Sondel, Lexigen Pharmaceuticals Or. 
Lexington, MA, and Univ of Wisconsin-Madison, Madison, Wl 

The Hu14.18-IL2 fusion protein (HuFP) consists of a humanized monocle 
antibody (Ab), hu14.18, genetically linked to IL2. The Ab portion of HuFP reco? 
nizes GD2, a cell surface disialoganglioside overexpressed in melanoma, art 
certain other tumors. The University of Wisconsin is conducting a Phase I CW> 
Trial of HuFP in patients with GD2+ melanomas. We have created an ELlSAr 
order to detect anti-HuFP responses in patients receiving HuFP. In this ELS' 
system, we measure the ability of 12.5ng/well of HuFP to bind GD2-coated w* 
Binding of HuFP to GD2 is quantitated through use of a biotinylated goat-a* 
human-IL2 Ab followed by addition of an avidin-HRP conjugate and colormei* 
detection. This system has been tested using an anti-idiotypic (anti-id) murine * 
that recognizes the antigen binding portion of the HuFP. In order to simulate f 
possible presence of anti-id Abs in patient serum, the murine anti-id Ab has DW 
mixed with human serum and tested in this ELISA. Dose dependent inhibition 
HuFP binding to GD2 was observed using this murine anti-id Ab. We intend to is 
this assay to evaluate sera from patients receiving HuFP in our clinical tr» 
Patient sera that contain anti-id Abs that interrupt HuFP-GD2 recognition sho* 
be detectable because they inhibit or reduce this interaction. This assay sho* 
provide a reproducible means of evaluating patient response to HuFP. ^ 
specific molecular nature of any response detected, and its influence on Hii" 
pharmacokinetics will require further investigation. 

#1243 PHASE l-ll TRIAL OF INTERLEUKIN-2 (IL-2) AND 13-CIS RETINO* 
ACID (RA) AS MAINTENANCE THERAPY IN ADVANCED CANCER. F Reed* 
S DeFilippis, M Rosselli, G Saggio, P L Pompili, A Cesta, and S Rea, a FIT. 
Oncology, Avezzano, Italy, Surg Oncology Univ of L'Aquila, Italy, 
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A NOVEL RECOMBINANT FUSION TOXIN TARGETING 
HER-2/A/££/-OVER-EXPRESSING CELLS AND CONTAINING HUMAN TUMOR 
NECROSIS FACTOR 
Michael G. ROSENBLUM*, Shirley A. HORN and Lawrence H. CHEUNG 

Immunopharmacology and Targeted Therapy Section, Department of Bioimmunotherapy, University of Texas M.D. Anderson Cancer 
Center, Houston, TX, USA 

Over-expression of the proto-oncogene HER2/neu in 
breast cancer and certain other tumors appears to be a 
central mechanism that may be partly responsible for cellu- 
lar progression of the neoplastic phenotype. Transfection of 
mammalian cells and over-expression of HER2/neu appears 
to result in reduced sensitivity to the cytotoxic effects of 
tumor necrosis factor (TNF) and reduced sensitivity to im- 
mune effector killing. The single-chain recombinant antibody 
sFv23 recognizes the cell-surface domain of HER2/neu. The 
cDNA for this antibody was fused to the cDNA encoding 
human TNF, and this sFv23/TNF fusion construct was cloned 
into a plasmid for expression in Escherichla coll. The fusion 
protein was expressed and purified by ion-exchange chroma- 
tography. SDS-PAGE demonstrated a single band at the ex- 
pected m.w. (43 kDa). Western analysis confirmed the pres- 
ence of both the antibody component and the TNF 
component in the final fusion product. The fusion construct 
was tested for TNF activity against L-929 cells and found to 
have biological activity similar to that of authentic TNF (SA 
420 nM). The scFv23/TNF construct bound to SKBR-3 
(HER2-positive) but not to A-375 human melanoma (HER2- 
negative) cells. Cytotoxicity studies against log-phase human 
breast carcinoma cells (SKBR-3-HP) over-expressing HER2/ 
neu demonstrate that the sFv23/TNF fusion construct was 
1,000-fold more active than free TNF. Tumor cells express- 
ing higher levels of HER2/neu (SKBR-3-LP) were relatively 
resistant to both the fusion construct and native TNF. These 
studies suggest that fusion constructs targeting the HER2/neu 
surface domain and containing TNF are more effective cyto- 
toxic agents in vitro than native TNF and may be effective 
against tumor cells expressing intermediate, but not high, 
levels of HER2/neu. Int. I. Cancer 87:000-000, 2000. 
© 2000 Wiley-Liss, Inc. 

The UER2/neu proto-oncogene encodes a 185 kDa transmem-1 

brane glycoprotein kinase (gp 185) with extensive homology to the 
epidermal growth factor (EGF) receptor (Shepard et al, 1991; 
Jardines et al, 1993; King et al, 1985; Schechter et al, 1985; 
Yamamoto et al, 1986). Transfection studies suggest that HER2/ 
neu over-expression may play a direct role in cellular transforma- 
tion to a neoplastic phenotype (DiFiore et al, 1987; Hudziak et al, 
1987). Amplification of the gene and over-expression of the gp 185 
protein product have been described in a number of human can- 
cers, including mammary and ovarian carcinomas, gastric tumors, 
and colon and salivary gland adenocarcinomas (Semba et al, 
1985; Yokota et al, 1988). Slamon et al. (1987) found HER2/ne« 
over-expressed in approximately 30% of 189 primary breast car- 
cinomas examined. Their study demonstrated that over-expression 
of WERllneu was correlated with poor disease prognosis. Fol- 
low-up studies have also suggested that HER2/neu cellular expres- 
sion is associated with a shortened disease-free survival (DFS) 
(Seshadri et al, 1993; Mansour et al, 1994). Thus, the clinical 
observations of the importance of EERUneu as a negative prog- 
nostic indicator in vivo have been repeatedly confirmed by molec- 
ular studies demonstrating the central role of this oncogene in 
promotion of the growth of transformed cells and in increasing 
their metastatic potential. 

One of the key roles this oncogene appears to play is in mod- 
ulation of the cellular response to cytotoxic cytokines such as 
tumor necrosis factor (TNF) (Tang et al, 1994; Lichtenstein et al, 
1991). A variety of research groups have demonstrated that HER2/ 

new-transformed cells are resistant to the cytotoxic effects of TNF. 
In addition, NIH 3T3 cells transfected with HER2/ne« appear to be 
resistant to immune effector cell killing mediated by membrane- 
bound TNF. Since TNF plays a central role in immune surveillance 
functions (Saks and Rosenblum, 1992), resistance to its cytotoxic 
effects mediated by HER2/ne« over-expression in breast cancer 
may allow transformed cells a growth advantage by escaping host 
defense mechanisms. To date, there have been few studies aimed 
at elucidating the biochemical events linking UER2/neu signal 
transduction with TNF signal transduction in breast cancer cells. 

Monoclonal antibodies (MAbs) have the potential to serve as 
targeting vehicles for various classes of therapeutic agents and to 
be utilized for targeting proteinaceous therapeutic agents such as 
interleukins, lymphokines, and cytokines (Theuer and Pastan, 
1993; Reisfeld et al, 1997). However, there are demonstrated 
pitfalls of this approach, including heterogenous tumor antigen 
expression in vivo; pharmacological barriers resulting in poor 
tumor penetration by the antibody, due in part to antibody size; 
antigenicity of antibodies and antibody constructs, leading to re- 
duced utility. Molecular approaches to address these concerns have 
provided numerous options to reconfigure natural antibodies while 
simultaneously incorporating effector or toxin functions within the 
same molecule (Colnaghi et al, 1993; Hand et al, 1994). Studies 
by our group and by others initially demonstrated the utility of 
chemical constructs of antibodies and cytokines such as ot-IFN 
(Ozzello et al, 1994; Zuckerman et al, 1987). Reisfeld et al 
(1997) have studied fusion constructs of full-length antibodies in 
which framework domains are replaced by human cytokines' (de- 
scribed as immunocytokines). Clinical trials of these recombinant 
constructs are now in progress (Gillies et al, 1991; Reisfeld and 
Gillies, \996a,b). 

Single-chain antibodies (scFvs or sFvs), incorporating the bind- 
ing characteristics of the parent immunoglobulin, consist of the 
antibody VL and VH domains (the Fv fragment) linked by a 
designed flexible peptide tether. Compared to intact IgGs, scFvs 
have the advantages of smaller size (approx. 30 kDa) and structural 
simplicity (single-chain vs. 4 chains) with comparable antigen- 
binding affinities, and they are more stable than the analogous 
2-chain Fab fragments (Pantolino et al, 1991). It has been pro- 
posed that the smaller size of scFvs provides better penetration into 
tumor tissue, improved pharmacokinetics, and a reduction in the 
immunogenicity observed with i.v. administered Fabs (Savage et 
al, 1993) compared to that of intact murine antibodies. Numerous 
recombinant antibodies fused to plant or bacterial toxins such as 
Pseudomonas exotoxin, ricin, and gelonin have been reported 
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(Preijers, 1993) and are currently undergoing pre-clinical and 
phase I trials (Theuer and Pastan, 1993; Uckun and Frankel, 1993). 

TNF is a cytotoxic polypeptide secreted primarily by activated 
macrophages (Carswell et al, 1975; Aggarwal et al, 1985), which 
shares some sequence homology (30%) with another peptide hor- 
mone, lymphotoxin (LT or TNF-ß) secreted by activated lympho- 
cytes (Rosenblum and Donato, 1989). Purified recombinant human 
TNF is a single-chain, non-glycosylated polypeptide of m.w. 17.1 
kDa. In vitro, TNF is cytostatic or cytotoxic to a number of human 
tumor cells, including SKBR-3 breast carcinoma and A-375 hu- 
man melanoma. Several groups have demonstrated that human 
tumor cells can display between 100 and 5,000 TNF receptor sites 
per cell (Tsujimoto et al, 1985; Sugarman etal, 1985). However, 
no apparent correlations have been observed between receptor 
number (or affinity) and the cellular response to the cytotoxic 
effects of TNF, suggesting that post-receptor signaling events 
primarily modulate TNF biochemical effects (Nitsu et al, 1985). 
Cloning and sequencing of the genes encoding the TNF receptor 
have shown that 2 separate gene products encode TNF-binding 
activity and appear to be homologous in portions of their extra- 
cellular binding domains (Stauber et al, 1988; Hohmann et al, 
1989; Loetscher et al, 1990; Schall et al, 1990). This family of 
molecules appears distinct when compared with sequences defin- 
ing characteristics of other cytokine or growth factor receptors. 

Previous studies in our laboratory have demonstrated that chem- 
ical conjugates of human TNF and MAbs display significant 
targeted cytotoxic properties against tumor cells in culture that 
appear to be far superior to those of native TNF (Rosenblum et al, 
1989, 1991, 1995). In addition, studies in xenograft models sug- 
gest that these immunocytokines readily accumulate specifically in 
tumor tissues and demonstrate superior in vivo anti-tumor activity 
compared with native TNF. The purpose of the current study was 
to extend these original observations by developing a second- 
generation molecular construct of a recombinant single-chain an- 
tibody fused to the TNF molecule, thereby incorporating both 
antibody and TNF functions within the same molecule. We there- 
fore designed and constructed a recombinant fusion toxin com- 
posed of a single-chain antibody targeting the HERVneu proto- 
oncogene and containing human TNF as a cytotoxic effector 
molecule. Further studies were designed to examine the biological 
properties of the fusion construct and its potential for overcoming 
HER2-mediated resistance to the cytotoxic effects of TNF. 

jp±$ MATERIAL AND METHODS 

The mammalian cell lines SKBR-3 and L-929 were obtained 
from the ATCC (Rockville, MD). Tryptone and yeast extract were 
purchased from Difco (Detroit, MI). L-Arabinose was purchased 
from Sigma (St. Louis, MO). Rabbit polyclonal anti-scFv23 anti- 
body was a generous gift from Oncologix (Gaithersburg, MD). 
Goat anti-rabbit IgG peroxidase conjugate was obtained from 
Boehringer-Mannheim (Indianapolis, IN). DTE (dithioerythritol) 
was purchased from Sigma. Tween-20 came from Fisher Scientific 
(Pittsburgh, PA). FBS was purchased from Atlanta Biologicals 
(Norcross, GA). 

sFv23/TNF gene construction 

The cDNA encoding the single-chain anti-HER2/ne« antibody 
designated sFv23 was obtained from Oncologix, and the cDNA 
encoding mature human TNF was a generous gift from Dr. J. 
Klostergaard (M.D. Anderson Cancer Center, Houston, TX). The 
sFv23/TNF cDNA was constructed by 2-step PCR. The first step 
consisted of separate PCR amplification of the antibody and TNF 
coding sequences, utilizing forward and reverse primers for each 
sequence. The final step consisted of PCR of the sequences, 
utilizing overlap primers additionally incorporating a flexible 
tether (G4S) between the antibody and TNF (Fig. 1). 

Expression of fusion protein sFv23/TNF in Escherichia coli 
Bacterial colonies transfected with the plasmid carrying the 

sFv23/TNF insert were agitated in a bacterial shaker (Innova 4330; 
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FIGURE 1 - Design of the sFv23/TNF fusion construct and assembly 
of the expression vector. 

New Brunswick Scientific, Edison, NJ) in 1 1 of TYE medium 
(15 g tryptone, 10 g yeast extract, 5 g NaCl) containing 50 p,g/ml 
tetracycline (Sigma) overnight at 37°C at 250 rpm. Bacterial cells 
were harvested by centrifugation, and the pellet was dispersed into 
2 1 of fresh TYE. Expression of the target protein was induced by 
addition of arabinose to a final concentration of 0.1%. The culture 
was further incubated at 37°C for 2 to 3 h. Cells were collected by 
centrifugation, resuspended in 80 ml extraction buffer [50 mM 
Tris-HCl (pH 8), 20 mM EDTA, 0.25 mg/ml lysozyme (Sigma)], 
and incubated with shaking for 1 hr at room temperature. Triton 
X-100 and sodium chloride were added to the sample at a final 
concentration of 2% and 0.5 M, respectively, then incubated for an 
additional 30 min. After centrifugation, the insoluble fraction of 
the inclusion bodies was resuspended in 160 ml of 50 mM Tris- 
HCl (pH 8.0), 20 mM EDTA and sonicated (6 X 20 sec) using a 
Vir Sonic 300 sonicator (Virtis, Gardiner, NY). Inclusion bodies 
were then harvested by centrifugation, washed 3 times in the same 
buffer, and stored at -80°C. 

Protein solubilization, refolding, and purification 
Insoluble inclusion bodies were denatured by addition of 6 M 

guanidine, 100 mM Tris-HCl (pH 7.5), 2 mM EDTA, and 50 mM 
DTE to make a final concentration of 3 mg/ml protein (as assessed 
by Bradford protein determination). After a minimum of 2 hr 
agitation at room temperature, solubilized proteins were diluted 
100-fold in refolding buffer [100 mM Tris-HCl (pH 7.5), 2 mM 
EDTA] and incubated at 12°C for 48 hr. The protein was subse- 
quently bound to a small column containing SP Sepharose Fast 
Flow Resin (Pharmacia, Gaithersburg, MD). The bound fraction 
was eluted from the column by addition of 2 M NaCl in 100 mM 
Tris-HCl (pH 7.5), 2 mM EDTA. Eluted protein fractions were 
pooled and dialyzed against TBS, and the final product was then 
further characterized as described below. 

Western methods 
Protein samples from the crude extracts of E. coli, the purified 

inclusion bodies, sFv23, and r-TNF were analyzed by SDS-PAGE 
under reducing conditions. The gel was electrophoretically trans- 
ferred overnight onto a nitrocellulose transfer and immobilization 
membrane (Protran; VWR, Sugar Land, TX). The membrane was 
incubated in 5% BSA/TBS [20 mM Tris-HCl, 137 mM NaCl, and 
0.5% Tween 20 (pH 7.6)] and then incubated for 1 hr with 
anti-sFv23 rabbit polyclonal antibody (1:10,000 dilution in TBS/ 
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Tween). After successive washing with TBS/Tween-20, the mem- 
brane was incubated with goat anti-rabbit IgG horseradish perox- 
idase (1:5,000 dilution in TBS). The membrane was developed 
using ECL reagents (Amersham, Arlington Heights, IL) and ex- 
posed to X-ray film (Kodak, Rochester, NY). 

L-929 TNF bioassay 

The cytotoxic activity of TNF was determined based on cyto- 
toxicity to the transformed murine fibroblast cell line L-929. Log- 
phase cells in culture media (RPMI-1640 with 1.5 mM glutamine 
and 10% FBS) were plated in a 96-well tissue culture plates 
(Falcon, Lincoln Park, NJ) at a density of 2 X 104 cells/well and 
incubated overnight at 37°C in a 5% C02 atmosphere. Then, 200 
\x\ of TNF in PBS starting at 100 units/ml and serial dilutions were 
added in the presence of actinomycin D (0.5 jig/ml, Sigma). 
Likewise, serial dilutions of sFv23-TNF were added, and the plate 
was incubated for 24 hr. Surviving adherent cells were then stained 
by adding 100 uJ of crystal violet [0.5% (w:v) in ethanol]. The 
stain was incubated on the plates for 0.5 ht, excess stain was 
removed, the plates were washed with water and allowed to 
air-dry, and the remaining dye was solubilized by addition of 150 
|i.l of Sorenson's buffer (0.1 M sodium citrate, pH 4.2). Plates were 
read on a microplate ELISA reader at 540 nm. 

Binding studies ofsFv23/TNF 

Binding of sFv23/TNF to SKBR-3 cells was also assessed by 
ELISA. Log-phase SKBR-3 cells were washed in PBS, and 50,000 
cells/50 JJUI PBS were added to each well of a 96-well tissue culture 
plate and dried overnight in a 37°C oven. Plates were blocked by 
addition of 100 jxl 5% BSA in PBS. A 50 |il aliquot of sFv23/TNF 
fusion protein and serial 2-fold dilutions were then added to 
appropriate wells and incubated for 1 hr at room temperature. After 
3 washes (PBS/Tween-20), anti-sFv23 rabbit polyclonal antibody 
(1 M-g/ml in PBSA/Tween-20) was added and incubated for 1 hr. 
Wells were tapped dry, and 100 uJ of horseradish peroxidase- 
conjugated goat anti-rabbit antibody (Boehringer-Mannheim) were 
added. Plates were developed by addition of ABTS substrate in 0.1 
M citrate buffer (pH 4.2, Sigma) and incubated for 1 hr. Optical 
density was measured at 405 nm on a Bio-Tek Autoreader. 

Cytotoxicity of TNF and sFv23/TNF against human breast 
tumor SKBR-3 cells 

Log-phase SKBR-3 cells were diluted to 8,000 cells/100 (xl 
medium. Aliquots (100 jxl) were added to 96-well, flat-bottomed 

tissue culture plates and incubated for 24 hr at 37°C with 5% C02. 
Purified sFv 23/TNF or recombinant human TNF was diluted 1:8 
in culture medium (McCoy's 5a with 1.5 mM glutamine and 10% 
FBS). Aliquots of each sample (200 p.1) were added to the plate in 
2-fold serial dilutions. Plates were further incubated at 37°C, 5% 
C02 for 72 hr. Remaining adherent cells were stained by adding 
150 u,l crystal violet (Fisher, 0.5% in 20% methanol). Dye-stained 
cells were solubilized by addition of 150 (il of Sorenson's buffer 
[0.1 M sodium citrate (pH 4.2) in 50% ethanol], and the plates 
were read at 540 nm in an ELISA plate reader. 

RESULTS 

PCR products were cloned into a vector for bacterial expression 
of the recombinant insert. The complete insert was submitted for 
dideoxynucleotide sequencing (M.D. Anderson Cancer Center 
Core Sequencing Facility), and the final gene product sequence 
was confirmed. We utilized a flexible 14-amino acid linker to join 

, the VH and VL regions and a smaller tether (G4S) to link the TNF 
to the antibody (Fig. 1). 

Bacterial expression of the scFv23/TNF fusion construct is 
shown in Figure 2. After growth and induction with arabinose at 
37°C, production of the construct was approximately 5% to 10% 
of total protein, as assessed by SDS-PAGE. Production of the 
target fusion construct was estimated to be 25 to 50 mg/1, as 
assessed by Western analysis. Purification of the soluble protein 
utilizing ion-exchange chromatography resulted in essentially ho- 
mogeneous material, as assessed by SDS-PAGE after elution from 
the exchange resin. Yield of final purified material was approxi- 
mately 100 u.g/1 of bacterial culture. Western analysis of the 
product utilizing antibodies to either TNF or scFv23 (Fig. 3) 
demonstrated an immunoreactive species with both antibodies at 
the expected m.w. (43 kDa). 

Binding of the sFv23/TNF fusion toxin to adherent SKBR-3 
cells was assessed by ELISA using an anti-TNF antibody. Binding 
of both the native sFv23 single-chain antibody and the sFv23/TNF 
fusion construct is shown in Figure 4. The binding of both agents 
was similar and appeared to be dose-dependant. A slightly higher 
binding of the fusion construct compared to the antibody Vas 
noted at the highest concentrations tested. Optimal binding to 
target cells occurred after incubation with 0.75 u,M of the fusion 
construct (Fig. 5). There was no apparent binding of the construct 

A  B  C  D   E   F  G   I 

LANE      SAMPLE 

• A TNF(17kD) Standard 

• B Uninduced sFv23 bacterial lysate 

• C Induced sFv23 soluble lysate 

• I) Affinity (IMAC) resin prior to elution 

• E sFv23 eluatc from affinity resin 

• F Uninduced sFv23-TNF bacterial lysate 

• G Induced sFv23-TNF soluble lysate 

• H Affinity (IMAC) resin prior to elution 

• I sFv23-TNF conjugate from affinity resin 

• J Molecular weight markers 

.  FlG™? 2r Expression and purification of both the sFv23 antibody as well as the sFv23/TNF fusion conslruct from E. coli, utilizing an 
immobilized metal affinity column (IMAC). ', 
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FIGURE 3-SDS-PAGE and Coomassie staining profiles of bacteria prior to induction (left lane) and following induction (right lane) by 
addition of ITPG. The position of the scFv23/TNF fusion construct is indicated by the arrow. Western analysis using anti-sFv23 antibody 
demonstrates reactivity against purified scFv23 antibody (left lane) and the scFv23/TNF fusion construct (right lane); probing the same Western 
blot with an anti-TNF antibody demonstrates reactivity only with the scFv23H'NF construct. 
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FIGURE 4 - ELISA binding of either sFv23 or sFv23/TNF to SKBR- 
3-immobilized cells. 

to antigen-negative (A-375) cells tested under identical conditions 
(Fig. 5). 

The cytotoxicity of TNF and scFv23/TNF fusion toxin was 
assessed against murine L-929 cells (data not shown). ICJ0 

values were 1 and 100 pM for native TNF and the antibody/ 
TNF fusion toxin, respectively. This demonstrated approxi- 
mately a 100-fold decrease in the apparent specific activity for 
the construct compared to native TNF. This decrease in specific 
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FIGURE 5 - ELISA binding of the scFv23/TNF construct to either 
antigen-positive SKBR-3 or antigen-negative A-373 cells. 

activity could be due to stearic hindrance of the antibody 
interfering with interaction of TNF with its receptor site. Al- 
ternatively, since TNF operates optimally as a compact trimer 
in solution (Rosenblum et al, 1991), the antibody component 
could also interfere with optimal aggregation of the TNF com- 
ponent in solution. 

Two breast carcinoma cell lines, SKBR-3-LP and SKBR-3-HP, 
were assessed for their relative expression of HER2/neu and rel- 
ative sensitivity to TNF-induced cytotoxicity. The LP variant cell 
line contained relatively higher levels of HER2/neu compared to 
the HP line (Fig. 6). In addition, the LP line demonstrated much 
greater resistance to TNF-induced cytotoxic effects. The cytotox- 
icity of TNF and scFv23/TNF was assessed against log-phase 
SKBR-3-HP cells; as demonstrated in Figure 7, the IC50 for TNF 
exceeded 40,000 units/ml, while the scFv23/TNF fusion toxin 
demonstrated an ICJ0 value 2,000-fold lower, at approximately 20 
units/ml. In contrast, the activity of both TNF and scFv23/TNF 
was assessed against TNF-resistant cells expressing higher levels 
of HER2/ne«. These cells were relatively resistant to the cytotoxic 
effects of both the scFv23/TNF construct and TNF (Fig. 8). How- 
ever, the IC50 of TNF against these cells was 5 X 107 units/ml, 
while that of the sFv23/TNF construct was approximately 20-fold 
lower (2 X 106 units/ml). i 
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FIGURE 8 - Cytotoxicity of TNF and sFv23/TNF against log-phase 
SKBR-3-LP cells in culture. The IC50 of TNF against these resistant 
cells was 5 X 107 units/ml, while that of the sFv23/TNF construct was 
approximately 20-fold lower (2 X 106 units/ml). 

FIGURE 6 - Western analysis of 2 variants of SKBR-3 cells (insert) 
demonstrates that SKBR-3-LP cells express approximately 5-fold 
lower HER2 protein than SKBR-3-HP cells. Direct comparison of the 
cytotoxic effects of continuous exposure of various concentrations of 
TNF demonstrates that the cell line expressing higher levels of HER2 
was effectively resistant to TNF while the cells expressing low levels 
of HER2 were sensitive to the cytotoxic effects of TNF. 

Concentration (u/ml) 

FIGURE 7 - Cytotoxicity of either TNF or purified sFv23/TNF 
against log-phase SKBR-3-HP cells in culture. The IC«, of the sFv23/ 
TNF construct (20 units/ml) was approximately 2,000-fold lower than 
that of free TNF (4,000 units/ml). 

DISCUSSION 

Numerous groups have examined the biological activity of 
antibodies chemically conjugated with or genetically fused to 
numerous human cytokines (Ozzello et al, 1993; Kim et al, 
1998). We initially described a novel construct containing recom- 

binant human TNF-a chemically conjugated to the murine anti- 
melanoma MAb ME-018 (Rosenblum et al, 1989, 1991, Rosen- 
blum et al, 1995). Against TNF-sensitive melanoma cells, the 
construct was several-fold more cytotoxic than free TNF. In ad- 
dition, this ME/TNF construct was extremely cytotoxic to human 
melanoma target cells virtually resistant to TNF itself. Follow-up 
studies demonstrated that the augmented cytotoxicity of the ME/ 
TNF construct was primarily due to the antibody component of the 
construct binding to target cells. Studies of the ME/TNF construct 
in xenograft tumor models demonstrated efficient localization 
within solid rumors after systemic administration, similar to that of 
the native antibody. Finally, this construct demonstrated impres- 
sive cytotoxicity against s.c. xenografts in nude mice. These stud- 
ies clearly demonstrated that antibody-mediated delivery of agents 
such as cytotoxic cytokines is feasible and has the potential to 
modify and enhance the in vivo and in vitro biological properties 
of the original cytokine. Since our initial report of antibody/TNF 
conjugates, other groups have also reported antibody/cytokine 
constructs with agents such as GM-CSF, IL-2, and lymphotoxin 
(Reisfeld and Gillies, \996a,b; Reisfeld et al, 1996; Dreier et al, 
1998). 

Over-expression of the HER2/neu oncogene appears to suppress 
the cellular cytotoxic response to TNF (Hudziak et al, 1990; 
Lichtenstein et al, 1990,1992). However, the cellular mechanisms 
that could account for this effect have not been elucidated. In a 
study by Hudziak et al (1990), transformation of NIH 3T3 cells 
with HER2/ne« provided cellular resistance to the cytotoxic effects 
of TNF without appreciably affecting TNF receptor function in the 
transformants. The current study, examining 2 SKBR-3-selected 
variant cell lines expressing high and intermediate levels of HER2, 
demonstrates that the IC50 values for TNF were > 10 and 0.2 nM, 
respectively (Fig. 5), thus confirming previous observations. Stud- 
ies by Lichtenstein et al. (1990,1992), utilizing ovarian and breast 
tumor cell lines over-expressing HER2 to various degrees, also 
found that resistance to TNF was associated with HER2/neu ex- 
pression. The TNF resistance was not due to reduction in TNF 
receptor number or signal-transduction events such as MHC ex- 
pression or ADP-ribose polymerase activity. In another study, 
these authors demonstrated that increased HER2/neu expression 
also correlated with resistance to killing by lymphokine-activated 
killer cells (Fady et al, 1993). Therefore, over-expression of 
HER2 in breast cancer cells appears to provide a distinct growth 
advantage since the transformed phenotype can effectively escape 
growth control by soluble cytokin« mediators and by immune 
effector cells empowered to maintain1 homeostasis. 

Orig. Op. 

1st DCT-498, 2nd DCT-498 

OPERATOR: 

franklim 

Session 

5 

PROOF: PE's: AA's: COMMENTS ARTNO: 

30055 



"jOBNAME: Wiley: Cancer PAGE: 6 SESS: 5  OUTPUT: Wed May 17 13:06:22 2000 
/tapraid2/3q—ijc/3q - ijc/3q 1600/3q0598d00a 

ROSENBLUM ET AL 

The scFv23/TNF construct characterized in our study represents 
a design improvement over our initial chemical construct of a 
full-length antibody conjugated to recombinant TNF. Compared to 
the original construct, the fusion toxin is smaller (50 vs. 190 kDa) 
and therefore better able to penetrate into solid tumors. In addition, 
the scFv23/TNF construct is simpler to produce and may be more 
stable in vivo than the original chemical version. 

Against TNF-resistant, log-phase SKBR-3 cells, the sFv23/TNF 
construct was 2,000-fold more active than TNF itself (Fig. 7). 
These data suggest that the scFv23/TNF fusion construct targeting 
HER2 may have the ability to overcome cellular resistance mech- 
anisms to TNF induced by intermediate levels of HER2/neu but 
not in the presence of extremely high cellular levels of UER2/neu. 
Against the SKBR-3-LP cell line, which expresses much higher 
levels of HER2/neu, TNF and the sFv23/TNF fusion construct 
demonstrated similar cytotoxic effects at doses below 106 units/ml. 
This suggests that at very high cellular levels of HER2/neu, critical 
signaling pathways for TNF-mediated cytotoxicity may be blocked 
beyond the ability of this targeted fusion construct to overcome. 

Activation of the signal-transduction pathway for TNF is asso- 
ciated with rapid changes in phosphorylation of several substrates, 
phospholipid metabolism, and interaction with guanine nucleotide 
binding proteins (G proteins) (Darnay and Aggarwal, 1997). As 
with other hormone-responsive tissues, the induction of a biolog- 
ical response may be regulated cellularly by expression of appro- 
priate molecules or substrates capable of interaction with a com- 
mon  receptor signaling  complex.  Therefore,  each  of these 
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signaling components may play a role in TNF signal transduction 
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