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INTRODUCTION 
The goal of this study is to prevent the growth or recurrence of breast cancer by 

active vaccination with a tumor antigen, ErbB-2. The specific objectives are to generate 
and test recombinant vaccines which can induce a strong anti-tumor immune response. 
Human tumor associated antigens, such as ErbB-2, are generally self antigens and may be 
associated with transforming activities. In our recombinant vaccines, the transforming 
activity of ERBB-2 is eliminated by point mutation. Recombinant ErbB-2 molecules are 
directed to the subcellular compartments of antigen processing and presentation and the 
generation of an anti-tumor immune response is characterized. Co-vaccination with 
cytokines such as IL-2 or in adenoviral vectors is also tested. The reagents developed in 
this study will be candidate breast cancer vaccines. The principles established by this 
study will be applicable to new tumor antigens. 

SPECIFIC TASKS 
1 Continue to modify and test recombinant cytoplasmic erbB-2 which is free of 

tyrosine kinase activity 
2 Construct and test recombinant ERBB-2 which is targeted to MHC II antigen 

processing pathway 
3 Enhance vaccine efficacy by local IL-2 secretion and by expression with 

adenoviral vectors 

STUDIES AND RESULTS 
Task 1 Continue to modify and test recombinant cytoplasmic ErbB-2 which is 

free of tyrosine kinase activity. 

1.1   Elimination of tyrosine kinase activity in wild-type and cytoplasmic ERBB-2 
gene products 

Results from this study has been reported in Appendix A. To eliminate tyrosine 
kinase activity, the ATP binding lysine residue 753 was substituted with alanine by 
replacing codon AAA with GCA in mutant ERBB-2 (E2A). To direct recombinant 
ErbB-2 to the cytoplasm where MHC I peptide processing takes place, the ER signal 
sequence was deleted to generate cytoplasmic ERBB-2 (cytE2). CytE2A contains the 
cytoplasmic ERBB-2 with the K to A mutation. Mouse mammary tumor cell line D2F2 
was transfected with the mutant constructs and stable transfectants were selected. 
Expression of recombinant proteins was measured by flow cytometry. Transmembrane 
ErbB-2 and ErbB-2A were readily detected. Cytoplasmic ErbB-2 and cytErbB-2A were 
detected only after the transfected cells were incubated overnight with a proteosome 
inhibitor, indicating degradation shortly after synthesis. 

To determine if the recombinant ErbB-2 exhibits tyrosine kinase activity, Western 
Blot analysis was performed to detect phosphorylated tyrosine on the recombinant 
proteins. Recombinant ErbB-2 and cytErbB-2, but not their mutant counterparts, 
demonstrated phosphorylated tyrosine. Therefore, substitution of tyrosine with alanine 
eliminated tyrosine kinase activity and thus oncogenic activity. 



1.2  Attempt to test the immunogenicity of wt ERBB-2 and cyt ERBB-2 with 
peptide specific CTL lysis. 

To test the processing and presentation of ERBB-2 associated antigenic peptides, 
we attempted to generate ErbB-2 specific CTL. The ErbB-2 peptide HE63 
(TYLPTNASL) was previously shown to contain a Kd anchor motif with Y at P2 and L/V 
at P9 and bind Kd with a high affinity (1 and our unpublished results). BALB/C mice 
were immunized by s.c. injection with 100 jag of HE63 emulsified in Complete Freud's 
Adjuvant (CFA) and boosted two times with HE63 in IF A. Immune lymphocytes were 
collected and stimulated in vitro with HE63 coated bone marrow derived dendritic cells 
(DC). DC were generated as described by Inaba et al. (7), with some modifications. 
Briefly, bone marrow cells were flushed from the femurs of BALB/C mice and cultured 
in RPMI1640 media supplemented with 10% heat inactivated fetal calf serum, 10ng/ml 
recombinant murine IL-4, and 10 ng/ml recombinant murine GM-CSF. Non-adherent 
cells were discarded after 24 hours. After the adherent cells were cultured for an average 
of seven days, the floating and loosely adherent cells were collected and analyzed by 
flow cytometry for their expression of MHC class I and II and B7.1. These cells were 
used as stimulators in CTL cultures. Lysis of ERBB-2 transfected D2F2 (D2F2/E2) cells 
by anti-HE63 CTL were measured in a standard chromium release assay. Non- 
transfected and HE63 coated cells were used as controls. Very low level killing of HE63 
coated D2F2 cells was seen while D2F2/E2 cells were not killed (Figure 1). Therefore, 
our results do not indicate HE63 as a strong ErbB-2 epitope. 

It was reported that membrane-bound proteins are targeted to the ER and undergo 
N-glycosylation on asparagine (N) at an N-X-S/T motif by the enzyme Oligosaccharyl 
transferase. When such glycosylated proteins enter the cytosol, the carbohydrate moiety 
is removed by Peptide N glycanase and the asparagine residue is converted to an aspartic 
acid (D) residue (2). An example was found in the HLA-A2 restricted peptide 
YMDGTMSQV on melanoma cells which was converted from the native 
YMNGTMSQV. Although both peptides bind HLA-A2 equally, the peptide containing 
the D residue was recognized by CTL with 100 times greater efficiency than the N 
containing peptide (3). The HE63 peptide for ErbB-2 also contains the N-X-S/T motif 
and should be glycosylated on the asparagine residue in the ER. This residue may be 
converted to an aspartic acid residue in the cytosol prior to its presentation by MHC I 
molecules. Therefore, the peptide HE63D (TYLPTDASL) was examined as a possible 
epitope for CTL induction. Mice were immunized and immune lymphocytes were tested 
as described above. HE63D induced CTL and lysed HE63D coated D2F2 cells at high 
frequencies. There was, however, no lysis of D2F2/E2 cells. (Figure 2). Therefore, 
peptide HE63D is more immunogenic than HE63 but neither peptide appears to be an 
immunodominant peptide from ErbB-2. An alternative strategy to measure T cell 
response was tested and the results are described in section 3.2.2. 

Task 2 Construct and test recombinant ERBB-2 which is targeted to MHC II 
antigen processing pathway 

Construction and characterization of a recombinant ErbB-2 targeted to the MHC 
II antigen processing pathway is scheduled to begin in month 18. 



Task 3  Enhance vaccine efficacy by local IL-2 secretion and by expression with 
adenoviral vectors 

3.1 Tumor rejection after co-immunization with pCMV/cytE2A and cytokine 
genes 

To test if the efficacy of vaccination with cytE2A can be enhanced, we measured 
the effect of co-vaccination with IL-2 or GM-CSF cytokine genes. IL-2 is required for 
the proliferation of cytotoxic T cells, helper T cells and natural killer cells, all of which 
can participate in an anti-tumor response (4). GM-CSF facilitates the induction of 
primary immune responses by activating and recruiting professional antigen presenting 
cells (APC's) (5).   BALB/C mice were immunized 3 times at 2 week intervals by i.m. 
injection in the thigh with 100 ug of pCMV/cytE2A, pEFBos/IL-2, pEFBos/GM-CSF, 
pCMV/cytE2A + pEFBos/IL-2, or pCMV/cytE2A + pEFBos/GM-CSF. The control 
group received pCMV vector. Immunized mice were challenged s.c. with 2x10 
D2F2/E2 cells two weeks after the last vaccination. Vaccination with pCMV/cytE2A had 
little protective effect and 9 of 10 mice developed tumors. Vaccination with cytokine 
genes alone had little protective effect. Mice injected with pCMV/E2A and plasmid 
encoding IL-2 or GM-CSF were resistant to tumor challenge and only 2 of 10 mice 
developed tumors (Figure 3). These results are consistent with the notion that anti-tumor 
immunity is induced by pCMV/cytE2A when co-stimulation is provided by genes 
encoding cytokines. 
3.2 Defining the anti-tumor immunity induced by cytE2A 

The nature of the immune response induced by co-vaccination with 
pCMV/cytE2A and pEFBos/IL-2 or GM-CSF was explored by determining the humoral 
and cellular immune responses induced by vaccination with recombinant ERBB-2. 
3.2.1 Induction of humoral and CD4 T cell responses 

Previous studies have shown that vaccination with three i.m. injections with 100 
ug each of pCMV/E2, E2A, cytE2, or cytE2A protected 100, 60, 12 and 0% or BALB/C 
mice, respectively, against D2F2/E2 (6). Vaccination with pCMV/E2 or pCMV/E2A 
induced anti-ErbB-2 antibody as measured by binding to ErbB-2 on SKBR3 cells using 
flow cytometry. Vaccination with pCMV/cytE2 or pCMV/cytE2A did not induce an 
antibody response (Figure 4A). Similarly, growth of D2F2 tumors expressing membrane 
E2 and E2A also resulted in anti-ErbB-2 antibodies. No antibody was induced after 
injection of D2F2 tumors expressing cytE2 or cytE2A (Figure 4B). This is consistent 
with the finding that the cytoplasmic ErbB-2 proteins are rapidly degraded and not 
presented on the surface of the cell.   Antibody production is indicative of a CD4 T helper 
cell response. Depletion of CD4 T cells with monoclonal antibody GK1.5 before tumor 
injection abolished antibody production (Figure 5). Ineffective anti-tumor immunity may 
be the result of an inadequate CD4 T cell response induced by vaccination with 
pCMV/cytE2 and cytE2A. While co-vaccination of cytE2A and GM-CSF genes does not 
result in anti-ErbB-2 antibody production (Figure 4A), cytokine expression may replace 
the need for CD4 T cell help 
3.2.2 Induction of CTL response 

In the absence of an adequate antigenic ErbB-2 peptide, I tested if bone-marrow 
derived DC pulsed with whole tumor lysate function as effective antigen presenting cells. 
The use of DC pulsed with whole tumor lysates has been shown to generate antitumor 



and CTL responses (8-10). In a preliminary study, lymphocytes were collected from 
mice vaccinated with pCMV/cytE2A and GM-CSF and challenged with D2F2/E2 tumor 
cells. DCs were generated from mouse bone marrow cells and pulsed with whole 
D2F2/E2 cell lysates as described (11). One irradiated pulsed DC per 20 lymphocytes 
were cultured for 7 days in RPMI supplemented with 10% heat inactivated fetal calf 
serum. DC pulsed with lysate of native D2F2 cells was used as a negative control. A 
standard chromium release assay was performed using D2F2/E2 as target cells. Specific 
lysis of D2F2/E2 cells was induced from an animal which rejected tumor by CTL after 
stimulation in vitro with DC + D2F2/E2 lysate. Less killing was seen in CTL stimulated 
with DC + D2F2 lysate (Figure 6A). Cells from a tumor-bearing animal did not lyse 
D2F2/E2 cells (Figure 6B). These results indicated the feasibility of amplifying CTL in 
vitro by stimulating with tumor loaded DC. 
3.3 Modification of pCMV/cytE2A to contain IL-2 

The positive results obtained from co-vaccination with IL-2 plasmid indicated that 
co-vaccination is an efficacious strategy. A plasmid containing both cytE2A and IL-2 
genes will be constructed only if contradictory results are observed. 
3.4 Generation of adenoviral vector with cytE2A and verification of protein 

expression. 
A recombinant adenovirus containing wild-type ERBB-2 has been constructed by 

the Adenovirus Core Facility, Wayne State University. Initial attempts to infect 3T3 or 
D2F2 cells by flow cytometry have not resulted in ErbB-2 expression. Further attempts 
will be made to infect cells and detect surface ErbB-2 expression. 

KEY RESEARCH ACCOMPLISHMENTS 

• DNA vaccines encoding recombinant ERBB-2 and cytoplasmic ERBB-2 lacking 
tyrosine kinase activity were generated 

• Anti-ErbB-2 antibody was inducted by vaccination with transmembrane but not 
cytoplasmic ERBB-2 

• Anti-tumor immunity was induced by vaccination with DNA encoding 
transmembrane but not cytoplasmic ERBB-2 

• Anti-tumor immunity was induced when mice were vaccinated with both cytE2A and 
IL-2 or GM-CSF genes although an antibody response was not induced 

REPORT ABLE OUTCOMES 

Wei, W. Z., Shi, W. P., Galy, A., Lichlyter, D., Hernandez, S., Groner, B., 
Heilbrun, L.,and Jones, R. F.; (1999): Protection against mammary tumor growth by 
vaccination with full-length, modified human ErbB-2 DNA. Int. J. Cancer 81,7-7. 

Pilon, S., Kelly, C, Marriott, E., and Wei, W.Z.; (1999): Protection against 
mammary tumor growth by vaccination with recombinant ERBB-2 DNA encoding 
transmembrane or cytoplasmic protein. The Faseb Journal 13, A645. 



CONCLUSIONS 

Native ErbB-2 is a transmembrane protein with tyrosine kinase activity. To induce 
ErbB-2 specific CTL, a recombinant cytoplasmic ErbB-2 which lacks kinase activity was 
constructed. This recombinant protein localizes in the cytoplasm and is rapidly degraded 
by the proteosome. Vaccination with vector encoding cytE2A does not protect against 
challenge with an ErbB-2 expressing tumor which may be due to a lack of CD4 T cell 
induction. To activate or replace the need for ErbB-2 specific CD4 T cells, co- 
vaccination of cytE2A with cytokine genes was examined. Co-vaccination of cytE2A 
with either IL-2 or GM-CSF genes induced an effective anti-tumor immune response. 
These results indicate the processing and presentation of ErbB-2 antigenic epitopes from 
cytoplasmic ErbB-2 and that IL-2 or GM-CSF can substitute CD4 co-stimulation 
generated from transmembrane ErbB-2. 



Acronym and Symbol Definition 

APC Antigen presenting cell 
CFA Complete Freund's Adjuvant 
CTL Cytotoxic T cell 
cytE2A ERBB-2 lacking ER signal sequence and lacking tyrosine kinase activity 
DC Dendritic cell 
E2A ERBB-2 lacking tyrosine kinase activity 
ER Endoplasmic reticulum 
ErbB-2 Transmembrane protein 
ERBB-2 Gene encoding transmembrane protein ERBB-2 
GM-CSF Granulocyte-macrophage colony stimulating factor 
i.m. intramuscular 
i.p. intraperitoneal 
IFA Incomplete Freund's Adjuvant 
IL-2 Interleukin 2 
MHC Major histocompatibility complex 
MFI Mean Fluorescence Intensity 
s.c. subcutaneous 
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Figure 1 CTL induction by HE63 peptide. Mice were vaccinated three times at two week 
intervals s.c. with 100 ug/ml HE63 peptide in CFA in the first injection followed by the same peptide 
in I FA in the next two injections. Lymphocytes were removed one week after final injection and 
stimulated two times in vitro with peptide coated DC. CTL activity was measured in a standard 
chromium release assay. D2F2, D2F2 pulsed with 125ug/ml of HE63 peptide, and D2F2/E2 cells 
were the targets. 
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Figure 2 CTL induction by HE63D peptide. Mice were vaccinated three times at two week 
intervals s.c. with 100 ug/ml HE63D peptide as described above. Immune lymphocytes were 
tested against D2F2, D2F2 pulsed with 125ug/ml of HE63D peptide, and D2F2/E2 cells. 
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Figure 3. Tumor rejection induced by vaccination with pCMV/cytE2A. Mice were 
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Figure 4A. Anti-ErbB-2 antibodies induced by DNA Vaccination. BALB/C mice 
(n=8)were immunized 3 times at two week intervals with 100u,g of the following ERBB-2 
DNA: E2, E2A, cytE2, cytE2A or cytE2A + GM-CSF. Sera was collected after the third 
vaccination. Anti-ErbB-2 IgG antibody was measured by binding to SKBR3 cells using 
flow cytometry. The results are expressed as mean fluorescence intensity. 
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Figure 4B. Antibody production induced by D2F2 tumor growth. BALB/C mice 
(n=4) were injected with 2x10s D2F2 tumor cells expressing one of the mutant ErbB-2. 
Sera was collected four weeks after tumor injection and IgG antibody was measured as 
described above. 
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Figure 5. Mice were injected i.p. with anti-CD4 monoclonal antibody, GK1.5, six days 

prior to injection with 2x105 D2F2/E2 cells. CD4 depletion was verified by flow cytometry. 
The CD4 depleted state was verified using lymph node cells from treated mice and was 

maintained by i.p. injections of GK1.5 every 3 days. Sera was collected four weeks after 
tumor challenge and anti-ErbB-2 antibodies were measured. Control mice received no 
antibody. 
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Figure 6. Mice received three l.m. DNA vaccinations with 100 ^g pCMV/cytE2A + 100 |ig 
pEFBos/GM-CSF at two week intervals. Mice were challenged with 2x105 D2F2/E2 cells. 
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10% fetal calf serum. CTL activity was measured at day 7.   D2F2/E2 tumors were used as 
target cells. 
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ErbB-2 is overexpressed in several human cancers and 
conveys a transforming activity that is dependent on tyrosine 
kinase activity. Antibodies and T cells to ErbB-2 have been 
isolated from cancer patients, indicating ErbB-2 as a potential 
target of active vaccination. In this study, 3 mutant ErbB-2 
DNA constructs encoding full-length, ErbB-2 proteins were 
tested as tumor vaccines. To eliminate tyrosine kinase activ- 
ity, the ATP binding lysine residue 753 was substituted with 
alanine by replacing codon AAA with GCA in mutant ErbB- 
2A. To direct recombinant ErbB-2 to the cytoplasm where 
major histocompatibility complex (MHC) I peptide process- 
ing takes place, the endoplasmic reticulum (ER) signal se- 
quence was deleted in cyt ErbB-2. The third construct cyt 
ErbB-2A contained cytoplasmic ErbB-2 with the K to A muta- 
tion. Expression of recombinant proteins was measured by 
flow cytometry in transfected murine mammary tumor cell 
line D2F2. Transmembrane ErbB-2 and ErbB-2A were readily 
detected. Cytoplasmic ErbB-2 and ErbB-2A were detected 
only after the transfected cells were incubated overnight with 
a proteasome inhibitor, indicating prompt degradation upon 
synthesis. ErbB-2 autophosphorylation was eliminated by the 
K to A mutation as demonstrated by Western blot analysis. 
Growth of ErbB-2-positive tumor in BALB/c mice was inhib- 
ited after vaccination with ErbB-2 or ErbB-2A, but not with cyt 
ErbB-2 or cyt ErbB-2A. ErbB-2A that is free of tyrosine kinase 
activity is a potential candidate for anticancer vaccination. 
The 3 mutant constructs should be useful tools to delineate 
the role of individual immune effector cell in ErbB-2-specific 
antitumor immunity and to develop strategies for enhancing 
such immunity. Int. J. Cancer 81:748-754, 1999. 
© 7999 Wiley-Liss, Inc. 

ErbB-2 is a receptor tyrosine kinase of the ErbB growth factor 
receptor family and is overexpressed in several human cancers 
including breast, ovarian and lung cancer (reviewed by Tzahar and 
Yarden, 1998). ErbB-2 forms heterodimer with ErbB-1 to interact 
with epidermal growth factor (EGF) (Wada et al, 1990) or 
ErbB-3/ErbB-4 to interact with Neu differentiation factor (NDF; 
heregulin) (Pinkas-Kramarski et al, 1996) and is indicated as the 
preferred subunit of the high-affinity heterodimeric receptors for 
both EGF and NDF. After ErbB receptor dimerization and tyrosine 
autophosphorylation, docking sites for cytoplasmic signaling mol- 
ecules are generated and recruitment of second signaling molecules 
is initiated. Amplification or overexpression of ErbB-2 leads to 
enhanced MAP kinase activity and cell proliferation, and contrib- 
utes to the aggressive behavior of the tumor cells (Ben-Levy et al, 
1994). 

ErbB-2 is a potential target of cancer immunotherapy. Anti- 
ErbB-2 antibodies have been detected in breast cancer patients 
(Disis et al, 1994). Anti-ErbB-2 cytotoxic T lymphocytes (CTL) 
have been isolated from breast and ovarian cancer patients 
(Ioannides et al, 1993; Peoples et al, 1995). Several HLA-A2.1- 
associated ErbB-2 peptides have been defined and peptide-specific 
T cells can be generated in vitro (Fisk et al, 1997; Yoshino et al, 
1994; Lustgarten et al, 1997). These findings indicate the activa- 
tion of anti-ErbB-2 immune effector mechanism in cancer patients 
and the potential benefit of enhancing such immune reactivity. 

In a phase II trial, tumor regression was demonstrated in 
approximately 10% of patients with metastatic breast cancer and 
treated with a humanized anti-ErbB-2 monoclonal antibody (MAb) 
4D5 (Baselga et al,  1996). Although ErbB-2 is expressed on 

normal and tumor cells, MAb 4D5 appears to exert a selective 
inhibitory effect on tumor cells, supporting the antitumor activity of 
antibodies directed to certain ErbB-2 epitopes. Vaccination of 
rhesus monkeys with the extracellular domain of ErbB-2 protein 
induced antitumor antibodies and T-cell proliferation (Fendly et al, 
1993). In rat neu trangenic mice, vaccination with plasmid DNA 
encoding the extracellular and transmembrane domains of the rat 
neu DNA induced protective immunity against rat neu-positive 
tumor (Chen et al, 1998). This protective effect was enhanced by 
the coinjection of interleukin 2 (IL-2) DNA. This finding supports 
the feasibility of activating anti-ErbB-2 immunity by DNA vaccina- 
tion in hosts expressing endogenous ErbB-2. 

Plasmid DNA is chemically defined, can be produced in large 
quantity and purified to homogeneity, and is relatively stable. These 
are important advantages when the vaccines are intended for 
clinical application. Immunization of animals with plasmid DNA 
induced both humoral and cellular immunity to viral and tumor 
antigens (Pardoll and Beckerieg, 1995; Ciernik et al, 1996; Chen 
et al, 1998). Plasmid DNA injected into the muscle may be 
transferred to hematopoietic antigen presenting cells (APC) (Corr 
et al, 1996; Iwasaki et al, 1997), which are able to provide 
costimulation to antigen-specific T cells. 

T cells recognize peptides that are packed into a groove molded 
from the extracellular domain of the major histocompatibility 
complex (MHC) heterodimers (Davis and Bjorkman, 1988). Pep- 
tides associated with class I (Monaco, 1992) and class II MHC 
(Neefjes and Ploegh, 1992) interact with T-cell receptors (TCR) on 
CD8 and CD4 T cells, respectively. Peptides presented by MHC II 
are generated from exogenous proteins or self-proteins directed to 
the endosomes and lysosomes. CD4 T cells contribute significantly 
to antitumor immunity although the mechanism is not fully defined 
(Armstrong et al, 1997). Direct tumor killing activity is mediated 
by CD8 T cells that recognize MHC I-associated peptides derived 
from endogenous proteins after proteasomal degradation in the 
cytoplasm. The degraded peptides are chaperoned to the endoplam- 
sic reticulum (ER) and translocated into the lumen where they bind 
to class I MHC and ß2 microglobulin (ß2m) and are transported to 
the cell surface. Although class I MHC-associated ErbB-2 peptides 
can be detected by peptide-specific CTL on cells overexpressing 
ErbB-2, it is not clear how native ErbB-2 enters the cytoplasm and 
the antigen processing pathway. Native ErbB-2 is a transmembrane 
protein and is translocated into the ER during synthesis as dictated 
by a stretch of 21 hydrophobic amino acids or the ER signal 
sequence immediately following the initiation codon. If the ER 
signal sequence is deleted, the protein product would be released 
into the cytoplasm and subjected to antigen processing directly. A 
model antigen beta-galactosidase (beta-gal) expressed as an intra- 
cellular or membrane-bound protein generated the same immuno- 
genic peptide that was recognized by a CTL line (Rammensee et 
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al, 1989). Covalent conjugation of beta-gal with ubiquitin resulted 
in accelerated proteasome degradation of this protein and enhanced 
presentation of antigenic peptides (Grant et al, 1995). These 
results have suggested potential advantages of directing antigenic 
proteins to the cytoplasm. In this study, the vaccination efficacy of 
the transmembrane and cytoplasmic ErbB-2 was compared. 

The tyrosine kinase activity of ErbB-2 can be eliminated when 
the ATP binding lysine (K) residue 753 is replaced with a 
non-binding alanine (A) (Ben-Levy et al, 1994; Messerle et al, 
1994). This K to A substitution eliminated the downstream 
signaling events and the oncogenic activity of ErbB-2 of either 
human (Messerle et al, 1994) or rat (Ben-Levy et al, 1994)origin. 
Furthermore, kinase-deficient ErbB-2 (K>A) when coexpressed 
with oncogenic ErbB-2 can inactivate the signaling activity of the 
oncogenic ErbB-2. The K>A mutant ErbB-2 thus functions as an 
anti-ErbB-2 or anti-oncogene. In this study, the vaccination effi- 
cacy of native ErbB-2 and mutant ErbB-2 (K> A) was tested. 

MATERIAL AND METHODS 

Construction of mutant ErbB-2 expression vectors 
The construction strategy and the expected protein products are 

illustrated in Figure 1. 

pCMV/ErbB-2 (pCMV/E2) 
A 4.4 kb Hindlll fragment was excised from pSW2/ErbB-2 

(provided by Dr. M.C. Hung, M.D. Anderson Cancer Institute, 
Houston, TX) and inserted into the expression vector pCMV5 
(provided by Dr. D.W. Russell, University of Texas, Southwestern 
Medical Center, Dallas) to generate pCMV/ErbB-2 (pCMV/E2). 
Transcription of ErbB-2 is under the control of a CMV promoter/ 
enhancer. 

pCMV/cyt ErbB-2 (pCMV/cyt E2) 
To delete the ER signal sequence from pCMV/E2, a polymerase 

chain reaction (PCR) strategy was used and a recombinant 
cytoplasmic ErbB-2 was generated (Fig. \b). The first 397 bp of the 
protein coding region excluding the ER signal sequence was 

amplified using the high-fidelity DNA polymerase Pfu (Stratagene, 
La Jolla, CA). The upper primer a, 5'-GAGCACG47*GAGCAC- 
CCAAGTGTGC-3', is homologous to the Kozak consensus ribo- 
some binding site (Kozak, 1986), the initiation codon ATG and 15 
bp immediately downstream from the ER signal sequence, but 
excludes the 63 bp signal sequence itself. The lower primer ß, 
3'-CAAGATCTCTGTGAGGCTTCGAA-5', is homologous to bp 
441^159, which contains a naturally occurring BstBI site. This 
PCR product was digested with BstBI and used to replace the 
corresponding region in pCMV/E2 to generate the plasmid pCMV/ 
cyt ErbB-2 (pCMV/cyt E2). The recombinant cyt ErbB-2 is 
expected to direct the synthesis of a cytoplasmic protein. The 
correct sequence of cyt ErbB-2 insert was verified by 2 independent 
sequencing analyses using automatic DNA sequencers at the 
Macromolecular Core Facility of Karmanos Cancer Institute and at 
the DNA sequencing facility of the Center for Molecular Medicine 
and Genetics, Wayne State University. 

pCMV/ErbB-2 (pCMV/E2A) orpCMV/cyt ErbB-2A (pCMV/cyt 
E2A) 

A recombinant vector pL-HER2VEK753A was previously re- 
ported and contains nucleotide substitution at position 2257-2258 
to convert a lysine (AAA) to an alanine (GCA) residue (Messerle et 
al, 1994). A 398 bp fragment containing the mutated codon 753 
was excised from pL-HER2VEK753A by restriction digestion with 
ACCIII and SacII and used to replace the corresponding fragment 
in pCMV/E2 and pCMV/cyt E2. The correct sequence of pCMV/ 
E2A and pCMV/cyt E2A was verified by automatic DNA sequenc- 
ing using both 5' and 3' primers. 

Cell lines 
Mouse mammary tumor (MMT) line D2F2 was cloned from a 

spontaneous mammary tumor that arose in a BALB/c hyperplastic 
alveolar nodule (HAN) line D2 (Mahoney et al, 1985). Human 
breast cancer cell line SKBR-3 was purchased from the ATCC 
(Rockville, MD). The cell line was maintained in vivo in Dulbec- 
co's modified Eagle's medium (MEM) supplemented with 5% 
heat-inactivated fetal bovine serum (Hyclone, Logan, UT), 10% 
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FIGURE 1 - (a) Schematic representation of recombinant human ErbB-2 constructs. SP, ER signal peptide; ECD, extracellular domain; TM, 
transmembrane domain; ICD, intracellular domain. ErbB-2 (E2) is the wild-type human ErbB-2; ErbB-2A (E2A) has a mutation in the tyrosine 
kinase domain substituting alanine for lysine at codon 753; Cyt ErbB-2 (cyt E2) has truncated ER signal peptide sequence. Cyt ErbB-2A (cyt E2A) 
has ER signal peptide deletion and the lysine to alanine substitution, (b) Deletion of ER signal peptide sequence by a PCR-based strategy. 
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NCTC 109 medium (Sigma, St. Louis, MO), 8 ug/ml bovine 
crystalline insulin (Sigma), 1 mM oxalacetic acid, 0.5 mM sodium 
pyruvate, 2 mM L-glutamate, 0.1 mM MEM non-essential amino 
acids, 100 units/ml penicillin and 100 |ig/ml streptomycin. 

Establishment ofD2F2 cells expressing ErbB-2 proteins 
D2F2 cells were grown in 48-well plates until they reached 

approximately 70% confluence and were transfected using the 
calcium phosphate transfection system or LipofectAMINE from 
GIBCO BRL (Gaithersburg, MD. The cells were cotransfected 
with pRSV/neo and one of the following vectors: pCMV/E2, 
pCMV/E2A, pCMV/cyt E2 or pCMV/cyt E2A. Transfected cells 
were selected in medium containing 600-1,000 ug/ml of G418 
(Geneticin; Sigma) starting 48 hr after transfection. Expression of 
the recombinant proteins by the transfected cells from individual 
wells was tested by flow cytometry and cells from positive wells 
were subjected to 2 rounds of cloning by limiting dilution. 

Treatment with proteasome inhibitors 
Proteasome inhibitor N-acetyl-leu-leu-norleucinal (LLnL) and 

the very weak inhibitor N-acetyl-L-leucinyl-L-leucinyl-methional 
(LLM) were purchased from Sigma. To block proteasome activity, 
the cells were incubated with the inhibitors at the indicated 
concentrations at 37°C for 16-18 hr before analysis. 

Flow cytometric analysis 
The MAbs TA-1 and 3B5, which recognize the extracellular and 

cytoplasmic domains of ErbB-2, respectively, were purchased from 
Oncogene Research Products (Cambridge, MA). Fluorescein 
isothiocyanate (FITC)-conjugated goat anti-mouse IgG was the 
secondary antibody (Jackson ImmunoResearch, West Grove, PA). 
To detect the cytoplasmic domain of ErbB-2, cells were washed 
with serum-free medium and fixed with 0.25% paraformaldehyde 
at 4°C for 1 hr. The cell membrane was permeabilized by 
incubation in 0.2% Tween 20 at 37°C for 20 min. The fixed and 
permeabilized cells were stained with MAb 3B5 and FITC- 
conjugated goat anti-mouse IgG. Normal mouse Ig or isotype 
matched MAb were used as negative controls. Flow cytometric 
analysis was performed with a FACscan (Becton Dickinson, 
Mountain View, CA). 

Immunoprecipitation and Western blot analysis 
Single cell suspensions were prepared from monolayer cultures 

by trypsin digestion, washed twice with ice-cold PBS and lysed on 
ice for 60 min with modified RIPA buffer containing protease 
inhibitors (50 mM Tris-HCl, pH 7.4, 1% NP-40, 0.25% sodium 
deoxycholate, 150 mM NaCl, 1 mM EGTA, 1 mM PMSF, 1 ug/ml 
aprotinin, 1 ug/ml leupeptin, 1 ug/ml pepstatin, 1 mM Na3VÖ4 and 
1 mM NaF). After clearing the lysate by centrifugation at 16,000g 
for 10 min at 4°C, protein concentrations in the supernatant were 
determined with a modified Lowry assay (Bio-Rad, Hercules, CA). 
ErbB-2 protein was immunoprecipitated from the cell lysates by 
incubation with rabbit anti-ErbB-2 antibody C18 (Santa Cruz 
Biotechnology, Santa Cruz, CA) at 4°C for 16-18 hr, followed by 
incubation at 4CC for 16-18 hr with goat polyclonal antibodies to 
rabbit Igs preconjugated to protein A/G agarose (Santa Cruz 
Biotechnology). After extensive washing in RIPA buffer, the 
proteins were eluted from their immune complexes by heating to 
95°C in reducing loading buffer. After fractionation by 7.5% 
SDS-PAGE, the proteins were electrotransferred to the nitrocellu- 
lose membrane. The membranes were blocked with 5% non-fat 
milk in Tris-HCl buffer. ErbB-2 was detected by immunoblotting 
with C18. Tyrosine phosphorylated ErbB-2 was detected with 
RC20 MAb, which recognizes phosphorylated tyrosine (Transduc- 
tion Lab., Lexington, KY). The primary antibody was used at the 
concentration of 2.5 ug/ml. Peroxidase-conjugated horse anti- 
mouse IgG at 2 ug/ml (Vector, Burlingame, CA) was the secondary 
antibody and bound antibodies were visualized by chemilumines- 
cence using the ECL Western blotting kit (Amersham, Arlington 
Heights, IL). 

Tumor growth inhibition by DNA vaccination 
Female BALB/c mice at 6 weeks of age were divided into 5 

groups. Each group received intramuscular (i.m.) injection in the 
thigh with the plasmid vaccine of pCMV, pCMV/E2, pCMV/E2A, 
pCMV/cyt E2 or pCMV/cyt E2A prepared with the Mega kit 
(Qiagen, Chatsworth, CA). The plasmid DNA was administered 3 
times at 2-week intervals, each time with 100 ul of saline 
containing 100 ug of DNA. At 2 weeks after the last immunization, 
mice were challenged subcutaneously (s.c.) on the flank with 2 X 
105 mammary tumor cells D2F2/E2, which were D2F2 cells 
transfected with pCMV/E2. Tumor growth was monitored by 
weekly palpation by a trained staff member in the Karmanos 
Cancer Institute animal care facility who was not informed of the 
experimental design. Two perpendicular measurements of the 
tumor diameter were taken on each tumor with a caliper and the 
average was recorded. 

RESULTS 

Expression of recombinant ErbB-2 proteins 
BALB/c mouse mammary tumor cell line D2F2 was transfected 

with pCMV/E2, pCMV/E2A, pCMV/cyt E2 or pCMV/cyt E2A and 
selected in media containing 600-1,000 ug/ml of G418. The 
production of ErbB-2 or mutant ErbB-2 proteins was measured by 
flow cytometry and the staining profiles of the transfected cells are 
shown in Figure 2. MAb TA-1 (Oncogene Research), which 
recognizes an extracellular epitope of ErbB-2, stained viable D2F2 
cells transfected with pCMV/E2 or pCMV/E2A (Fig. 2a). Human 
breast cancer cell line SKBR-3, which has amplified ErbB-2 gene, 
was the positive control. MAb TA-1 did not recognize native D2F2 
cells, nor D2F2 cells transfected with pCMV/cyt E2 (D2F2/E2) or 
pCMV/cyt E2A (D2F2/E2A). Since cytoplasmic ErbB-2 was 
designed to localize in the cytoplasm, surface expression was not 
expected. 

To detect recombinant cytoplasmic protein, MAb 3B5, which 
recognizes a cytoplasmic epitope of ErbB-2, was used to stain the 
recombinant cytoplasmic proteins in the transfected cells that were 
fixed and permeabilized. Binding of 3B5 to the cytoplasmic portion 
of transmembrane ErbB-2 in D2F2/E2, D2F2/E2A and SKBR-3 
cells was detected (Fig. 2b). When 20 colonies of D2F2 cells 
transfected with pCMV/cyt E2 were examined, none had detectable 
ErbB-2 expression. A small increase of fluorescence observed after 
the staining with MAb 3B5 was consistently observed with 
non-transfected D2F2 cells and may be the result of antibody 
binding to endogenous mouse ErbB-2. The inability to detect the 
recombinant cyt ErbB-2 in the transfected cells may indicate failure 
of cyt ErbB-2 gene expression or rapid protein degradation by the 
proteasomes. Since the cytoplasmic ErbB-2 was designed not to 
enter ER, they would not be glycosylated and would not fold as the 
native protein. They were likely recognized as defective proteins in 
the cytoplasm and subjected to proteasome degradation. To deter- 
mine if cyt ErbB-2 or cyt ErbB-2A was degraded by the protea- 
some, transfected D2F2/cyt E2 or D2F2/cyt E2A cells were 
incubated with peptide aldehyde LLnL, which has been shown to 
block the chymotryptic activity of proteasomes (Rock et at, 1994). 

FIGURE 2-Expression of ErbB-2 in BALB/c mouse mammary 
tumor D2F2 cells. Cells were transfected with pCMV/E2, E2A, cyt E2 
or cyt E2A. Viable cells were stained with MAb TA-1, which 
recognizes an extracellular epitope of ErbB-2 (a,c). Expression of 
cytoplasmic ErbB-2 was measured with MAb 3B5 specific for a 
cytoplasmic epitope after the cells had been fixed in paraformaldehyde 
and permeabilized with Tween 20 before incubation with MAb 3B5 
(b,d). To detect proteins degraded by the proteasome, cells were 
incubated overnight with 80 uM of LLnL before they were subjected to 
analysis (c,d). Clear area: staining profile with MAb TA-1 (a,c) or MAb 
3B5 (b,d); shaded area: staining profile with control normal mouse 
IgG. The number in each figure depicts the mean channel fluorescence 
of the test sample stained with either TA-1 or 3B5. 
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FIGURE 3 - Tyrosine phosphorylation of mutant ErbB-2. The follow- 

ing cell lines were incubated overnight with 80 uM of LLnL before 
lysis: SKBR-3 (lane 1), D2F2 (lane 2) and D2F2 transfected with 
pCMV/cyt E2 (lane 3), pCMV/E2 (lane 4), pCMV/cyt E2A (lane 5) or 
pCMV/E2A (lane 6). Whole cell lysates were prepared and ErbB-2 and 
mutant proteins were immunoprecipitated with polyclonal antibody 
C18. Immunoprecipitated proteins were separated by electrophoresis, 
transferred to nitrocellulose filter and blotted with C18 or RC20, which 
is directed to phosphorylated tyrosine. Bound antibody was visualized 
by chemiluminescence. 

pCMV        E2 E2A      CytE2   cytE2A 

Vaccination 

B 
-♦-pCMV 

-■—E2 
A    E2A 

—JK— cyt E2 
-©- cyt E2A 

Wk 

FIGURE 4 - Induction of antitumor immunity by ErbB-2 and mutant 
ErbB-2 DNA vaccination. BALB/c mice were immunized i.m. at 2 
sites in the thigh with a total volume of 100 pi of PBS containing 100 
ug of pCMV, pCMV/E2, pCMV/E2A, pCMV/cyt E2 or pCMV/cyt 
E2A. The immunization was repeated twice at 2-week intervals. At 2 
weeks after the last injection, mice were challenged by s.c. injection 
with 1 X 105 D2F2 cells, which express wild-type human ErbB-2. 
There were 8 mice in each group. Tumor incidence was monitored 
weekly (a) and tumor size measured with a caliper (b). 

After overnight incubation with 80 uM of LLnL, 16 of 20 colonies 
transfected with pCMV/cyt E2 demonstrated significant accumula- 
tion of ErbB-2 in the cytoplasm. Figure 2d shows strong staining of 
D2F2/cyt E2 and D2F2/cyt E2A by MAb 3B-5 after the cells had 
been incubated overnight with LLnL. MAb TA-1, which binds to 
the extracellular domain of ErbB-2, did not recognize D2F2/cyt E2 
or D2F2/cyt E2A even after the cells had been incubated with LLnL 
(Fig. 2c). Therefore, transfection with pCMV/cyt E2 or pCMV/cyt 
E2A resulted in the generation of an unstable cytoplasmic protein 
that is quickly degraded by the proteasomes. Incubation of 
D2F2/E2, D2F2/E2A with LLnL did not have significant effect on 

the expression of the transmembrane protein. SKBR-3 cells had 
reduced ErbB-2 expression after LLnL incubation and may be a 
result of toxicity. Treatment of transfected cells or SKBR-3 cells 
with the weak proteasome inhibitor LLM had no effect on the level 
of native or recombinant ErbB-2 protein. 

Tyrosine phosphorylation of ErbB-2 
To determine if the recombinant ErbB-2 exhibits tyrosine kinase 

activity, Western blot analysis was performed to detect phosphory- 
lated tyrosine on the recombinant proteins. Transfected D2F2 cells 
were incubated overnight in the presence of 80 uM of LLnL. 
Recombinant ErbB-2 proteins were immunoprecipitated from the 
whole cell lysates with rabbit anti-ErbB-2 antibody C18. The 
proteins were separated by PAGE, transferred to nitrocellulose 
filter and blotted with C18 or RC20 which recognized phosphory- 
lated tyrosine. Figure 3 shows a 185 kDa protein detected in the 
lysates from SKBR-3, D2F2/E2 and D2F2/E2A when the mem- 
brane was blotted by anti-ErbB-2 antibody C18. The cytoplasmic 
ErbB-2 and ErbB-2A proteins migrated slightly faster than the 
transmembrane proteins, consistent with the notion that cyt ErbB-2 
or cyt ErbB-2A did not enter the ER and was not, N-glycosylated. 
Importantly, the ErbB-2 protein isolated from D2F2 cells trans- 
fected with E2 or cyt E2 or from SKBR-3 cells was tyrosine 
phosphorylated and recognized by MAb RC20. On the contrary, 
recombinant ErbB-2A and cytoplasmic ErbB-2A were not recog- 
nized by MAb RC20, supporting the elimination of tyrosine kinase 
activity by the K to A substitution at residue 753. The endogenous 
mouse ErbB-2 in D2F2 cells was detected also by MAb C18, but 
showed little or no phosphorylation when stained with MAb RC20. 
The phosphorylation of cyt ErbB-2 indicates active kinase activity 
of recombinant ErbB-2 even when the protein was produced in the 
cytoplasm. It was only when the ATP binding lysine residue was 
replaced by a non-binding alanine as in ErbB-2A and cyt ErbB-2A 
that tyrosine kinase activity was eliminated. 

DNA vaccination with wt and cyt ErbB-2 
BALB/c mice were immunized 3 times at 2-week intervals by 

i.m. injection in the thigh with 100 ug of pCMV/E2, pCMV/E2A, 
pCMV/cyt E2 or pCMV/cyt E2A in 0.1 ml saline. The control 
group received pCMV without insert. Immunized mice were 
challenged s.c. with 2 X 105 D2F2 cells transfected with E2 
(D2F2/E2). The results in Figure 4 show complete inhibition of 
tumor growth in mice vaccinated with the pCMV/E2. Protection 
was also observed in mice that received pCMV/E2A. The mice 
immunized with pCMV/cyt E2 or pCMV/cyt E2A all developed 
tumors except one mouse in the pCMV/cyt E2 group. The tumor 
size was measured by a caliper and the average diameter was 
calculated. The mean tumor sizes (in mm) of the 5 treatment groups 
at 6 weeks after tumor challenge were 8.0, 0.0, 3.3, 7.4 and 9.9 for 
pCMV/E2, E2A, cyt E2 and cyt E2A groups, respectively. Both the 
E2 and E2A groups were significantly different from the pCMV 
control group, both withp < 0.05, by Dunnett's multiple compari- 
sons procedure. The remaining 3 treatment groups were statisti- 
cally indistinguishable. 

DISCUSSION 

To develop DNA vaccines directed at human ErbB-2, 3 mutant 
ErbB-2 constructs were generated and their vaccination efficacy 
was tested. The principle of construction was to preserve most if 
not all of the immunogenic epitopes and to eliminate tyrosine 
kinase or transforming activity of ErbB-2. Several immunogenic 
peptides presented by HLA-A2.1 have been identified, including 
peptides derived from the extracelular, transmembrane or cytoplas- 
mic domain (Fisk et al, 1997; Yoshino et al, 1994; Lustgarten et 
al, 1997). Vaccination with the full-length DNA has the advantage 
of presenting the complete repertoire of ErbB-2 epitopes in patients 
of any HLA haplotype. Although injected i.m., the recombinant 
proteins may be presented by the APCs in vivo according to each 
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individual's MHC haplotypes (Iwasaki et al, 1997; Corr et al, 
1996). The recombinant ErbB-2 constructs generated in this study 
contain the complete sequence of the mature protein with a single 
amino acid substitution in ErbB-2A and cyt ErbB-2A. Since mature 
ErbB-2 protein contains over 1,200 amino acids, a single residue 
substitution at position 753 should have minimal impact on the 
immunogenicity of this protein. 

The expression of the vaccine constructs was tested by stable 
transfection of murine mammary tumor cell line D2F2. The 
transmembrane ErbB-2 and ErbB-2A were readily detected by 
MAb TA-1, which recognized an extracellular epitope of human 
ErbB-2 (Fig. 2). On the contrary, cyt ErbB-2 and cyt ErbB-2A 
could not be detected by MAb 3B5 specific for a cytoplasmic 
epitope, unless the transfected cells were incubated overnight with 
proteasome inhibitor LLnL, indicating prompt degradation of the 
recombinant cytoplasmic protein. When analyzed by Western 
blotting, ErbB-2 and ErbB-2A are of the same size as pi85 in 
SKBR-3 cells. Cyt ErbB-2 and cyt ErbB-2A migrate slightly faster 
than their transmembrane counterparts, consistent with the lack of 
N-glycosylation on cytoplasmic proteins. The lack of N-glycosyla- 
tion may result in unstable folding and enhanced degradation of the 
folded protein. 

Transgenic mice expressing rat neu gave rise to spontaneous 
mammary tumors (Muller et al, 1988; Chen et al, 1998). The 
oncogenic activity of ErbB-2 may be a result of heterodimer 
formation with other members of the ErbB family and an enhanced 
response to the stroma-derived ligands (Tzahar and Yarden, 1998). 
If ErbB-2 DNA is to be administered as a vaccine in vivo, it is 
imperative to remove the signal transducing capacity from the 
construct. In a previous report, substitution of the ATP binding 
residue lysine with a non-binding residue alanine removed tyrosine 
kinase and transforming activity from recombinant human ErbB-2 
(Messerle et al, 1994). These findings indicate that a single 
autophosphorylation site confers oncogenicity of ErbB-2 receptor 
and enables coupling to the MAP kinase pathway (Messerle et al, 
1994). When examined by an independent group using rat neu, the 
same K to A single mutation also eliminated the signaling activity 
of rat neu (Ben-Levy et al, 1994). Overexpression of ErbB-2 
(K>A) in 3T3 cells did not result in anchorage-independent 
growth (Messerle et al, 1994). In fact, 3T3 cells that were 
transformed with an activated ErbB-2 lost anchorage-independent 
growth when further transfected with ErbB-2 (K>A), supporting 
the anti-oncogenic activity of ErbB-2A. In the current study, the 
tyrosine residue on ErbB-2A and cyt ErbB-2A was not phosphory- 
lated (Fig. 3). Therefore, K>A mutation at residue 753 eliminated 
tyrosine kinase activity as previously described, and ErbB-2A and 
cyt ErbB-2A are more appropriate candidates as DNA vaccines. It 

was interesting that native ErbB-2 appeared to be more potent than 
the K>A mutant in the induction of antitumor immunity. Whether 
this finding indicates an enhanced antigen presenting activity as a 
result of functional ErbB-2 expression remains to be determined. 

When the vaccination efficacy of recombinant ErbB-2 was 
tested, the transmembrane ErbB-2 and ErbB-2A were far more 
effective than their cytoplasmic counterparts in the induction of 
antitumor immunity (Fig. 4). Vaccination with pcDNA3.1 (+) 
containing ErbB-2 or cyt ErbB-2 showed similar protective effect 
with the transmembrane but not with cytoplasmic ErbB-2 (not 
shown). Since full-length pi 85 was generated from all recombinant 
ErbB-2, the complete protein sequence was available to the APCs 
from all 4 vaccines. The rapid degradation of cyt ErbB-2 and cyt 
ErbB-2A may even enhance the presentation of class I MHC- 
associated peptide antigens because accelerated degradation of 
model antigens was shown to enhance the presentation of class I 
MHC-associated peptides (Grant et al, 1995). Cytoplasmic ErbB-2 
may not have access to endosome and lysosome where class II 
MHC peptides are processed. Priming of CD8 T cells to most 
antigens requires CD4 T-cell help via CD40-CD40L interactions 
(Bennett et al, 1998; Schoenberger et al, 1998). Immunization 
with the cytoplasmic ErbB-2 and presentation of class I MHC- 
associated peptides without CD4 help may induce inadequate 
T-cell activation or even T-cell anergy. The cytoplasmic protein 
may not induce antibody response either. Indeed, vaccination with 
cyt ErbB-2 or cyt ErbB-2A may be functionally equivalent to 
vaccination with the complete repertoire of MHC I-associated 
peptides. These constructs should be useful tools to delineate the 
immune response to antigens presented by class I MHC alone and 
to define conditions for modulating such immunity. 

Vaccination with native ErbB-2 results in excellent antitumor 
immunity. The potential adverse effect of administering plasmid 
DNA encoding a functional oncogene may prohibit the use of this 
vaccine in patients. ErbB-2A when administered alone induced 
significant antitumor immunity and is a candidate vaccine. It is 
noted that this series of ErbB-2 DNA vaccines encode a human 
protein and would likely induce stronger responses in mice than in 
humans. The goal of our study was, however, to compare the 
different forms of the recombinant vaccines, and the results showed 
the transmembrane form to be superior than the cytoplasmic form 
when used alone. 
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