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Xiuhua Sun, MD., Targeted Antibody Therapy to Inhibit Bone Metastases by Prostate Cancer 

Army Prostate Cancer Program Postdoctoral Fellowship Progress Report - 01 Year 

Abstract: 

Metastasis to bone is a major cause of morbidity and mortality from prostate cancer. Most 
men dying from the disease have skeletal metastases, which cause abnormal bone growth, resulting 
in bone pain, fracture, and nerve compression. Prostate cancer prefers to grow in bone, since bone 
matrix stores large quantities of immobilized growth factors, which can stimulate tumor cells. When 
cancer cells produce factors which stimulate bone resorption, metastasis to bone is enhanced: tumor 
cell products stimulate cells called osteoclasts to release growth factors from the bone matrix. These 
products in turn stimulate the growth of tumor cells. Tumor-secreted factors capable of stimulating 
bone resorption are thus prime candidates to contribute to the establishment of bone metastasis. 
Parathyroid hormone-related protein (PTHrP) is known to be expressed by prostate cancer cells and 
is a major stimulator of osteoclasts. My project is to test whether an antibody against PTHrP will 
block prostate cancer metastasis to bone. I will use a gene expression vector to introduce the 
inhibitory antibody expression directly into the prostate cancer cells. This will be a test to target 
inhibitors directly to the site of metastasis, which could be a useful approach for future gene 
therapy. 

In the first year of the work proposed I cloned and sequenced the light and heavy chain 
cDNAs from the 3F5 hybridoma, which secretes a monoclonal antibody directed against the N- 
terminal region of PTHrP. This antibody blocks breast cancer metastasis to bone but has never been 
tested against prostate cancer. The two antibody chain cDNAs were transferred into a bicistronic 
expression vector, producing mouse IgG antibody when the DNA was transiently transfected into 
human 293 cells in vitro. The secreted antibody potently and completely inhibited osteoclast 
formation and bone resorption in two tissue culture assays stimulated with 20ng/mL PTHrP (1-34) 
peptide. The DNA is presently in a vector designed for gene therapy. 

In the coming year I will transfer the antibody-coding portion of this DNA into a vector, 
pcDNA3neo, known to be able stably to transfect cancer lines. This DNA will be transfected into 
the human prostate cancer cell line PC3, which our laboratory has shown to secrete abundant PTHrP 
and reliably to cause osteolytic metastasis in an animal model. PC3 cell subclones will be selected 
which stably neutralize, via the transfected antibody, the PTHrP which they also secrete. These cells 
will be tested for their ability to metastasize to bone in animals, which is expected to be greatly 
reduced compared to control PC3 cells. In this experiment I will test three parallel therapeutic 
approaches to inhibiting bone metastases with PTHrP-neutralizing antibody: 1) conventional 
systemic injection of purified antibody; 2) intramuscular injection of naked DNA encoding the same 
antibody (which should drive muscle secretion of the antibody into the systemic circulation); and 3) 
use of tumor cells secreting their own antibody (which should guarantee high concentrations of 
neutralizing antibody at the metastatic sites). 

In the first year of my fellowship training I have learned many molecular and immunological 
techniques. I will present my results at the American Society of Bone & Mineral Research in Toronto 
in September. In the second year of my project I will learn many animal techniques related to bone 
metastases, including quantitative x-ray image analysis and skeletal histomorphometry. 



Targeted Antibody Therapy to Inhibit Bone Metastases by Prostate Cancer 

Introduction: 
Cancer of the prostate is the second leading cause of male deaths from cancer in the United 

States (Karp et al., 1996). The disease resulted in about 40,000 deaths in 1996. Up to 84% of 
patients dying of prostate cancer have been found to have bone metastases at autopsy (Jacobs, 1983). 
The metastases are predominantly osteoblastic, resulting in net gain of bone. The new bone 
formation is often disorganized and, particularly in the spine, can result in nerve compression 
syndromes, as well as bone pain. Mean survival from the time of diagnosis of bone involvement is 
40 months. The frequency of prostate cancer metastasis to bone and the long duration of the disease 
result in a major contribution to patient morbidity from osteoblastic metastases (Coleman, 1997). 
However, the mechanisms responsible for prostatic cancer cell growth at metastatic sites in bone 
are incompletely understood. 

Role of bone resorption in prostate cancer metastasis. Serum markers of bone resorption 
are elevated in prostate cancer metastatic to bone, suggesting that the bone lesions contain a lytic 
component associated with the blastic lesions. Bone resorption may release a variety of growth- 
regulatory factors, previously immobilized in the bone matrix, which can in turn stimulate the local 
growth of tumor cells. Thus, prostatic metastasis to bone may involve ongoing bone turnover, rather 
than requiring bone resorption only for the initial establishment of the metastatic foci (Goltzmann, 
1997). Such a mechanism, linking metastasis by cancer cells with osteolytic bone resorption, has 
been experimentally established for human breast and lung cancers (Guise, 1997). The laboratory 
I am working in has established that PC3 prostate cancer cells cause very similar osteolytic 
metastases. All of these osteolytic tumor types secrete parathyroid hormone-related protein, PTHrP. 

PTHrP and prostate cancer. Prostate cancer was first reported to express PTHrP by 
Iwamura et al. (1993). The human PC3 cell line secretes substantial amounts of PTHrP under 
serum-free conditions. However, PTHrP appears not to be an autocrine growth factor for normal 
prostatic cells (Peehl et al., 1997). Signaling through the G protein-coupled PTH/PTHrP receptor 
is not generally mitogenic (Guise & Mundy, 1996), but Dougherty et al. (1999) recently 
demonstrated growth dependence of prostate cancer on intracellular PTHrP. It has also been 
reported that the expression of PTHrP, assayed immunohistochemically, increased with increasing 
tumorigenic progression of prostate cells (Asadi et al., 1996). Thus the roles of PTHrP in prostate 
cancer growth may be complex. The group in which I am training has demonstrated that neutralizing 
antibodies against PTHrP can effectively decrease bone metastases (Guise et al., 1996; Yin et al., 
1999.) The latter experiments used a monoclonal antibody called 3F5 raised against PTHrP. This 
antibody plays a central role in my research. It was developed by Dr. V. Grill in Australia and has 
been tested extensively (Rankin et al., 1995; 1997). Yin et al. (1999) demonstrated that this antibody 
could effectively block osteolytic metastases caused by human MDA-MB-231 breast cancer cells 
secreting PTHrP. Because of the slow development of bone metastases in prostate cancer, any 
treatment, such as administration of a therapeutic neutralizing antibody, would have to be repeated 
at least weekly over the course of many months. We decided instead to take a gene-therapy-related 
approach. We undertook to clone the light and heavy chain cDNAs encoding the 3F5 mAb, express 
both chains from a single DNA vector, and then stably express this DNA in either the animals or the 
metastatic tumor cells themselves. In the first year of my training I have succeeded in cloning, 
expressing, and functionally assaying the 3F5 mAb. Stable clones of PC3 prostate cancer cells are 



now being prepared which secrete their own PTHrP-neutralizing antibody. 
Recombinant secretion of cloned antibodies. Functional antibodies can be readily expressed 

in non-lymphoid cells (Biocca et al., 1990), which permits them to be delivered to specific 
anatomical sites in vivo (Piccioli et al., 1991). In the experiments presented here, the intent was to 
neutralize the extracellular effects of tumor-produced PTHrP on target cells in the bone 
microenvironment. This will be much more efficiently achieved by delivering the antibody to the 
tumor site in bone, rather than injecting animals with sufficiently large amounts of purified antibody 
to cause systemic neutralization of PTHrP. Alternative approaches to blocking tumor-produced 
PTHrP, such as anti-sense, could have multiple side effects by inhibiting intracellular versus 
extracellular functions of PTHrP (Dougherty et al., 1999). Intracrine actions of PTHrP, which may 
have growth effects on prostate cancer cells, could be mediated by nuclear targeting of intracellular 
PTHrP (Lam et al., 2000). Antibody secretion directed to the metastatic site should not interfere with 
confounding intracrine pathways involving PTHrP. Therefore we set out to clone the sequences 
encoding the 3F5 monoclonal antibody which neutralizes N-terminal PTHrP (Rankin et al., 1995). 
We have isolated the light and heavy chains of the mAb by PCR of RNA isolated from the 
hybridoma and primers against regions of conserved immunoglobulin sequence. After sequencing, 
the two chains were transferred into a bicistronic vector which expresses both chains on a single 
mRNA, separated by an internal ribosome reentry site (Duke et al., 1992). This permits equimolar 
biosynthesis of the two chains and avoids cellular toxicity associated with excess production of 
immunoglobulin heavy chains (Kolb & Siddell, 1997). 

Methods: 
RNA was isolated from the 3F5 hybridoma and reverse transcribed into oligo(dT)-primed 

cDNA using commercial kits (GIBCO-LifeTechnologies) according to the manufacturer's 
instructions. PCR kits were obtained from the same source. PCR products of the correct sizes were 
purified from agarose gels with a commercial kit (Qiagen), digested with the appropriate restriction 
enzymes and repurified by agarose gel electrophoresis. All DNA enzymes were obtained from New 
England BioLabs and used according to the manufacturer's recommendations. All PCR products 
were initially subcloned into pBluescript vector (Stratagene) and analyzed by restriction mapping, 
PCR, and automated DNA sequencing by the Center for Advanced DNA Technologies of this 
University. Sequence data were analyzed with Mac Vector 6.5 software (Oxford Molecular). Initial 
DNAs were ligated into the subcloning vector using polylinker sites in the plasmid corresponding 
to the restriction sites originally designed into the PCR primers. Ligated DNAs were transfomed into 
competent E. coli DH5a cells (GIBCO-LifeTechnologies) according to the manufacturer's 
instructions. The light chain was constructed as a 0.7kb Pst I to Sal I fragment and the heavy chain 
as a 1.4kb Xba I to Bgl II fragment. Plasmid inserts with the correct sequence were transferred into 
the bicistronic expression vector pVR1030, provided by Dr. P.M. Hobart (Vical, Inc, San Diego, 
CA), which carries a kanamycin resistance gene. The light chain was subcloned into pVR1030, and 
an initial subclone was isolated and mapped. The heavy chain was then subcloned into this 
intermediate to give the final plasmid, designated pVR3F5. DNAs were purified with Qiagen kits. 

Expression DNA pVR3F5 was transfected into 293 cells (for transient assay) and into human 
breast MDA-MB-231 and human prostate PC3 cancer cell lines using Lipofectamine Plus kits 
(GIBCO-LifeTechnologies) according to the manufacturer's instructions. One day after transfection 
the medium was changed to serum-free, and this medium was conditioned for 48hrs. Cell number 
was determined, and the media were assayed for mouse IgG content and for their ability to neutralize 



the bone-resorbing and osteoclastogenic activities of synthetic human PTHrP 1-34 (R&D Systems). 
Mouse marrow culture assays were carried out by standard means (Takahashi et al., 1988). Fetal rat 
long bone organ culture following standard procedures (Garrett et al., 1990) was kindly carried out 
by Mr. Paul Williams. Concentrations of mouse IgG in the serum-free media conditioned by human 
cells were determined by a capture ELISA, following standard procedures (Harlow & Lane, 1988). 
Standard mouse IgG, goat anti-mouse antibody conjugated to alkaline phosphatase, and alkaline 
phosphate substrate were from Sigma. Stable cell lines were selected by the addition of 500- 
800|ig/ml G418 (GIBCO-LifeTechnologies) 48 hours after transfection with 9 parts pVR3F5 and 
1 part pcDNA3 (to provide neo resistance). 

Results: 
Isolation of heavy chain clones. PCR primers were designed according to Coloma et al., 

1992). A mixture of three 5' primers and one 3' primer was used. Mixed bases at a single position 
are indicated by parentheses, and the added Xba I and Bgl II sites are underlined: 
gl [5' GCTCTAGACACCATGG (AG)ATG(CG)AGCTG(TG)GT(CA)AT(CG)CTCTT 3'] 
g2 [51 GCTCTAGACACCATG(AG)ACTTCGGG(TC)TGAGCT(TG)GGTTTT 3'] 
g3 [5' GCTCTAGACACCATGGCTGTCTTGGGGCTGCTCTTCT 3*] 
g-3' [5' GAAGATCTTCATTTACCAGGAGAGTGGGAGAGGCTCTTCTCAGT 3'] 

PCR (30 cycles) under standard conditions gave a band of the expected size (1.4kb), which 
was subcloned into pBluescript and sequenced. The 1411 bp insert was derived from the g2 + g-3' 
primer pair and encoded a 464 amino acid heavy chain including signal peptide, shown in figure 1C. 
The DNA sequence includes internal sites for Pst I and Sal I, necessitating that the heavy chain be 
transferred into the expression vector only after the light chain had been subcloned via these two 
restriction sites. 

Isolation of light chain clones. PCR primers were designed as above. A mixture of four 5' 
primers and one 3' primer was used. Mixed bases at a single position are indicated by parentheses, 
and the added Pst I and Sal I sites are underlined: 
kl [5' AACTGCAGACCATGGAGACAGACACACTCCTGCTAT 3'] 
k2 [5' AACTGCAGACCATGGATTTTCAAGTGCAGATTTTCAG 3'] 
k3 [5' AACTGCAGACCATGGAG(TA)CACA(GT)(TA)CTCAGGTCTTT(GA)TA 3'] 
k4 [51 AACTGCAGACCATG(GT)CCCC(AT)(GA)CTCAG(CT)T(CT)CT(TG)GT 3'] 
k-3' [5' GACGTCGACCTAACACTCATTCCTGTTGAAGCTCTTGACAATGGG 3'] 

PCR (30 cycles) under standard conditions gave a band of the expected size (0.75kb), which 
was subcloned into pBluescript and sequenced. Over a dozen clones were sequenced, all of which 
encoded a transcript previously reported to be expressed by the MOPC-21 tumor line, which is the 
partner in the cell fusion step of hybridoma generation (Coloma et al., 1992). This aberrant transcript 
has a frame shift in the kappa constant region and does not result in light chain protein synthesis. 
Attempts to reduce the amplification of this transcript by PCR optimization were unsuccessful. 
When tested pairwise, only the kl + k-3' primer pair gave a PCR band of the correct size. We 
designed an aberrant chain-specific PCR primer whose 3' end annealed to the 4 extra bases found 
in this transcript (Coloma et al., 1992, figure 2). Individual clones of 3F5 cDNA amplified with kl 
+ k-3' and ligated as .75kb Pst I and Sal I fragments into pBluescript were isolated. Miniprep DNAs 
from white colonies on lac indicator plates were individually analyzed by PCR with kl + k-3' for 
presence of insert and with kl + aberrant primer. Screening of over 50 colonies yielded two aberrant- 
negative candidates, which were designated Kl and K10. When sequenced, both encoded a nearly 



identical mouse IgG, kappa light chain without signal peptide. Kl and K10 differ by three N- 
terminal amino acid residues, designated 25-27, in Figure 1. The nucleotide sequences for the two 
cDNAs were identical elsewhere, suggesting that the amino acid differences represented a 
polymorphism. Near the 5' end of each clone was an Nco I restriction site which includes a Met 
codon (residue 23 in figure 1). The signal peptide of the aberrant VK transcript was isolated by PCR 
as a 75bp Xba I to Nco I fragment and ligated into the 5' ends of the Kl and K10 pBluescript 
subclones digested with the same two enzymes. The final pre-light chain protein sequences are 
shown in figures 1A and B. 

Construction ofpVR3F5. The light and heavy chains were cloned successively into the Pst 
I and Sal I sites and Xba I and Bgl II sites, respectively, of pVR1030. The map of the bicistronic 
vector is shown in figure 2. Transcription is driven by a CMV promoter. A major feature of the 
vector is the inclusion, between the cloning sites for the light and heavy chains, of an internal 
ribosome reentry sequence of viral origin, CITE, which permits two proteins to be translated in 
roughly equimolar amounts from a single mRNA transcript (Duke et al., 1992). The use of the 
bicistronic vector assures that the cloned antibody will be efficiently expressed, since the light and 
heavy chains should be synthesized in equal amounts. The vector carries a prokaryotic kanamycin 
resistance cassette but lacks a selectable marker for use in mammalian cells. 

Expression ofpVR3F5. The expression DNAs, in both Kl and K10 versions, were purified 
and tested for their ability to cause secretion of functional mouse IgG antibody. DNAs, versus 
control pVRl 030, were transiently transfected into the human embryonal kidney cell line HEK 293. 
Serum-free conditioned media were assayed (figure 3) and found to contain about 50ng/ml mouse 
IgG. The procedure was repeated on a larger scale in T150 tissue culture flasks, which gave about 
100ng/ml mouse IgG (figure 4). Both antibodies were effective, suggesting that the polymorphic 
differences between Kl and K10 did not affect binding to PTHrP. The Kl and K10 IgGs were 
concentrated by chromatography on Protein A/G minicolumns (Pierce ImmunoPure (A/G) IgG 
purification kit) according to the manufacturer's instructions. The concentrations of the purified 
proteins were determined with the IgG ELISA, and these materials were used in the subsequent 
assays. 

Antibody produced from pVR3F5 blocks osteoclast formation in vitro. Osteoclast formation 
was assayed in cultures of mouse bone marrow (Takahashi et al., 1988) stimulated with either 10"8M 
l,25di(OH)vitamin D3 or 20ng/ml PTHrP 1-34, which result in the formation of multinucleated 
osteoclast-like cells that stain positively for tartrate-resistant acid phosphatase [TRAP, assayed with 
a Sigma kit]. Figures 5-8 show that the pVR3F5-encoded IgG inhibited the formation of osteoclast- 
like cells in response to either stimulus. Both Kl and K10 antibodies appeared to be equivalently 
effective. Inhibition of the response to PTHrP was as expected. We do not have an explanation for 
the unanticipated inhibition of osteoclast-like cell formation in response to calcitriol. 

Antibody produced from pVR3F5 blocks PTHrP-stimulated bone resorption in vitro. The 
addition of either Kl or K10 versions of the pVR3F5-derived antibody completely inhibited Ca45 

release from labeled fetal rat long bones in culture (Figure 9). 
Stable cell lines express 3F5 antibody. pVR3F5-kl and pVR3F5-kl 0 were stably cloned into 

the human cancer lines PC3 (prostate) and MDA-MB-231 (breast), both of which secrete PTHrP and 
cause osteolytic metastases in a mouse model (Guise, 1997). Co-selection for G418 resistance 
resulted in the initial identification of about 20 positive clones out of 100 single-cell clones for each 
cell line. These secreted up to 40ng/ml mouse IgG per 106 cells per 48hrs when first screened. Upon 
continuous passaging in tissue culture for 8 weeks every clone showed decreasing IgG secretion, 



despite continuing resistance to 500|lg/ml G418. At the end of two months, no positive expressing 
clones remained. A parallel experiment selecting for secretion of a protein from apcDNA3 plasmid 
construct [which carries G418 resistance and CMV-driven protein expression on the same DNA] 
showed no such loss of protein expression in either cell line. We concluded that the pVRl 030 vector 
does not confer stable expression. 

Recloning ofbicistronic antibody cassette into stable vector. The light chain + 502bp CITE 
sequence [1.2kb Pst I to Xba I fragment] and the heavy chain sequence [1.4kb Xba I to Bgl II 
fragment] are presently being subcloned into pBluescript. In the case of the heavy chain subclone, 
the Bgl II sticky end will be ligated (irreversibly) to the BamHl site of the vector polylinker. The two 
fragments will be released from the pBluescript subclones as EcoR I to Xba 11.2kb [pre-light chain 
+ CITE] and Xba I to Apa 11.4kb [heavy chain] fragments, which will then be sequentially ligated 
into the stable expression vector pcDNA3 (Clontech) digested with these same restriction enzymes. 
The product, pcDNA3F5, will be tested for transient IgG expression, then used to re-generate the 
stable clones in PC3 and MDA-MB-231 cells, as described above. pcDNA3 carries a neo resistance 
cassette which permits stable selection of mammalian cells with G-418. We plan to use the K10 
version for subsequent experiments, for the sake of simplicity, since both Kl and K10 appear to 
encode equivalent neutralizing activities. 

Summary: 
In the first year of the proposal, I have been fully successful. I carried out tasks 1-6 of the 

total of 10 tasks proposed in the statement of work (p. 5 of the original application). Light and heavy 
chains of the 3F5 monoclonal antibody were cloned and sequenced and shown to direct efficient 
synthesis of antibody able to neutralize the actions of PTHrP to stimulate osteoclast formation and 
bone resorption-which are essential components of osteolytic metastases in vivo. My results to date 
will be presented at the national meeting of the American Society of Bone and Mineral Research in 
Toronto in late September. 

Plans for Year 2: 
Task 5 of the statement of work will be repeated, as described two paragraphs above, to place 

the sequences necessary for bicistronic expression of the 3F5 IgG light and heavy chains into a 
vector, pcDNA3, known to give stable clones when introduced into prostate cancer cells. Tasks 6 
and 7, generation of stable clones in PC3 cells and determination of growth rates will be carried out. 
I expect to be ready to carry out the central experiment of the proposal by January 200, task 8, the 
in vivo metastasis experiment by injecting the stable PC3 cells into the left cardiac ventricle of male 
nude mice. This experiment takes 2-3 months, following which the final 2 tasks, to analyze the 
metastases in the animals, will be carried out in routine fashion. I am also testing whether it is 
possible to assay the levels of the 3F5 mAb in the circulation of the tumor-bearing mice. PTHrP 1 -34 
will be used as the antigen to coat wells as the capture reagent for the 3F5 mAb, which will be 
detected with the goat anti-mouse IgG alkaline phosphatase conjugate described above in Methods. 
I am currently investigating the possibility of using the already made and tested pVR3F5 DNA as 
a naked DNA treatment (Restifo et al., 2000) of mice in the metastasis model. Intramuscular 
injection of naked DNA will direct synthesis of 3F5 mAb into the circulation of the mice. The 
concentrations could be sufficient to neutralize the osteolytic effects of PC3-secreted PTHrP. I have 
not yet obtained protocols for the naked DNA treatment experiments; so this strategy is currently 
only hypothetical, but it could be tested in parallel with the strategies already developed and which 



will be tested in the coming year. Naked DNA technology has already entered clinical trials for 
immunotherapy of prostate cancer (Mincheff et al., 2000). 

Training Component: 
I have found the training environment in the Division of Endocrinology to be highly useful 

and stimulating. I attend weekly Divisional data presentation meetings, at which I present my results 
to the faculty and post-doctoral fellows once a month. I attend a weekly Chirgwin-Guise joint 
laboratory meeting at which I present my results every week. I also participate in a biweekly bone 
cell biology journal club and attend a weekly endocrinology seminar program. Dr. Ian Thompson, 
Chief of Urology, has organized a prostate cancer research program with monthly meetings, which 
I attend. I participated in the one-day-long San Antonio Cancer Symposium in July and a scientific 
retreat to Corpus Christi in August of the Metastasis Program of the San Antonio Cancer Institute. 
In September I will also participate in a 2-day training program in public presentation skills for 
scientists conducted by Brent Consulting Group and sponsored by my Division and Novartis 
Pharmaceutical. This will be of particular help to me since English is not my native tongue. Dr 
Chirgwin's laboratory provides full access in the laboratory to library facilities, e journals and 
literature databases, such as PubMed, through two computers. The substantial group of postdoctoral 
fellows interested in prostate cancer in general and bone metastasis in particular in the laboratories 
of Drs. Guise, Chirgwin, Yoneda, Harris, and Bonewald provides a great deal of intellectual 
stimulation relevant to my scientific interests in the metastasis of prostate cancer to bone. 
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Figure Legends: 

Figure 1. Amino acid sequences of Kl and K10 light chains and the single heavy chain 
sequences deduced from cDNA sequences determined from PCR products cloned into pBluescript 
vector. 
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Figure 2. Schematic description of pVR1030 vector, indicating sites of insertion of cloned 
light and heavy chain segments. 

Figures 3 & 4. Secretion of mouse IgG from transiently transfected cells. pVR3F5-Kl and 
-Kl 0 DNAs were transiently transfected into 293 cells. 24 hrs later cells were switched to serum-free 
medium, which was removed at 72 hrs and tested by ELISA. Wells were incubated with serum-free 
conditioned media, washed, blocked, and then assayed for captured mouse IgG with goat anti-mouse 
alkaline phosphatase conjugate. A standard curve was constructed using serial dilutions of 
commercial mouse IgG. Results are expressed as ng/ml per 1 million cells per 48 hrs. 

Figures 5-8. IgG from serum free conditioned media (tested in Figure 4) were concentrated 
by binding to Protein A/G, elution at low pH, and neutralization. IgG concentration was determined 
as in Figures 3 & 4. Purified IgGs were added to mouse bone marrow culture assays (Takahashi et 
al., 1988) stimulated with PTHrP or calcitriol. Cultures were fixed and stained for TRAP with a 
Sigma kit. Wells (n=4) were counted for TRAP+ cells with greater than 2 nuclei per cell. Data are 
expressed with standard deviations. 

Figure 9. Concentrated Kl and K10 IgGs were tested for their ability to block PTHrP- 
stimulated Ca45 release from labeled fetal rat long bones (n=4) in culture by standard means (Garrett 
et al., 1990). 

APPENDIX: 

) Key research milestones: 

Heavy chain of 3F5 monoclonal antibody cloned by PCR from hybridoma mRNA and 
sequenced. 
Kappa light chain (2 N-terminal polymorphic variants) cloned and sequenced, after 
elimination of large numbers of clones derived from aberrant light chain transcripts 
Secretory leader sequences added to two light chain cDNAs 
Light and heavy chains sequentially subcloned into pVR1030 bicistronic expression vector 
pVR1030/3F5 transiently expressed in 293 cells, resulting in secretion of mouse IgGl 
protein. 
Secreted recombinant IgG neutralized PTHrP-stimulated Ca++ release from fetal rat long 
bones in organ culture 
Recombinant IgG blocked PTHrP-stimulated osteoclast formation stimulated by PTHrP in 
mouse bone marrow culture in vitro. 
Co-transfection of PC3 cells with pVR1030/3F5 and neo-resistance DNA resulted in initial 
clones secreting neutralizing antibody, when selected with the neo derivative G418. 
However, high level expression was not stably maintained, since the pVRl 030/3F5 and neo- 
resistance DNAs were not physically linked to one another. 

2) Reportable Outcomes: 

Abstract describing initial work to be presented at 22nd annual meeting of the American 
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Society of Bone and Mineral Research September 25th, 2000, Toronto, Canada: Abstract # 
1209: Paracrine   Neutralization   of   Tumor-Produced   PTHrP   by 
Bicistronic Expression of Cloned Antibody Chains. XH Sun, X Li, WA 
Rankin, BG Grubbs, V Grill, TJ Martin, GR Mundy, M Gillespie, PM Hobart, TA 
Guise, JM Chirgwin. University of Texas Health Science Center at San 
Antonio, Peking Union Medical College Hospital, Beijing PRC, St Vincent's Institute 
of Medical Research, Melbourne Aus, and Vical, Inc, San Diego 

Complete sequence of clinically useful monoclonal antibody known to neutralize 
PTHrP determined. Light and heavy chain cDNA sequences to be deposited with 
Genbank when manuscript is submitted 

3) Copies of Published Abstract (attached) 
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ASBMR 22nd Annual Meeting 

M472 
Paracrine  Neutralization  of Tumor-Produced   PTHrP  by   Bicistronic 

1 v  i ;2w A  Rankin,1 B. G Expression of Cloned Antibody Chains.   X. Sun. X, Li.  W, A 
Jrubbs.'1 V. Grill.'3 T. J. Martin.3 G R. Mundv.1 M. T. Gillcspie.3 P. M Hohart,' 
E 
Grubbs. 
Guise.1 J. M. Chirewin.1 'Medicine/Endocrinology. University of Texas Health Science 
Center. San Antonio. TX. USA. Stomatology. Peking Union Medical College Hospital. 
Beijing. China. 3Sl Vincent's Institute of Medical Research. Melbourne. Australia. 4Vical. 

Inc. San Diego. CA. USA 
Pl'HrP is a major causal agent of osteolysis due to tumor cells metastatic to bone Bone 

destruction can be abrogated with neutralising antibodies, such as the mouse monoclonal 
antibody 3F5. which recogni7cs the ammo terminus of ITHrP Experiments to suppress 
osteolytic metastases in vnv require repeated systemic administration of purified antibody, 
and it is uncertain what treatment regimen is optimal. Since the action of PTHrP on osteol- 
ysis is known to be locally mediated*, we developed a method to deliver high local concen- 
trations of neutralizing antibody at metastatic sites. The light and heavy chains encoding 
anti-PTHrP mouse IgG were isolated by RT-PCR from the 3F5 hybridoma, using con- 
served flanking sequence primers incorporating restriction enzyme recognition sites to 
facilitate the subsequent cloning and expression. The IgG heavy chain was isolated. 
cloned, and sequenced without difficulty. The light chain cloning approach identified large 
numbers of aberrant transcripts, previously reported to derive from the fusion partner cell 
line used in hybridoma formation. A PCR primer was designed to distinguish the aberrant 
clones, from among over 50 of which two productive light chain cDNAs were identified 
and sequenced. The two light chains, designated Kl and K10, were identical except for a 3 
amino acid polymorphism near the N-terminus. The two light chains, with addition of sig- 
nal peptide coding sequences, and then the heavy chain, were sequentially subcloned into a 
bicistronic expression vector, pVR1030, which permits equivalent expression of both IgG 
subunits from the same plasmid, under control of a constitutive CMV promoter. When both 
variants (Kl and K10) of the DNA were transiently transfected into human 293 cells, the 
conditioned media contained mouse IgG Serum-free conditioned media were purified on 
Protein A/G agarose. The eluted Ig was assayed in fetal rat long bone cultures. Both Kl 
and K10 IgGs. ai 2 ug'ml. completely inhibited (45Ca] release in response to lOngml 
PTHrP 1-34 We anticipate that cell lines |such as MDA-MB-231 breast cancer cells) sta- 
blv expressing the bicistronic DNA encoding the 3F5 mAb will show complete neutraliza- 
tion of PTHrP-stimulaicd osteolysis. 

M473 
Parathyroid Hormone-Related Protein Inhibits Platelet-Derived Growth 
Factor Directed Migration of Vascular Smooth Muscle Cells in Association 
with Impairment of P13 Kinase Signaling. P. K. Khera.' T. Nakavama.' L_L 
Clemens Internal Medicine. Division of Endocrinology. University of Cincinnati. 

Cincinnati. OH. USA. 
Parathyroid hormone related protein (PTHrP) is a potent vasorelaxant and inhibitor of 

vascular smooth muscle cell (VSMC) growth. PTHrP expression is upregulated in neointi- 
mal VSMC following experimental arterial injury suggesting that the protein functions to 
oppose proliferate and migratory cues in the injured vessel wall. In this study we investi- 
gated the effects of PTHrP on A-10 VSMC migration in vitro using a modified Boyden 
chamber method. Platelet-derived growth factor (PDGF)-directed migration of serum- 
depnved quiescent A1C VSMC cells was maximal at four hours. PTHrP-(l-34 treatment 
for 30 minutes dose-dependently inhibited migration without affecting cell attachment 
whereas PTHrP fragments lacking the PTH-like N-terminal region including PTHrP-(38- 
94) and PTHrP-(67-86) had no effect. The inhibitory effect of PTHrP on cell migration was 
mimicked by treatment with either dibutyryl CAMP or forskolin. As PDGF is known to 
activate both MAP kinase PI3 kinase and MAP kinase pathways, we determined effect of 
the PI3 kinase and MAP kinase inhibitors on PDGF-direcied migration. Treatment of cells 
with the PI3 kinase inhibitors wortmannin (1 U.M) or LY294002 (10 uM) significantly 
inhibited migration whereas the Erk inhibitors PDUX05« 130 uM) or U0I26 (20 uM) had 
no effect To examine the signal transduction events associated with PDGF-induced A10 
cell migration, cell lysates from PDGF-ireated cells were immunoblotted with antibodies 
to tolaf Akt or phospho-Akt PDGF-siimulatcd phosphor, lation of Aki was inhibited by 
pretreatment with the PI3 kinase inhibitors wortmannin and LY294002 but not by the Erk 
inhibitor UOI26 Treatment of cells with either 10 n\1 PTHrP or 2 mM dh-cAMP also 
inhibited phosphorylanon of Akt We conclude thai PTHrP. by activating adenylyl cyclase. 
inhibits PDGF-direcied VSMC migration in pan by atienuating the PDGF stimulation ol 
PI3 kinase. 

M474 
lntracrine Signaling by PTHrP Regulates a Complex Pattern of Growth- 
affecting Genes in Prostate Cancer. W. Wachsman.' A, Qujral.' D. Burton,' LL 
peftps. Department of Medicine and Cancer Centers, UCSD & SDVAMC. San Diego. 

CA. USA. 
PTHrP (parathyroid hormone-related protein) influences the growth and proliferation of 

essentially every tissue in which it is expressed, both normal and malignant Depending 
upon cell type and PTHrP species, the growth effect can be positive or negative, further- 
more, these effects can be mediated by the PTHrP receptor as well as by intracrine path- 
wavs thai regulate cell apoptosis and proliferation Despite the robust growth-regulating 
effects of PTHrP. little is known about the molecular mechanisms involved. Furthermore, 
only a few of the genes and their signaling pathways which are regulated by FrHrP have 
been identified. 

We report here the use of GeneChip high-density oligonucleotide-based arrays to char- 
acterize the biological effects of PTHrP on gene expression in prostate cancer cells The 
PPC-l prostate carcinoma cell line was stably transfected with either PTHrP I-87 or the 
vector control. Expression of the PTHrP in these cells was measured by epitope specific 
PTHrP radioimmunoassays that can identify exclusively the transfected form of the 
polypeptide. PTHrP concentrations were 7-fold higher in the PTHrP 1-87 line than in the 
vector control line. 

To perform GeneChip analysis. PTHrP- and vector-transfected cells were plated and 
grown for I6h in normal growth medium + 5% FBS, synchronized by serum starvation for 
6h, and then grown in normal growth medium + 5% FBS for 18h. Total RNA from each 
line was used to generate a biotinylated cRNA probe. GeneChips were hybridized with the 
probe for 16h, washed and stained with strepavidin-phycoerythrin, and then scanned We 
then comparatively analyzed the RNA expression data obtained from the two cell prepara- 
tions, using a 3-fold difference as a cut-off value. Corresponding analyses were made in 
other cell lines with other PTHrP species 

Our results showed that PTHrP regulates expression of scores of genes, many of which 
are involved in growth regulation, apoptosis. angiogenesis. and oncogenesis Genes 
induced by PTHrP in prostate cancer cell lines include vascular endothelial growth factor 
(VEGF-B). prostate specific antigen (PSA), transforming growth factor-ß 3 {TGF- (J 3i. L- 
Myc. and insulin-like growth factor 2 (IGF-2). while decreased expression was observed 
for p53 and bcl-xL Our findings demonstrate the protean actions of PTHrP on gene 
expression in prostate cancer 

Our studies demonstrate that microarray technology has the power to identify thousands 
of genes in elucidating the complex molecular pathways that mediate the etlects ot PTHrP 
on the cellular biology and pathobiology of prostate cancer 

M475 
Differential Localisation of PTHrP Functional Fragments within the 
Epidermis. D. T. McCreavv.1 J. A. Gallagher.'1 G R. Shame.'' W, D Fräser: 'Human 
Anatomy & Cell Biology, University of Liverpool, United Kingdom. "Clinical Chemistry, 
University of Liverpool, United Kingdom. 

A number of studies have implicated parathyroid hormone-related protein (PTHrP) in 
the regulation of proliferation and differentiation of keratinocytes both in vitro and in 
PTHrP knock-out mice models. As the PTHrP primary sequence contains a number of 
dibasic residues, known to represent substrates for prohormone convenases. it is believed 
that bioactive fragments are liberated during post-translational modification in a tissue spe- 
cific manner. In order to establish whether specific PTHrP fragments are present within the 
epidermis and if so, are associated with differentiation, we have undertaken immunohis- 
tochemical studies of consecutive serial sections of normal human skin, using a panel ot 
previously characterised antisera which bind to PTHrP (1-34). PTHrP (43-52). PlHrP 
(127-138) and PTHrP (145-153) fragments We have repeatedly observed a pattern ol 
staining using anti-PTHrP (43-52) in which a moderate signal is present within the middle 
layers of the stratum spinosum and this progressively increases in intensity throughout the 
upper layers of this strata and into the stratum granulosum. Intense staining has also been 
observed in isolated keratinocytes within stratum spinosum and the stratum granulosum 
using both anti-PTHrP (1-34) and anti-PTHrP (145-153) antisera. These observations sug- 
gest that endogenous PTHrP molecules are processed within keratinocytes of the epidermis 
giving rise to multiple fragments, one of which contains the PTHrP (43-52) sequence This 
fragment is distributed in a manner consistent with the progressive differentiation of kerat- 
inocytes. Fragments containing PrHrP (1-34) and PTHrP (145-153) sequences are over- 
expressed in isolated keratinocytes. The significance of this remains to be established 

J Bone Miner Res 15    (2000)    S568 
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10        20        30        40        50        60 
METDTLLLWV LLLWVPRSTG DTMBTHSPSS LGVSVGEKVT MSCKSSQSLL YSYNQKNYLA 

70        80        90       100       110       120 
WYQQKPGQSP KLLIYWASTR ESGVPDRFTG SGSGTDFTLT ISSVKSEDLA VYYCQQYYSY 

130       140       150       160       170       180 
PYTFGGGTKL EIKRADAAPT VSIFPPSSEQ LTSGGASWC FLNNFYPKDI NVKWKIDGSE 

190       200       210       220       230       240 
RQNGVLNSWT DQDSKDSTYS MSSTLTLTKD EYERHNSYTC EATHKTSTSP IVKSFNRNEC 

10        20        30        40        50        60 
METDTLLLWV LLLWVPRSTG DTMESQTPSS LGVSVGEKVT MSCKSSQSLL YSYNQKNYLA 

70        80        90       100       110       120 
WYQQKPGQSP KLLIYWASTR ESGVPDRFTG SGSGTDFTLT ISSVKSEDLA VYYCQQYYSY 

130       140       150       160       170       180 
PYTFGGGTKL EIKRADAAPT VSIFPPSSEQ LTSGGASWC FLNNFYPKDI NVKWKIDGSE 

190       200       210       220       230       240 
RQNGVLNSWT DQDSKDSTYS MSSTLTLTKD EYERHNSYTC EATHKTSTSP IVKSFNRNEC 

^ 10        20        30        40        50        60 
MDFGLSLVFL VLVLKGVOCE VMLVESGGGL VKPGGSLKLS CAASGFTFSN YAMSWVRQTP 

70        80        90       100       110       120 
EKRLEWVATI TSGDTYTYYP DSVKGRFTIS RDNAKNTLYL QMSSLRSEDT AIYYCARRVI 

130       140       150       160       170       180 
RPVDYASDYW GQGTSVTVSS AKTTPPSVYP LAPGSAAQTN SMVTLGCLVK GYFPEPVTVT 

190       200       210       220       230       240 
WNSGSLSSGV HTFPAVLQSD LYTLSSSVTV PSSTWPSETV TCNVAHPASS TKVDKKIVPR 

250       260       270       280       290       300 
DCGCKPCICT VPEVSSVFIF PPKPKDVLTI TLTPKVTCW VDISKDDPEV QFSWFVDDVE 

310       320       330       340       350       360 
VHTAQTQPRE EQFNSTFRSV SELPIMHQDW LNGKEFKCRV NSAAFPAPIE KTISKTKGRP 

370       380       390       400       410       420 
KAPQVYTIPP PKEQMAKDKV SLTCMITDFF PEDITVEWQW NGQPAENYKN TQPIMDTDGS 

430       440       450       460 
YFVYSKLNVQ KSNWEAGNTF TCSVLHEGLH NHHTEKSLSH SPGK 

FIGURE 1. Amino acid sequences of the cloned light and heavy chains of 3F5 mAb. A, 
kappa light chain of K1 clone; B, kappa light chain of K10 clone; C, heavy chain. In A and 
B, the first 22 amino acids prior to Met23 are added synthetically to encode secretory 
signal peptide. Signal peptides are underlined in all sequences. K1 and K10 sequences 
[A and B] differ only at residues 25-27. 
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HYBRIDOMA FUSION CELL LINES CONTAIN 
AN ABERRANT KAPPA TRANSCRIPT 

WILLIAM L. CARROLL,*! EILEEN MENDEL* and SHOSHANA LEVY* 

Departments of Medicine* and Pediatrics.t Stanford University School of Medicine, Stanford, 
CA 94305, U.S.A. 

(Firs) received 12 January 1988; accepted in revised form 31 March 1988) 

Abstract—The V region sequence of a non-productive kappa transcript from two myeloma fusion partners 
has been determined. This transcript has an aberrant VJ recombination site resulting in a translation stop 
site at position 105. It is variably expressed in hybridomas made from all fusion partners derived from 
the original MOPC-21 tumor. The amount of this transcript may greatly exceed levels of the productive 
light chain mRNA. 

I    l 

INTRODUCTION 

Analysis of immunoglobulin (Ig) genes expressed by 
individual B-cells during an immune response has 
been facilitated by expanding such single cells in the 
form of hybridomas. Typically, such hybridomas are 
used as a source not only of Ig protein but also of 
Ig mRNA that can be sequenced directly, or cloned 
and subsequently sequenced (Gearhart et al, 1981; 
Kaartinen et al, 1983; Clarke et al, 1985). We have 
used this approach to study somatic mutations in Ig 
variable (V) regions of human (Cleary et al, 1986) 
and murine B-cells tumors (Carroll et al, manuscript 
in preparation) and have developed a rapid method 
for cloning and sequencing these genes (Levy et al, 
1987). mRNA from hybridomas of either mouse x 
mouse or human x mouse fusions is used as a tem- 
plate for cDNA synthesis primed by Ig constant 
region specific primers. 

With the use of heavy chain specific primers we 
have consistently obtained a single VH cDNA species 
from each hybridoma. However, using kappa specific 
primers we have often obtained two different V, 
cDNA clones from each hybridoma, only one of 
which is derived from the B-cell. The second cDNA 
species arises from an aberrant mRNA transcript 
which is present in all standard fusion partners 
derived from the original MOPC-21 tumor (X63- 
Ag8, NS-1, P3X63Ag8.653). Here we report the 
sequence of this VK region, its expression in the 
various hybridoma fusion lines and its enhanced 
transcription in a particular heterohybridoma. 

This work was supported by USPHS grant CA 33399 to 
Dr Ronald Levy. W. L. Carroll is a recipient of an NIH 
clinical investigator award CA 01059. Computer re- 
sources used to carry out this study were provided by the 
National Institutes of Health-sponsored BIONET 
National Computer Research for Molecular Biology 
(grant number RR-01685-05). 

MATERIALS AND METHODS 

Cell lines and hybrids 

The genealogy of the myeloma fusion partners 
described in this report is shown in Fig. 1. Murine 
myelomas X63-Ag8, P3/NS-l/l-Ag4-l (NS-1) and 
P3X63-Ag8.653 (8.653) were obtained from the 
American Type Tissue Culture Collection (ATCC, 
Rockville, MD) and all were derived from the 
MOPC-21 myeloma tumor. X63-Ag8 secretes the 
MOPC-21 immunoglobulin IgGl(K) (Köhler and 
Milstein, 1975), NS-1 contains intracellular MOPC- 
21 K light chain protein (Köhler and Milstein, 1976) 
and 8.653 produces no immunoglobulin protein 
(Kearney et al, 1979). K6H6/B5 is a mouse x human 
heteromyeloma useful for fusion with B-cells of 
human origin (Carroll et al, 1986). It was generated 
by a fusion between NS-1 and a human follicular 
lymphoma (IgM, k) and is derived from a clone that 
lost all Ig secretion and was reselected for HAT 
sensitivity. 

Somatic cell hybridizations between lymphoma 
celis and non-secreting myelomas were performed 
by standard techniques (Carroll et al, 1986). Human 
lymphomas were fused with K6H6/B5 whereas the 
murine  B-cell  lymphoma  38C13 was  fused with 

nopc-21 Or,.*) 

X63-Ag8  Or,.*) 

HUMAN B CELL     P3/NS-l/l-Ag4-t      P3X63-Ag8.653 
LYMPHOMA. (intracellular K) 

Y 
K6H6 0«^) 

I 
K6H6/B5 

Fig. 1. Genealogy of myeloma fusion cell lines and their Ig 
products. 
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murine myeloma 8.653. The resulting hybrids were 
screened by ELISA for Ig secretion and were cloned 
by limiting dilution using irradiated BALB/C spleen 
cells as a feeder layer. 

Cloning and sequencing of cDNA 

cDNA libraries were made from individual hy- 
bridomas by methods described in detail previously 
(Levy et al, 1987). The Ig V regions were cloned by 
specifically priming V region cDNA synthesis with 
oligonucleotides homologous to heavy and light 
chain constant regions just 3' to the variable region. 
Second strand cDNA was made by using a combi- 
nation of DNA polymerase I and RNAaseH (Gubler 
and Hoffman, 1983). Double stranded cDNA was 
polished with T4 DNA polymerase (New England 
Biolabs, Beverly, MA) and ligated directly into the 
Smal site of M13mpl9, using T4 DNA ligase (New 
England Biolabs). To prevent religation of the vector 
itself, the Smal digested M13mpl9 was pretreated 
with alkaline phosphatase. JM101 bacteria were 
made competent by the Hanahan method (1983), and 
transformed by the recombinant Ml3. After trans- 
formation plaques were lifted onto nitrocellulose and 
were probed with either 32P labeled single stranded 
cDNA made by primer extension or with appropriate 
V region genes that had been cloned previously. 
Positive hybridizing clones were selected for the 
appropriate size inserts and the V regions were 
sequenced using the dideoxy chain termination tech- 
nique (Sanger et al, 1987). 

RNA isolation and Northern blotting 

Total RNA was isolated from myelomas an<| 
hybridomas as previously described (Cleary et al.\ 
1986); poly (A)+ RNA was selected by chrof 
matography on oligo (dT) cellulose (Aviv and Leder| 
1972). Total RNA or poly (A)+ RNA was electro! 
phoresed using glyoxal and dimethyl sulfoxide as; 
denaturing agents according to Thomas (1980) or bj 
using the formaldehyde gel technique (Lehrach et am 
1977). RNA was then transferred to nitrocellulosj 
and hybridized with 32P labeled probes. A 510 b.p 
EcoRI-Hpal murine constant region (CK) kapp 
probe was obtained from a full length cDNA clonf 
encoding the 38C13 B-cell lymphoma light cha 
sequence (Campbell et al, 1987). A human C. prob 
consisted of a 2.5 kb EcoRI genomic fragment e|§ 
compassing the entire human CK gene (Hieter et i 
1980). A variable region cDNA probe specific for I 
aberrant kappa transcript was obtained by metho 
described above. All probes were labeled by randoi| 
hexamer priming (Feinberg and Vogelstein, 1983 
Hybridization and washing conditions were used i 
described previously (Levy et al, 1987). 

RESULTS 

Hybridomas consistently  contain  a non-function 
kappa transcript 

Hybridomas were constructed by the fusion oFISS 
mouse  B-cell  tumor (38C13) with 8.653, heterd 
hybridomas were constructed by fusing human B-cetl 

-20 -10 
HET0TL.LIUVLILW»PGSTG 

CAGCATCCTCTCTTCCAGCTCTCAGAG  ATG  GAG  ACA  GAC  ACA  CTC  CTG TTA  TGG  GTA  CTG  CTG  CTC   TGG  GTT   CCA GGT  TCC  ACT   GGT  Aberrant Transcript',; 
21E --'g; 

1 10 20 * 
0 I » 1 T (1 S  P A S  L A V S  L G Q ft A T I S r 

GAC ATT GTG CTG ACA CAG TCT CCT GCT TCC TTA GCT GTA TCT CTG GGG CAG AGG GCC ACC ATC ICA IAC 

CDR1 -/ 
40 30 

R A S PC S V S   T S G  1 S r H  H U N q Q K P G il 
AGG GCC AGC AAA AGT GTC AGT ACA TCT GGC TAT AGT TAT ATG CAC 1GG AAC CAA CAG AAA CCA GGA CAG 

/  CDR2  / 
60 60 

P P ft 1 1 I r  L V S  H L E S  G V P A ft F S G S 
CCA CCC AGA CTC CTC ATC TAT CTT GTA TCC AAC CTA GAA TCT GGG GIC CC1 GCC AGG IIC AGI GGC AGI 

70 80 
G S G T n F T   L N I   H P V E   E F D A A T T T C 

GGG TCT GGG ACA GAC TTC ACC CTC AAC ATC CAT CCT GTG GAG GAG GAG GAT GCT GCA ACC TAT TAC IGI 

/         / Kappa Constant Region 
90 

QHIREL TRSEGGPSUKo 
CAG  CAC  ATT  AGG GAG  CT              T  ACA  CGT   TCG  GAG  GGG  GGA   CCA  AGC   TGG AAA TAA  AACGGGCTGATGCTGCACCAACTGTATCCA 
 G T   TCC 

_ J2 _ 

G  T 
 / 
K   R TFGGGTKLE1KRADAAPTV 

•al Reading Frame TAC ACG TTC GGA GGG GGG ACC AAG CTG GAA ATA AAA CGG GCT GAT GCT GCA CCA ACT GTA 

Fig. 2. Nucleotide sequence of the aberrant V, transcript in mouse myeloma fusion partners. The amino 
acid translation is given above the nucleotide sequence of the aberrant transcript with numbering 
according to Kabat et al. (1987). Homologies with germ line VK 2IE are indicated by dashes and base 
changes are shown; the * indicates a change that results in replacement of the invariant cysteine in position 
23. The complementarity determining regions CDR 1 and CDR 2 are indicated, as is the J2 segment. The 

VJ joint is out of frame, resulting in a stop codon in position 105. 
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iumors with K6H6/B5. Messenger RNA was isolated 
and immunoglobulin V region cDNA was cloned 
using specific primers for /ior/c constant regions as 
detailed in Materials and Methods. A single heavy 
•hain V region sequence, the product of the B-cell 
[umor in each case, was identified from cDNA librar- 
ies made from individual hybridomas. However, un- 
expectedly, two kappa sequences were consistently 
seen in libraries constructed using a kappa specific 
primer. One encoded the productively rearranged 
iranscript of mouse or human origin, depending on 
ihe tumor source used in the fusion. A second 
sequence, of murine origin and shown in Fig. 2, has 
been repeatedly identified in various independent 
hybridomas and in human x mouse heterohybri- 
domas. It is interesting to note that the human kappa 
primer was efficient in priming cDNA synthesis on 
ihe mouse kappa transcript in spite of 3/17 mis- 
matched bases. This sequence is not the MOPC-21 
chain (Hamlyn et al., 1981). Rather it bears close 
homology to the murine V, 21E germ line gene 
(Heinrich et al., 1984) rearranged to the J2 segment 
(Kabat et al, 1987). However, at the site of VJ 
recombination four nucleotides appear to have been 
deleted, leading to a frame shift. This; results in a 
premature termination codon at position 105. In 
addition, the invariant cysteine in position 23 is 
replaced by tyrosine. 

Expression of the aberrant kappa gene in myeloma 
fusion lines and hybridomas 

In order to determine if a kappa transcript exists 
in 8.653, this line as well as its parent X63-Ag8 and 
NS-1 were obtained from the ATCC. The latter two 
lines express kappa protein and would be expected to 
display specific mRNA, whereas 8.653 does not pro- 
duce any Ig protein-chains (Kearney et al., 1979). 
Northern blot analysis using a murine CK probe is 
shown in Fig. 3. As expected, kappa message is 
present in X63-Ag8 and NS-1 (lanes 1 and 2). How- 
ever, a normal sized kappa transcript is identified in 
8.653 as well (lane 3). A similar pattern was obtained 
when the same filter was probed with the VK region 
gene of the aberrant transcript (data not shown). 
This transcript cannot represent the productively 
rearranged MOPC-21 gene, since very stringent 
hybridization washing conditions were applied (63°C, 
0.1 x SSC, 0.1% SDS). A homology search between 
the MOPC-21 VK gene (Kabat et al., 1987) and the 
aberrant VK gene reveal only several short (8-12 b.p.) 
stretches of complete homology. 

In order to compare the expression of the aberrant 
kappa gene with the functional secreted kappa, 
Northern blot analysis was performed on human 
heterohybridomas using mouse and human probes. 
Two such hybridomas, both derived from the same 
human B-cell lymphoma, were tested along with the 
relevant fusion partner K6H6/B5. Identical lanes 
were run, one set was probed with a human Ck 
sequence and the other was probed with the aberrant 

V region clone. As can be seen in Fig. 4, K6H6/B5 
contained small amounts of the aberrant mouse 
transcript but no human kappa transcript (lane 1, 
panel A vs B). One heterohybridoma (2A12) 
contained large amounts of the aberrant mouse 
transcript and lesser amounts of the human transcript 
whereas the reverse was true for another hetero- 
hybridoma (1B11). 

DISCUSSION 

These experiments demonstrate the presence of an 
aberrant transcript in non-secreting myeloma fusion 
partners 8.653 and K6H6/B5. Since these two lines 
are derived by parallel lineages from P3X63-Ag8 
(Fig. 1) the origin of this transcript would appear to 
be MOPC-21. However, the V sequence reported here 
is not the productive light chain of this myeloma 
(Hamlyn et al., 1981) and the aberrant VJ re- 
combination site suggest that it is a non-functional 
rearrangement which is nevertheless transcribed into 
RNA. This V region is a member of the VK-2I family, 
it is most homologous to VK21 E of the 11 sequenced 
genes of this 13 gene family (Heinrich et al., 1984). 

Two different kappa transcripts have been demon- 
strated previously in kappa producing myelomas and 
kappa mRNA has also been detected in X producing 

Fig. 3. Expression of the aberrant kappa transcript in mouse 
fusion partner lines. 15 ng of RNA was loaded per lane and 
electrophoresed on a formaldehyde gel. RNA was trans- 
ferred to nitrocellulose and probed with a 510 b.p. K cDNA 
(Campbell et al., 1987). Lane 1, X63-Ag8. Lane 2, NS-1. 
Lane 3, 8.653. Rules refer to location of 28S and 

18S RNA. 
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A 
2      3 

B 
2 

Fig. 4. Variable expression of human kappa and the 
aberrant mouse transcript in human x mouse hetero- 
hybridomas. 10 fig of RNA was loaded in each lane and 
electrophoresed and transferred according to Thomas 
(1980). The RNA blot was hybridized to the aberrant kappa 
transcript cDNA clone (A) and to a human C kappa probe 
(Hieter et al., 1980) (B) RNA from the fusion partner 
K6H6/B5 in lane 1 and from the heterohybridomas 2A12 

and 1B11 in lanes 2 and 3 respectively. 

myelomas (Alt et al, 1980; Kelley et al., 1985; Kwan 
et al., 1981; Perry et al, 1980). Even though multiple 
transcripts may be present, only one allele produces 
the secreted light chain protein. In many cases the 
aberrantly rearranged transcripts produce kappa 
protein fragments (Alt et al, 1980). The transcript 
reported here contains a translation termination site 
at codon 105, and of interest is the fact that this V 
region codes for tyrosine instead of the invariant 
cysteine at position 23. Although 8.653 does not 
produce intracellular kappa protein when analyzed 
with antisera directed against kappa constant region 
(Kearney et al, 1979), it is possible that a V region 
fragment is translated in these cells. 

The organization of rearranged MOPC-21 kappa 
genes has previously been studied (Walfield et al, 
1980). MOPC-21 and NS-1 contain two rearrange- 
ments, the functional one being lost in subclones of 
NS-1. A 127 b.p. portion of the non-functional re- 
arranged kappa transcript in NS-ln, overlapping the 
VJ junction, has been sequenced and is identical to 
the sequence reported here with the exception of an 
A instead of a G at the first nucleotide of codon 84 
(Walfield et al, 1981). We believe that this discrep- 
ancy is likely to be due to gel reading error (A instead 
of G) inherent in the Maxam and Gilbert technique. 

Thus, this gene is highly conserved in many coii 
monly used fusion partners and is present { 
Sp2/0-Agl4 as well (Leahy et al, 1988). There is ii 
evidence for mutation in this V region gene despij 
prolonged growth in culture and its presence \ 
various hybridomas using multiple different sourd 
of B-cells. I 

We also demonstrate that the expression of til 
kappa transcript is variable. It can be quite highj 
certain hybridomas and may actually exceed levels i 
the productive light chain mRNA. Control of i 
level of this transcript might reside on a separaf 
chromosome that is lost in the fusion process, 
expression of this aberrant transcript can interftl 
with K mRNA sequencing by producing ambiguitif 
in the sequencing reactions. cDNA cloning will sep 
ate the two different transcripts. The sequence of 1 
aberrant transcript, presented here, will allow ot 
to distinguish it from the relevant kappa gene in suj| 
cases. 
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