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Abstract 

The abiiity to maintain antibody secreting human B lymphocytes in 

culture is important for studies into B ce11 repertoires and for monocional 

antibody production. The CD40 culture system stimulates B lymphocytes to 

allow for in vitro expansion and immunoglobulin secretion (1 7). We have 

used a CD40 ligand expressing (CD40L3 fibroblast feeder layer which we 

have transfected with cytokine genes (IL-10, IL-6, IL-4 and IL-2). EBV- 

trans formed lines grown on the cytokine-trans fected feeder layers 

dernonstrated similar patterns of irnmunoglobulin secretion as cells grown on 

the CD40Li line with exogenously added cytokines. L I 0  and I L 6  were 

able to increase immunoglobulin production of four EBV-transformed cell 

lines, whereas IL-2 and IL4 did not have any effect at the concentrations used 

in either the cytokine-transfected lines or with the exogenous cytokine. Thus 

these cytokine secreting CD40Lf feeder cell lines will be a valuable tool for 

the irt vitro culture of human B lymphocytes. 



Introduction 

Human monoclonai antibodies are important for therapy, diagnosis and 

unders tanding disease mechanisms. One of the most interesting uses of monoclonal 

antibody technology is in the study of B ce11 repertoires. Imrnortalizing cells from 

individuals recovenng from infections would provide a wealth of information about the 

immune response to that agent and information on the antibodies which are protective 

against the particular organism. Exarnining the B ce11 repertoire and antibody secretion 

patterns of autoimmune individuals would provide vaiuable information on the ontogeny, 

prosession and hopefully therapy of such diseases. A comprehensive review of the uses 

of human monoclonal antibodies has been descri bed by James and Bell (1). 

The preparation of mouse monoclonal antibodies has been very successful and 

many ce11 lines and different specificities are available. However, despite tremendous 

effort, there are still many difficulties with the preparation of human monoclonal 

antibodies. The following section will summarize some of the cument technologies for 

human monoclonal antibody production and some of the difficulties associated with 

thern. 

Hvbridomas 

In 1975, Kohler and Milstein described a ce11 line secreting anti-sheep red blood 

ce11 antibodies which was made from the fusion of mouse myeloma and spleen cells from 

an immunized mouse (40). This hybridoma technology has been widely used in the 

preparation of mouse monoclonal antibodies. However, the success with human 

hybridomas has been more Iirnited and the number of lines that have been produced with 

desired antibody specificities is relatively low in cornparison (7). In brief, production of 



hybndomas (8) involves fusing two types of cells together: the first an antibody 

producing ceIl from a human or immunized animal and the second an irnmortalized 

fusion partner. The B lymphocyte produces the antibody of the desired specificity and the 

fusion partner (a myeloma ceIl in most mouse fusions) provides immortality to the 

combination. This immortalized cell camies a dmg selection marker which facilitates the 

selection of the fused cells. For example, a comrnonly used method is selection under 

HAT (hypoxanthine, aminopterin and thymidine) medium. Myeloma cells that are 

HGPRT (enzyme required to survive under HAT selection) negative are used for fusion- 

B lymphocytes which express the HGPRT enzyme are able to survive under HAT 

selection, but if they are not imrnortalized, they will die after a few days of in vitro 

culture. Unfused myeloma cells, which lack the enzyme to survive, will be killed in HAT 

medium. Thus, only the fused hybridoma cells will contain both the enzyme required to 

survive HAT selection and the properties of the immortalized ce11 line. The cells which 

grow out in culture can be screened by ELISA to select the cells producing the desired 

antibody. These wells can be cloned by limiting dilution to achieve a cell line producing 

monoclonal antibodies (Figure 1). 

Human hybridorna technology has allowed for the production of a variety of IgM 

secreting lines. However, in contrast to the success with mouse hybndomas, there are still 

many problems associated with human hybndoma technology. One of these difficulties is 

priming of the B lymphocytes with the desired antigen (8). With rnice, one is able to 

follow a convenient schedule of imrnunization with a variety of infectious agents, cancer 

cells or other agents. This is obviously unethical and impractical with humans. It is 

possible to use cells from individu& that have been naturally immunized against selected 

pathogens however, the number of pathogen specific cells in the circulation is low and 

decreases with time (8). In vitro culture conditions have been used to prime the B 

lymphocytes, however it has been difficult to obtain an IgG response from the cells with 

this method, and a low number of antigen specific cells are produced (8). Recently an in 
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virro culture systern was described in which penpheral blood was depleted of CD56+ 

(Natural killer and some cytotoxic T cells) and cultured with autologous donor semm, IL- 

2 and Pokeweed rnitogen (PWM). When these cells were fused with mouse myeloma 

cells, IgG producing heterohybridomas were established. However, these were shon lived 

(9). Cells have been primed by inoculating SCID mice with cancer tissues and regional 

Iyrnph node cells obtained from a lung cancer patient, allowing for an in vivo stimulation 

of the lyrnph node cells. The SCID-hu spleen cells were incubated with Epstein-Barr 

Virus (EBV) to produce lyrnphoblastoid ceil lines. These ce11 lines secreted IgG 

monoclonal antibodies, some of which were shown to be reactive to lung cancer cells 

(10). However, these results are still preliminary and the technology is relatively new. It 

aIso requires the use of SCID mice, whose maintenance may not be practical in labs not 

already set up for such conditions, as well as human tissue from the site of the individual 

tumor and lymph nodes. 

It appears that not al1 stages or sources of B lymphocytes are able to fuse with the 

irnrnortalized fusion partner. This conclusion is based on the observation that mouse 

spleens are much easier to fuse than cells found in peripheral blood (8). It was therefore 

postulated that peripheral blood does not contain enough cells at the "appropnate" stage 

cf differentiation and proliferation (8). The appropriate stage is unknown. It is difficult to 

obtain human spleen and therefore, peripheral blood is the only human source that is 

consistently available. There has been some success in increasing fusion efficiency by 

stimulating cells with mitogens and using viral transformation on murine B 

lymphocytes.(8,11). However, such protoçols have k e n  less successful when applied to 

human cells. At 50pg/ml, LPS stimulation had no effect on the ability to fuse human 

PBL, although this concentration was used successfully with mouse cells (10). 

There are well established mouse myeloma lines available to be used as fusion 

partners, however, identification of suitable human fusion partners has k e n  much more 

difficult. One review lists 38 different fusion partners and heteromyelomas used in human 



monoclonal antibody production (1) and many others have been described (41). On the 

other hand, a few good mouse fusion partners were found early and have come to 

dominate. Most lines are denvatives of P3-X63, Spa0  or NS-I (42,43). Because of the 

poor growth of many myelomas in cultures, many of the human fusion partners are 

lyrnphoblastoid lines, mainly derived from EBV infection (1). Although lymphoblastoid 

ce11 lines are much easier to grow in culture, they may not be at the most desirable stage 

of differentiation and the resultant hybridomas secrete less immunoglobulin than fusions 

with myelomas (1). One method to improve upon the human fusion partners has been to 

use heterohybridoma lines. These are lines generated by the fusion of a lymphoblastoid 

ce11 and a human or mouse myeloma ce11 (12). A fusion partner created by the fusion of a 

lyrnphoblastoid line and a mouse myeloma has been able to produce more stable hybrids 

than the original myeloma was able to alone. However, heterohybrids tend to reject 

human chromosomes (1). 

EBV Transformation 

An altemate method of producing human antibodies is by directly immortalizing 

B lymphocytes through viral transformation using EBV (13). EBV is a herpesvims which 

has been implicated in Burkitt's lymphoma, infectious mononucleosis and nasopharyngeal 

carcinoma (14). It is a double stranded DNA virus, which is linear in the viral particle, but 

circularizes once it has infected a host ce11 (15). It remains as an episome in the cell, but 

can on occasion insert into the genome (1). EBV infects a host ce11 through the CR2 

(CD21) complement receptor (15). Transformation causes the production of immortalized 

lymphoblastoid lines that c m  be grown in tissue culture. 

Although EBV can infect al1 B lymphocytes, only a fraction of the infected cells 

are actuall y transformed. Many cell lines have been produced through this method, 

however most secrete only IgM. It has been suggested that differences in the distribution 



of viral receptors among deveiopmental subpopulations of B lymphocytes was the cause 

of this preference (16). To address this, a B lymphocyte population was implanted (using 

a membrane solubilization and a CO-reconstitution techniques with mosaic membrane 

vesicles containing receptors) with virai receptors and subsequently infected with EBV. 

Infection of such cells lead to an increase in the total number of lymphocytes secreting 

immunoglobulin and an increase in the proportion of cells secreting IgG (16). 

This method however is not without problems. In many cases the transformed 

lines rnay grow well for 1-2 months and then suddenly the secreted antibody titre 

decreases and the transformed line may stop producing immunoglobulin completely. This 

especially seems a problem in the case of human IgG lines. These lymphoblastoid lines 

are also found to be extremely difficult to clone. Many of the lines that were created 

which secreted useful antibodies were lost due to poor cloning efftciencies (1). 

Transformation with oncogenes 

Another method which has been descnbed, is the use of oncogenes to transform B 

lymphocytes. Most successes reported with this method have used munne lymphocytes 

(36,38,39) with oncogenes inserted into the cells using retroviral vectors. Munne pre-B 

cells have been uansformed by retroviral vectors containing v-Ha-ras and v-myc 

however, they were unable to transform mature B cells (38). A v-ab1 containing vector 

was able to transform munne B ce11 lines. These lines were LPS-dependent but did 

secrete IgG (36). Another report showed irnmortalization of munne B cells with a v-myc 

and v-raf/mil containing retrovirus (39). These cells were able to respond to B ceIl 

mitogens by proliferation and IgM secretion. They could be induced to switch to IgG 

production after incubation with staphylococcai enterotoxin B activated TH2 cells. 

Although this teçhnology looked prornising, similar experiments using human cells have 

not been as encouraging. There has been one report of human lymphoblastoid lines 



transformed with the ras oncogene (37). Data showed enhanced antibody secretion that 

was comparable with a hybridoma line created with the sarne parental lymphoblastoid 

line. These studies were not done on naive cells but on B ce11 lines that had k e n  grown in 

culture for many years. It was possible that other significant chromosomal changes had 

occurred during this time. Our lab has used v-myc, ras and bcl-2 containing retroviruses 

to infect an IgM producing EBV ce11 line (Ge, unpublished data). However, there was not 

a significant increase in antibody production seen with any of these lines. Also, some 

preliminary work was done using these same retroviral vectors to infect human 

lymphocytes purified from penpheral blood. We were not able to generate any 

immortahed ceIl lines from cells transformed with single or double combinations of 

these genes. However, we were not able to demonstrate that these genes were k ing  

expressed from these cells. Thus, to date, the success of this method with respect to the 

human system has been limited. 

Geneticallv Eneineered Antibodies 

One approach that has been described for monoclonal antibody production 

bypasses the need to immortalize B lymphocytes. The phage display library involves 

amplifying total mRNA using multiple heavy OT) and light (L) chah specific primers 

(2,3). RT-PCR is used to generate individual libraries of the H and L chahs. These 

libraries are combined in a phage vector, which therefore contains one H and one L chah 

pne.  This creates a random combinatonal library which contains the genes required to 

produce the anti body binding fragments. The H chain gene of the antibody is fused with 

the bacteriophage coat protein. After infection into bacteria, the H and L chain proteins 

assemble in the phage. The antibody-fusion-protein is expressed on the phage coat and 

can be selected by screening for binding to antigen. Phage particles that are positive for 
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binding are isolated and purified. These antibodies can be cloned and then amplified and 

joined to the invariant portion of the antibody molecule to form a complete antibody. The 

reconstructed antibody genes are transfected into appropriate host ce11 Iines which will 

secrete the selected antibody (Figure 2). 

The screening procedure is limited by the antigen which is k ing studied. The 

antigen must be available in significant purified quantities to allow for screening. This 

causes a problem in isolating antibodies for which the antigen has not yet been identified, 

or is diffîcult to extract, purify, or obtain in large enough quantities. This method can also 

generate H and L combinations that may not exist in vivo and it is necessary to screen a 

large combinatorial library to recover original pairs (4). This makes it less useful in 

studies where the in vivo combinations are important such as in exploring B ceIl 

repertoires of indi viduals. This tec hnology has however, allowed for the production of 

"humanized" mouse monoclonal antibodies. This is achieved by linking mouse variable 

regions with human constant regions (5). This reduced the irnmunogenicity of the 

an ti body, however some imrnunogenici ty was retained by the variable region (6). This 

method has been very successful for producing human antibodies for therapy, but was not 

useful in exploring natural antibody repertoires that may be involved in disease. 

CD40 system 

The CD40 system was first described by Banchereau et al in 199L (17,18). It 

alIowed for the in vitro maintenance of B lymphocytes through stimulation of CD40 and 

recombinant cytokines. The CD40 antigen is a member of the TNF receptor superfamily. 

It is found on the surface of B lymphocytes, B malignancies, B ceIl precursors, dendritic 

cells, folIicular dendritic cells, hematopoietic progenitor cells, epithelial cells and 

carcinomas, but not on plasma cells (19). Ligation of CD40 with its ligand (CD40L) or 

cross Iinking of CD40 with immobilized anti-CD40 causes B lymphocyte proliferation. 



Activation via CD40-CD40L interaction in the presence of exogenous cytokines allowed 

for "long-term" growth of B lymphocytes, irnmunoglobulin production and the generation 

of memory B cells (18,20,21). CD40 ligation was also shown to prevent germinal centre 

B lymphocytes from undergoing apoptosis (22). Recently, it has been shown that cross- 

linking of CD40 and immunoglobulin, together with the addition of Th2 type cytokines is 

the most efficient method of inducing a germinal centre B ce11 phenotype in vitro (52). 

The system initially described involved incubating B lymphocytes with a mouse 

fibroblast ce11 line which had been transfected with the human Fc receptor which allowed 

for the immobilization of CD40 monoclonal antibodies on the cells (18) (Figure 3). 

Subsequent reports have used fibroblast ce11 lines directly transfected with CD40 ligand 

instead of using irnrnobilized anti-CD10 antibodies (2 1). B lymphocytes grown in this 

system could be kept in culture for up to 3 weeks, unlike B lymphocytes stimulated with 

soluble anti-CD40 which gave a poor response (18). Lymphocyte cultures grown in the 

CD40 system produced low levels of IgM, IgG and IgA but no IgE. They further explored 

the system by culturing the B cells with immobilized CD40L and various recombinant 

cytokines. IL-4 induced B ce11 proliferation and allowed for the long-term growth of these 

cultures. Lines were generated from tonsil, spleen, peripheral blood and cord blood 

isolated B lymphocytes and such lines were kept for up to 10 weeks and could be both 

frozen and thawed. The addition of IL-10 was also able to induce B ce11 proliferation. 

However, the effect of IL- 10 decreased after 10 days and stopped by 2-3 weeks. The 

cytokines added to the cultures of CD40L+ fibroblast lines affected immunoglobulin 

production. IL4 augmented the secretion of IgM, IgG and large amounts of IgE. A 

combination of IL2 and IL-4 augmented production of IgM and IgA, however the IL-2 

did not alter the IL4 induced proliferation. IL-IO caused the production of large amounts 

of IgG, IgA and IgM but no IgE. Thus, this system dlowed for the growth of factor 

dependent B ce11 lines which secreted specific antibody. 
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The CD40 system has also been used to culture B ceil malignancies that 

proliferated poorly in culture (33). Chronic lyrnphocytic leukemia (CU)  and hairy cell 

leukemia (HCL) cells were grown in this system (23). The proliferation of CLL cells 

were increased 2-4 fold, however no change in differentiation was seen as measured by 

immunoglobulin production. HCL, B-PLL, immunocytoma and multiple myeforna cells 

were also cultured using this system. 

More recent work with the CD40 system has looked at the bidirectional regulation 

that CD40-CD40L interactions have on B lymphocytes. This means that CD40 ligation 

cm have both a positive or negative effect on irnrnunoglobulin production. Low 

concentrations of CD40L enhanced irnmunoglobulin production by B cells, and high 

concentrations of CD40L reduced irnmunoglobulin production (5334). The higher 

concentration of CD40L did not suppress the proliferation of B cells (53). The stage of 

differentiation of the B lymphocyte also affected the outcome of CD40 ligation. IgD' 

naïve B lymphocytes were found to be less susceptible to the suppression by higher 

CD40L concentrations than were IgD' memory B lymphocytes (53). 

The goal of my project was to establish a CD40L+ and cytokine expressing feeder 

ce11 layer and explore the response of EBV-transformed celt lines in this system. 1 

transfected a CD40L expressing fibroblast cell line with IL-IO, IL-6, IL-4 or I L 2  to 

achieve a ceIl monolayer that presented CD40L and locally produced the cytokines at the 

site of cell-cell interactions. 1 have used these Iines to enhance growth of EBV- 

transfonned ceIl lines and to increasc the amount of specific antibody produced. 



Materials and Methods 

Reagents 

Recombinant human IL-10 and recombinant human IL-4 were purchased from 

PharMingen Canada. Recombinant human IL-2 was obtained from Cetus (Emeryville, 

USA). Recombinant human IL-6 was a generous gift from Dr. J. Gauldie (McMaster 

University, Hamilton). Affhity purified goat anti-human IgG(y) was purchased from 

Kirkegaard and Derry Laboratories inc. (Maryland, USA). Affinity purified goat anti- 

human IgM, alkaline phosphatase-conjugated goat anti-human IgM and alkaline 

phosphatase-conjugated AffiniPure goat anti-human IgG were purchased from Jackson 

hmunoResearch Lab. Inc. (Westgrove, USA). Human IL-1OpBluescriptSK (ATCC 

107480) and human IL-4pBluescriptSK (ATCC 105495) were purchased from the 

American Type Culture Collection (Rockville, MD). The pHI.6 vector (24) containing 

human IL-6 and the pCalL-2 vector (25) containing human IL-2 were generous gifts from 

Dr. Robert Hawley (Toronto General Hospital). 

Cells and Culture Conditions 

Peripheral blood was obtained from heaithy donors and the peripheral blood 

rnononuclear cells (PBL) were separated using a Ficoll-Pacque (Pharmacia Biotech) 

density gradient. PBL were washed two times with calcium and magnesium free PBS 

and resuspended in complete media (CM) consisting of RPMI 1640 (Gibco BRL, 

Gaithersburg, MD) supplemented with 2 rnM L-glutamine, 10% fetal bovine semm 

(Cansera, Rexdale, ON) and 100 U/ml penicillid 100 Wrnl streptomycin (Gibco BRL, 

Gaithersburg, MD). EBV-transformed ceIl lines used were previously created in our 

laboratory and maintained in complete media (26,27). Murine NIH 3T3 fibroblast cells 

transfected with human CD40 ligand were a generous gift from Joachm Schultze 

(Harvard Medical School) (28,29). The fibroblast cells were maintained in Iscove's 



modified Dulbecco's media (IMDM) (Gibco BRL, Gaithersburg, MD) supplemented with 

10% fetal bovine semm and 100U/rnl penicillin/lûû pgml streptomycin. HT-2 (CRL- 

18 14) indicator cells were obtained from the American Type Culture Collection 

(Rockville, MD). They were maintained at 3.5 x 10" cells/mi in RPMI 1640 

supplemented with 2 rnM L-glutamine. 1.5 g/L sodium bicarbonate, 4.5 g L  glucose, 

lOmM HEPES, 1 m M  sodium pyruvate, 10% fetal bovine serum and 200 U/ml 

recombinant IL-2. B9 indicator cells were maintained in IMDM supplemented with 5% 

fetal bovine serum, 50 p M  B-mercaptoethanol and 2% IL-6 conditioned medium (gift 

frorn T. Hawley, Toronto General Hospital). AI1 ce11 cultures were grown in a 37°C 

hurnidified incubator with 5% CO2. Al1 cells were fed 2-3 times weekly. Adherent 

fibroblast lines were split by aspirating media, washing once with PBS and addition of 

0.15% trypsin (Gibco BRL, Gaithersburg, MD). Cells were washed off with fresh media 

and split ont0 new tissue culture dishes. 

Construction of cytokine expression vectors 

The mammalian expression vector, pReplO (Invitrogen, Carlsbad, CA) containing 

the hygromycin B resistance gene was used for expression of al1 cytokines. Human L I 0  

and human I L 4  were excised from the IL-lOpbluescnptSK phagernid by restriction 

endonuclease digestion (30) of the KpnI and BamHl sites contained in the multiple 

cloning site of the pbluescript vector. The fragments were separated on a 1% agarose gel 

containing ethidium brornide. The band corresponding to approximately 1600 bp (IL-10) 

or 650 bp (IL-4) were cut out of the gel and recovered by centrifugation through glas  

wool and precipitated with ethanol. The fragments were ligated into KpnUBarnHI 

digested pReplO. Human IL-2 was excised from pCaIL-2 (25) by digestion with BamHI 

and Sa1 1. The fragment of approximately 470 bp (IL-2) was purified as above and Iigated 

into B a r n h o 1  digested pReplO. Human IL-6 was excised from pHIP6 by digestion 



with Hind m. The 5' overhangs were filled in with Klenow in the presence of dNTP's 

(30). The fragment of approximately 700 bp (IL-6) was purified as above and digested 

with BamHI. The fragment was ligated into PvuIYBamHI digested pReplO. 

The plasmids were transformed by heat shock into comptent DHa cells prepared 

by calcium chloride ueatrnent (30). Transformed cells were plated on LB agar plates with 

50 pgml ampicillin. Plasmids were purified from ovemight cultures by the alkaline lysis 

method (30). Plasmids were analyzed for correct insertion of the desired fragment by 

restriction endonuclease mapping. 

Murine NIH 3T3 human CD40L transfected cells were washed with PBS and 

resuspended at 2 x106 cells/ml in PBS. 0.8 ml of cells were rnixed with 20 pg of StuI or 

ClaI digested plasmid DNA and added to an electroporation cuvette. Cytokine containing 

pReplO plasmids were transfected by electroporation at 250 volts and 950 pF using a 

Electro Square Porator (T820, BTX Corporation. San Diego, CA). The suspension was 

added to a 25cm2 flask with 5 ml media and incubated for 2 days. Cells were transferred 

into LOcm tissue culture plates containing IMDM supplemented with 10% FBS. and 200 

pg/ml Hygromycin B (Rose Scientific. Edmonton, Alb.). Cells were grown under 

selection for a minimum of 2-3 weeks before cloning. Cultures were subcloned at 0.3 

cells/well in 96-well tissue culture plates. Wells that were positive for cell growth were 

expanded and then re-cloned again at 0.3 cells/well. Positive wells were expanded into 

larger tissue culture plates. 

Transfected ceil tines were screened for mRNA expression by reverse 

transcriptase -polymerase chain reaction (RT-PCR). Total RNA was extracted from the 

transfected cells using the RNeasy Blood Minikit (Qiagen, Santa Clara, CA) as per 

manufacturer's instructions with the following changes: cells were trypsinized, washed 



two times with PBS and resuspended in 600 pl of RLT lysis solution. The sample was 

added to the Qiashredder spin column and the protocol was continued from step number 

seven of the manufacturer's instructions. The RNA was reverse transcribed into cDNA 

using "Ready To Go T-Primed First-strand kit" phannacia Biotech) as per manufacturer's 

instructions. Polymerase chah reaction was performed using "Ready To Go PCR Beads" 

(Pharmacia Biotech). PCR was performed using 2.5 pl of cDNA and 1 pg of each primer 

(0.5 pg for G3PDH primers). Primers used were as follows: 

IL- IO sense: 

IL- 10 anti-sense: 

IL-6 sense: 

IL-6 anti-sense 

IL4 sense: 

I L 4  anti-sense: 

IL-2 sense: 

IL-2 anti-sense: 

G3PDH sense: 

5' - ATG CCC CAA GCT GAG AAC CAA GAC CCA - 3' 

5' - TGG GAT AGC TGA CCC AGC CCC T'TG AGA - 3' 

5' - ATG AAC TCC TTC TCC ACA AGC - 3' 

5' - CCA GCC TGA GGG CTC TI'C GGC AAA TG - 3' 

5' - ATG GGT CTC ACC TCC CAA CTG C - 3' 

5' - AAC GGC TCG CAG GAA CCT C - 3' 

5' - GCA C'TA AGT CTT GCA CTT G - 3' 

5' - CTG AAC AGA TGG ATT ACC - 3' 

5' - TGA AGG TCG GAG TCA ACG GAT TTG GT - 3' 

G3PDH anti-sense: 5' - GTG GTG GAC CCT CAT GGC CCA CAT G - 3' 

Conditions were as foilows: denaturation at 94 OC for 40 seconds, annealing at 57 OC (IL- 

10 and IL-2), 55 OC (IL-6) or 53 OC (IL-4) for 50 seconds and extension at 72 OC for 1 

minute 10 seconds for 30 cycles followed by a final extension of 5 minutes. PCR 

products were analyzed on a 1% agarose gel containing ethidium bromide. 



Assay for cytokine production 

IL-2 

Indicator assays were performed in IMDM supplemented with 10% fetal bovine 

serum, 50 ph4 p-mercaptoethanol and 100 Ulm1 penicillin/l00 p g  streptornycin. I L 2  

production was measured using the HT-3 indicator ceIl line (3 1). Supernatant from a 

confluent plate of IL-2 transfected or untransfected fibroblast line was harvested and 100 

pl added in serial two-fold dilutions to a 96 well plate. HT-2 ceils were washed two times 

with PBS (to remove IL-2 containing culture media), resuspended in culture media and 

added at 104 cellslwell. The total volume per well was 200 pl. The plates were incubated 

for 18 hours and then each well was pulsed with 1 pCi of 3H-thymidine (Amersham. 

Arlington Heights, IL). Plates were incubated for a further 6-8 hours and harvested using 

a ce11 harvester ont0 glass fibre filter paper (Inotech, Rockville, MD). ' ~ - t h ~ m i d i n e  

uptake was measured using a liquid scintillation counter (Beckrnan, Fullerton, CA). 

IL-4 

I L 4  production was examined by measuring the proliferation of EBV- 

transforrned ce11 lines or PBL. IL-4 transfected or untransfected lines were irradiated at 

5000 rads and added at 104 cells per well in a 96 well microtitre plate. EBV-transformed 

ce11 lines were resuspended at 104 cells per well and PBL at 105 cellslwell in RPMI 

complete media and 100 pl was added in the appropriate well (total volume 200 pl). 

Plates were incubated 3 or 7 days and pulsed with 3H-thymidine. After an ovemight 

incubation, plates were harvested as above and radioactivity measured by scintillation 

counting. 



A human I L 4  ELISA kit (Endogen, Woburn, MA) was used to determine the 

amount of cytokine in ce11 supematants. The ELISAs were camied out as per 

manufacturers instructions. 

IL-6 - 
IL-6 production was measured using the B9 indicator ce11 Iine (32). The assay was 

perforrned as per the HT-2 cells except 5 0 0  indicator cells were added per well and 

plates were allowed to incubate for 48 hours before the 3H-thymidine pulse. 

IL- 10 

IL-10 production was examined by measuring the proliferation of EBV- 

transformed ce11 lines or PBL. IL-10 transfected, or untransfected lines were irradiated at 

5000 rads and added at 104 cells per well in a 96 well microtitre plate. EBV-transformed 

ce11 lines were resuspended at 104 cells per well and PBL at 105 cells/well in RPMI 

complete media and 100 pl was added in the appropriate well (total volume 200 pl). 

Plates were incubated for 3 or 7 days and pulsed with 3H-thymidine. After an overnight 

incubation, plates were harvested as above and radioactivity measured by scintillation 

counting. 

A human IL-IO ELISA kit (Endogen, Woburn, MA) was used to determine the 

amount of cytokine in ce11 supernatants. The ELISAs were canied out as per 

manufacturers instructions. 

CD40 system 

The CD40 system adapted from Banchereau et al (18,33), was set up using five 

different EBV-transfonned ce11 lines. Cytokine transfected or untransfected CD40L+ 

fi broblast lines were irradiated at 5000 rads and 100 pl of a 105 cellslml suspension was 



added per well. Recombinant human cytokines were added in some wells containing 

untransfected CD40L+ fibroblast lines at the following concentrations: rIL-IO at 30 

ng/ml, rIL-6 at 1 ng/rnl, rIL-4 at 3 nghl  and rIL-2 at 0.3 nglml. EBV-transformed ceIl 

lines were added at 103 cells/well with a final volume of 200 pl per well. Plates were 

incubated for 7 days, after which supernatant was removed for irnrnunoglobulin 

measurement (see below) and 3H-thpidine was added for measurement of proliferation 

(as descri bed earlier). 

ELISA 

Total IgM and IgG were measured using an ELISA assay (34). Wells were coated 

with goat anti-human IgG (1:1000) or IgM (12000) and blocked with 1% BSA/PBS. 

Ditutions of sample supernatants or pooled sera at known concentrations were added at 

100 pl per well followed by alkaline phosphatase-conjugated goat anti-human IgG or IgM 

(diluted 1:SOOO). Plates were developed with p-nitrophenyl phosphate and the optical 

density read at 410 nm on a Spectra Max 250 ELISA reader. A standard cunre was 

prepared using the pooled sera and the concentration of the test supernatant was 

calcuIated using SoftmaxPro version 2.1.0 (Molecular Devices Corp., Menlo Park, CA). 

Staîistical A nalysis 

Student t-tests were performed using Statview, version 5 (SAS Institute Inc., 

Santa Clara, CA). 



Resul ts 

Construction of cytokine contoining vectors 

Each of the four cytokine genes were cloned into the pRepLO expression vector. 

pRep 10 is a mammalian episomal expression vector which contains an ampicillin 

resistance gene for selection in prokaryotic systems and the hygrornycin B resistance gene 

for selection in marnrnalian cells. Genes inserted into the multiple cloning site are driven 

at a high level of transcription by the Rous Sarcoma Virus long terminal repeat 

enhancer/promoter. The 468 bp fragment containing the IL-2 coding region was purified 

from the pCaIL-2 vector, the 618 bp fragment containing the IL-4 coding region was 

purified from IL-4pbluescript, the 700 bp fragment containing the IL-6 coding region was 

purified from the pHIP6 vector and the 1601 bp fragment containing the IL-10 coding 

region was purified from the IL- LOpbluscript vector. The purified fragments were inserted 

into the multiple cloning site of pReplO (Figure 4). Each constnict was analyzed by 

restriction endonuclease digestion (data not shown) to ensure proper insertion and correct 

orientation of the gene. 

Expression of cytokine message from CD40L+ NIH 3T3 cells after transfection 

The CD40L+ NIH 3T3 cells were transfected with IL-10, IL-6, IL4 or IL-2 

containing vectors by electroporation. After selection for 2-3 weeks in the presence of 

Hygromycin B (200 pg/ml), cells were tested for cytokine rnRNA expression by RT-PCR 

(Figure 5). Primers used for PCR were designed for the coding region of the genes 

(appendix illustrates primer locations and portions of genes inserted). Cytokine 

expression in the transfected lines were compared to the untransfected CD40L+ line. 
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Figure 5. PCR products obtained from the RT-PCR rcaction on tmasfected or 
untransfccted CDIOL* lYIH 3T3 c d  bês. Producs wcn run on a 1% clhidium bromidt agamse 
gel, Lanes 1 and 13 contain a LOO bp DNA lrARcr. EXpectCd sias of  PCR pmducts arc as folbws: IL-10: 
352 bp. Urd: 630 bp, iL4: 35 1 bp, iL-2: 4QO bp md G3PDH: 997 bp. 



Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) was used for a housekeeping gene 

as a control for the amount of cDNA present. PCR products of expected size were 

generated for al1 transfected lines: 352 bp for IL-10 (lane 2), 630 bp for IL-6 (lane 4), 35 1 

bp for IL-4 (lane 6), 400 bp for L-2 (lane 8) and 997 bp for G3 (lanes 3,5,7,9,15). These 

PCR products were not seen in the untransfected CD40L+ line (lanes 10- 14). 

Lines that were shown to be positive for mRNA expression were cloned twice 

under limiting dilution conditions at 0.3 ceIIs/well. Expanded clones were re-tested for 

mRNA expression. Cytokine uansfected C D U +  fibroblast clones aven the designation 

IL- IOT-7C, IL-6T-2B, IL-4T2-4C and IL-2T-2C were positive for rnRNA expression and 

were used for subsequent experiments. 

Cytokine exptession jkom trans fected CML+j ibro  bhst lines 

We used the HT-2 indicator ce11 line, which is a murine T helper cell-denved ce11 

line that is responsive to human IL-2 to test for functional IL-2 production from IL-2 

transfected fibroblast ce11 lines (Figure 6). Supematant from a confluent plate of IL-2T- 

2C was added in sequential2-fold dilutions and compared to the ability of both 

recombinant IL-2 and supernatant from untransfected CD40L+ fibroblasts to effect 

pro1 i feration of HT-2 cells. Supematant from untransfected CD40L+ fi broblasts 

consistently showed only a marginal effect on proliferation whereas supernatant from IL- 

2T-2C demonstrated a large increase in proliferation of the HT-2 cells. As expected, this 

level of proliferation was seen to decrease with senal dilutions of the IL-2T-2C 

supernatant. From the standard curve of the response of HT-2 cells to recombinant IL-2, 

the amount of IL-2 in the culture supernatant was determined. Supernatant from a 

confluent 6 cm dish contained 25 U/ml of IL-2. 



B Dilution 



The ability of the IL-6 transfected CD40Lf fibroblast line (IL-6T-2B) to produce 

functional IL-6 was explored using the B9 indicator ceIl iine (Figure 7). The B9 ce11 line 

is a murine B-ceIl hybndoma line that requires IL-6 at Iow levels for survival and 

proli feration. Supernatants from IL-6T-2B, untransfected CD40L+ fibroblasts and 

recombinant IL-6 were added to sequential 2-fold dilutions to the B9 indicator cells. The 

presence of supernatant from untransfected CD40L+ fibroblasts did not al ter the basal 

level of B9 proliferation. Supernatant from IL-6T-2B cells as well as recombinant IL-6 

significantly enhanced B9 proliferation. There was a dose-response decrease of B9 

proliferation to serial dilutions of both. Recombinant IL-6 and IL-6T-2B supernatant both 

demonstrated a decrease in proliferation at the highest concentrations of IL-6. Using the 

standard curve of the response of B9 cells to recombinant IL-6, we detennined that the 

supernatant from a confluent 6 cm dish contained 15 U / d  of IL-6. 

C) I L 4  and IL40  

Indicator ceIl lines were unavailable to test the ability of the transfected cell lines 

to produce human IL-4 or IL-10. In the presence of CD40L. I L 4  and IL40 are both able 

to enhance the proliferation of B lymphocytes (1). Thus, this method was used to indicate 

the production of IL-4 or IL- 10 from the transfected CD40L+ cells. hadiated L-4T2-4C, 

IL- 1OT-7C or untransfected CD40L+ fi broblasts were incubated wi th four different EBV- 

transformed ce11 lines. The proliferative response of these cells were measured by 3H- 

thymidine uptake (Figure 8). The IL4  transfected CD40L+ ce11 line, IL4T2-4C, did not 

consistently cause any significant increase in proliferation compared to untransfected 

CD40L+ cells (p=0.42). The IL-1OT-7C cells consistentiy caused an 
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Figure 7. L-6 production by cytokine-trrnsfkcted eellr. A) Superaaent h m  a confivent 
plarc of I L 4  mfectcd (ILaf-28) or unmasfmed fibmbiast line was harved  and 100 @ adâcd in 
serial two-fold dilutions to 8 96 we(i p h  eunoininq 5060 09 celWweti. Afçtt 48 houn incubation, ceils 
wcrr puîsed t.hh 1 pCVweii 'H.cliymidine aad minaibrrcd r iürdrer 6 houn k h  huvesciog. Rcsuits 
shown arc mesnt of tripli- wetls a d  reprt3cnotive of  hvo indcperident utgcriments. 8) S c ~ d t r d  curve 
pductd by dding kmwn coe~~~tmioar ofmombinutt IL4 ta the B9 cck uid rnamdag pmWkmion. 



Figure 8. Proliferative response of EBV-transformed lines to f d e r  layers. EBV-transfonned 
line were added at 10' celWweU to 96 wcii plates containing IO4 irradiateci (5000 rads) CIMOL*, I L 4  transfccted 
CD40L4 or 5 1 0  transfcctcd CD40L+ fibroblast cells. Plotes wcrt mcubatcd for 7 days and 'H-thymidine uptake 
was measured. Rcsults are rcprcscntative of 3 txpcrïments, cach in triplicatc. Stimulation index was calcdated as 
the increasc in proliferation as compared to ctk growing on untransfectcd CDQOL' fibroblasts alone. 



increase in proliferation in dl ce11 lines compared to untransfected CD40L+ cells 

(p=O.O 1). 

Supematants from IL-4 and IL-IO transfected cells were both measured by ELISA. These 

assays did not detect the presence of either cytokine in the cell line supematants (data not 

shown). 

Tram fected cells continue to produce functional protein aft'er irradiation 

The CD40L+ fibrobtast cells must be irradiated at 5000 rads for use in the CD40 

system, to ensure that the feeder layer does not proliferate and overgrow during the 

culture period. It was therefore necessary to see if the cytokine transfected fibroblasts 

were still secreting protein over the culture period. To do this. 5 x 104 IL-2T-2C cells, 

irradiated (5000  rads) or unirradiated were plated in 24 well culture plates. Every two 

days, culture supernatant was removed and replaced with fresh media. At the end of the 

culture period, al1 supernatants were assayed for IL-2 production using the HT-2 indicator 

ce11 line (Figure 9). The unirradiated IL-2T-2C cells caused an increase in proliferation of 

the HT-2 cells, showing an increase of IL-2 in the culture medium over each two day 

period. The irradiated cells showed a relatively constant production of IL-2 over the eight 

days tested. 

The CD40 system can be used to culture EBV-irarisfomed cell lines 

Five di fferent EBV-transforrned ceIl lines were grown under the cuiture 

conditions outlined in the methods section. At the time of the assay two of the EBV- 

transfonned ceIl lines secreted IgM (10C3 and 106), two secreted IgG (2G2 and 100C5) 

and one was not secreting (045). The production of total IgG and IgM by the five EBV- 



Days 

Figure 9. Cvtokine expression after irradiation of triinsfected fibroblast celis. C W L '  
or IL-2T-2C f&roblast celk were irradiatcd at 5000 Rb and culnucd at 5 x 10' celWwell in r 2Cwell 
phte. Every two days, culturc supanatant was removed and replaced with k s h  media At the end of the 
cuIture peciod. al1 supernatane were assayad for IL-2 ptoducaon using the Hi-2  indiarot ceII Line. 



transformed ce11 lines was examined under the following conditions: 1) culture of the 

lines in the presence of CD40L+ fibroblast lines and added exogenous cytokine, 2) culture 

of the lines with cytokine transfected CD40L+ lines and 3) the effect of added exogenous 

cytokine when ceIls were grown on CD40L+ feeder layers (Figure 10). 

There was no statistically significant change in immunoglobulin production when 

lines were grown on the CD40L+ feeder layer with the addition of recombinant IL-2 (0.3 

ng rn l )  or when grown on the IL-2 transfected feeders (p > 0.05). Similarly, there was no 

change with recombinant IL4 (3 ng/ml) or with the IL4 transfected feeders. 

The addition of recombinant IL-6 (1 ng/ml) to the CD4OL+ culture conditions was 

able to cause an increase in both IgG and IgM secretion. The amount of immunoglobulin 

produced was on average 3.9 times greater in the IgG secreting lines (100C5 and 2G2) 

and 1.7 tirnes greater in the IgM secreting Iines (10C3 and 106) than with CD40 ligation 

alone. The IL-6 transfected CD40L+ feeder layers were also able to increase 

immunoglobulin secretion. The amount of immunoglobulin produced was on average 2.8 

times greater in the IgG secreting lines and 1.6 times greater in the IgM secreting lines 

than with CD40 ligation alone. 

The effect of IL-IO on EBV-transformed lines grown in the CD40L feeder layer 

vat-ied depending on the ce11 line. When the EBV-transfomed ce11 lines were grown on 

the CD40L+ feeder layer with the addition of recombinant IL-10 (30 ngrnl), 

immunoglobulin secretion was consistently enhanced in IgG lines (3.5 times on average). 

The effect on IgM lines was less consistent. In one experiment, IgM secretion was 

doubled however, in a subsequent experiment onIy a marginal increase in IgM secretion 

was observed. Enhancement of immunoglobulin secretion was isotype specific. The lOC3 

and 106 lines (IgM secretors) did not show any significant increase in IgM production 

when grown on the IL-10 transfected CD40L+ feeder layer. However, the ce11 lines 2G2 

and 100C5 (IgG secretors) had on average 3.1 and 1.6 times increase respectively in IgG 

production after growth on the IL-IO transfected CD40L+ feeder line. 



The EBV-transforrned ceil line, 045 which was not secreting immunoglobulin, 

was not induced to secrete any isotype of immunoglobulin examined using any of the 

cuIture conditions. 



Figure 10. Immunoglobulin production by EBV ceb gmwn Ln the CD40 system. me 
system was setup as d e s c r i i  in the Methab section usïng either recombinant cytokines md CD40L' fibrobIast 
cclls or cytokine transfocled CD40L' fibrobiast cefis. The ceii hes  lûC3 and 1û6 arc IgM producing ha d the 
Lines 2G2 and 1- arc IgG pducing lines. IgG or IgM seaction was musureci ifter 7 days: Stimuttion index 
was ulcuhtcd as the inCrcase in UmrnrnogIobulin secretion u computd ta ceüs growu on mtnasfeaiad CXOL+ 
lincs. 



Discussion 

The CD40 system (L7,l9), allows for increased proliferation and immunoglobulin 

secretion by B lymphocytes. Previous studies have used CD40 ligand expressing feeder 

layers with the addition of recombinant cytokines to grow B lymphocytes. We were 

interested in transfecting the cytokine genes directly into the CD40 ligand expressing 

fi broblast cells to obtain a feeder layer that was presenting CD40L and expressing 

cytokines directly at the site of cell-ce11 interactions. 

IL-10, IL-6, I L 4  or IL2 were transfected into CD40L expressing NIH 3T3 

f i  broblast lines. We have shown that alI transfected cell lines produced mRNA vanscripts 

for their respective cytokines. These lines were cloned, expanded and supernatants were 

tested for cytokine protein expression. IL-6 and IL-2 transfected ce11 lines produced 

biologically active cytokine, as demonstrated by the results of culture with the appropriate 

indicator ce11 lines. Therefore, we have successfully produced stable, functional human 

IL-2 and IL-6. Indicator ceIl lines were not available to explore the production of IL-10 or 

IL-4, and therefore, we used two methods to Iook at expression of these cytokines. In the 

presence of CD40L, both I L 4  and IL- 10 are able to enhance the proliferation of B 

lymphocytes (1). We found that IL40 transfected CD40L+ cells caused a significant 

increase in the proliferation of EBV-transformed ce11 iines. The IL-4 transfected ce11 line 

was unable to cause a significant increase in the proliferation of these same cell lines. 

IL- 10 and IL4 cytokine production was also explored using ELISA. Neither 

cytokine was shown to be secreted using this method. There is a possibility that the 

antibodies in the ELISA kits used recognized an epitope that was no longer present on the 

recombinant protein. This possibility is suggested by our demonstration of functional IL- 

10. Alternatively, since the cytokine vectors were not directly sequenced, there may have 

been base pair mutations within the cytokine sequences which may alter their 



immunoreactivity (in the case of IL-IO) or in the case of I L 4 ,  it may have resulted in loss 

of function or imrnunoreactivity. These is also a possibility that there was a block in 

translation of the IL4 protein. We have no indication that the IL-4 transfected cells are 

producing an y functional cytokine, despi te the demonstration of I L 4  mRNA. However, 

in the case of the IL-10 transfected cells, evidence of increased proliferation and 

increased imrnunoglobulin production by EBV lyrnphoblastoid cells grown on IL-IO 

secreting fibroblast lines, gave strong evidence of IL- IO protein secretion from this ce11 

line. Therefore we have produced a stable CD40L presenting fibroblast cells line, 

secreting functional human IL-IO. Further experiments are required to demonstrate the 

presence of functional I L 4  

The cytokine-transfected feeder layers must be irradiated to prevent proliferation 

and overgrowth during the culture period and it is desirable for the feeder cells to be 

continually producing cytokine. We looked at the ability of the IL-2 transfected line to 

produce biologically active cytokine up to eight days after irradiation at 5000 rads. As the 

unirradiated IL-2 transfected cells continued to divide, they showed an increase in IL-2 

production over the eight day culture period as expected. The irradiated cells were unable 

to proliferate, but the produced cytokine should be biologically active. Thus a constant 

amount of IL-2 should be present in the cell supernatant every two days. Our results 

demonstrated that the transfected ce11 line continued to produce IL-2 at a constant level 

for at least eight days in culture. 

In previous studies (18), B cells cultured in the CD40 system with exogenous 

cytokines were maintained in culture and were induced to proliferate and secrete 

immunoglobulin. I L 4  and IL- IO induced proliferation of B cells. I L 4  caused the 

secretion of IgM, IgG and large amounts of IgE. A combination of IL-2 and I L 4  caused 

production of IgM and IgA, while IL40 caused the production of large amounts of IgG, 

IgA and IgM, but no IgE. As the first step in using this system for the production of 

hurnan monoclonal antibodies, we examined the ability of these cytokines to affect 



immunoglobulin production on established EBV-transformed cell Iines. We have 

expertise usinp EBV-transformed lines and wished to test if the proliferation and 

immunoglobulin production of these lines could be enhanced by CO-culture with the 

cytokine-transfected lines. We compared the effect of the standard CD40 system with 

added exogenous cytokine to the effect of our cytokine- transfected ce11 lines on EBV- 

transforrned lines. 

The addition of exogenous recombinant IL-2 alone to CD40L stimulated cells did 

not significantly change the imrnunoglobulin secretion patterns of any of the EBV- 

transfonned cell lines tested. Similady, EBV-transformed lines grown on Our IL-2 

transfected feeder layer did not alter their imrnunoglobulin secretion patterns. This is not 

surprising as IL-2 is able to cause the proliferation of activated B cells only in the 

presence of other factors such as I L 4  It is likely that to see an effect on immunoglobulin 

production with our IL-2 transfected line, we will have to introduce another cytokine gene 

or mix the feeder layers to allow for the coopention between the cytokines. 

We were unable to see any increase in imrnunoglobulin production when Our 

EBV-transformed cell lines were grown on the untransfected layer in the presence of 

recombinant I L 4  or on the transfected feeder layer. These results were surprising as I L 4  

is known to promote the proliferation and differentiation of B lymphocytes. Since we 

were unable to show that our iL-4-transfected lines were producing any immunoreactive 

cytokine, it may not be surprising that no effect was demonstrated. However, the fact that 

the recombinant IL-4 did not have any effect may be expfained by Our use of an 

insufficient concentration of IL-4 or it may be due to that fact that exogenous IL-4 does 

not have an effect on o w  immortalized lines. Tt is also possible that the cells were 

secreting an isotype that was not examined. In EBV stimulated B lymphocytes, IL-4 

induces the production of IgE @O), not detected by Our IgG and IgM assays. Therefore, 

further studies are required to demonstrate the presence of biologically active stable IL-4- 

transfected CD40L+ cells. 



IL-6 was able to cause an increase in irnmunoglobuiin production in al1 four ce11 

lines tested. This is consistent with information showing that IL-6 is a growth factor for 

malignant B cells such as multiple myeloma (35). Both recombinant IL-6 and the IL-6 

transfected feeder layer were able to cause an increase in immunoglobulin production, 

however, this effect was much more pronounced in the IgG secreting lines than in the 

IgM secreting lines. 

IL10 is able to promote differentiation of B lymphocytes, induce the secretion of 

IgG, IDA and IgM and maintain viability in vitro culture systems (17). Recently, it has 

been suggested that it is IL-IO and not CD40 ligation that detennines if B lymphocytes 

will differentiate into plasma cells (55). Using CD40L+ cells and exogenous recombinant 

IL-10, we were able to increase imrnunoglobulin production in both the IgG and IgM 

EBV-transformed ce11 lines. However, the results with the IL-10 transfected lines 

appeared to depend on the isotype k i n g  secreted. The IgG secreting lines were induced to 

secrete more IgG when grown on the iL-10 transfected feeder line, whereas the IgM 

secreting lines did not change significantly in their secretion pattern as compared to 

CD40L stimulation alone. Further experiments need to be performed to further 

investigate these results. Higher levels of IL-10 production by the transformed line may 

be necessary to affect the secretion of the IgM lines or the specific lines could be naturally 

less susceptible to IL-10 stimulation at that level. Ow IL-10 transfected lines were likely 

secreting cytokine at a lower level than the added exogenous IL-IO used. It will be 

interesting to grow a larger variety of lines on this feeder layer to see if the pattern 

continues. An alternative explanation may be related to the fact thar EBV-infected cells 

contain BCRFI, the viral interleukin 10 gene (44). This gene shares rnany functions with 

the human homologue and both are expressed in established EBV-transformed line (44). 

It is conceivable that the different EBV-transformed cell lines tested secreted various 

amounts of IL-IO and VIL-10. These variable arnounts may vary the susceptibility of the 

lines to exogenous IL- 10. It has been shown previously (5 1) that the endogenous cytokine 



production by EBV-transformed lines affects their responsiveness to exogenous 

cytokines. It was obsewed that IgM-producing cells which did not secrete IL-6 was able 

to respond to recombinant IL-6 with a 5- to 10-times elevated IgM production, whereas 

Iines which were capable of producing IL-6 showed only a minimal increase in 

immunoglobulin production when stimulated with recombinant IL-6 (51). Thus, it would 

be interesting to look at the endogenous cytokine secretion profile of Our EBV- 

transformed ce11 lines to see if this could account for the differences in responsiveness to 

the cytokines tested. The 2G2 line did not respond as strongly to IL40 then did the 

100C5 line. In some preliminary RT-PCR experiments, it was observed that the 2G2 ce11 

line demonstrated a strong IL-10 mRNA production as compared to the 045 line, however 

we do not have any data concerning endogenous IL-10 production by the 100C5 line. . 

Isotype switching is facilitated by CD40 ligation and directed by the cytokine 

profile. The ability of cytokines to cause a switch in the isotype king secreted is 

particularly important if using the system to culture PBL. PBL contain B lymphocytes 

which are at a specuum of differentiation stages, many which would be receptive to 

switch factors. None of the cytokines tested were able to cause a switch in the isotype of 

immunoglobulin king secreted by the EBV- transformed lines. Al1 lines were tested for 

IgG and IgM secretion and after stimulation they continued to secrete the same type of 

immunoglobulin as before stimulation. The only ce11 line tested which was not secreting 

IgG or IgM did not produce either isotype after stimulation with CD40L and the cytokines 

tested. It is possible that this ce11 line, after previous prolonged culture was no longer able 

to secrete immunoglobulin, was no longer receptive to class switching or it may have 

been secreting an isotype not tested. It is now necessary to examine the effect of our 

cytokine-transfected lines on PBL, which may be more receptive to class switching. This 

is especially relevant when looking at the antibody repertoire, since the antibodies 

produced in the CD4OL system may not represent the isotype present in vivo due to class 

switching. Recently, it has  ken  shown that it is rnemory B cells and not naïve B cells 



which are induced to secrete irnmunoglobulin after CD40 ligation and cytokine 

stimulation (56). It was demonstrated that the naïve cells could switch to membrane IgG 

expression but would not differentiate past an IgD, IgG double positive stage when grown 

in the CD40 system with IL-4, IL-2, IL-IO, IL-3 or combinations of these (56). Thus, the 

immunoglobuIin secreting cells obtained from growing PBL in the CD40 system resulted 

from memory cells and not switched naive cells. 

It is important to note, that although the CD40 ligand presenting fibroblast ce11 

line used was a murine line, the cytokines we transfected into this line were human. The 

fibroblast cell line may be producing munne cytokines in our ce11 cultures, however not 

al1 murine cytokines are biologically active on human cells. Hurnan IL-2 can stimulate 

mouse T-celis at concentrations sirnilar to nouse IL-2, however, mouse IL-2 stimulates 

human T cells at a much lower efficiency (46). Mouse IL-4 is inactive on human cells and 

human L-4 is inactive on mouse cells (47). Human IL6 is active on both human and 

mouse cells (48,49). We did not find any effect of untransfected CD40L+ cells in Our 

indicator systems. For our system to be effective for culturing human B lymphocytes, it 

was important that our feeder layer secreted human cytokines and this was done. 

The effect of Our L I 0  transfected line on the response of EBV-transformed ceIl 

lines was variable. Aithough, as previously stated, this may not be surprising. We may 

require other methods to demonstrate the biological activity of IL-IO. There is an IL-10 

responsive mast ce11 line now available that may provide the basis for a more sensitive 

assay to look at the cytokine secretion (45). Regarding IL-4, we will continue to attempt 

to demonstrate functional IL-4. When the transfected ce11 lines were generated, many 

clones were produced, but only one clone from each cytokine line was used in Our 

experiments. We still have numerous clones to screen. The IL-4 clones cm be screened to 

find an IL-4 producing feeder line. In the future, we will look at the other transfected ce11 

lines for each cytokine and screen for high or low cytokine secretion. 



In conclusion, we have been able to produce three feeder ceIl lines which present 

CD40L and secrete functionally active human cytokines. We have ken  able to use these 

lines to enhance proliferation of human EBV-immortalized B lymphocytes and to 

i ncrease immunoglobulin production. Future experiments wi Il be directed to examine the 

effect of these ce11 lines on B cells freshly isolated from peripheral blood. Penpheral 

blood lymphocytes cultured in the presence of our cytokine-transfected feeder ce11 lines 

could then be infected with EBV to increase the number of stable IgG lines. Our primary 

interest is in exarnining the B ceIl repertoire and antibody secretion patterns of 

autoimmune individuals and these lines are likely to be an important tool to allow for the 

production of stable, immortalized IgG zecreting ce11 linss. 



Appendix 1 

Xucleotide sequences of cytokine gene inserts and C3PDH mRNA and location of primers used in 
PCR. Underlined sequences indicate the location of the primers. 



Hurnan interleukin 10 (ILIO) mRNA, 1601 bp 

aaaccacaag 

gtcctcctga 

acccacttcc 

gtgaagactt 

ctggaggact 

ctggaggagg 

tccct999gg 

ccctgtgaaa 

gagaaaggca 

tacatgacaa 

cataaattag 

uaaaaacctt 

tttctattta 

ttttttcaat 

tggtatttga 

ttggggagcc 

ttttccctga 

aaatactctt 

cttgttattt 

atcccagcac 

gcctggtcaa 

tggcgcgcac 

aggagatgga 

gcaagactct 

tttaactaga 

aqattttaat 

acagacttgc aaaagaaggc atgcacagct 

ctggggtgag ggccagccca ggccagggca 

caggcaacct gcctaacatg cttcgagatc 

tctttcaaat gaaggatcag ctggacaact 

ttaagggtta cctgggttgc caagccttgt 

tgatacccca auctaaaaac caauacccaq 

agaacctgaa gaccctcagg ctgaggctac 

acaagagcaa ggccgtggag caggtgaaga 

tctacaaagc catgagtgag tttgacatct 

tgaagatacg aaactgagac atcagggtgg 

cagcactgct ctgttgcctg 

cccagtctga gaacagctgc 

tccgagatgc cttcagcaga 

tgttgttaaa ggagtccttg 

ctgagatgat ccagttttac 

acatcaaggc gcatgtgaac 

ggcgctgtca tcgatttctt 

atgcctttaa taagctccaa 

tcatcaacta catagaagcc 

cgactctata gactctagga 

aggtctccaa aatcggatct ggggctctaa uatauctuac ccaucccct~ 

attgtacctc tcttatagaa tatttattac ctctgatacc 

tttactgagc ttctctgtga acgatttaga aagaagccca 

atttattatt ttcacctgtt tttaagctgt ttccataggg 

gtgttttaag ataaattata agttacataa gggaggaaaa 

aacagaagct tccattccaa gcctgaccac gctttctagc 

cctccctcta atttatcttg tctctgggct tggggcttcc 

aggaaçagaa accagggagc ccctttgatg attaattcac 

ttcccctaac ctcattcccc aaccacttca ttcttgaaag 

ataacaacct aaatttggtt ctaggccggg cgcggtggct 

tttgggaggc tgaggcgggt ggatcacttg aggtcaggag 

catggtgaaa ccccgtctct actaaaaata caaaaattag 

ctgtaatccc agctacttgg gaggctgagg caagagaatt 

agttgcagtg agctgatatc atgcccctgt actccagcct 

gtctcaaaaa aataaaaata aaaataaatt tggttctaat 

atttattcaa ttcctctggg aatgttacat tgtttgtctg 

tttqaataaa taaatgtatc ttattcacat 

tcaacc ccca 

atattataat 

tgacacacta 

aaaatgttct 

tgt tgagctg 

taactgctac 

cttccagtgt 

ctgtggccag 

cacgcc tgta 

ttcctaacca 

ccgggc atgg 

gcttgaaccc 

gggtgacaga 

agaact cagt 

tcttca tagc 

I n s e r t  s i z e :  1601 bp 

PCR product: 352 bp 



Human interleu kin 6 @-a), 1 128 bp 

attctgccct cgagcccacc gggaacgaaa gagaagctct atctcccctc 

gctataaact ccttctccac aaacqccttc ggtCCagttg ccttctccct 

121 ctggtgttgc ctgctgcctt 

181 gccgccccac acagacagcc 

241 atcctcgacg gcatctcagc 

301 agcagcaaag aggcactggc 

361 ggatgcttcc aatctggatt 

421 ttggagtttg aggtatacct 

481 gccagagctg tccagatgag 

541 aatctagatg caataaccac 

601 caggcacaga accagtggct 

gagttcctgc 

ttgttgttaa 

tgttgttctc 

atttattaat 

ttaagaagta 

tatgcagttt 

agtccaacct 

tgggcattcc 

tatggagaac 

atttaaatat 

ccacttgaaa 

gaatatcctt 

ccctgcccca gtacccccag gagaagattc 

actcacctct tcagaacgaa ttgacaaaca 

cctgagaaag gagacatgta acaagagtaa 

agaaaacaac ctgaaccttc caaagatggc 

caatgaggag acttgcctgg tgaaaatcat 

agagtacctc cagaacagat ttgagagtag 

tacaaaagtc ctgatccagt tcctgcagaa 

ccctgaccca accacaaatg ccagcctgct 

gcaggacatg acaactcatc tcattctgcg 

uaaauctctt 

ttcttctggt 

taaaagtatg 

gtgaagctga 

cattttatgt 

. t t cagag 

cacrcaaatqt 

cagaaacctg 

agcgttagga 

gttaatttat 

attagttttg 

ccagatcatt 

agcatgggca 

tccactgggc 

cactatttta 

gtaagtcata 

aaataataat 

tc t tggaaag 

caggagccca 

ggggctgctc 

caaagatgta 

aattcggtac 

catgtgtgaa 

tgaaaaagat 

cactggtctt 

tgaggaacaa 

aaaggcaaag 

gacgaagctg 

cagctttaag 

cctcagattg 

acagaactta 

attattttta 

ttttatattt 

ggaaagtggc 

tgtaggctta 

1021 cctcaaataa atggctaact ttatacatat ttttaaagaa atatttatat tgtatttata 

1081 taatgtataa atggttttta taccaataaa tggcatttta aaaaattc 

Insert size: 700 bp 

PCR product: 630 bp 



Human iaterleukin 4 (IL4 mRNA, 614 bp 

1 gatcgttagc ttctcctgat aaactaattg cctcacattg tcactgcaaa tcgacaccta 

61 ttaatuacrtc tcacctccca actacttccc cctctgttct tcctgctagc atgtgccggc 

121 aactttgtcc acggacacaa gtgcgatatc accttacagg agatcatcaa aactttgaac 

181 agcctcacag agcagaagac tctgtgcacc gagttgaccg taacagacat ctttgctgcc 

241 tccaagaaca caactgagaa ggaaaccttc tgcagggctg cgactgtgct ccggcagttc 

301 tacagccacc atgagaagga cactcgctgc ctgggtgcga ctgcacagca gttccacagg 

361 cacaagcagc tgatccgatt cctgaaacaa ctcuacaaaa acctctgggg cctggcggoc 

421 ttgaattcct gtcctgtgaa ggaagccaac cagagtacgt tggaaaactt cttggaaagg 

481 ctaaagacga tcatgagaga gaaatattca aagtgttcga gctgaatatt ttaatttatg 

541 agtttttgat agctttattt tttaagtatt tatatattta taactcatca taaaataaag 

601 tatatataga atctaa 

I n s e r t  size: 618 bp 

PCR product: 351 bp 



atcactctct ttaatcacta ctcacagtaa 

ctaaatcttq 

ctacaactgg 

cctcaactcc tgccacaatg tacaggatgc 

cacttqtcac aaacagtgca cctacttcaa 

agcatttact gctggattta cagatgattt 

aactcaccag gatgctcaca tttaagtttt 

atcttcagtg tctagaagaa gaactcaaac 

gcaaaaactt tcacttaaga cccagggact 

aactaaaggg atctgaaaca acattcatgt 

tagaatttct aaacaaataa attacctttt 

aattaagtgc ttcccactta aaacatatca 

tatatttatt gttgaatgta tggtttgcta 

actataaata tggatctttt atgattcttt 

cacttattta tcccaaaata tttattatta 

attggttagt ataactattt aataaatttg 

aa 

aactcctgtc ttgcattaca 

gaaaacacag gttctacaaa 

tgaatggaat taataattac aagaatccca 

gaactgaaac 

ttagctcaaa 

atagttctgg 

gcaaccattg 

ctaacttgat 

atttaaattt 

taatcttaaa 

aaaatggt tt 

atctatgtag 

acatgcccaa gaaggccaca 

agtgctaaat ctctggagga 

taatcagcaa tatcaacgta 

gtgaatatgc 

gtcaaagcat 

tgatgagaca 

catctcaaca 

ggccttctat ttatttaaat 

cctattgtaa ctattattct 

ttgtaagccc taggggctct 

taaatatagt tgttgaatgt 

ataaatataa aaaaaaaaaa caaaaaaaaa 

Insert s i z e :  468 bp 

PCR product: 400 bp 



Human glyceraldehyde-3-phosphate dehydrogenase -A, 1237 bp 

gtcgccagcc 

uuatttaatc 

attgttgcca 

gattccaccc 

aatggaaatc 

gct99cgctg 

gctcatttgc 

atgttcgtca 

gcctcctgca 

atcgtggaag 

ggcccctccg 

tctactggcg 

ggcatggcct 

gaaaaacctg 

ctcaagggca 

acccactcct 

ctcatttcct 

cacatuacct 

agagagagac 

ctcccctcct 

ccttgtcatg 

gagccacatc 

gtattgggcg 

tcaatgaccc 

atggcaaatt 

ccatcaccat 

gactcatgac 

ggaaactgtg 

ctgccaaggc 

tccgtgtccc 

ccaaatatga 

tcctgggcta 

ccacctttga 

ggtatgacaa 

ccaaggagta 

cctcactgct 

cacagttgcc 

tacctcaata 

gctcagaaca 

cctggtcacc 

cttcattgac 

ccatggcacc 

cttccaggag 

ggagtccact 

caaaagggtc 

ccatgagaag 

cttagcaccc 

cacagtccat 

gcgtgatggc 

tgtgggcaa9 

cactgccaac 

tgacatcaag 

cactgagcac 

cgctggggct 

cgaatttggc 

agacccctgg 

ggggagtccc 

atgtagaccc 

aagtacctgg 

cctatgggga 

agggctgctt 

ctcaactaca 

gtcaaggctg 

cgagatccct 

ggcgtcttca 

atcatctctg 

tatgacaaca 

ctggccaagg 

gccatcactg 

gtcatccctg 

caggtggtct 

ggcattgccc 

tacagcaaca 

accaccagcc 

tgccacactc 

gcttacc 

ttaactctgg 

tggtttacat 

agaacgggaa 

ccaaaatcaa 

ccaccatgga 

ccccctctgc 

gcctcaagat 

tcatccatga 

ccacccagaa 

tccagaacat 

agctgaacgg 

tggacctgac 

agcaggcgtc 

cctctgactt 

tcaacgacca 

taaagtggat 

gttccaatat 

gcttgtgatc 

gtggggcgat 

gaaggctggg 

tgatgccccc 

catcagcaat 

caactttggt 

gactgtggat 

catccctgcc 

gaagctcact 

ctgccgtcta 

ggagggcccc 

caacagcgac 

ctttgtcaag 

ggatuataua cctcatuacc 

ccagcaagag cacaagagga 

agtcccccac cacactgaat 

gaggggccta 9ggcgcc9ca 

PCR product: 997 bp 
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