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Peripheral blood was obtained from a healthy human volunteer and transformed with
Epstein-Barr virus (EBV). This produced an oligoclonal cell library in culture medium
that was screened by ELISA for anti-human tumor necrosis factor-a (TNFa) activity.
RNA from two positive clones was applied to RT-PCR using antibody-specific primers,
and the light (K and X) and heavy chain genes (7 and (JL) were cloned into the plasmid
vector pFabl-His2. The antibodies produced in Escherichia coli as Fab fragments were
assayed for anti-TNFa activity utilizing ELISA. Two IgGl/K anti-TNFa antibodies and
two IgM/K anti-TNFa antibodies were isolated. DNA sequence analysis showed that the
VL and VH gene families of IgM and IgG were the same. Both the antibodies showed
almost the same activity on ELJSA-testing. Ten clones randomly selected from light (K
and X) and heavy (7 and \JL) chain genes in the oligoclonal cell library 1D5 were se-
quenced, and each gene (K, X, 7, and p.) was found to be composed of one to three differ-
ent genes. These data support the conclusion that the cell clone is oligoclonal at the
molecular level.
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The cytokine TNFa plays an important role in the patho-
genesis of infectious, neoplastic and autoimmune disease as
well as in maintaining normal physiological function. Ani-
mal models have shown that TNFa is involved in septic
shock (1), bacterial meningitis (2), graft-uersus-host-disease
(GVHD) (3), autoimmune lupus (4), and multiple sclerosis
(5). Recently, anti-TNFa monoclonal antibodies (mAbs)
have been approved for clinical trials in diseases in human,
such as sepsis (6, 7), rheumatoid arthritis (8, 9), GVHD
(10), Crohn's disease (11), and louse-borne relapsing fever
(12). These studies suggest that anti-TNFa antibodies have
therapeutic capacity in a variety of human diseases. The
mAbs used m these trials were native mouse mAbs or engi-
neered mouse mAbs such as chimeric (13) or humanized
(14—16) antibodies. In humans, several antibodies against
TNFa have been isolated by phage display systems (17,18)
or by Epstein-Barr virus (EBV) transformation (19). These
antibodies are derived from human materials, are pure
human polypeptide, and therefore do not include any
rodent polypeptides.

In this study, we developed anti-TNFa antibody-produc-
ing cells by EBV transformation of peripheral lymphocytes
from a healthy individual. Anti-TNFa antibody genes from
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these EBV-transformed cells were then cloned in soluble
Fab rlnning vector (20), and finally anti-TNFa antibodies
were produced in Escherichia coll.

MATERIALS AND METHODS

Establishment of Antibody Producing EBV-Transformed
Cells—Peripheral blood was collected from an anti-TNFa
antibody-positive healthy human volunteer. Lymphocytes
were separated by Ficoll-paque density-gradient centnfu-
gation. EBV was prepared from culture supernatant of the
B95-8 cell line and used for transformation (l&TDJml).
The EBV-mfected cells were seeded on a 96-well plate at a
density of 5 X lOMO4 with RPMI 1640 culture medium
(Gibco BRL, life Technologies) supplemented with 20%
fetal calf serum (Gibco BRL, Life Technologies). The medi-
um was changed every 4 days. After 4 to 6 weeks, the cells
were transferred to a 24-well plate and then finally to a 6-
well plate. The supernatant was analyzed by ELISA, and
anti-TNFa positive oligoclones were selected. The cells and
supernatant were kept at — 70*C. The cells that were found,
on DNA sequencing and immunological analysis, to be an
oligoclonal mixture of IgG- and IgM-producing cells were
called the oligoclone cell library.

Cloning of Heavy and Light Chain Antibody Genes—
Total cellular RNA was isolated from pelleted cells using a
commercial kit (RNeasy mini kit, Qiagen). Using random 9-
mers, nucleotides and reverse transcriptase (Takara, RNA-
PCR kit, Ohtsu), cDNAs were synthesized and were ampli-
fied by the polymerase chain reaction (PCR), with heavy
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and light chain primers specific for human immunoglobu-
lins (Ig) (21). To amplify the \i chains, the reverse primer
(FDM) (5'-CCGCGGCCGCCACTGGAAGAGGCACGTTCT-
TTTC-3') was used. The "touchdown" PCR protocol (22) was
employed: i.e., three cycles each of denaturation at 95'C for
1 min, annealing for 1 min, and elongation at 72'C for 2
rnin, for a total of 11 cycles. The annealing temperature
was varied from 65 to 55°C in steps of l'C. The touchdown
cycles were followed by 25 cycles using an annealing tem-
perature of 55°C. The resultant PCR product was gel-puri-
fied in agarose and extracted using Qiaquick spin-columns
(Qiagen). The light chain and heavy chain Fd genes were
then cloned into the Nhel/Ascl and the SfiVNotl sites of the
expression vector pFabl-His2 (20).

E. coh Expression and Extraction of the Soluble Fab
Fragment—The ligated pFabl-His2 vectors with the light
chain (K and X) and Fd heavy chain genes (7 and ^) were
introduced into competent E coli JM109 cells (Toyobo,
Osaka). After transformation, the E. coh cells were plated
onto Luna-Bertani (LByampicillin (50 |xg/ml) plates. Iso-
lated bacterial colonies were incubated at 30°C in 2 ml of
Super Broth (SB) with ampicillin (50 jig/ml) and MgCL, (1.5
mM). Isopropyl-p-D-thiogalactopyranoside (IPTG) was used
to induce production of the Fab protein. Cells from the bac-
terial cultures were pelleted, resuspended in 0.3 ml of B-
PER (Pierce) with a protease inhibitor cocktail (Complete,
Boehringer Mannheim), and shaken for 5 nun at room tem-
perature. Cell lysates were centnfuged at 15,000 Xg for 10
min, and the resultant supernatant containing the Fab
antibody was collected.

ELISA—ELISA plates (E.I.A/R.IA, Costar) were coated
with recombinant human (rh) TNFa derived from E. coh
(50 ng/well, Pepro Tech). PBS containing 1% bovine serum
albumin (BSA) was added to the plates to block any non-
specific antigen-antibody reactions. Fab antitbodies from
the bacterial culture were added to the plates and incu-
bated for 1 h at room temperature. Then the second anti-
body, horseradish peroxidase (HRP)-conjugated goat anti-
human IgG Fab-specific antibody (Sigma), was added and
the plates were incubated for 1 h at room temperature. To
detect IgM/K or X, anti-IgG Fab-specific antibody was also
used, because it was more reactive toward IgM-derived Fab
than anti-IgM whole-specific antibody. Finally, tetrameth-
ylbenzidrne base (Gibco BRL, Life Technologies) was added
and the plates were incubated at room temperature. An
optical density (OD) reading at 650 nm was obtained for
each well.

Nucleotide Sequence Analysis—The cloned heavy chain
Fd and light chain genes in the pFabl-His2 vector showing
a positive reaction with rhTNFa were recloned into se-
quencing vectors CV-1 and CV-2, respectively (21). Plasmid
DNAs were prepared using a commercial kit (Qiaprep
miniprep kit, Qiagen). Cyclic sequencing of these DNAs
was performed in both directions using a commercial kit
(Thermo Sequence kit, Amersham Pharmacia Biotech) and
the M13 forward (5'-CACGACGTTGTAAAAACGAC-3')
and reverse (5'-GGATAACAATTTCACACAGG-3') primers
on a DNA sequencer (LI-COR model 4000L, Lincoln).

Affinity Purification of Fab Antibodies—One liter of bac-
terial cell culture producing the recombinant Fab antibody
was pelleted by centrifugation, resuspended in 50 ml B-
PER with a protease inhibitor cocktail (Complete), and
shaken for 15 min at room temperature. To collect the Fab

protein fraction, cell lysates were centrifuged at 15,000 Xg
for 15 min, and the resulting supernatant, containing the
Fab antibody, was transferred to an anti-Fab antibody
affinity column, as described by Harlow and Lane (25). The
eluted Fab protein was dialyzed against PBS and concen-
trated by centrifugation (Centriplus 30, Amicon).

Cell Culture—TNFa-sensitive L929, mouse connective
tissue-derived cells were obtained from the Riken Cell
Bank (RCB1422; Tsukuba). The cell line was maintained in
Eagle MEM culture medium (Nissui, Tokyo) supplemented
with 10% horse serum (Gibco BRL, life Technologies).

RESULTS

cDNA Cloning and Expression of the Fab Fragments—
The anti-TNFa activity of the supernatant from the oligo-
clone libraries was analyzed by ELISA. The supernatant of
oligoclones 1D5 and 1F8 showed anti-TNFa activity. Both
oligoclone cell libraries were used to obtain total cellular
RNA. Both the light chain and Fd region genes were ampli-
fied by RT-PCR. Light chain (K and X) and heavy chain
genes (7 and JJL) were cloned into pFabl-His2 vector. Eight
libraries were generated: 1D5 heavy chains (7 or \x) with
1D5 light chains (K or A.), and 1F8 heavy chains (7 or \x.)
with 1F8 light chains (K or X).

To identify specific bacterial clones expressing the Fab
antibody of interest, we transformed the library DNA to
JM109 and screened each colony's Fab activity against rhT-
NFa by ELISA. Four positive clones isolated from the oligo-
clone cell libraries, lD5(IgM/i<), LF8(IgM/K) and two 1F8-
(IgGAc) were selected for further analysis and comparison.

DNA Sequence Analysis—The amino acid sequences of
the heavy and light chain variable regions, which were
deduced from the base pair sequences of the positive clones
DNA, are shown in Fig. 1. Light and heavy chain Fd
regions were compared with those in non-redundant DNA
databases (DDBJ, GenBank, EMBL) by using the MPsrch
program (httpy/discdna.affrc.go.jp/) and the Kabat data-
base 0ittp://www.ncbi.nlm.nih.gov/igblast/) (24). The Ig gene
family of each gene and the most homologous germ-line are
indicated in Table I. H-chain of clone lD5-mk29 was highly
homologous with the anti-TNFa antibody genes reported
by Griffiths et al. (17) and Jespers et al. (18). The alignment
of the H-chain variable region of lD5-mk29 and the homol-
ogous genes shows that the framework regions (FR) and
complementarity determining regions 1 and 2 (CDR1 and
CDR2) are essentially identical and that there is amino
acid variation among the clones in the CDR3 domain (Fig.
2). The nucleotide sequence data reported in this paper will
appear in the DDBJ/EMBL/GenBank nucleotide sequence
databases with the accession numbers AB027433-AB-
027440.

These cell clones were not monoclonal, but oligoclonal,
because light chains K and X and heavy chains 7 and (x
were detected by immunological analysis of the culture
medium. In addition, molecular cloning and DNA sequenc-
ing analysis revealed that both 1D5 and 1F8 cells were oli-
goclonal. In these analyses, 10-randomly selected clones of
both the light (K and X) and heavy (7 and p.) chain genes
derived from 1D5 were DNA-sequenced (Table II). It was
found that in the amplified heavy chains, only one 7 and
one (j. sequence were detected, but in the light chains, three
K sequences and two X sequences were detected. These data
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Heavy chain
FR1 C0R1 FR2 C0R2

lD5-fflk29H QVQLLESGGGWQPGRSLRLSCAASGFTFS SYGMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKGR
lF8-nk26H VQ L G — T-V-N S G--GG-GST

l F 8 - g k i e H QVQLVQSGAEVKKPGSSVKVSCKASGGTFN SFPIN WVRQAPGQGLEW4G RIIPIIGIADYAQEFQG
lF8-gk20H H S -YA-S -- GTS. . . . N — K —

FR3 CDR3 FR+
lD5- f l *29H FTTSRDNSKMTLYLQMNSLRAEDTAVYYCAK DSGOLA FDI WGQGTMVTVSS
l F 8 - n * 2 6 H H -LSNRLSGGGT—

lF8- f l k lBH RVnTADRSTSTAYMELRSLISEDTAVYFCAR PEAVTVPAP LDY HGQGTLVTVSS
lF8-gk28H E S—R- - Y — EVQFYHDSSGYLOA—I H

Light chain
FR1 CDR1 FR2 CDR2

lD5-ak29L EIVWTQSPATLSLSPGERATPSC RASQSVSSYLA WYQQKPGOAPRLLIY OASNRAT
lF8-mk26L O-EL

lF8 -gk l0L DIQMTQSPSTLSASVGDRVnTC RASOSISSKLA WYQQKPGKAPXLLn KASGLES
lF8-gk28L - -EL LNN-- -

FR3 CDR3 FR4
lD5-n*29L GIPVRFSGSGSGTDFTLTISSLEPEDFAVYYC LQRDMW* TFGQGTKVEIK
lF8-ndc26L -

lF8 -gk l0L GVPSRFSGSGSGTEFUTISSLQPOOfATYYC QQYNSYW TFGQGTXVEIK
!F8-gk26L A P-

Fig 1 The deduced protein sequences of the
heavy and light chain V-genes of the anti-
TNFa antibody fragments lD5-mk29, 1F8-
mk26, lF8-gkl0 and lF8-gk20. Abbreviations
CDR, complementarity-determining region, FR,
framework region Dashes and dots indicate identi-
cal residue and deletions, respectively

FR1
lD5-mk29H. aa 1:QVQLVESGGGWQPGRSLRLSCAASGFTFS
TNFVHA1 aa 1:EVQLVESGGGLVQPGGSLRLSCAASGFTFS

1:QVQLQESGGGLVQPGGSLRLSCAASGLTFS
1 : QVQLQESGGGVLQKGRaRLSCAASGFTFS
1:(JVQLVESGGGLVQPGGSLRLSCAASGFTFS

TNFVHE1.aa
DP46LZ.CM
DP51P3.OO

CDR1 FR2 CDR2
SYGW WVRQAPGKGLEWVA VISYDGSNKYYADSVKG 66
SYGWH WVLQAPGKGLEWVA FIRYDGSNKYYADSVKG 66
SYAMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKG 66
SYAMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKG 66
SYSMN WVRQAPGKGLEWVS YISSSSGTTYYADSVKG 66

FR3 CDK3 FR*
U)5 -«k29H.ao 67-RFT1SR0NSKNTLYLQMNSLRAEDTAVYYCAK DSGDUFDI WGQGTWTVSS
TNFVHA1 aa 67.RFnSRDNSKKTLYLQMNSLRAEDTAVYYCVR EDHVnTGRYHYYHDV IKK
NFVHEl.oa 67RFTISRDNSKtniYLQMDNLRAEDTAVYYCVR EDYVITSGFYYYHHOV WGK
DP46L2 aa 67.RFTISRONSICKTLYLQMNSLRAEDTAVYYCAK GGLGTYYYDSSGHKGFDP WGQaTVTVSL
DP51P3.aa 67 RFTISRONAKNSLYLQWSLRDEDTAVYYCAR SSWYGGYD WGQGLTVTVSS

U8
117
U7
127
117

Fig 2 The deduced protein sequences of
the heavy chain V-genes of several anti-
TNFa IgM antibody fragments isolated
from human samples. TNFVHA1 and
TNFVHE1 were reported by Griffiths et al (17)
and DP46L2 and DP51P3 were reported by Jes-
pers et al (18) Ammo acids residues conserved
among all the sequences are indicated by aster-
isks

TABLE I Ig class, V-gene family, closest germ line, and percentage identity of closest germ line of Rib fragments from the
EBV-transformed oligoclones.

Clone

lD5-mk29
lF8-mk26
lF8-gklO
lF8-gk20

Ig class VH family

IgM V»3
IgM VH3
IgGl VH1
IgGl VH1

TABLE II V-gene family, numbers of the
est germ line of Flab fragments from the

H-chain

Chain Gene

Closest germline

VH3-30
VH3-23
VH1-69
VH1-69

Percentage identity

99%
96%
92%
99%

VL family Closest germline

Vk3
Vk3

vki
Vkl

L6
L6
L12
L12

Percentage identity

96%
98%
97%
95%

same gene in 10 sequenced genes, closest germ line, and percentage identity of clos-
EBV-transformed oligoclone 1D5.
family

7 VH5

JJL VH3(=lD5-mk29)

[Numbers]

[10/10]

[10/10]

Closest germbne

VH5-51

VH3-30

Percentage identity

95%

99%

L-chain

VKI
VK3
VK3(=lD5-mk29)

VX1
V\3

[2/10]
[2/10]
[6/10]

[5/10]
[5/10]

L12
L6
L6

V2-7
Vl-17

97%
97%
96%

99%
99%

support the premise that clone 1D5 is oligoclonal
Purification and Characterization of the Recombinant

Fab Antibody—To characterize further the recombinant
Fab antibodies, bacterial cultures containing each recombi-
nant plasmid were induced to produce Fab antibodies by

the addition of 50 m?/ml IPTG. The cells were then lysed
and the Fab antibodies were purified by affinity chromatog-
raphy. The purity of the Fab antibodies as determined by
SDS-PAGE analysis was greater than 95% (data not
shown). The recovery of purified Fab antibodies was from
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lD5-mk29

lF8-gklO

lF8-gk20

lF8-mk26

Protein cone

Pig 3 Analysis of the avidity of anti-TNFa antibodies by
ELISA. Serial dilutions of lD5-mk29 (o), lF8-gklO (•), lF8-gk20
(a), and lF8-mk26 (•) were incubated in microtiter plates precoated
with 50 ng/well of rhTNFa

58 to 125 jjLg per liter of culture.
Quantitative Analysis of the Recombinant Fab—The anti-

gen-binding avidity of the purified Fab proteins was mea-
sured by ELISA (Fig. 3). The amount of the antibodies
estimated from the absorbance of about 0.65-0.70 at OD^,
the value at which 50% maximal binding was observed,
was from 5 to 7 (ig There was no significant difference in
avidity between the clones.

TNFa neutralizing activity of each purified 10 jig/ml Fab
protein was assayed by using L929 cells, but no neutraliz-
ing activity was detected (data not shown).

DISCUSSION

To our knowledge, this is the first report on genetic analy-
sis of EBV-transformed oligoclone libraries generated from
a healthy individual. In previous attempts to obtain mono-
clonal anti-TNFa human antibodies, one method that has
been used to get IgM-derived scFv antibodies is the phage
display method (IT) This method has also been modified to
make human antibody against TNFa (18). Human anti-
body fragments directed against TNFa were selected from
phage display libraries using mouse monoclonal IgM anti-
body as a template. The isolated human antibodies were
IgM Fab. At the same time, several monoclonal human IgM
antibodies were prepared by using EBV-transformation fol-
lowed by the hetero-hybridoma method (25) EBV-transfor-
mation has also been used to produce monoclonal IgM anti-
bodies from the plasma of autoimmune individuals, al-
though this has not been possible using the plasma of nor-
mal individuals (19). Anti-TNFa neutralizing antibody has
been developed for the treatment of some chronic diseases.
Initially chimeric antibody (cA2) was developed (23) and
has been used for clinical trials in both rheumatoid arthri-
tis (8) and Crohn's Disease (11). In these studies, cA2 treat-
ment was highly effective and had a low incidence of ad-
verse events. A humanized anti-TNFa monoclonal antibody
has been developed (14-16). Human antibody is expected to
produce less immunogenicity than chimeric antibody or
humanized antibody.

In this study, we first established anti-TNFa antibody-
producing oligoclonal cells by EBV-transformation of peri-
pheral blood obtained from a healthy individual, and then

constructed a Fab library. From this library, four anti-TNFa
antibody clones were isolated. It is difficult to clone single
anti-TNFa antibody producing cell lines from an oligoclonal
cell library, because of the instability of a single cell line. It
is, however, relatively easy to isolate clones showing anti-
TNFa antibody activity from a Fab library.

Comparison of the DNA sequences between lD5-mk29,
TNFVHA1, and TNFVHE1 reported by Griffiths et al. (IT)
revealed that all FRs and CDRs except CDR3 were identi-
cal (Fig. 2). light chains from lD5-mk29 and lF8-mk26 are
almost identical to each other, as are those of lF8-gklO and
lF8-gk20 (Fig. 1). Heavy chains from lD5-mk29 are almost
identical at the FE to lF8-mk26, and the same is true of
lF8-gklO and lF8-gk20. Preliminary genetic analysis of
oligoclone 1D5 showed that the clone is oligoclonal at the
molecular level (Table II). The heavy chain is composed of
one 7 chain and one \x. chain Comparison of the heavy
chain with germ lines revealed that the -y chain is 95%
homologous with the germ line VH5-51 (26) and that the \i.
chain is 99% homologous with the germ line VH3-30 (26).
The light chain is composed of three K chains and two A.
chains. Comparison of the K chain with the germ fines
revealed that one K chain is 97% homologous with the germ
line L12 (27) and that the other two K chains are 97 and
96% homologous with the germ fine L6 (28), respectively.
Comparison of the X chain with the germ lines revealed
that one X. chain is 99% homologous to the germ fine V2-7
(29) and the other \ chain is 99% homologous to the germ
fine VI-17 (29). Light chain homology to the germ fine is
higher than that of heavy chains, because heavy chain
CDR3 diversity is greater than that of fight chains (30).

In this study, bioassay using L929 cells did not show any
TNFa neutralizing activity in the Fab clones (data not
shown). Epitope mappmg studies on TNFa have revealed
that there were at least six different epitopes on TNFa and
three of them reacted with neutralizing antibodies (31, 32).
The Fab clones may have reacted with non-neutralizing
epitopes. The aim of our research is to develop human anti-
TNFa antibody with neutralizing activity for clinical use.
Further work is in progress to develop another oligoclonal
EBV-transformed library for TNFa neutralizing antibody.

REFERENCES

1. Tracey, K J , Fong, Y, Hesse, D.G., Manogue, K.R, Lee, A.T,
Kuo, GC, Lowry, SF , and Cerami, A. (1987) Anti-cachectin/
TNF monoclonal antibodies prevent septic shock during lethal
bacteraemia. Nature 330, 662-664

2 Leist, T.P., Frei, K., Kam-Hansen, S, Zinkernagel, R.M , and
Fontana, A. (1988) Tumor necrosis factor a in cerebrospinal
fluid during bacterial, but not viral, meningitis. Evaluation in
munne model infections and in patients. J Exp Med 167,
1743-1748

3. Shalaby, M R, Fendly, B., Sheehan, K.C., Schreiber, R D., and
Ammann, A.J. (1989) Prevention of the graft-versus-host reac-
tion in newborn mice by antibodies to tumor necrosis factor-a
Transplantation 47, 1057-1061

4. Jacob, C O. and McDevitt, H O (1988) Tumour necrosis factor-a
in munne autoimmune lupus' nephritis. Nature 331, 356—358

5. Hofman, FM, Hinton, D.R., Johnson, K., and Merrill, J.E.
(1989) Tumor necrosis factor identified in multiple sclerosis
brain J. Exp Med. 170, 607-612

6. Saravolatz, Ld., Wherry, Jc., Spooner, C, Markowitz, N., Alfred,
R., Remick, D., Foumel, M., and Peniungton, Je. (1994) Clinical
safety, tolerability, and pharmacokinetics of murine monoclonal
antibody to human tumor necrosis factor-a. J Infect Die. 169,

J. Biochem.

 at Peking U
niversity on Septem

ber 30, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Human Anti-Tumor Necrosis Factor-a Monoclonal Antibodies 303

214-217
7 Boekstegers, P, Weidenhofer, S, Zell, R., Pilz, G., Holler, E.,

Ertel, W, Kapsner, T, Redl, H , Schlag, G, Kaul, M, Kempeni,
J , Stenzel, R , and Werdan, K. (1994) Repeated administration
of a F\ab')2 fragment of an anti-tumor necrosis factor a mono-
clonal antibody in patients with severe sepsis effects on the
cardiovascular system and cytokine levels. Shock 1, 237-245

8 Elliott, Mj, Maim, Rn , Feldmann, M., Kalden, Jr, Antoni, C,
Smolen, Js , Leeb, B, Breedveld, Fc., Macfarlane, Jd , Byl, H ,
and Woody, JN (1994) Randomised double-blind comparison of
chimenc monoclonal antibody to tumour necrosis factor a (cA2)
versus placebo in rheumatoid arthritis. Lancet 344, 1105—1110

9. Rankin, Ec, Choy, Eh , Kassimos, D., Kingsley, Gh, Sopwith,
Am., Isenberg, Da, and Panayi, Gs (1995) The therapeutic
effects of an engineered human anti-tumour necrosis factor a
antibody (CDP571) in rheumatoid arthritis. Br J Rheumatol
34,334-342

10 Holler, E , Kolb, Hj , Mittermuller, J , Kaul, M , Ledderose, G,
Duell, T, Seeber, B, Schleuning, M., Hintermeier Knabe, R,
Ertl, B, Kempem, J , and Wilmanns, W (1995) Modulation of
acute graft-versus-host-disease after allogeneic bone marrow
transplantation by tumor necrosis factor a (TNF a) release in
the course of pretransplant conditioning- role of conditioning
regimens and prophylactic application of a monoclonal antibody
neutralizing human TNF a (MAK 195F) Blood 86, 890-899

11 van Dullemen, Hm., van Deventer, Sj , Hommes, Dw, Byl, Ha ,
Jansen, J , Tytgat, Gn, and Woody, J (1995) Treatment of
Crohn's disease with anti-tumor necrosis factor chimenc mono-
clonal antibody (cA2) Gastroenterology 109, 129-135

12. Fekade, D, Knox, K, Hussein, K., Melka, A, Lalloo, DG,
Coxon, R E , and Warrell, D.A. (1996) Prevention of Jansch-
Herxheimer reactions by treatment with antibodies against
tumor necrosis factor a [see comments] N Engl J. Med 336,
311-315

13. Knight, Dm , Tnnh, H , Le, J , Siegel, S , Shealy, D, McDon-
ough, M , Scallon, B , Moore, Ma , Vilcek, J , Daddona, P, and
Ghrayeb, J (1993) Construction and initial characterization of
a mouse-human chunenc anti-TNF antibody. Mol Immunol
30,1443-1453

14. Tempest, Pr, Barbanti, E , Bremner, P, Carr, Fj , Ghishen, M.,
Rifaldi, B., and Marcucci, F (1994) A humanized anti-tumor
necrosis factor-a monoclonal antibody that acts as a partial,
competitive antagonist of the template antibody Hybndoma
13,183-190

15. Stephens, S , Emtage, S, Vetterlein, O , Chaplin, L , Bebbing-
ton, C, Nesbitt, A., Sopwith, M , Athwal, D, Novak, C, and
Bodmer, M (1995) Comprehensive pharmacokinetics of a hu-
manized antibody and analysis of residual anti-idiotypic re-
sponses Immunology 85, 668-674

16. Nagahira, K., Fukuda, Y, Oyama, Y, Kunhara, T, Nasu, T,
Kawashima, H , Noguchi, C, Oikawa, S, and Nakarushi, T.
(1999) Humanization of a mouse neutralizmg monoclonal anti-
body against tumor necrosis factor-a (TNF-a) J Immunol.
Methods 222, 83-92

17 Griffiths, A.D , Malmqvist, M , Marks, J D , Bye, J M , Emble-
ton, M J , McCafferty, J , Baier, M., Holhger, K.P., Gonck, B D ,
Hughes-Jones, NC, Hoogenboom, H.R., and Winter, G (1993)
Human anti-self antibodies with high specificity from phage
display libraries Embo J 12, 725-734

18 Jespers, L S, Roberts, A , Mahler, S M , Winter, G, and Hoo-
genboom, H R (1994) Guiding the selection of human antibod-
ies from phage display repertoires to a single epitope of an anti-
gen Biotechnology (NY) 12, 899-903

19 Tsuchiyama, L., Wong, T, Kieran, J , Boyle, P, Penza, D, and
Wetzel, G.D. (1995) Comparison of anti-TNF a autoantibodies
in plasma and from EBV transformed lymphocytes of autoim-
mune and normal individuals. Hum Antibodies Hybndomas 6,
73-76

20 Maeda, F, Nagatsuka, Y, Hiara, S, Aotsuka, S, Ono, Y, Inoko,
H., and Takekoshi, M. (1999) Bacterial expression of a human
recombinant monoclonal antibody fab fragment against hepati-
tis B surface antigen J Med Virol. 58, 338-345

21. Takekoshi, M , Maeda, F, Tachibana, H , Inoko, H., Kato, S ,
Takakura, I , Kenjyo, T, Hiraga, S., Ogawa, Y, Honki, T., and
Diara, S (1998) Human monoclonal anb-HCMV neutralizing
antibody from phage display libraries. J Virol Methods 74, 89-
98

22 Don, Rh , Cox, Pt., Wainwnght, Bj , Baker, K, and Mattick, Js
(1991) Touchdown' PCR to circumvent spurious pruning during
gene amplification Nucleic Acids Res. 19, 4008

23 Harlow, E and Lane, D. (1988) Antibodies A Laboratories Man-
ual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY

24 Altschul, S.F., Madden, T L , Schaffer, AJs. , Zhang, J , Zhang, Z ,
Miller, W, and Lipman, DJ (1997) Gapped BLAST and PSI-
BLAST a new generation of protein database search programs.
Nucleic Acids Res. 25, 3389-3402

25 Boyle, P., Lembach, K.J, and Wetzel, G D (1993) A novel mono-
clonal human IgM autoanbbody which binds recombinant hu-
man and mouse tumor necrosis factor-a Cell Immunol 152,
556-568

26 Matsuda, F, Ishu, K, Bourvagnet, P, Kuma, K, Hayasmda,
H , Miyata, T, and Honjo, T (1998) The complete nucleobde
sequence of the human immunoglobuhn heavy chain variable
region locus [see comments] J Exp Med. 188, 2151-2162

27 Bentley, DL and Rabbits, TH (1980) Human immunoglobulin
variable region genes—DNA sequences of two V kappa genes
and a pseudogena Nature 288, 730-733

28 Pech, M. and Zachau, H G (1984) Immunoglobuhn genes of dif-
ferent subgroups are interdigitated within the VK locus Nu-
cleic Acids Res. 12, 9229-9236

29 Kawasaki, K, Minoshuna, S, Nakato, E , Shibuya, K., Shin-
tani, A., Schmeits, JL , Wang, J, and Shimizu, N (1997) One-
megabase sequence analysis of the human immunoglobulin
lambda gene locus. Genome Res. 7, 250-261

30 Kabat, E A and Wu, TT (1991) Identical V region ammo acid
sequences and segments of sequences in antibodies of different
specificities. Relative contributions of VH and VL genes, mini-
genes, and complementarity-determining regions to binding of
antibody-combining si tea J Immunol 147, 1709-1719

31 Rathjen, D.A., Cowan, K., Furphy, L J , and Aston, R (1991)
Antigenic structure of human tumour necrosis factor recogni-
tion of distinct regions ofTNFa by different tumour cell recep-
tors Mol Immune 28, 79-86

32 Kanm, B, Beliard, R, Huart, J J , and Bowel, D (1994) Four
epitopes on tumor necrosis factor-a defined by munne anti-
tumor necrosis factor-a monoclonal antibodies Immunol Lett
41,139-145

Vol 130, No 2,2001

 at Peking U
niversity on Septem

ber 30, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/

