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Production of a Monoclonal Antibody to Human o-Fetoprotein and
Development of Monoclonal Antibody-Based Enzyme-Linked
Immunosorbent Assays for Human o-Fetoprotein
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Abstract: This study was attempted to generate a monoclonal antibody against human o-
fetoprotein (AFP) and to produce an immunoassay, recognizing AFP in plasma and amniotic
fluid. AFP was purified from human amniotic fluid and used to immunize mice. Spleens were
taken from the mice and the cells were fused with mouse myeloma cells (Sp2/0-Ag-14) for the
production of monoclonal antibodies by employing the hybridoma technology. As a result, a
hybridoma cell line producing anti-AFP monoclonal antibody was cloned out and designated as
MabF22. From isotyping analysis, it was found that monoclonal antibody MabF22 was IgG type
with IgG1 heavy chain and x light chain. The binding specificity of MabF22 was analyzed by
immunoblotting as well as by ELISA. MabF22 was highly specific, reacting with only AFP-
containing samples. The binding affinity was determined by ELISA (free-capture mode) and
Scatchard analysis. As a result, the value of Kd was 0.8x10™'" M. The validity of the MabF22
for AFP assay was examined by two kinds of ELISAs, i.e., non-competitive and competitive
ELISA. Both assays revealed that MabF22 reacted well with AFP in sample in a concentration-
dependent manner. Standard curve and antibody titration curve were obtained by using purified
AFP and MabF22. These results indicate that the monoclonal antibody produced in this study
would be useful not only for research purposes but also for further development of immuno-
diagnostic kit for the measurement of AFP concentration.
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INTRODUCTION

o-Fetopeotein (AFP) is a well-known em-
bryonal serum protein produced by fetal liver
cells, yolk sac cells and some fetal gastrointes-
tinal cells®. The clinical significance of human
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AFP as a marker in the diagnosis and mon-
itoring of certain types of cancer as well as

screening for neural tube defects has been ex-

tensively reviewed>*'"***). AFP has been one
of the first tumor-associated antigens proven
useful in the diagnosis and evaluation of ther-
apy of hepatocellular carcinoma (HCC) and
testicular germ cell tumors. Although it is clin-
ically significant to develop an assay system
for the AFP measurement, its development has
not been domestically achieved.

Researches on monoclonal antibodies with



unique specificity for individual binding sites
on antigens have been suggested to improve
the sensitivity and specificity of AFP determi-
nation"**. The first FDA-approved monoclonal
AFP reagent involving a two-site immunoassay
was evaluated by Chan ef al. in patients with
HCC, other malignant tumors, and various non-
malignant conditions”. As demonstrated with
polyclonal antibody-based AFP assay, most
HCC patients had increased AFP values, and
in most other diseases concentrations were low-
er, but there was much overlap among the
disease groups'>'"'**),

Recently, we have produced polyclonal anti-
AFP antibodies and an enzyme-linked immuno-
sorbent assay for the measurement of AFP in
the previous study®®. In this work, we report
the production of a monoclonal antibody to hu-
man AFP and development of an immunoassay,
recognizing AFP in plasma and amniotic fluid.

MATERIALS AND METHODS
Preparation of AFP

The dialyzed amniotic fluid with pre-elution
buffer, 0.01 M phosphate buffer (pH 6.8) was
affinity-chromatographed on anti-AFP antibody-
coupled Sepharose 4B. Binding molecules were
eluted with elution buffer, 0.1 M glycine buffer
(pH 2.5). Peaked fractions of eluates were di-
alyzed, lyophilized, and loaded onto 10% SDS-
polyacrylamide gel for preparative electropho-
resis and the contaminant from AFP preparation
was removed by electroelution. Purified AFP
was dialyzed against 0.9% NaCl and 0.01%
EDTA solution (pH 7.4). The purity was con-
firmed by 10% SDS-polyacrylamide gel electro-
phoresis (PAGE).

Production of monoclonal antibody to AFP

Female Balb/C mice were immunized in-
itially by intraperitoneal injections with 20 ug
of AFP emulsified with an equal volume of
Freund's complete adjuvant plus dead Salmo-
nella organism. The mice were boosted by in-

traperitoneal injection of the same amount of
antigen emulsified in Freund's incomplete ad-
juvant after 14 days. Therefore, the mice were
boosted at 1-week interval with AFP in phos-
phate-buffered saline (PBS) until test sera taken
from the mice showed good titers against AFP
in ELISA. Mice were then given a final in-
travenous injection of AFP 3 days prior to the
fusion.

The fusion was carried out according to the
method of Galfre et al. using 5x107 myeloma
cells (Sp2/0-Ag-14) and 1~2x10" spleen cells”.
After fusion, cells were resuspended in RPMI
1640 (Sigma) containing 10% fetal bovine
serum and final concentrations of 10 mM glu-
cose, 20 mM sodium bicarbonate, 20 mM
HEPES, 4 mM L-glutamine, 100 U/ml penici-
llin G, 100 ug/ml streptomycin and 5x107° M
2-mercaptoethanol in addition, and distributed
into flat-bottom 96-well culture plates (100
per cells/well) over a mouse macrophage fe-
eder layer (3x10° cells/well). The cultures were
maintained in a humid incubator containing 5%
CO,. On the following day, 100 pl of a selec-
tive medium (HAT; 1x10™* M hypoxanthine,
4x10”7 M aminopterin and 3x10™° M thymi-
dine} of double strength was added to each
well. Hybrid clones began to appear macro-
scopically 7~15 days after the fusion, superna-
tants were screened for the antibodies to AFP
by a non-competitive ELISA method (see be-
low), and the positive clones were finally ob-
tained by serial limiting dilutions.

Isotyping analysis

The immunoglobulin class and subclass of
each monoclonal antibody were assessed by
antigen-independent ELISA using a commerci-
alized kit (Pierce #37501). For antigen-inde-
pendent analysis, goat anti-mouse Ig (G+A+M)
was coated to microtiter plate at 4°C overnight
and culture supernatant of monoclonal antibody
was added to the wells and incubated at 37
for 1 hr. ELISA was done using one of rabbit
antisera raised against isotypes of mouse im-



munoglobulins at 37C for 1 hr. Horseradish
peroxidase (HRP)-conjugated, goat anti-rabbit
IgG (H+L) was added to the wells and the
plate was incubated 37°C for 1 hr. The absor-
bances at 450 nm were determined by ELISA
reader (BIO-RAD, USA).

Immunoblotting

Immunoblotting was performed according to
the method of Towbin et al.’”. Protein sam-
ples from SDS-PAGE were transferred to nitro-
cellulose membrane at 40V-constant condition
for 6 hrs. After transfer, membrane was soak-
ed in a blocking buffer (10 mM sodium phos-
phate, 150 mM NaCl, 0.05% Tween 20, 1%
bovine serum albumin, pH 7.5) for 1 hr at
room temperature and washed 3 times with a
washing buffer (10 mM sodium phosphate, 150
mM NaCl, 0.05% Tween 20, pH 7.5). Next,
the membrane was incubated for 3 hrs at room
temperature in the washing buffer containing
culture supernatant of monoclonal antibody
(500-fold dilution). After washing once, the
membrane was incubated in the washing buffer
containing goat anti-mouse IgG coupled with
HRP for 1 hr at room temperature and then
washed again. Next, a freshly prepared solution

of peroxidase substrates, 4-ch10r0-1-naphthol'

and H,0,, was added for the visualization of
positive bands.

Affinity measurement using ELISA (Free-
capture mode)

The antigen at various concentrations was
first incubated in solution with the antibody at
constant concentration until equilibrium was
reached. The concentration of free antibody was
then determined by an indirect ELISA. The an-
tigen at various concentrations (4x107"° M to
2x10"7 M) was mixed with a constant amount
of antibody (3x107'" M), in 0.1 M potassium
phosphate, 2 mM EDTA, pH 7.8, supplemen-
ted with 1% BSA. After overnight incubation
at 4C, 150 ul of each mixture was transferred
into the wells of a microtiter plate previously

coated with AFP (150 ul per well, at 1 pg/ml
in 50 mM sodium carbonate, pH 9.6 overnight
at 4C) and incubated overnight at 4, in
which free antibody is captured by binding to
antigen on the well. After washing with PBS
supplemented with 0.5% Tween 20, the bound
immunoglobulins were detected by adding rab-
bit Ig with specificity against mouse IgG
coupled with HRP and measuring the HRP ac-
tivity retained in each well. Dissociation con-
stant was calculated by the modified Scatchard
equation.

Non-competitive ELISA

96-well microplates were coated with 100 pl
of sodium carbonate buffer (pH 9.6) containing
protein samples overnight at 4°C. The wells
were washed 3 times with 200 pl of a wash-
ing buffer (PBS containing 0.05% BSA and
0.05% Tween 20). A blocking buffer (1% BSA
in PBS) was added, the plates were incubated
for 1 hr at room temperature with gentle agi-
tation, and then the wells were washed 3 times
with the washing buffer. 100 pl of culture su-
pernatant of monoclonal antibody was added
to each well and the plates were incubated for
1 hr at 37°C. After washing, 100 pl of HRP-
conjugated goat anti-mouse IgG was pipetted
into the wells, the plates were incubated for 1
hr at 37°C and then washed again. 100 pl of
freshly prepared solution of o-phenylenediamine
and H,0, was added to all the wells, and the
absorbances at 450 nm were determined by
ELISA reader.

Competitive ELISA

96-well microplates were coated with 0.1 ml
of PBS containing 5 pg/ml of AFP overnight
at 4C. The wells were washed 3 times with
0.2 ml of a washing buffer (PBS containing
0.5 mg/ml of BSA and 0.05% Tween 20). A
blocking buffer (1% BSA in PBS) was added,
the plates were incubated for 1 hr at room tem-
perature with gentle agitation, and then the
wells were washed 3 times with the washing



Fig. 1. Examination of antibody production from
test blood before sacrificing the mouse for fusion of
its spleen cells with the myeloma cells. Blood was
taken by eye-bleeding and the anti-AFP antibody
production was examined by ELISA on AFP-coated
wells. Antiserum was used after serial 10-fold di-
lutions, i.e., 1, 10" dilution. N is the negative control
where mouse serum taken before the immunization
was used for the ELISA.

buffer. 50 pl of standard or samples were added,
followed by immediate addition of 50 ui of di-
luted anti-AFP antiserum. The plates were in-
cubated overnight at 4C. The following steps
were performed as described in the non-com-
petitive ELISA procedure above.

RESULTS
Production of monoclonal antibody

The fusion was done by using the Sp2/0-Ag-
14 mouse myeloma cell line and the spleno-
cytes of a Balb/c mouse immunized with hu-
man AFP. Prior to the removal of spleen from
the mouse, the antibody production was con-
firmed (Fig. 1). After fusion, cell growth was
observed in all the 270 wells, unfused cells

Fig. 2. Picture of a microtiter plate showing the
result of isotyping analysis of MabF22 by ELISA.
The ELISA was done by antigen-independent style,
as described in the legend of table 1. P, postitve
control; N, negative control.

were growth-retarded by addition of HAT selec-
tion medium, and the culture supematants were
tested for anti-AFP antibody production by EL-
ISA. The cells in the positive wells were transf-
erred to new plates and cloned after serial lim-
iting dilutions. Among the 12 stable hybrido-
mas isolated, one clone that secreted IgG-type
antibody specific for AFP was finally selected
and designated as MabF22.

The heavy chain and light chain isotypes of
monoclonal antibody, MabF22, was analyzed
by employing the antigen-independent ELISA.
ELISA showed that MabF22 possesses 1gG1
isotype of heavy chain and x light chain (Fig.
2 and Table 1).

Characteristics of monoclonal antibody
MabF22

The specificity of MabF22 to human AFP
was analyzed by immunoblotting and ELISA.
For immunoblotting, samples were subjected to
10% SDS-PAGE and transferred to nitrocellu-



Table 1. Result of isotyping analysis of anti-AFP
monoclonal antibody by an antigen-independent
ELISA

A450
Class/Subclass

MabF22 Por N
1gG1 1.372 1.226 (P)
IgG2a 0.219 0.213 (N)
IgG2b 0.238
IgG3 0.241
IgA 0.242
IgM 0.220
x 1.261
A 0.196

Goat anti-mouse Ig (G+M+A) was coated to micro-
titer plate and culture supernatant containing MabF22
was added to the wells. Subclass-specific rabbit anti-
mouse immunoglobulins were separately added to
each wells and HRP-conjugated, goat anti-rabbit IgG
(H+L) was added in sequence, subsequently. The
absorbance readings at 450 nm are shown

Fig. 3. Analysis of the specificity of monoclonal
antibody, MabF22 by immunoblotting. Proteins were
separated electrophoretically in 10% gel for the sub-
sequent immunoblotting analysis. 1, AFP; 2, amniotic
fluid; 3, normal human serum; 4, human serum al-
bumin.

lose membrane for reaction with the monoclo-
nal antibody. As a result, MabF22 was found
out to react specifically with isolated AFP as
well as with amniotic fluid, and no-detectable
reaction was seen with normal human serum

Table 2. Result of the specificity of anti-AFP mono-
clonal antibody by ELISA

Antigens Auso
AFP 2.635
Amniotic fluid 1.997
Serum from HCC patients 1.874
Normal human serum 0.231
Human serum albumin 0.080
Blank 0.057

Microtiter plate wells were coated with each anti-
gen and then culture supernatant containing MabF22
and HRP-conjugated, anti-mouse IgG were added in
sequence, subsequently
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Fig. 4. Result of the affinity constant of MabF22
by ELISA and Scatchard analysis. v is the fraction of
the bound antibody and « the concentration of free
antigen at equilibrium. v corresponds to (Ao-A)/(Ao).
A, is the absorbance measured in the absence of AFP.

or human serum albumin (Fig. 3). For ELISA,
MabF22 showed specific bindings with AFP,
amniotic fluid and serum from HCC patients
but no signal was obtained when normal hu-
man serum or human serum albumin was used
for the analysis (Table 2).

The ELISA was also applied to the determi-
nation of the affinity constant in solution. The
result obtained from Scatchard plot is shown
in Figure 4. The Kd value deduced from the
slope calculated from linear regression is 0.8x
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Fig. 5. Titration curve of anti-AFP, monoclonal
antibody. The culture supernatant was diluted as in-
dicated on the abscissa and used in the ELISAs for
human AFP. The arrows indicate dilution point where
50% maximum binding was obtained.

107" M. The only requirement is that the to-
tal antigen concentration should be sufficiently
higher than the antibody concentration.

Application of MabF22 in ELISAs

The usefulness of the monoclonal antibody
in AFP assay was assessed by two kinds of
ELISAs, i.e., non-competitive and competitive
methods as described in MATERIALS AND
METHODS.

In non-competitive assay where samples coa-
ted directly on microtiter plates were used for
AFP analysis, the optimal dilution of mono-
clonal antibody from culture supematant of the
hybridoma cells was determined to be about
500-fold (Fig. 5). The working range calibrated
from standard curves was 20~1,000 ng/ml of
AFP concentrations (Fig. 6). The minimum de-
tectable concentration of AFP in this assay was
20 ng/ml.

In competitive assay where a fixed amount
of AFP is precoated onto the microtiter plates
and used with samples to compete for the bind-
ing with antibody, the optimal dilution of
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Fig. 6. Standard curve of the monoclonal antibody-
based, non-competitive and competitive ELISAs for
human AFP. For detailed description of the assay
conditions, refer to MATERIALS AND METHODS.

MabF22 was determined to be about 100-fold
(Fig. 5). Standard curve was drawn from EL-
ISA results obtained by using different con-
centrations of AFP prepared by a serial dilution
of standard AFP whose concentration was pre-
viously determined (Fig. 6). The working range
calibrated from standard curve was 20~2,000
ng/ml of AFP concentrations. The minimum de-
tectable concentration of AFP in the assay was
20 ng/ml and this competitive assay showed
much broader working range of AFP concen-
trations in samples to analyze compared with
non-competitive assay.

DISCUSSION

Monoclonal antibodies against AFP have
been very useful in studies of its structure, pro-
perties and function. Anti-AFP monoclonal an-
tibodies have also been used in biochemical
analysis for AFP in plasma and amniotic fluid
in addition to histological, ultrastructural and
immunological studies.

Many research groups abroad have generated
and characterized anti-human AFP monoclonal



antibodies'**?*. In the present report, I have
described the production and application of
monoclonal antibody against AFP, which is
designated as MabF22.

From the fusion for monoclonal antibody
production, we initially obtained more hybri-

doma clones producing anti-AFP monoclonal

antibody. But from isotyping analysis, only
the one clone was found to produce IgG-type
antibody and others produced IgM-type antibo-
dies. IgM antibodies are kind of immature an-
tibodies formed in the early stage of the an-
tibody response and need to have pentameric
structure of Y for the antigen-binding active
form”, which is disadvantageous for large-
scale production of single effective molecules.
Therefore, this IgG-type of monoclonal anti-
body was focused on for the subsequent stu-
dies. The reason why IgM-type of antibody
survived to be produced through repeated boo-
ster injections in the immunization protocol is
not quite clear but the interval periods (10
days each) between the booster injections may
not have been long enough to induce full
secondary response of IgG production.

For the monoclonal antibody to be used in
immunological studies of human AFP, the im-
munochemical specificity of monoclonal an-
tibody must be firmly established and the an-
tibody must be capable of binding all the AFP-
containing samples. On this regard, I confirmed
the binding of MabF22 to epitopes that was
expressed on native AFP particles by immuno-
blotting and by ELISA on microtiter plates
where human amniotic fluid and isolated AFP
fractions were precoated. MabF22 was very
specific to human AFP and didn't show any
detectable cross-reaction with human serum al-
bumin nor with normal human serum. Mono-
clonal antibody prepared in this experiment can
react with AFP from plasma as well as from
amniotic fluid since there is no immunological
distinction between AFP derived from HCC
and that of any other origin®.

The dissociation constant for monoclonal

AFP antibody was determined using the free-
capture mode®”. This method is a particularly
simple way to estimate Kd. A Scatchard plot
of this result provides values of 0.8x10™'° M.
The value by this method is very similar to
the dissociation constant obtained by other rese-
archers'®'>'?,

Monoclonal antibody showing the unique in-
tramolecular specificity is homogeneous in qual-
ity and advantageous for application such as
immunoassay for quantification of serum AFP
or amniotic AFP levels, compared with po-
lyclonal antibodies being heterogenecous and of
limited production*". Here, we developed two
kinds of monoclonal antibody-based ELISAs
for AFP, i.e., competitive and non-competitive
assays. The use of monoclonal antibody per-
mitted a wider working range of AFP concen-
trations and less dilution of samples, compared
with the case of using polyclonal antibodies™.
Monoclonal antibody-based ELISAs, especially
the competitive one, are thus believed to de-
crease the analytical error caused by sample di-
lution.

In conclusion, monoclonal antibody against
human AFP has been very useful in studies of
AFP structure and function and been particu-
larly true in the cases of epitope characteriza-
tion and immunoassay development. Therefore,
it is expected that MabF22 of this study is
very useful not only for research purposes but
also for reliable diagnosis of several cancer
diseases.

REFERENCES

1) Bellet DH, Wanos JR, Isselbacher KJ, et al.
(1984): Serum alpha-fetoprotein levels in human
disease: perspective from a highly specific mono-
clonal radioimmunoassay. Proc Natl Acad Sci
USA, 81: 3869-3873.

2) Burditt LJ, Johnson MM, Johnson PJ and Wil-
liams R (1994): Detection of hepatocellular car-
cinoma-specific alpha-fetoprotein by isoelectro-
focusing. Cancer, 74: 25-29.



3) Chan DW, Kelsten M, Rock R and Bruzek D
(1986): Evaluation of a monoclonal immunoe-
nzymometric assay for alpha-fetoprotein. Clin
Chem, 32: 1318-1322.

4) Cuckle HS, Wald NJ and Thompson SG (1987):
Estimating a woman’s risk of having a preg-
nancy associated with Down's syndrome using
her age and serum alpha-fetoprotein level. Br J
Obster Gynaecol, 94: 387-402.

5) Deutsch HF (1991): Chemistry and Biology of
o-fetoprotein. Adv Cancer Res, 56: 253-312.

6) Dill K, Lin M, Poteras C, Fraser C, Hafeman
DG, Owicki JC and Olson JD (1994): Antibody-
antigen binding constants determined in solution-
phase with the threshold membrane-capture sys-
tem: binding constants for anti-fluorescein, anti-
saxitoxin, and anti-risin antibodies. Analytical
Biochem, 217: 128-138.

7) Galfre G, Howe SC, Milstein C, Butcher GW
and Howard JC (1977): Antibodies to major his-
tocompatibility antigens produced by hybrid cell
lines. Nature, 266: 550-552.

8) Gitlin D, Pericelli A and Giltin G (1972): Syn-
thesis of o-fetoprotein by liver, yolk sac, and
gastrointestinal tract of the human conceptus.
Cancer Res, 32: 979-982.

9) Harlow E, Lane D (1988): Antibodies, a Labora-
tory Manual. Cold Spring Harbor, NY. 37-52.

10) Hetherington S (1990): Solid phase disruption of
fluid phase equilibrium in affinity assays with
ELISA. J Immunol Methods, 131: 195-202.

11) Ishikura H, Fukasawa Y, Okasawara K, Natori
T, Tsukada Y and Aizawa M (1985): An AFP-
producing gastric carcinoma with features of

) hepatic differentiation. Cancer, 56: 840-848.

12) Karlson R, Michaelsson A and Mattson L (1991):
Kinetic analysis of monoclonal antibody-antigen
interactions with a new biosensor based analyt-
ical system. J Immunol Methods, 145: 229-240.

13) Kelsten M, Chan DW, Bruzek D and Rock R
(1988): Monitoring hepatocellular carcinoma by
using a monoclonal immunoenzymometric assay
for alpha-fetoprotein. Clin Chem, 34: 76-81.

14) Kim BB, Dikova EB, Sheller U, Dikov MM,
Gavrilova EM and Egorov AM (1990): Evalu-

ation of dissociation constants of antigen-anti-
body complexes by ELIAS. J Immunol Methods,
131: 213-222.

15) Lehmann FG (1975): Early detection of hepa-
toma: prospective study in liver cirrhosis using
passive hemagglutination and the radioimmuno-
assay. Ann NY Acad Sci, 259: 196-210.

16) Micheel B, Fiebach U, Karsten U, et al. (1983):
Monoclonal antibodies to different epitopes of
human alpha-fetoprotein (AFP). Eur J Cancer
Clin Oncol, 19: 1239-1246.

17) Munjal DD (1981): Do assymptomatic, long-
term carriers of hepatisis B virus develop liver
cancer? Clin Biochem, 14: 316-318.

18) Okuda H, Obata H, Motoike Y, et al. (1984):
Clinicopathological features of hepatocellular
carcinoma-comparison of hepatitis B seropositive
and seronegative patients. Hepatogastroentrology,
31: 64-68.

19) Ooi A, Nakanishi I, Sakamoto N, Tsukada Y,
Takahashi Y, Minamoto T, Mai M (1990): Al-
pha-fetoprotein (AFP)-producing gastric carci-
noma. Cancer, 65: 1741-1747.

20) Pettersson K, Alfthan H, Stenman U-H, Tur-

peinen U, Suonpaa M, Soderholm J, Larson SO

and Norgaard-Pedersen B (1993): Simultaneous
assay of o-fetoprotein and free § subunit of hu-
man chorionic gonadotropin by dual-label time-
resolved immunofluorometric assay. Clin Chem,

39: 2084-20895.

Pirovino M, Heer M, Joller-Jemelka HP, et al.

(1983): Hepatocellular carcinoma and hepatitis B

21)

infection: analysis of 75 cases from Switzerland.
Liver, 3: 398-402.

Stefanova I, Horejsi V, Kristofova H, Angeli-
sova P, Zizkovsky V and Hilgert I (1988):
Monoclonal antibodies against human o-fetopro-
tein. J Immunol Methods, 111: 67-73.

Tabor A, Larsen SO, Nielsen J, Philip I, Pil-
gaard B, Videbech P and Norgaard-Pedersen B
(1987): Screening for Down's syndrome using

22)

23)

an iso-risk curve based on maternal age and
serum alpha-fetoprotein level. Br J Obstet Gyna-
ecol, 94: 636-642.

24) Towbin H, Stachelin T and Gordon J (1979):



Electrophoretic transfer of proteins from po- body against o-fetoprotein and polyclonal anti-

lyacrylamide gels to nitrocellulose sheets: Pro- body-based competitive enzyme-linked immuno-
cedure and some applications. Proc Natl Acad sorbent assay for o-fetoprotein. Korean J Biomed
Sci USA, 76: 4350-4354. Lab Sci, 3: 115-123.

25) Wellerson R, Shaw S and Kaplan P (1984): 27) Yoon M and Lee H-H (1995): Measurement of
Characteristics of five monoclonal anti-alpha- the affinity constant of monoclonal antibody to
fetoprotein antibodies. Hybridoma, 3: 177-185. human apolipoprotein A-I by ELISA. Korean J

26) Yoon M (1997): Production of polyclonal anti- Biomed Lab Sci, 1: 1-8.



=RRES=

017} a-fetoproteinol] thst 2 Iz Ao Mx Y 22y
oj|st EATAE MY Tyt

og
iy

VEadgta o] 3o AEgy, ‘AdA ARdTe

Fo|E" - o] ®E* - o] F Y’

AFelM %Z“’]L} ok4=o]l 9l o-fetoprotein (AFP)S Q1218 &= Qe B F 2 FAZ A
i, B Y& NEsn s FFEREH L APPE
(SPZ/O -Ag-14)9 §E R 1, stolBelEnt 7leS o-§
ByxZ2d A S FEYsigon, A4 42 MabF222
, 7z 9] isotype-d YEFHR t}. EE3F immunobloting ¥ #} ELISAZ &

AN A RweERd FAe AFPS Bheatga, A A FE 08x107° Moo
Fo EAUGEAY - AAA £ v AAAA B4 - & ol &5t FA9 A8 S AR e
U B AFPY) g vl sle] wgEtch ek B dgoA MAE ReERd 4
oz ¥yl olel AFP FE & 317 9T HdxdA e MLz F8F RAem

o i B 41 2 of o

[CHEtof A4 a4 k5| X| 5(1): 1-10, 199944 6¥]

"y e A AR

-10 -



