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ABSTRACT

Alpha-fetoprotein (AFP), a serum glycoprotein belonging to the onco-devel-
opmental proteins group, serves as a marker both in cancer research and in stud-
ies concerning fetal development and fetal pathophysiology.

Monoclonal anti-AFP antibodies are essential reagents in developing appro-
priate techniques for measurement of this protein. In this study, in order to pro-
duce anti-AFP monoclonal antibody (mAb), AFP was partially purified from cord
sera using two-step ion-exchange chromatography on DEAE-cellulose with a fi-
nal recovery of about 570 pig. MAbs against this preparation was raised by hybri-
doma technology using Ag8.653 mouse myeloma cells as the fusion partner. Hy-
bridomas appeared in 10% (30/300) of culture wells and of these 2 clones were
found to be positive for anti-AFP production. In western blot analysis a 70 kD
band from dead fetus serum-but not adult serum-was stained by both mAbs. A
sandwich ELISA technique using polyclonal antisera on one side and mAbs on
the other side was employed to plot dose response curves. The positive dose de-
pendent reactivity of the mAbs with standard AFP and other AFP containing
samples and the negative reaction with normal adult sera lacking AFP showed the
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specificity of the mAbs for AFP.
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INTRODUCTION

AFP is a fetal plasma protein with a molecular weight
0f 70,000 Daltons that is produced in large quantities by
the fetal liver and yolk sac.'?

Human fetal liver releases AFP at arate of 19-26 pg/
min between 14 and 20 weeks of gestation.* The AFP
concentration in fetal serum is highest, as high as 3 mg/
mL, during the 14™ week of gestation, whereafter it de-
creases as pregnancy progresses.’ In normal adults the
concentration of AFP is extremely low.!

Thisproteinhas attracted considerable attention since
its measurement in amniotic fluid and maternal serum is
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of clinical value in assessing various pathological con-
ditions of fetal development and monitoring fetal ma-
ternal hemorrhage.’¢ In adults, elevated levels of AFP
are found in the plasma of patients with primary
hepatoma and non-seminomatous germ cell tumors and
have been shown to be helpful in the diagnosis and moni-
toring of these tumors.”®

Although the functional properties of AFP are not
clearly known, it has been proposed that AFP functions
as a carrier of essential fatty acids to certain developing
cells and as a possible immunosuppressor.'®!

A number of immunochemical approaches to AFP
have been made, mostly by preparing polyclonal antis-
era.'”"? Antisera can be produced by immunizing experi-
mental animals with AFP-containing samples. The re-
sulting sera are useful in different types of experiments.
Although, in most situations, AFP levels are determined
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by RIA and ELISA techniques, accurate quantitation of
an antigen by these methods is dependent on the avail-
ability of specific high-titer antibodies directed against
the antigen. Monoclonal antibody (mAb) production pro-
vides adequate quantities of homogenous and specific
antibodies for measurement of AFP.%#!5 For the first time
Tsung et al. reported the production and characteriza-
tion of a monoclonal hybridoma antibody specific for
human AFP.” Subsequently a two-side sandwich enzyme
immunoassay was developed by Utila et al.' So far, many
mAbs have been reported to be produced as
immunodiagnostic reagents, in the immunochemical
analysis of antigenic determinants of AFP, in the eluci-
dation of the genetic mechanism regulating AFP expres-
sion, and in studying the biological activity of AFP or
AFP receptors presented on normal and malignant cells.'”
23

The present study is an attempt to employ hybridoma
technology for domestic production of mAbs directed
against AFP in culture.

MATERIAL AND METHODS

Specimens

Cord sera and sera from aborted fetuses at 20-24
weeks of gestation were obtained from the delivery room.
Samples were pooled and kept frozen at -20°C until use.

Purification of human AFP

A batch and column DEAE-cellulose chromatogra-
phy was performed for partial purification of AFP from
cord sera as described by Wu et al.?* In this procedure,
sodium phosphate buffer (SPB), pH 6.8 with different
molarity was used for washing and elution steps. Briefly,
in batch DEAE-celluose method, 50 mL of pooled cord
sera was dialyzed overnight against 0.005 M SPB as the
initial buffer at 4°C. The slurry of 40 g DEAE-cellulose
was equilibrated with the initial buffer and then filtered
off on a sintered glass funnel. After that, cord sera was
added and a slight vacuum was employed. Then the cel-
lulose bed was washed with 0.01 M SPB containing 0.085
M NaCl. In this washing step hemoglobin and the ma-
jority of thealbumin of the cord sera were passed through.
Then the AFP was eluted by 0.01 M SPB containing 0.5
M NacCl. The elution was monitored by measuring the
absorbance of the eluate at 280 nm and stopped at an
optical density (OD) of less than 0.02. This AFP-con-
taining fraction was concentrated by polyethylene gly-
col (PEG) and then dialyzed against 0.1 M SPB as the
starting buffer for DEAE-cellulose column chromatog-
raphy

A column was packed with a slurry of25 g of DEAE-
cellulose in 0.01 M SPB and washed with the same buffer
until equilibrated. Elution of AFP was performed by a

238

linear gradient of NaCl from 0.G5 to 0.4 M in 0.01 M
SPB. The conductivity of the eluate fractions was deter-
mined by conductometery. The level of AFP was deter-
mined by ELISA assay and recorded for each fraction.
Samples containing the peak of AFP were pooled and
then concentrated.

Monoclonal antibody production and the fusion pro-
tocol

BALB/c mice were immunized intraperitoneally with
15-20 pg of partially purified AFP in complete Freund’s
adjuvant (Sigma, USA). Repeated immunization with
three similar doses of antigen in incomplete Freund’s ad-
juvant was performed on days21, 42 and 56. Mice with
higher antiserum levels received the last dose of AFP
three days prior to the fusion. Spleen cells from immu-
nized mice were fused with Ag8.653 mouse myeloma
cell line using polyethylene glycol 1500 (Sigma, USA).
Growing hybridomas were detected 7-10 days after fu-
sion and screened by a modified ELISA asssay as de-
scribed below to obtain the desired monoclonal antibody
producing clones. Positive hybridomas were selected and
cloned by the limiting dilction technique.

Screening and ELISA assays

A sandwich ELISA assay using rabbit anti-human
AFP, standard human AFP (100 mg/mL) and peroxidase-
conjugated rabbit anti-human AFP (all from DAKO,
Denmark) was used for measurement of AFP in the
samples. Briefly microtitre plates (NUNC, Denmark)
were coated with 100 pL of diluted rabbit anti-human
AFP (10 mg/L) in 0.05 M carbonate buffer, pH 9.6 for
an overnight at 4°C. After washing, different dilutions
of the standard AFP and then appropriate dilutions of
the peroxidase-conjugated rabbit anti-AFP were added.
After washing and addition of the substrate, OD was read
at 492 nm. A standard curve with OD at 492 nm as ordi-
nate and the log 10 concentration of standard as abscissa
was plotted. This sandwich ELISA method was modi-
fied for screening of anti-AFP mAbs by replacing the
second antibody (conjugated one) with the supernatant
of hybridomas followed by addition of a peroxidase-con-
jugated goat anti-mouse Ig (DAKO, Denmark).

Western blotting analysis

Dead fetus and normal adult sera were electro-
phoresed on 10% polyacrylamide gel. After electro-
phoresis the proteins were transferred on nitrocel-
lulose paper using Novablot2 (Pharmacia, LKB) for
60 minutes with 100 mA. Following the protein
transfer, the paper was blocked overnight in phos-
phate buffer saline containing 5% bovine serum al-
bumin. After washing, the paper was incubated with
an appropriate amount of mAbs for two hours fol-
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Fig. 1. Purification of AFP by DEAE-cellulose column chro-
matography. Elution of AFP was carried out by a linear gradi-
ent of NaCl (0O-0) from 0.05 to 0.4 M in 0.01 M sodium phos-
phate buffer, pH 6.8. Values in tertiary axis are based on con-
ductivity unit (mS). ® - ® represents absorbance (A) at 280
nm and M -M represents AFP determined by ELISA assay (at
492 nm). Chromatography was performed at room tempera-
ture and 200 drops of eluate per tube was collected.

lowing addition of a peroxidase-conjugated goat
anti-mouse Ig. The membrane was immersed in
Supersignal west pico chemiluminescent substrate
(Pierce, UK) containing luminol and peroxidase
buffer as the detection reagents. The blot was in-
serted into a cassette with autoradiographic film.
The autoradiograph was exposed for 15 minutes and
then developed to observe the bands.

RESULTS

In this study cord serum was used for purification of
AFP. At the first step a batch DEAE-cellulose chroma-
tography was performed to remove the large quantities
of albumin and hemoglobin. The eluted AFP was con-
centrated by dialyzing against PEG, and then its concen-
tration was determined using the sandwich ELISA tech-
nique. From 100 mL of cord serum purified by this
method, 570 pg/mL of AFP was totally obtained. In the
next step, the concentrated AFP was applied to the
DEAE-cellulose column chromatography. This method
was performed using a linear gradient of NaCl from 0.05
to 0.4 M in 0.01 M SPB. The linearity of this gradient
was shown by determining the conductivity of each frac-
tion and is presented in Figure 1. The OD of each frac-
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Fig. 2. The standard curve for AFP measurement. AFP con-
centration (ng/mL) presented as log 10 was determined by
sandwich ELISA assay using polyclonal anti-AFP sera in both
sides.

tion at 280 nm, representing total protein concentration
(mainly albumin), was determined. AFP measurement
using ELISA method was also carried out for each sample
and the results were recorded as OD. As shown in Fig-
ure 1, the highest level of AFP was eluted in the tubes
numbered 100 to 165 (OD range, 0.62 to 0.5, maximum
1; conductivity range, 10.5 to 22). The tubes relevant to
samples measured at 280 nm were omitted and other tubes
(130-165) were pooled. After dialyzing against PEG, the
sandwich ELISA procedure with serial dilutions of stan-
dard AFP and a 1/100 dilution of the semipurified AFP
was performed to evaluate the final AFP concentration
(Figure 2). 4.7 pg/mL AFP was obtained at this stage
(total volume 50 mL). These purification steps were car-
ried out twice and a total of 570 pg AFP was obtained.
After immunization of the mice with AFP, somatic hy-
bridization protocol was carried out. Hybridomas grew
in 30 wells out of 300. After screening, two clones were
found to be positive for anti-AFP production. These hy-
bridomas cells were selected and cloned by limiting di-
lution technique. An indirect sandwich ELISA usingrab-
bit anti-human AFP-coated plates was used for screen-
ing of the hybridomas. As shown in Figure 3 the super-
natant of the cloned cells were able to recognize the stan-
dard AFP (OD range, 0.61 to 0.91 for C1 and 0.59 to
0.82 for C2). In a similar experiment, different dilutions
of adult normal serum (instead of standard AFP) con-
taining a very low amount of AFP (<10 ng/mL) were
added to the rabbit anti AFP-coated plates and the ELISA
procedure was performed using the supernatants of the
two positive clones. The results presented in Figure 3
indicate that the absorbance obtained in this experiment
was much lower than the previous experiment using stan-
dard AFP (OD range, 0.068-0.09). These results showed
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the specificity of the produced monoclonal antibodies
for AFP and confirmed that both of these antibodies were
not able to react with proteins presented in normal adult
serum. For further confirmation of the results, samples
with higher and lower amounts of AFP were used to show
the ability of these mAbs for specifically detecting dif-
ferent concentrations of AFP. In this respect different
dilutions of cord, dead fetus and normal adult sera were
added to the rabbit anti-human AFP-coated plates and
then the hybridoma supernatant was added. As shown in
Figure 4, arelatively linear correlation between increase
in the dilution and decreasing of OD was obtained. As
expected, the concentration of AFP in dead fetus serum
was higher than other samples (OD range 0.7-1.2 for C1
mAb and 0.8 to 1.3 for C2 mAb). By this method AFP
levels were very low in adult serum (OD < 0.1). Deter-
mination of the molecular weight of proteins recognized
by C1 and C2 mAbs was performed by immunoblotting
analysis. As shown in Figure 5 a band with a molecular
weight of 70 kD was stained by both mAbs.

DISCUSSION

AFP was first described by Bergstrand and Czar in
1956, and has attracted increasing attention owing to its
high clinical usefulness and possible immunoregulatory
implications.?® In order to establish either a sensitive
method of AFP detection for the purpose of clinical di-
agnosis or for continuing the study of its physiological
role, development of a hybridoma producing anti-AFP
is essential. In this regard, appropriate amounts of puri-
fied antigen should be available to immunize mice and
provide specific spleen plasma cell partners in the fu-
sion protocol. The major difficulties in purification of
AFP is due to the similarity in physiochemical proper-
ties between AFP and albumin and the presence of a large
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Fig. 4. Sandwich ELISA assay using mAbs (Cl & C2) for
various dilutions of cord and dead fetus sera.

Fig. 5. Western blot analysis of dead fetus (lanes 2 and 3) and
adult sera (lane 1) on 10% polyacrylamide SDS gel using CI
(3) and C2 (2) mAbs. (ST, standard molecular weight mark-
ers). For adult serum only the reaction with CI is shown.

amount of albumin in specimens where a small amount
of AFP is to be isolated.?® Moreover, most specimens
used for AFP isolation are difficult to obtain. One of the
best sources of AFP is the serum obtained from dead
fetuses aborted at 12-16 weeks of gestation (AFP con-
centration, 2 to 3.5 mg/mL).* However, despite the large
amount of AFP in dead fetus, the low volume of blood
samples as well as difficulties in collecting blood from
this source has persuaded most investigators to use cord
serum for purification of AFP. Wu et al. have presented
a complete high yield purification procedure for AFP.%
This procedure contains several steps of purification in-
cluding batch DEAE-cellulose and column chromatog-
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raphy, Sephadex G-200, blue sepharose and affinity chro-
matography. In the present study, since a complete puri-
fication of the antigen was not necessary for production
of mAbs against AFP, the semi-purification of AFP with
a batch wise and column DEAE-cellulose chromatogra-
phy was performed. As Wu et al. have shown, from 500
mL cord serum, as much as 20 g of albumin has to be
removed. To separate this large amount of albumin and
also other proteins including hemoglobin, the batch
DEAE-cellulose method was developed and used be-
fore purification through the column chromatography.
In this batch method, albumin and AFP were absorbed
by the DEAE-cellulose and the majority of hemoglobin
and gamma globulin passed through. Additional wash-
ing with 0.1 M SPB containing 0.08 M NaCl removed a
large amount of serum albumin. Absorbed AFP was re-
covered then by eluting with 0.01 M SPB containing 0.5
M NaCl.

In the column chromatography, according to OD of
fractions at 280 nm, one peak (tubes No, 100-140) was
obtained but measurement of AFP in each sample showed
another peak close to the first one (tubes No. 100 to 165).
The latter peak occurred at an interval of 10.5 and 22
mS and this range of conductivity was in accordance with
that obtained by Wu et al.*

Although the amount of total protein in this peak was
still high, this was much lower than the primary source
and the ratio of albumin to AFP concentration was mark-
edly decreased. The pooled fractions contained enough
AFP to immunize mice for the preparation of monoclonal
anti-AFP. In this study, since a highly purified AFP is
not easily available and is very expensive, development
of an indirect ELISA technique using AFP-coated plates
for screening of mAbs was not profitable. Therefore, a
sandwich ELISA using rabbit anti-AFP in one side of
the sandwich was developed.

Bound AFP was then quantitated by completing the
sandwich with anti-AFP mAbs. As shown in Figure 3, a
reasonable absorbance change over AFP was found with
the two mAbs, whereas replacement of standard AFP with
normal adult serum (containing all proteins except fetal
ones) caused a poor-reactivity and -dose response curve.
This observation was supported by results obtained by
western bloting analysis in which the two mAbs reacted
with a protein presented in the fetus serum but not in
normal adult serum. The reactivity of mAbs with a 70
kD molecule was in agreement with the molecular size
that has been reported for the AFP molecule.'”* These
two mAbs also gave parallel dose response curves with
AFP-containing samples including dead fetus and cord
sera. The linear absorbance with response over these
samples showed the proper relation between changes in
OD and the concentration of AFP.

In conclusion, our results indicated that the produced
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mAbs have the capacity to be used in a sandwich-type
ELISA assay for detection of human AFP. In this assay,
a polyclonal anti-AFP was immobilized by absorption
to the walls of microtiter plates and used to trap AFP in
the samples. It is possible that by combining the mAbs,
a more sensitive and specific ELISA employing mAbs
on both sides can be worked out. It is obvious that anti-
AFP mAbs of only one specificity may not be used in
such a sandwich-type ELISA and the reactivity of the
mAbs against two different epitopes should be confirmed.

REFERENCES

1. Ruoslahti E, Seppala M: Studies of carcino-fetal proteins:
physical and chemical properties of human a-fetoprotein.
Int J Cancer 7: 288-225, 1971.

2. Hamamoto R, Kamihira M, lijima S: Growth and differen-
tiation of cultured fetal hepatocytes isolated at various de-
velopmental stages. Biosci Biotechnol Biochem 63: 395-
401, 1999.

3. Gruppuso PA, Bienieki TC, Faris RA: The relationship be-
tween differentiation and proliferation in late gestation fe-
tal rat hepatocytes. Pediatr Res 46: 14-9, 1999.

4. Seppala M: Fetal pathophysiology of human a-fetoproteir.
Annals New York Acad Sci 22; 259: 59-73, 1975.

5. Raty R, Virtanen A, Koskinen P, Laitinen P, Forsstrom i,
Salonen R, Morsky P, Ekblad U: Maternal midtrimestc.
serum AFP and free beta-HCG levels in vitro fertilizatica
twin pregnancies. Prenat Diagn 20: 221-3, 2000.

6. Jou HJ, Shyu MK, Chen SM, Shih JC, Hsu 1], Hsieh Fa:
Maternal serum screening for Down syndrome by using
alpha-fetoprotein and human chorionic gonadotropin in an
Asian population. A prospective study. Fetal Diagn Ther
15: 108-11, 2000.

7. Tsung YK, Milunsky A, Alpert E: Derivation and charac-
terization of a monoclonal hybridoma antibody specific for
human alpha-fetoprotein. J Immunol Methods 39: 363-8,
1980.

8. Brock DJH, Barron L, van Heyningen V: Enzyme-linked
immunospecific assays for human alpha-fetoprotein using
monoclonal antibodies. Clinica Chemica Acta 122: 353-
358, 1982.

9. Nomura M, Imai M, Nakamura T, Miyakawa Y, Mayumi
M: Demonstration of two distinct antigenic determinants
on human a-fetoprotein by monoclonal antibodies. Mol
Immunol 19: 1691-82, 1982.

10. Nikolic JA: Synthesis, structure and function of alpha-
fetoproteins and their importance in medicine. Glas Srp
Akad Nauka [Med] 42: 57-73, 1992.

11.HaouriguiM, Thobie N, Martin ME, Benassayag C, Nunez
EA: In vivo transient rise in plasma free fatty acids alters
the functional properties of alpha-fetoprotein. Biochim
Biophys Acta 23; 1125: 2157-65, 1992.

12. Brock DJ, Barron L, van Heyningen V: A screening assay


https://mjiri.iums.ac.ir/article-1-789-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-07-12 ]

Monoclonal Antibodies to Human A FP

for monoclonal antibodies based on the availability of a
polyclonal antiserum. Clin Chim Acta 31; 136: 179-85,
1984.

13. Goding JW: Mori“.clonal Antibodies. Principles and Prac-
tice. 3 ed, London: Academic Press, 1988.

14. Pirofski L, Casadevall A, Rodriguez L, Zuckier LS, Scharff
MD: Current state of the hybridoma technology. J Clin
Immunol 10 (6 Suppl): 5S-128, 1990.

15.MacDonald DJ, Kelly AM: The rapid quantitation of se-
rum alpha-fetoprotein by two-site microenzyme immunoas-
say. Clin Chim Acta 1; 87: 367-72, 1978.

16. Uotila M, Ruoslahti E, Engvall E: Two-site sandwich en-
zyme immunoassay with monoclonal antibodies to human
alpha-fetoprotein. J Immunol Methods 42: 11-5, 1981.

17. Van Heyningen V, Barron L, Brock DJH, Crichton D,
Lawire S: Monoclonal antibodies to human a-fetoprotein:
analysis of the behaviour of three different antibodies. J
Immunol Meth 50: 123-31, 1982.

18. Kim SH, Song SH, Kim YJ, Park SY: Expression and char-
acterization of a recombinant Fab fragment derived from
an anti-human alpha-fetoprotein monoclonal antibody. Mol
Cells 30; 11: 158-63, 2001.

19.Qu Z, Losman MJ, Eliassen KC, Hansen HJ, Goldenberg
DM, Leung SO: Humanization of Immun 31, an alpha-fe-

242

toprotein-specific antibody. Clin CancerRes5 (10 Suppl):
3095s-3100s, 1999,

20. Yakimenko EF, Karamova ER, Goussev Al, Hilgers J,
Abelev GI, Yazova AK: Epitope mapping of human alpha-
fetoprotein. Tumour Biol 19: 301-9, 1998.

21.Nustad K, Paus E, Kierulf B, Bormer OP: Specificity and
affinity of 30 monoclonal antibodies against alpha-fetopro-
tein. Tumour Biol 19: 293-300, 1998.

22. AlpertE, Abelev GI: Summary report: epitope analysis of
human alpha-fetoprotein. Tumour Biol 19: 290-2, 1998.
23. Laderoute MP, Pilarski LM: The inhibition of apoptosis
by alpha-fetoprotein (AFP) and the role of AFP receptors
in anti-cellular senescence. Anticancer Res 14: 2429-38,

1994.

24. WuJT, Wu LH, Madsen AC: Isolation of a-fetoprotein in
milligram quantities from human cord serum. Biochem Med
23:336-49, 1980.

25. Bergstrand CG, Cezar B: Demonstration of a new protein
fraction in serum from the human fetus. Scand J Clin Lab
Invest 8: 174-7, 1956.

26. Hirano K, Watanabe Y, Adachi T, Ito Y, Sugiura M: The
immunological cross reaction between human alpha-feto-
protein and serum albumn.in and its relation with the bind-
ing. Chem Pharm Bull (Tokyo) 32: 4979-85, 1984.


https://mjiri.iums.ac.ir/article-1-789-en.html
http://www.tcpdf.org

