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SUMMARY

We have developed a solid-phase radioimmunoassay
(SP-RIA), and two "sandwich”-type ELISA with
mouse monoclonal antibodies (MAbs), for the
quantitation of human epidermal growth factor

(EGF).

CB-EGF.1, an IgGl MAb with high affinity for
human EGF, is used in the SP-RIA as coating
antibody at 20 ug/ml, and the samples are mixed with
radioiodinated recombinant human EGF (rhEGF),
and incubated for 3 hours at 37°C. The sensitivity of
this assay is 2 ng/ml, with intra-, and inter-assay
coefficients of variation below 12%, for a wide range
of concentrations (top limit of 300 ng/ml).

The two "sandwich® ELISA assays were constructed
using CB-EGF.2, an 1gG1 MAD that recognizes both
human and mouse EGF, as "capture” antibody, and
horseradish peroxidase conjugated CB-EGF.1.
If antigen and conjugate are incubated sequentially,
the sensitivity of the system is 6 ng/ml, but if they are
mixed and applied immmediately to the active solid
phase, the sensitivity of the assay increases to
400 pg/ml.

The "sequential®* ELISA shows an excellent
correlation with the SP-RIA for the quantitation of
rhEGF in samples coming from different steps of the
production process of this molecule. Both ELISA
systems have been preliminarily tested for the
detection of EGF in human saliva and urine,
rendering values that coincide with previously
reported data.

RESUMEN

Utilizando anticuerpos monoclonales (AcM) de ratén
para ¢l factor de crecimiento epidérmico (EGF),
hemos construido un radioinmunoensayo de fase
sélida (RIA-FS) y dos sistemas ELISA tipo sandwich,
para la cuantificacién de esta molécula.

El RIA-FS estd basado en la adsorcién del AcM
CB-EGF.1 (IgG1) al poliestireno, a 20 ug/ml, y la
incubacién de las muestras a estudiar con el EGF
radioyodado, por 3 horas, a 37°C. La sensibilidad del
ensayo s de 2 ng/ml, con coeficientes de variacién
intra ¢ inter ensayo por debajo de 12%, para un
amplio rango de concentraciones (limite superior de
300 ng/ml).

En los ELISA se empled este mismo AcM, conjugado
con peroxidasa, como anticuerpo de revelado, y el
CB-EGF.2 (IgG1) en la fase sélida. Si el antigeno y
el conjugado se incuban secuencialmente, la
sensibilidad del sistema es de 6 ng/ml, pero si ambos
son mezclados y aplicados simultdneamente a la fase
sélida activa, la sensibilidad del ensayo se incrementa
hasta 400 pg/ml.

El ELISA "secuencial” demostrd una excelente
correlacién con el RIA-FS para la cuantificacion de
EGF humano recombinante, en muestras
provenientes del proceso de produccién y purificacién
de esta molécula. Ambos sistemas ELISA han sido
ensayados en prucbas preliminares para su capacidad
de deteccién de EGF humano en muestras de saliva
y orina, arrojando valores que coinciden con datos
reportados previamente en la literatura.

Copyright © 1990, Sociedad Iberolatinoamericana para [nvestigaciones sobre Interferon
Y Biotecnologia en Salud. Publicado por el Palacio de las Convenciones, La Habana, Cubs



Radio and Enzyme Immunoassays for Epidermal Growth Factor

INTRODUCTION

Epidermal growth factor (EGF) is a
single chain polypeptide consisting of
53 aminoacids, with potent proliferation
stimulatory activity on numerous cell types
in vitro; in vivo, EGF stimulates the growth
of epithelial cells, including cornea, and
could play some role in angiogenesis,
regeneration of nerve, and tendon healing,
among other functions (Cohen, 1987; Elliot,
1980; O’loughlin er al., 1985; Goldsmith,
1983; Tsutsumi er al., 1986).

Human EGF is identical to urogastrone,
an antisecretory agent also found in urine,
and has a remarkable homology in sequence
with mouse EGF, being identical 37 of the
aminoacid residues, with three disulfide
linkages located in the same relative
positions (Harper er al, 1987). As expected,
mouse EGF is recognized by the EGF
receptor on human cells, and their biological
activities are nearly undistinguishable
(Cohen, 1987).

Recently, the availability of large amounts
of EGF, obtained by recombinant DNA
techniques (Oka er al., 1985; Urdea, 1987),
has promoted the clinical evaluation of this
molecule as a wound-healing drug
(Van Brunt and Klausner, 1988); some
laboratories have also started to assay EGF
as an antitumoral agent (Fonseca et al.,
1988), based on the emerging data that
suggest that some cancers of epidermal
origin express an unusual large amount of
surface receptors for this growth factor
(Macias et al., 1986; Veale et al., 1987).

In this context, the development of
quantitative immunoassays for human EGF
could be essential for both preclinical
and clinical pharmacology. Some authors
have recently reported EGF concentrations
in saliva, serum, urine, milk, sweat, amniotic
fluid, gastric juice, and seminal plasma,
using radioimmunoassays, enzyme

immunoassays, and time-resolved
immunofluorimetric assays (Connolly and
Rose, 1988; Pesonen ef al., 1987; Hirata
etal., 1980, 1982; Joh etal, 1986).
The progressive introduction of
monoclonal antibodies (MADbs) in these
assays will eventually increase their
sensitivity and specificity, as has occurred
in other cases (Budd and Smith, 1986).

In this paper we report the development
of a solid-phase radioimmunoassay, and two
"sandwich"-type ELISA, for the quantitation
of human EGF, based on two IgG1l mouse
MADbs previously generated by our group
(Freyre et al., 1989). Apart from their
potential relevance for pharmacological
studies, these systems are being used for the
monitoring of the process of production of
this molecule in our Center, complementary
to the radioreceptor analysis (Macias er al.,
1985) currently employed for the
determination of the biological activity of
the final preparations.

MATERIAL AND METHODS

Monoclonal Antibodies

The gencration and characteristics of the two
IgG1 (k) mouse MAbs CB-EGF.1 and CB-EGF.2
have been described elsewhere (Freyre e al., 1989;
Gavilondo er al., 1988); briefly, BALB/c mice were
immunized intraperitoneally (i.p.) with highly pure
recombinant human EGF (rhEGF), and spleen cells
fused with SP2/0-Agl4, or P3/x63-Ag8-653 mycloma
cells. CB-EGF.1 was selected due to its high
recognition of rhEGF in indirect ELISA, with the
antigen coated to the plates. CB-EGF.2 was chosen
after the demonstration that this MADb did not
substantially interfere with CB-EGF.1 for the binding
of radiolabelled rhEGF, when the latter antibody was
adsorbed to plastic surfaces. CB-EGF.1 is specific
for human EGF, and has an affinity constant in the
order of 10 to the minus 9 M. CB-EGF.2 recognizes
both human and mouse EGF.

Production and Purification of MAbs

BALB/c mice, primed with 0.5 ml of mineral oil,
were injected i.p. with 3 million hybridoma cells.
Ascites was collected by repetitive puncture, clarified
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by centrifugation, and delipidized with chloroform
(v/v) before purification. After dialysis against
phosphate buffered saline (PBS), the ascites was
diluted with 1.5 M glycine, 3 M NaCl buffer, pH 8.9,
applied to a Protein A Sepharose CL-4B matrix
(Pharmacia), and eluted as recommended by Ostlund
(1986). The fractions were dialyzed against PBS, and
tested for activity using an indirect ELISA
(Gavilondo er al., 1988) with the antigen coated to the
plates. All protein determinations were carried out
as described by Lowry ef al (1951), and the purity of
the final antibody preparations was always more than
90%, as estimated by sodium dodecyl sulphate
polyacrilamide gel electrophoresis (Laemli, 1970).

Radiolabelling of rhEGF

RhEGF was labelled with 125-lodine (Amersham)
following essentially the chloramine-T method
(Hunter and Greenwood, 1962).

Peroxidase Conjugation of MAbs

Purified CB-EGF.1 was conjugated with
horseradish peroxidase (HRP, Sigma, Fraction VI),
using the periodate method, as suggested by
Nakane (1979).

Solid-Phase Radioimmunoassay (SP-RIA)

Polyestirene (PE) strips (Dynatech) were coated
with 5-30 ug of the purified CB-EGF.1 MAb, per ml
of carbonate-bicarbonate buffer, pH 9.6, for different
times at 37°C, and the remaining sites blocked with
2% delipidized milk in coating buffer, for two hours
at 37°C. One hundred ul of the samples to be tested
were mixed 1:1 with 100,000 cpm of
radiolabelled rhEGF, and incubated for different
periods of time (1-8 hours), at temperatures ranging
between 4 and 37°C. After extensive washing with
0.05% Tween-20 in destiled water, the wells were
individualized, and the radioactivity measured in a
LKB Clinigamma counter. MAbs against Apo B
lipoproteins (Sorell et al., 1986) were adsorbed to the
solid phase as negative controls. Controls for "total
binding" (no "cold” samples), and "total radioactivity”
were also included.

Enzyme Linked Immunosorbent Assay
(ELISA)

Solutions of 5-30 ug of purified CB-EGF.2, per ml
of carbonate-bicarbonate buffer, were adsorbed for
different times at 37°C to Dynatech PE EIA plates
(100 ul/well). The plates were blocked with 1%
bovine seroalbumin (BSA, Sigma) in PBS for two
hours at 37°C, and two variants were evaluated for
the estimation of EGF in the samples:

4‘

(a) one hundred ul of sample were added to three
replica wells and incubated 3 hours at 37°C.
After extensive washing, the plates were incubated
with 1:1000-1:2000 dilutions of HRP-CB-EGF.1, for
1 hour at 37°C.

(b) the sample and diluted conjugate were mixed
for a total volume of 100 ul, added immediately to
the plates, and incubated 1 hour at 37°C.

After these procedures, the plates were washed,
and the reaction revealed with 0.04%
ortho-phenylene diamine (Sigma), and hydrogen
peroxide in citrate buffer, and evaluated at 492 nm in
a Titertek Multiskan.

Samples

Highly purified standard preparations, with known
quantity of thEGF, were supplied by the Pilot
Plant/Production Division of our Center. This unit
also provided us with the supernatants from the
fermentation process of recombinant and
non-recombinant yeast, as well as with material
coming from different steps of the purification
process of thEGF. For the measurement of EGF in
the SP-RIA and ELISA systems, the samples were
always prediluted 1:50-1:2000 with PBS-BSA
{0.9-0.5% for each system, respectively).

RESULTS AND DISCUSSION

The obtention of mouse MAbs against
EGF can be seen as a potentially difficult
task, mainly based on the prediction that
human EGF could be of low
immunogenicity in mice, both because its
structural homology with the murine
molecule, and low molecular weight.
Nevertheless, it has been shown that mouse
MADbs against human EGF can be readily
obtained, both using in vive, and in vitro
immunizations (Harper erf al., 1987; Freyre
etal., 1989; Gavilondo eral, 1988;
Nishikawa et al., 1987; Ikuta et al., 1985;
Hissey et al., 1985; Akai et al., 1986).
Such MADbs have been largely employed for
the immunopurification of the molecule
(Harper et al., 1987; Hissey et al., 1985;
Akai et al., 1986). The construction of
radio and enzyme immunoassays have
mainly depended on rabbit polyclonal
antibodies (Connolly and Rose, 1988;



Radio and Enzyme Immunoassays for Epidermal Growth Factor

Pesonen et al., 1987; Hirata et al., 1980,
1982; Joh et al., 1986; Byny et al., 1972;
Dailey et al., 1978; Oka and Orth, 1983;
Hayashi et al., 1985; Tsutsumi ef al., 1988;
Hayashi et al., 1985; Kurobe et al., 1986;
Abe er al., 1987), and MAbs for EGF have
been seldomly employed, possibly because,
being EGF a small molecule with few
defined epitopes (Cooke et al., 1987), the
obtention of non-competitive, or
non-interfering MAbs could be envisaged as
a difficult task.

Being our most immediate goal the
development of routine immunoassays to be
employed during the production process of
rhEGF in our Center, we took advantage of
the existence of several MAbs recognizing
this antigen that had been generated in our
group (Freyre er al., 1989). The construction
of a radioimmunoassay that would employ
one of such MAbs was seen as a first step,

and for such work we selected CB-EGF.1,
a MAb which had been shown to compete
successfully with a hyperimmune rabbit
antiserum in liquid phase RIA (Freyre
et al., 1989). CB-EGF.1 was coated to PE
wells and evaluated as capture antibody
with radioiodinated and "cold" rhEGF.
Twenty ug of MAb per ml of coating
buffer, for 3 hours at 37°C, ensured a
maximum radioactivity binding, without
further increase in efficiency after variation
of coating times. In subsequent experiments,
the optimal incubation temperature and
time for the samples of "cold" and
radioiodinated rhEGF were determined as
37°C, and three hours. A typical standard
curve is shown in Figure 1, indicating that
the assay has a lower sensitivity level of
2 ng/ml, with an upper limit of 300 ng/ml.
The precision of the SP-RIA was
assessed with a standard preparation of

Counts per Minute

L
0 100

T T
200 300 400

Concentration of rhEGF (ng/ml)

FIG. 1.

Standard curve for the quantitation of recombinant human EGF, using the solid-phase RIA.

Total radioactivity: 97,834 cpm; total binding: 28,681 cpm; negative control: 208 cpm.
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rhEGF, in three independent experiments,
in which each dilution was performed in
quadruplicate. Under these conditions,

the intra and inter-assay variabilities ranges
between 3.7 and 11.4%, and 5.4 and 10.7%,
respectively (Table 1),

Table 1
PRECISION OF THE SOLID-PHASE RADIOIMMUNOASSAY, AS DETERMINED
WITH THE RhEGF STANDARD PREPARATIONS

Noie: nm = number of replicas tested in the assay, or number of independent assays; (a) value correspondent

approximately to the half-maximal radioactivity value.

This SP-RIA was immediately evaluated
for the monitoring of the purification
process of thEGF; first, known amounts of
rhEGF were added to the supernatants of
non-recombinant yeast culture, so as to
determine the possible influence of media
and metabolic products on the measurements.
An excellent correspondence between the

actual and predicted quantities was noted
(Table 2). Finally, three independent
assays for the quantitation of 5 samples
from the different steps of the purification
process of thEGF from recombinant yeast
supernatants were performed with the
SP-RIA; the reproducibility, as seen in
Table 3, was always below 10%.

Table 2
EFFECT OF NON-RECOMBINANT YEAST SUPERNATANT IN THE QUANTITATION OF RhEGF
CONCENTRATIONS BY THE SOLID-PHASE RADIOIMMUNOASSAY

Standard rhEGF : Estimated Concentrations (s)
Con?ehik:tll_q:__i:l_ . aller the Assay
0 87+ 04; & 86+ 03
50 496 = 12; 510 + 11
200 198.1 = 68; 1983 £ 5.2

Note: All quantitations expressed in ng/ml; (a) = two independent assays were performed; values expressed
as mean and standard deviation of tests in quadruplicate; the values were calculated by extrapolation from a

simultancous standard curve experiment.
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Table 3
INTER-ASSAY REPRODUCIBILITY FOR THE SOLID PHASE RADIO-IMMUNOASSAY, WHEN
QUANTITATING RhEGF FROM SAMPLES COMING FROM THE PURIFICATION PROCESS

Process Estimated REEGF CoefTiclent of
Sample No. Concentration (a) Variation (%)
3 85 03 23
2 256 1.2 25
3 67.0 =+ 23 . 52
4 1735 = 99 8.0
5 255.7 = 225 9.8

Note: (a) = as determined by extrapolation from a simultancous standard curve; values expressed in ug/ml,
as mean and standard deviation of three independent assays.

For the subsequent development of
"sandwich"-type ELISA, alternative to the
SP-RIA, we chose CB-EGF.1 as second
antibody, taking into account both its
specificity for rhEGF and the sensitivity
shown in the SP-RIA. CB-EGF.2, a MAb
that identifies both human and mouse EGF,
and that does not substantially interfere
with the binding of radiolabelled EGF by
CB-EGF.1, was selected as "capture”
antibody.

The best results for the adsorption of
CB-EGF.2 to the PE plates were seen at a
concentration of 20 ug/ml, with 3 hours and
37°C as other basic conditions for such step.
Figure 2 shows that when the rhEGF
sample is incubated for 3 hours at 37°C,
followed by the HRP-conjugated CB-EGF.1
for 1 hour at room temperature,
the sensitivity of the assay reaches 6 ng/ml,
with an upper range value of 125 ng/ml.
If the sample and conjugate are mixed and
applied to the active solid phase for 1 hour
at 37°C, the sensitivity approaches
400 pg/ml, with an upper range value of
approximately 15 ng/ml (Figure 3).

An explanation for such differences is
still mainly speculatory; if CB-EGF.1

determines the sensitivity of the system,
then it is possible that the incubation of
antigen and CB-EGF.2 reduces the
sensitivity due to some steric hindrance for
CB-EGF.1, if the sites recognized by the
antibodies are close in the molecular
structure. When the antigen is placed
under "equal" reaction conditions for both
antibodies, as is the case of the simultaneous
incubation, the recognition of rhEGF by
CB-EGF.1 could be optimal, rendering a
better overall sensitivity for the assay.
The absence of effective competition of
these two antibodies in the SP-RIA does not
rule out this possibility, as CB-EGF.2 is in
this case adsorbed to the solid phase, and
the effect is overall a quantitative one.

The sequential ELISA was tested for
repeatibility and reproducibility, experiments
that were performed with other five samples
coming from the purification process of
rhEGF; additionally, these same samples
were tested simultaneously by the SP-RIA,
and the results compared. Table 4 indicates
that the ELISA is highly repeatible and
reproducible. Figure 4 shows that both
systems correlate well in the quantitation
of rhEGF.
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FIG. 2. Standard curve for the quantitation of FIG. 3. Standard curve for the quantitation of
recombinant human EGF, using the sequential recombinant human EGF, using the ELISA system

ELISA variant.

Concentration of rhEGF by SP-RIA (pg/mi)

involving the simultaneous incubation of samples and
conjugated second antibody

300
200
100 A
] v T - T —
1] 100 200 300

Concentration of thEGF by ELISA (ug/mi)
FIG. 4. Correlation between the solid-phase RIA and
the sequential ELISA variant, in the quantitation of
rhEGF samples derived from the purification process
of the molecule. Correlation coefficient: r = 0.99;
regression line: y = x + 1.86.
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Table 4

PRECISION OF THE "SEQUENTIAL" ELISA, AS DETERMINED WITH SAMPLES COMING
FROM THE PROCESS OF PURIFICATION OF RhEGF

Process cv. cv.
Sample No. (%) (%)

1 12.0 1.9

; 2 21.4 * 0.821 38 6.0
3 $7.1 + 0.346 0.6 5.0

4 43.3 £ 0.687 05 1482 % 748 5.0

5 412+ 14%9 06 | 233:1930 80

Note: Values for intra- and inter-assay repeatibility and reproducibility expressed in g#g/ml, as mean and
standard deviation; n= number of replicas tested in the assay, or number of independent assays;

C.V.= coefficient of variation.

These results have led us to the progressive
substitution of the SP-RIA by the non-
radioactive "sequential ELISA" in the routine
determination of rhEGF in our Center.
Also, using both ELISA variants, we have
tested the presence of EGF in saliva
and urine; the values have ranged from
0 to 3 ng/ml, and 17 to 55 ng/ml,
respectively (data not shown in detail).
These values agree, in general, with the
concentration ranges reported by other
authors (Connolly and Rose, 1988; Pesonen
et al., 1987; Hirata et al., 1980, 1982; Joh
et al., 1986).

Due to the general interest that such
systems could have for preclinical and
clinical pharmacology, the assays are now
under more extensive evaluation for such
purposes.

ACKNOWLEDGEMENTS

The authors wish to thank Carlos Mella,
Rolando Pérez, Amparo Macias, and
Josefa Lombardero for many fruitful
discussions and recommendations
concerning technical aspects of this work.

REFERENCES

ABE, Y.; T. SAGAWA,; K. SAKAI and S. KIMURA
(1987). Enzyme- linked Immunosorbent Assay
{ELISA), for Human Epidermal Growth Factor
(REGF). Clin. Chim. Acta. 168: 87-95.

AKAI, K.; M. GOTO and M. UEDA (1986).
Isolation of Epidermal Growth Factor with
Monoclonal Antibody. Chem. Pharm. Bull. 34:
1721-1727.

BUDD, R. and K. SMITH (1986). Interleukin-2
Immunoassay Using Monoclonal Antibodies.
Bio/Technology. 4: 983-986,

BYYNY, R. L.; D. N. ORTH and S. COHEN (1972).
Radioimmunoassay of Epidermal Growth Factor.
Endocrinology 90: 1261-1266.

COHEN, S. (1987). Epidermal Growth Facior.
In Vitro Cell. Devel. Biol. 23: 239-246.

CONNOLLY, J. and D. ROSE (1988). Epidermal
Growth Factor-like Proteins in Breast Fluid and
Human Milk. Life Sci. 42: 1751-1756.

COOKE, R.; A. WILKINSON,; N. BARON;
A. PASTORE; M. TAPPING; I. CAMPBELL;
H. GREGORY and B. SHEARD (1987).
The Solution Structure of Human Epidermal
Growth Factor. Nature 327: 339-341.

DAILEY, G. E.; J. W, KRAUS and D. N. ORTH
(1978). Homologous Radioimmunoassay for
Human Epidermal Growth Factor (Urogastrone).
J. Clin. Endocrinol. Metab. 46: 929-936.

ELLIOT, J. (1980). Epidermal Growth Factor:
In Vivo Ocular Studies. Trans. Am. Ophthalmol.
Soc. 78: 629-656.

49



J. Vdzquez, et al.

FONSECA, R.; J. LOMBARDERO; R. PEREZ;
S. QUINTERO; B. TORMO; A. MACIAS;
N. CORDIES; F. FONT; V. LEON; M. PUIG;
O. AGUILAR; C. RODRIGUEZ y A. LAGE
(1989). Efecto anti-tumoral del factor de
crecimiento epidérmico humano sobre carcinomas
epidermoides humanos: reporte preliminar,
Interferén y Biotecnologia 5: 270-277.

FREYRE, M.; J. VAZQUEZ; C. DUARTE;
E. FERRA; I. LOPEZ; N. ARTEAGA;
A. ALFARO y J. GAVILONDO (1989).
Anticuerpos monoclonales que reconocen los
factores de crecimiento epidérmico humano y
murino. Interferén y Biotecnologfa 6: 32-43.

GAVILONDO, J.; 1. LEON; E. FERRA y
C. DUARTE (1988). "In Vitro Primary
Immunization for the Obtention of Mouse
Monoclonal Antibodies Against Human
Recombinant Gamma Interferon and Epidermal
Growth Factor®. In: In Vitro Immunization in
Hybridoma Technology. Progress in
Biotechnology. Vol. 5: Ed. Borrebaeck, C.A.K,,
Elsevier Pub. Co. Amsterdam, Oxford, New York,
pp. 131-136.

GOLDSMITH, L. (editor) (1983). Epidermal
Growth Factor. Oxford University Press,
New York.

HAYASHI, T.; S. NAGAE and S. SAKAMOTO
(1985). Radioimmunoassay of Human Epidermal
Growth Factor. Seikagaku 75: 1133,

HAYASHI, K., H. NOMOTO; M. KUROBE;
S. NISHIMURO; H. HIRATANI and
S. FURUKAWA (1985). A Sensitive Two-Site
Enzyme Immunoassay for Human Epidermal
Growth Factor (Urogastrone). Biochem. Int. 10:
839-845.

HARPER, R.; J. PIERCE and R. SAVAGE, Jr.
(1987). "Purification of Human Epidermal
Growth Factor by Monoclonal Antibody Affinity
Chromatography”. In: Methods in Enzymology.
Peptide Growth Factors, Part A. Eds.: D. Barnes,
D. Sirbasku, Vol. 146, Academic Press Inc.
New York, pp. 3-11.

HIRATA, Y.; G. MOORE; C. BERTAGNA and
D. ORTH (1980). Plasma Concentrations of
Immunoreactive Human Epidermal Growth Factor
(Urogastrone) in Man. J. Endocrinol. Metabol.
S0: 440-444.

HIRATA, Y.; M. UCHIHASHI; M. NAKAJIMA;
T. FUJITA and S. MATSUKURA (1982).
Inmunoreactive Human Epidermal Growth Factor
in Human Pancreatic Juice. J. Endocrinol.
Metabol. 54: 1242.1245.

HISSEY, P. H.; K. J. THOMPSON and L. BAWDEN
(1985). Single-step Monoclonal Antibody Affinity
Purification of Human Urogastrone from Urine.
J. Immunol. Meth. 78: 211-216.

50

HUNTER, W. M. and F. C. GREENWOOD (1962).
Preparation of lodine-131 Labelled Human
Growth Hormone of High Specific Activity. Nature
194: 495-496.

IKUTA, S; Y. YAMADA; Y. YOSHITAKE and
K. NISHIKAWA (1985). Production and
Properties of Monoclonal Antibody Against Human
Epidermal Growth Factor, Biochem. Internat. 10;
251-258.

JOH, T.; M. ITOH; K. KATSUMIL; T. YOKOYAMA;
T. TAKECHI; T. KATO; Y. WADA and
R. TANAKA (1986). Physiological Concentration
of Human Epidermal Growth Factor in Biological
Fluids: Use of Sensitive Enzyme Immunoassay.
Clin. Chim. Acta 158: 8§1-90.

KUROBE, M.; N. TOKIDA; S. FURUKAWA;
E. ISHIKAWA and K. HAYASHI (1986).
Development of a Sensitive Enzyme Immunoassay
for Human Epidermal Growth Factor
(Urogastrone}. Clin. chim. Acta. 156: 51-60.

LAEMMLI, U. K. (1970). Cleavage of Structural
Proteins During the Assembly of the Head of
Bacteriophage T4.  Nawure (London) 227
680-685.

LOWRY:; O. H,; N. . ROSENBROUGH; A. L. FARR
and R. K. RANDALL (1951). Prowin
Measurement with the Folin Phenol Reagent.
J. Biol. Chem. 193: 265-269.

MACIAS, A.; R. PEREZ y A. LAGE (1985).
Estudios sobre el facior de crecimiento epidérmico.
11. Desarrollo de un ensayo de radiorreceptores
para la determinacién de canadades picomolares.
Interferén y Biotecnologia 2: 115-127,

MACIAS, A.; E. AZAVEDO; R. PEREZ;
E. RUTQUIST and L. SKOOG (1986). Receptors
for Epidermal Growth Factor in human mammary
carcinomas and their metastases. Anticancer Res.
6: 849-852.

NAKANE, P. (1979). “Preparation and
Standardization of Enzyme- Labelled
Conjugates”. In: [mmunoassavs in the Clinical
Laboratory. Eds.: R. M. Nakamura, W. R. Dito,
E. S. Tucker and Alan R. Liss, New York,
pp. 81-87.

NISHIKAWA, K.; Y. YOSHITAKE and S. IKUTA
(1987). "Derivation of Monoclonal Antibody to
Human Epidermal Growth Factor®. In: Methods
in Enzymology. Pepride Growth Factors, Part A.
Eds.: D. Barnes, D. Sirbasku, Vol. 146, Academic
Press Inc. New York, pp. 11-22.

OKA, Y. and D. N. ORTH (1983). Human Plasma
Epidermal Growth Factor/Beta-Urogasirone is
Associated with Blood Platelers. J. Clin. Invest.
72: 249-259.

OKA, T.; S. SAKAMOTO; K. MIYOSHI; T. FUWA;
K. YODA; M. YAMASAKI; G. TAMURA and
T. MIYAKE (1985). Synthesis and secretion of
human epidermal growth facior by Eschericia coli.
Proc. Natl. Acad. Sci. USA 82: 7212-7216.



Radio and Enzyme Immunoassays for Epidermal Growth Factor

O'LOUGHLIN, E; M. CHUNG; M. HOLLENBERG;
J. HAYDEN; 1. ZAHAVI and D. GALL (1985).
Effect of Epidermal Growth Factor on Ontogeny of
the Gastrointestinal Tract. Am. J. Physiol.
249: G674-G678.

OSTLUND, C. (1986). Large-scale purification of
monoclonal anitibodies. Trends in Biotech.
Nov. 288-293.

PESONEN, K.; L. VIINIKKA; A. KOSKIMIES;
A. R. BANKS; M. NICOLSON and
J. PERHEENTUPA (1987). Size Heterogeneity of
Epidermal Growth Factor in Human Body Fluids.
Life Sci. 40: 2489-2494.

SORELL, L.; M. E. FERNANDEZ DE COSSIO;
E. PENTON; J. LOPEZ and 1. C. PEREZ (1986).
Produccién y caracteristicas de anticuerpos
monoclonales contra lipoprotelnas que contienen
ApoB. Interferén y Biotecnologia 3: 239-241.

TSUTSUMI, O.; H. KURASHI and T. OKA (1986).
A Possible Physiological Role of Epidermal Growth

Factor in Male Reproductive Function. Science
(Wash.D.C.). 233: 975-977.

TSUTSUMI, O.; A. TSUTSUMI and T. OKA (1988).
Epidermal Growth Facior-like, Corneal Wound
Healing Substance in Mouse Tears. J. Clin. Invest.
81: 1067-1071.

URDEA, M. (1987). "Design, chemical synthesis, and
molecular cloning of a gene for human epidermal
growth factor". [In: Methods in Enzymology.
Pepride Growth Factors. Part A. Vol. 146.
D. Barnes, D. Sirbasku (eds.). Academic Press
Inc., New York, pp. 22-64.

VAN BRUNT, J. and A. KLAUSNER (1988).
Growth Factors Speed Wound-Healing.
Bio/Technology 6: 25-30.

VEALE, D.; T. ASHCROFT; C. MARSH;
G. GIBSON and A. HARRIS (1987). Epidermal
growth factor receptors in non-small cell lung
cancer. Br. J. Cancer 55: 513-516.

51



	p 42.pdf
	p 43.pdf
	p 44.pdf
	p 45.pdf
	p 46.pdf
	p 47.pdf
	p 48.pdf
	p 49.pdf
	p 50.pdf
	p 51.pdf

