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ABSTRACT
Human epidermal growth factor is a small peptide consisting of 53
amino acid residues, which stimulates cell proliferation and is
associated with several human carcinomas. A simple sandwich-
type ultramicroELISA assay (UMELISA), based on the advantages of
high affinity reaction between streptavidin and biotin has been
developed for the measurement of EGF in human serum samples.
Strips coated with a high affinity monoclonal antibody directed
against EGF are used as solid phase, to ensure the specificity of the
assay. The EGF assay was completed in 18 hr, with a measuring
range of 39–2500 pg/mL. The intra- and inter-assay coefficients of
variation were 4.4–7.3% and 0–5.1%, respectively, depending on
the EGF concentrations evaluated. Percentage recovery ranged
from 96–104%. Regression analysis showed a good correlation
with the commercially available Human EGF Immunoassay
Quantikine® ELISA kit (n = 130, r = 0.92, P < 0.01). The analytical
performance characteristics of our UMELISA EGF endorse its use for
the quantification of EGF in human serum samples.
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Introduction

Human epidermal growth factor (hEGF) is a small peptide consisting of 53 amino
acid residues with a molecular weight of about 6.2 kDa.[1] As a mitogen, hEGF
stimulates cell proliferation and differentiation by binding to the extracellular
domain of the EGF receptor (EGFR) dimer. Overactivation of the hEGF signaling
pathway is associated with several human carcinomas.[2] This overactivation may
cause uncontrolled cell growth. In a clinical context, hEGF is a popular target for
anti-cancer therapies because of its potent growth-stimulating effect on a variety of
cancer cells that overexpress EGFR on the cell surface, including non-small cell
lung cancer (NSCLC) cells.
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NSCLC is one of the most common malignant diseases with a high mortality
rate worldwide. Only 30% of patients can be treated surgically. For the majority of
patients, traditional treatment options have modest efficacy.[3] In Cuba, this
cancer type is also the malignant disease with highest incidence, being the leading
cause of cancer mortality in the country.

CIMAvax-EGF® is a therapeutic vaccine recently registered in Cuba for
advanced NSCLC.[4–13] It is an active immunotherapy, which prevents binding
of endogenous hEGF to its receptor, by inducing anti-EGF antibodies, clearing
hEGF from circulation, thereby reducing tumor size or preventing its
progression.[5] The vaccine is safe even during long-termuse and provides survival
advantage for patients with advanced NSCLC. However, not all patients respond
to it. For this reason it is crucial, knowing that hEGF concentration in sera of
NSCLC patients treated in first line with chemotherapy is a biomarker predictor of
response,[14] to identify the subset of patients eligible for treatment, to achieve the
individualization of therapy and the improvement of overall survival and clinical
management.

The aim of this work was to design, develop, and validate an ultramicroELISA
for measuring hEGF in human serum samples suitable, among others, for the
stratification of NSCLC patients by their hEGF concentrations, to decide about
the treatment or not with CIMAvax-EGF® vaccine.

Materials and methods

Chemicals

All reagents were of analytical grade and solutions were prepared in distilled water.
Human recombinant EGF was obtained from the Center for Genetic Engineering
and Biotechnology (Havana, Cuba). Human IL-2, murine IL-2, murine IL-4,
interferon-α, and interferon-γ were purchased from MP Biomedicals (USA).
Na2CO3, NaHCO3, NaN3, Biotin, Streptavidin, Glutaraldehyde, HCl, Tween 20
and 4-methylumbelliferyl phosphate were from Sigma (USA). Na2HPO4, KCl,
KH2PO4, TRIS, Diethanolamine, ZnCl2, andMgCl2 were fromMerck (Germany).
BSA and Alkaline phosphatase were from Roche (Germany). Sacarose was pur-
chased from Fluka (USA).

Anti EGF monoclonal antibodies

CBEGF-1 and CBEGF-2 monoclonal antibodies were obtained from the
Center for Genetic Engineering and Biotechnology (Sancti Spíritus, Cuba).
These antibodies are highly specific for human EGF.[15–18]
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EGF-free human serum

hEGF-free serum was prepared by immunoaffinity purification. CBEGF-1 was
immobilized in a cyanogen bromide activated sepharose column. Serum´s flux
rate was 5 mL/hr.

Equipment and accessories

The Ultra Micro Analytical System (SUMA, acronym in Spanish) technology was
used. The system, manufactured by the Immunoassay Center, Havana, Cuba,
includes reagents and instrumentation. The equipment comprises a fully compu-
terized spectrofluorimeter-photometer for automatic reading, quantification, vali-
dation, and interpretation of results (PR-621) and a plate washer (MW-2001). The
reagents are cased in kits in quantities enough for 288 ultramicrotests (10 µL
volumes of samples and reagents).

Immobilization of CBEGF-1 antibodies

White opaque 96-well polystyrene ultramicro-ELISA plates (Tecnosuma
International SA, Havana) were coated with 17–18 µL/well of CBEGF-1 mono-
clonal antibody at 6 μg/mL in 0.05 mol/L sodium carbonate/bicarbonate buffer,
pH 9.6 containing 3 mmol/L of NaN3. The plates were placed during 18 hr in a
humid chamber at room temperature (20–25ºC) and washed with 25 µL/well of
0.15 mol/L of phosphate-buffered saline solution (PBS) containing 1 mol/L of
NaN3 and 1.1 mmol/L of Tween 20. Buffer was removed and the plates were
treated with 18 µL of a solution containing 14.5 μmol/L of BSA, 0.15 mol/L of
sacarose, and 0.45 mmol/L of Tween 20, to increase their stability. Finally, the
ultramicro-plates were dried and conserved with desiccant in polyvinyl sealed
bags at 2–8ºC, where they are stable for at least 12 months under these conditions.

CBEGF-2 biotin labeling

CBEGF-2 was biotinylated by Bayer andWilchek´s method, described in 1996.[19]

Enzyme conjugate

The streptavidin-alkaline phosphatase conjugate was prepared by amodification
of the glutaraldehyde method, as previously described.[20]

Standards, controls, and samples

The calibration curve was prepared using hEGF free serum. Recombinant
EGF was used for the preparation of 6 standards with concentrations
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between 0–2500 pg EGF/mL of serum. The curve was calibrated against
international standard of EGF 91/530 from NIBSC. EGF standards were
filtered, lyophilized and stored at –20ºC. Under these conditions they are
stable for at least 12 months.

Controls with a well-known EGF concentration that embraced a wide range
of standard curve activity were used for the assay evaluation. Controls were
prepared adding known EGF quantities to EGF free serum. Additionally, 130
serum samples, corresponding to 73 healthy subjects and 57 patients with lung
cancer were evaluated in duplicate.

Ultramicro enzyme-linked immunosorbent assay (UMELISA)

For the measurement of hEGF concentrations, 5 μL of standards, controls and
samples were diluted with 45 μL of the biotinilated CBEGF-2 monoclonal
antibody in TRIS 0.05 mol/L with 0.15 mol/L of NaCl, 0.03 mol/L of NaN3,
0.025 mmol/L of ZnCl2, 1.989 mmol/L of MgCl2, 0.45 mmol/L of Tween 20,
0.15 mmol/L of BSA, sheep serum 0.7% (W/V), and mouse serum 0.3% (W/V).
30 μL of each diluted specimen were transferred into the wells of the reaction
opaque polyestirene ultramicroplates coated with CBEGF-1 monoclonal anti-
body. The immunological reaction occurred for 16–18 hr at 37ºC in a humid
chamber and then, the plates were washed 4 times with 30 µL of 0.37 mol/L of
Tris-HCl solution, pH 8 containing 3.76 mol/L of NaCl, 1.1 mmol/L of Tween
20, and 76.9 mmol/L of NaN3 (30 µL per well). 10 μL of streptavidin- alkaline
phosphatase conjugate were added and the plate was incubated at 37ºC in a
humid chamber for 30 min. Afterwards the plate was washed again as described
above. The fluorogenic reaction was performed by adding 10 μL of the substrate
solution pH 9.6, containing 5.07 mM of 4-methylumbelliferil phosphate, 0.92
mol/L of diethanolamine-HCl, 0.7 mmol/L of MgCl2, and 7 mmol/L of NaN3.
The ultramicroplates remained at room temperature in a humid chamber for 30
min. Finally, the fluorescence was measured automatically in the spectrofluori-
meter-photometer reader. Reading values in fluorescence units (FU) were
directly transferred to the computer after measurement, where automatic vali-
dation and interpretation of the results were done, using a software developed
specially for UMELISA EGF applicability in the stratification of patients, for
eligibility to treatment with CIMAvax-EGF® vaccine. Samples with hEGF con-
centrations above the settled cut-off value were highlighted as the corresponding
patients selected for treatment. The settled cut-off value was previously obtained
from retrospective data of hEGF concentrations in sera from NSCLC patients
before they were treated with CIMAvax-EGF® in a clinical trial study.[14]
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Correlation with a commercial colorimetric assay

Correlation with a commercially available Human EGF Immunoassay
Quantikine® ELISA kit was studied using 130 human serum samples. The slope,
y-intercept of the line-of-best-fit, and regression statistics for the comparison by
our ultramicroELISA results versus those obtained on the same serum samples
using the Quantikine® ELISA, were obtained using Excel 2000 software.

Statistical analysis

For all datasets, two-tailed Student t-tests (Microsoft Excel) were employed to
determine statistical significance, which was considered present when P < 0.01.
Pearson correlation and concordance correlation coefficients (r and ρc values)
were used to calculate correlation between serum EGF levels using UMELISA
and Quantikine® ELISA Kit.

Results

Standard curve

A typical standard curve and a precision profile obtained with the UMELISA
EGF are shown in Figure 1. The calibration curve was built automatically by
the software, by plotting in a graph the mean fluorescence values for each
standard (y axis) and their expected theoretical concentrations (x axis). The
software automatically interpolates the reading values of the samples in the
graphic, and returns the corresponding concentration values in pg of EGF/
mL of serum. The FU is directly proportional to the amount of EGF present
in the sample. EGF calibrators were measured twofold on 6 consecutive days.
The precision profile for fluorescence standard replicates gave coefficient of
variation (CV) values between 6% and 9%.

Figure 1. Typical standard curve and precision profile obtained with the UMELISA EGF.
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Limit of detection (LOD) and limit of quantitation (LOQ) were determined
according to CLSI Guidelines.[21] The zero standard and 3 spiked serum samples
(35, 70, and 140 pg/mL) were analyzed 64 times to estimate LOD and LOQ.
Means, SDs, CVs, and the slope were calculated. LOD, defined as the lowest
amount of hEGF in a sample that can be detected with a probability of 95%, was
10 pg/mL, and it was calculated by: LOD = limit of blank (LOB) + 3×SDs (where
LOB=95 percentile of zero standardmeasurements; SDs = Pooled SD estimate of
measurements on spiked samples).

LOQ, the lowest amount of hEGF in a sample that can be quantitatively
determined in our UMELISA with an acceptable precision and a suitable
accuracy, was 39 pg/mL. The spiked samples were studied to estimate the
lowest concentration in the assay for which the CV is less than 20%, and the
measured value is within 20% (80–120%) of true value. The LOQ was
calculated by this formula: LOQ = LOB + 10× (SDs/slope).

Precision and recovery

Precision and recovery were determined following CLSI Guidelines.[22] For
evaluating precision, samples representing three different levels of hEGF con-
centrations were assayed. The repeatability, standard error of the daily means,
and within-laboratory precision were calculated from estimating hEGF in 2
replicates of each sample, for 30 operating days. The intra and inter-assay
coefficients of variation ranged between 4.4–7.3% and 0–5.1% respectively,
depending on the hEGF concentrations evaluated Table 1.

Table 2 shows the results obtained when controls were evaluated. Analytical
recovery was performed using pooled serum obtained from healthy volunteers.
Four serum controls were prepared adding known amounts of recombinant
EGF. The results were averaged of five replicates.[23] Percentage recoveries
ranged between 96–103% with a mean value of 98.7 ± 2.9%.

Linearity of sample dilutions

Samples representing 4 different levels of hEGF concentration were diluted
up to 16 times and assayed in the UMELISA EGF. The linearities obtained
are shown in Figure 2. Corrected concentrations were in the range of ±4.74%
of the expected concentrations, obtained for the non-diluted samples.

Specificity

Cross reactions to some chemokines that are similar to hEGF were tested in
human serum by replacing hEGF with concentrations up to 50 ng/mL of human
IL-2, murine IL-2, murine IL-4, interferon-α, interferon-γ, murine GM-CSF
supernatant, and murine IFN-α4 supernatant. The latter two products were
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supplied by the Center of Molecular Immunology. Specificity was satisfactory
due to the fluorescence of such chemokines did not exceed that corresponding to
a hEGF concentration of 1.2 pg/mL.

Comparison of methods

130 human serum samples were evaluated using our assay and the commercial
colorimetric Human EGF Immunoassay Quantikine® ELISA kit. Results of
correlation analyses are shown in Figure 3. 56.2% of the samples (n = 73)
corresponds to supposedly healthy individuals and were taken in the Vedado
Blood Bank. 43.8% of the samples (n = 57) corresponds to patients with NSCLC
at different stages of the disease and were supplied by the Department of Clinical

Table 1. Precision for the UMELISA EGF.

Repeatability
Between-day, between-run

precision
Within-laboratory

precision

Sample EGF concentration (pg/mL) Sr CV (%) Sdd CV (%) ST CV (%)

477.2 20.9 4.4 24.4 5.1 32.1 6.7
947.1 54.7 5.8 32.5 3.4 63.6 6.7
1780.6 130.3 7.3 0 0 119.9 6.7

Sr, repeatability standard deviation; Sdd, between-day standard deviation; ST, within-laboratory standard
deviation; CV (%), Coefficient of variation = (SD/Mean) x 100.

Table 2. Analytical recoveries of EGF measured by UMELISA EGF.
Expected (pg/mL)

Serum controls Determined (pg/mL) % Recovery

225 226 100.4
450 432 96.0
900 917 101.9
1800 1735 96.4

Figure 2. Linearity of sample dilutions.

196 E. M. CASTELLS MARTÍNEZ ET AL.



Trials in the Center of Molecular Immunology. The commercial EGF assay was
performed according to the manufacturer’s instructions.

The outcomes of both assays were highly correlated by the Pearson correlation
(r = 0.92, P < 0.01), where the slope, y-intercept and linear correlation coefficient
were 1.0274, 0.214, and 0.8514, respectively. Values of Pearson correlation coeffi-
cient above 0.7 signify the existence of a high positive correlation and values above
0.9 indicate that there is a very high positive correlation between the variables
analyzed.[24] The absolute agreement between assays was quantified using the
concordance correlation. The concordance correlation coefficient (ρc) combines
precision and accuracy measurements. Values greater than 0.85 indicate the
existence of a high correlation between the two methods evaluated.[25] The results
showed high overall concordance between the UMELISA EGF and Human EGF
Immunoassay Quantikine® ELISA assay (ρc = 0.91).

Discussion

Biomarkers are a characteristic that can be objectively measured and eval-
uated as an indicator of normal biological or pathogenic processes or phar-
macological responses to a therapeutic intervention and they are increasingly
used in the management of cancer patients[26] There exist prognostic and
predictive biomarkers. The latters are defined as markers which can be used
to identify subpopulations of patients who are most likely to respond to a
given therapy. Predictive biomarkers allow selecting the therapy with the
highest likelihood of efficacy to the individual patient.[27,28]

Retrospective correlation studies, using data from Phase II and III clinical
trials carried out with the CIMAvax-EGF® vaccine in Cuban patients with
advanced NSCLC (stages IIIb/IV), have demonstrated the prognostic value of
hEGF concentrations (pre-treatment, and during treatment) for the overall
survival of patients. Survival advantage occurs mainly in patients having high

Figure 3. Correlation between EGF serum concentrations determined by Colorimetric Human
EGF Immunoassay Quantikine® ELISA kit and UMELISA EGF.
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hEGF concentrations before treatment. The data also suggest that hEGF
levels may be a predictive biomarker for treatment with CIMAvax-
EGF®.[11,14,29] That is why it is very important to determine hEGF levels
prior vaccination in NSCLC patients, in order to treat only those that will be
benefited from the therapy.

There are in the market several immunoassays for EGF estimation mainly in
serum, plasma, and urine samples, based on different principles.[30–34] The
majority of them fit to our intended purpose of EGF estimation, but they are
expensive, and our health programs are conceived to reach a high coverage. In
this scenario, it was mandatory to develop our own assay.

In the 1980s, the development of a technology began in Cuba that allowed the
study of a great number of samples with a very low cost. Starting from these initial
efforts the Ultra Micro Analytic System (SUMA) and the ultramicroELISA
(UMELISA) techniques were developed. UMELISAs combine the high sensitivity
of the current microELISA tests with the use of ultra-micro-volumes of samples
and reagents, thus reducing costs. The SUMA technology is a flexible platform,
suitable for developing health programs based on active screening.[35]

Having this SUMA technology and about 30 years of experience with its
use, we developed and validated the UMELISA EGF kit for EGF estimation
in human serum samples.

The solid phase sandwich-type UMELISA described in this article exhibits
similar characteristics to other commercially available assays, in terms of preci-
sion, accuracy, and dynamic range, thus, making it useful for the quantification
of EGF in human serum samples. The estimated LOD and LOQ are also in the
range of those values for ELISAs with similar principle.

The assay exhibited good within-run and between-run reproducibilities in
the concentration range from 477–1781 pg/mL, and the sample´s linearity
demonstrates its accuracy.

Finally, the results obtained in the test for agreement with the Quantikine®
ELISA Human EGF Immunoassay kit, used in all previous studies with
CIMAvax-EGF® vaccine, showed a high correlation, so the kit guarantees
the continuity of our estimations and studies with the vaccine.

The kit enlarges the product portfolio that SUMA technology offers to the
Cuban Health System, making more affordable the treatment and follow-up
of our oncology patients. The UMELISA EGF is called to be the companion
diagnostic kit for the Cuban CIMAvax-EGF® vaccine for the measurement of
EGF in human serum samples from oncology patients, where hEGF levels
may be quite variable in a broad range of values.

The detection and quantification limits obtained are more than adequate
for the purpose of stratification of NSCLC patients, before treatment with the
vaccine. However, cut-off values for any other epithelial cancer, for which
EGF concentrations might also be considered a predictor biomarker for
CIMAvax- EGF®, will need to be established in the future.
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Just now there is an ongoing clinical trial with CIMAvax-EGF® for the
validation of prognostic and predictive values of EGF in NSCLC patients, and
also a translational study in progress, to evaluate the possible biomarker
value of this molecule in other epithelial cancers different to NSCLC.

In summary, the UMELISA EGF as part of SUMA technology is a simple,
precise and accurate assay that can be used to quantify EGF in sera from
normal subjects, and also in patients with different pathologies that displace
the levels of this molecule from the normal values. This is the case of NSCLC
and some neurological disorders such as depression, autism, schizophrenia
and Alzheimer disease.

The kit allows the processing of many samples at low cost and guarantees
efficiency and reliable results.

Acknowledgment

We thank Lic. José Luis Fernández for her valuable help in the final language revision of the
article.

References

1. Cohen, S.; Carpenter, G. Human Epidermal Growth Factor: Isolation and Chemical
and Biological Properties. Proc. Natl. Acad. Sci. 1975, 72, 1317–1321.

2. Holbro, T.; Civenni, G.; Hynes, N.E. The ErbB Receptors and Their Role in Cancer
Progression. Exp Cell Res. 2003, 284, 99–110.

3. Bunn, P.A.; Shepherd, F.A.; Sandler, A.; Le Chevalier, T.; Belani, C.P.; Kosmidis, P.A.;
Scagliotti, G.V.; Giaccone, G. Ongoing and Future Trials of Biologic Therapies in lung
cancer. Lung Cancer 2003, 41, S175–S186.

4. González, G.; Crombet, T.; Catalá, M.; Mirabal, V.; Hernández, J.C.; González, Y.;
Marinello, P.; Guillén, G.; Lage, A. A Novel Cancer Vaccine Composed of Human
Recombinant Epidermal Growth Factor Linked to a Carrier Protein: Report of a Pilot
Clinical Trial. Ann. Oncol. 1998, 9(4), 431–435.

5. González, G.; Crombet, T.; Torres, F. Catala, M.; Alfonso, L.; Osorio, M.; Neninger, E.;
García, B.; Mulet, A.; Pérez, R.; Lage, R. Epidermal Growth Factor-Based Cancer
Vaccine for Non-Small-Cell Lung Cancer Therapy. Ann. Oncol 2003, 14, 461–466.

6. González, G.; Crombet, T.; Neninger, E.; Viada, C.; Lage, A. Therapeutic Vaccination
with Epidermal Growth Factor /EGF) in advanced Lung Cancer: Analysis of Pooled
Data from Three Clinical Trials. Hum. Vacc. 2007, 3(1), 8–13.

7. González, G.; Crombet, T.; Lage, A. Chronic Vaccination with a therapeutic EGF-based
Cancer Vaccine: a Review of Patients Receiving Long Lasting Treatment. Curr, Cancer
Drug Targets 2011, 11(1), 103–110.

8. Crombet, T.; Neninger, E.; Catalá, M. García, B.; Leonard, I.; Martínez, L.; González, G.;
Pérez, R.; Lage, A. Treatment of NSCLC Patients with an EGF-Based Cancer Vaccine:
Report of a Phase I Trial. Cancer Biol. Therapy 2006, 5(2), 145–149.

9. González, G.; Lage, A. Cancer Vaccines for Hormone/Growth Factor Immune deprivation:
A Feasible Approach for Cancer Treatment. Curr. Cancer Drug Targ. 2007, 7(3), 191–201.

JOURNAL OF IMMUNOASSAY AND IMMUNOCHEMISTRY 199



10. García, B.; Neninger, E.; de la Torre, A. Leonard, I.; Martínez, R.; Viada, C.; González,
G.; Mazorra, Z.; Lage, A.; Crombet, T. Effective Inhibition of the Epidermal Growth
Factor /Epidermal Growth Factor Receptor Binding by Anti-Epidermal Growth Factor
Antibodies is Related to Better Survival in Advanced Non-Small-Cell Lung Cancer
Patients Treated with the Epidermal Growth Factor Cancer Vaccine. Clin. Cancer Res.
2008, 14(3), 840–846.

11. Neninger, E.; de la Torre, A.; Osorio, M. Catalá, M.; Bravo, I.; Mendoza, M.; Abreu, D.;
Acosta, S.; Rives, R.; del Castillo, C.; González, M.; Viada, C.; García B.; Crombet, T.;
González, G.; Lage, A. Phase II Randomized Controlled Trial of an Epidermal Growth
Factor Vaccine in Advanced Non-Small-Cell Lung Cancer. J. Clin. Oncol. 2008, 26,
1452–1458.

12. Neninger, E.; Verdecia, B.G.; Crombet, T.; Viada, C.; Pereda, S.; Leonard, I.; Mazorra
Z.; Fleites, G.; González, M.; Wilkinson, B.; González, G.; Lage, A. Combining an EGF–
based Cancer Vaccine with Chemotherapy in Advanced Non-Small Cell Lung Cancer.
J. Immunother. 2009, 32(1), 92–99.

13. Rodríguez, P.C.; Rodriguez, G.; González, G.; Lage, A. Clinical Development and
Perspectives of CIMAvax EGF, Cuban Vaccine for Non-Small Cell Lung Cancer
Therapy. Meddic Rev. 2010, 12(1), 17–23.

14. Phase III Clinical Trial: Survival of Advanced NSCLC Patients Receiving Maintenance
Therapy with CIMAvax-EGF, with Serum EGF Levels Bigger than 850 pg/mL after
First Line Chemotherapy. Report to Center for the State Control of Drugs, Equipment
and Medical Devices, Cuba, 2014.

15. Freyre, M.; Vazquez, J.; Duarte, C. Ferrá, E.; López, I.; Arteaga, N.; Alfaro, A.;
Gavilondo, J. Anticuerpos Monoclonales que Reconocen los Factores de Crecimiento
Epidérmico Humano y murino. Interferón y Biotecnología 1989, 6, 32–43.

16. Gavilondo, J.; León, I.; Ferra, E.; Duarte, C. “In vitro Primary Immunization for the
Obtention of Mouse Monoclonal Antibodies against Human Recombinant Interferón
and Epidermal Growth Factor”. In vitro Immunization in Hybridoma Technology.
Progress in Biotechnology, vol. 5; Borreback, C.A.K., Ed. Amsterdam, Oxford, New
York: Elsevier Pub. Co., 1988; pp. 131–136.

17. Cabrera, Y.; Pupo, A.; Rojas, G. A Combinatorial Mutagenesis Approach for Functional
Epitope Mapping on Phage-displayed Target Antigen Application to Antibodies against
Epidermal Growth Factor. mAbs 2014, 6(3), 637–48.

18. Puchades, Y.; Ojalvo, A.G.; García, Y.; Chinea, G.; Gerónimo, H.; Vispo, N.S.
Identification of Peptides Mimicking the Natural Epitope Recognized by the CB-
EGF1 Anti-EGF Monoclonal Antibody. Biotecnología Aplicada 2005, 22, 199–202.

19. Bayer, E.A.; Wilchek, M. The Avidin-biotin System. In Immunoassay, 1st ed.;
Christipoulos, T.K.; Diamandis, E.P. Eds, Academic Press: San Diego–New York-
Boston-London-Sidney-Tokyo-Toronto, 1996.

20. Marrero, N.; Zulueta, O.; González, E.C.; Montalvo, G.; Pérez, P.L.; Melchor, A.
Obtention of 17α-hydroxyprogesterone/Alkaline Phosphatase Conjugates for Use in
the Diagnosis of Congenital Adrenal Hyperplasia. Rev. CENIC Cienc. Biol. 2003, 34(1),
23–28.

21. CLSI. Protocols for Determination of Limits of Detection and Limits of Quantitation;
Approved guideline. CLSI document EP17-A. Clinical and Laboratory Standards
Institute, Wayne, PA, 2004.

22. CLSI Protocols for Evaluation of Precision Performance of Quantitative Measurement
Methods; Approved Guideline. CLSI document EP05-A2. Clinical and Laboratory
Standards Institute, Wayne, PA, 2004.

23. Wild, D. The Immunoassay Handbook. MacMillan, 1994; pp. 83–100.

200 E. M. CASTELLS MARTÍNEZ ET AL.



24. Hinkle, D.E.; Wiersma, W.; Jurs, S.G. Applied Statistics for the Behavioral Sciences, 5th
ed. Houghton Mifflin: Boston, 2003.

25. Lin, Li. A Concordance Correlation Coefficient to Evaluate Reproducibility. Biometrics
1989, 45, 255–268.

26. Neal, J.W.; Sledge, G.W. Decade in Review-targeted Therapy: Successes, Toxicities and
Challenges in Solid Tumours. Nat. Rev. Clin. Oncol. 2014, 11(11), 627–628.

27. Walther, A.; Johnstone, E.; Swanton, C.; Midgley, R.; Tomlinson, I.; Kerr, D. Genetic
Prognostic and Predictive Markers in Colorectal Cancer. Nat. Rev. Cancer. 2009, 9(7),
489–499.

28. Voon, P.J.; Kong, H.L. Tumour Genetics and Genomics to Personalize Cancer
Treatment. Ann Acad Med Singap. 2011, 40(8), 362–368.

29. Crombet, T.; Neninger, E.; Gonzalez, J. Rodriguez, P.C.; Garcia, B.; Popa, X.; Mazorra,
Z.; Viada, C.; Lorenzo, P.; Gonzalez, G.; Lage, A. EGF-Based Cancer Vaccine:
Optimizing Predictive and Surrogate Biomarkers. J. Clin. Oncol. 2013, 31(Suppl.,
Abstr.), 3013.

30. Mainet, D.; Caccamo, F.; Duarte, C. A Fast and Sensitive Non-competitive
Streptavidin-biotin Enzyme Immunoassay for Human Epidermal Growth Factor.
Biotecnología Aplicada 1993, 10(3), 176–182.

31. Abe, Y.; Sagawa, T.; Sakai, K.; Kimura, S. Enzyme-linked Immunosorbent Assay
(ELISA) for Human Epidermal Growth Factor (hEGF) Clinica Chimica Acta 1987,
168, 87–95.

32. Pesonen, K,l Alfthan, H.; Stenman, U.H.; Viinikka, L.; Penheentupa, J. An
Ultrasensitive Time-Resolved lmmunofluorometric Assay of Human Epidermal
Growth Factor. Analyt. Biochem. 1986, 157, 208–211.

33. Jaspar, J.M.; Franchimont, P. Radioimmunoassay of Human Epidermal Growth Factor
in Human Breast Cyst Fluid. Eur. J. Cancer Clin. Oncol. 1985, 21(II), 1343–1348.

34. Vázquez, J.; Freyre, M.; Duarte, C., Ferrá, E.; López, I.; Pérez, E.; Gavilondo, J.V. Radio
and Enzyme Immunoassays for Human Epidermal Growth Factor with Mouse
Monoclonal Antibodies. Biotecnología Aplicada 1990, 7(1), 42–51.

35. Reed, G. Generating Appropriate Technologies for Health Equity: José Luis Fernández
Yero (Interview). MEDICC Rev. 2009, 11, 14–17.

JOURNAL OF IMMUNOASSAY AND IMMUNOCHEMISTRY 201


	Abstract
	Introduction
	Materials and methods
	Chemicals
	Anti EGF monoclonal antibodies
	EGF-free human serum
	Equipment and accessories
	Immobilization of CBEGF-1 antibodies
	CBEGF-2 biotin labeling
	Enzyme conjugate
	Standards, controls, and samples
	Ultramicro enzyme-linked immunosorbent assay (UMELISA)
	Correlation with a commercial colorimetric assay
	Statistical analysis

	Results
	Standard curve
	Precision and recovery
	Linearity of sample dilutions
	Specificity
	Comparison of methods

	Discussion
	Acknowledgment
	References

