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Abstract

Background: Although the contribution of platelets to the measured serum EGF levels was reported by Oka
since 1983, the majority of reports in healthy donors or patients do not control clotting times during the collection of
the sera. This results in a variation of the notified values, additionally to the one already caused by the functional
EGF SNP of the gene, that modulates the expression of the molecule. Both issues -platelets and SNP- make the
conventional stratification by absolute serum EGF levels not suitable. Within this study we evaluated serum EGF
levels in a panel of 105 healthy Cuban donors, balanced by gender and age (from 18-78 years). As a result, a new
stratification methodology for the comparison between individuals was proposed.

Methods: The EGF was estimated in sera collected at two different clotting times: 1h and 4h. Comparisons
between groups were carried out. The estimations, normalized through the calculation of ratios from the two
measured levels (r=[EGF], /[EGF], ), were used for the stratification.

Results: Differences were found by age (4h, donors younger and older than 45 years, p=0.0083) and gender
(1h, p=0.0167), and between 1h and 4h levels (p<0.0001, n=105). While 38 out of 105 individuals ranked different
in 1h and 4h conventional stratifications, the methodology using ratios yielded a unique score for each individual.

Conclusions: The proposed methodology of stratification by ratios, in contrast to the conventional approach,
allows for a proper comparison between EGF levels and individuals. Thus, it should have an impact on diseases for
which the association of EGF with the iliness has been established, aiding to clarify the connection of the molecule
with the disease. This work might be of value to clinicians, scientists, and the healthcare community in general,

conducting research regarding the role of EGF as a biomarker.
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Introduction

The epidermal growth factor (EGF) was first isolated from
submandibular glands of male mice [1]. Although present in serum,
urine, plasma, saliva, and a variety of human tissues, the origin of
serum EGF (sEGF) was unknown until 1983, when Oka and Orth
published a paper describing that immunoreactive human EGF in
blood was associated with platelets [2]. Since then, two theories have
been considered about the primary source of EGF. Platelets do not
have protein biosynthetic capability; thus it is possible that either
EGF is synthesized by megakaryocytes and stored in platelets, or that
it is secreted by other tissue(s) into the blood, where it is sequestered
by platelets. In either case, this factor is later released into serum
during the coagulation process. To our knowledge, there are few
published reports about sEGF levels in healthy human donors [3-6].
In a significant part of them, the time of sera separation is either not
declared or properly controlled [3], or it varies widely [5], thus affecting
the reported sEGF values. Moreover, the significance of these studies is
sometimes limited due to the very small number of samples included.
Taking into account that platelets store EGF, which is released during
the process of clot formation [2,7], and also considering the strong
association between the EGF single nucleotide polymorphism (SNP)
at the promoter region of the gene [8-14] and the inter-individual

differences by sEGF levels, EGF was estimated in sera collected at two
different times (1h and 4h) after venipuncture. These SEGF estimates
permitted assess the influence of both, platelets and EGF SNP, on the
stratification of healthy individuals by sEGF levels. As a result of this
analysis, a novel stratification method was proposed, which overcomes
the variability observed in the conventional method of stratification.
It is worth to notice that, despite this study was performed in healthy
donors, its findings could be relevant for the stratification of patients
by sEGF levels, in diseases for which the usefulness of this molecule
as a biomarker has been previously established: in diagnosis [15-17],
prognosis [18,19], determination of patient’s eligibility for treatment
[20-22] and monitoring of the therapy in a clinical setting [17,23-26].
The results of the present study might also help to understand the
kinetics of the release of EGF by the platelets, thus contributing to a
better reading of the levels of this molecule in sera of healthy and sick
individuals.
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Gender n= Mean Age * SEM (years) Median Age (years)
Group Age (years) Total
w M All w M All w M
| 18-45 17 21 34.16 £ 1.29 31.06 + 1.54 36.67 + 1.83 33.50 31.00 42.00 38
Il 46-60 19 18 52.32 + 0.66 51.47 £ 0.82 53.22+1.02 51.00 51.00 52.50 37
1l 61-78 16 14 69.00 + 0.80 70.50 + 1.09 67.29 + 1.04 68.00 71.00 68.00 30
\% 46-78 35 32 59.79+1.14 60.17 £1.75 59.38 + 1.44 59.00 59.00 59.50 67
Total 18-78 52 53 50.51 +£1.48 50.65 + 2.30 50.38 + 1.91 51.00 51.00 51.00 105

Table 1: Age and gender composition of different groups in the panel of healthy controls. Group IV is the sum of groups Il and Ill. SME: standard mean error; W: women;

M: man; All: the whole population.

Materials and Methods

Recruitment and ethical aspects

A panel of sera from 105 Cuban healthy volunteers, with ages
between 18 and 78 years old, was prepared in partnership with the
Vedado Blood Bank, the Center of Molecular Immunology (CIM) and
a geriatric institution, all located in Havana, Cuba (Table 1). Based
on the questionnaires, none of donors had any chronic diseases or
was specially medicated. Individuals with either diabetes, or thyroid
disorders, or a surgical procedure done six or fewer weeks before the
moment of recruitment, were excluded. The appropriate institutional
review board approved the study and a signed informed consent was
obtained from all donors before the phlebotomy procedure. The sera
were obtained in full compliance with the clinical and ethical practices
and anonymity was guaranteed.

Blood extraction and sera separation

Two serum samples were collected from each subject, at 1h and 4h
after phlebotomy. In the case of 11 blood bank donors, serum was also
collected 24h after venipuncture. The panel was balanced by gender and
age (Table 1). The procedure for blood extraction and sera separation
was as follows: 10 mL of venous blood was extracted with a 21 G x 1
1/2" needle; 5 mL were poured into two similar corning plastic tubes,
15 mL capacity each, and then incubated for one hour in a bath at 37°C.
After one hour the tubes were removed from the bath; keeping one
of them under incubation at room temperature (RT) for three more
hours. The formed clot was separated from the inner surface using a
micropipette tip, and further centrifuged at 4600 g for 15 minutes
(5000 rpm in a Japanese Kokusan centrifuge, model H-103 N). The
serum was then aspirated with a micropipette, poured in Eppendorf
tubes of 1.5 mL to 2 mL capacity, and kept at RT until a second
centrifugation. The second tube was centrifuged four hours after the
venipuncture as described above, and then, subjected with the first
tube to a second centrifugation. This second centrifugation was aimed
at eliminating any remaining platelets, in order to avoid EGF release
in freezing/defrosting processes. For this purpose, each Eppendorf
tube was centrifuged at 10 000 g for 12 minutes (about 12 000 rpm in a
centrifuge Eppendorff MiniSpinPlus, rotor F-45-12-11 withr__ =6 cm,
45° fixed-angle). After this final centrifugation, aliquots were prepared
and frozen at -40°C, until the moment of quantification. The sera
collected at 24h were similarly obtained, with a centrifugation at 24 h
after phlebotomy.

EGF measurements

Quantification of sEGF levels was done with the UMELISA
EGF kit developed by the Center for ImmunoAssay, TecnoSUMA
International S.A., Havana, Cuba [27]. It consists of a solid phase
sandwich-type ultramicro ELISA (UMELISA) technique, which
combines the high sensitivity of the current microELISA tests with
the low cost of the used kit. It is because of the use of ultra-micro-
volumes of samples and reagents. The assay was performed as follows:

the calibrators of the standard curve and the serum samples were both
diluted in an anti-EGF biotinylated reporter monoclonal antibody, and
then they were added to the reaction wells plated with a coating anti-
EGF monoclonal antibody. Once the complex “coating antibody-EGF-
reporter biotinylated antibody” was formed, a conjugate streptavidine-
alkaline phosphatase was added for the developing of the reaction,
using 4 methylumbelliferyl phosphate as substrate. The intensities of the
fluorescent signals for calibrators and assayed samples was proportional
to the EGF concentrations. A linear regression model using the method
of least squares was applied to log-transformed data (fluorescent
signals from unknown samples and calibrators, and concentrations
from calibrators) to estimate EGF concentrations in unknown samples.
Each sample was tested twice in the same experiment. The intra-assays
coefficients of variation were always lower than 10%, in good agreement
with those reported by the manufacturer of the kit [27]. It is noteworthy
that, the UMELISA EGF’ kit exhibited similar characteristics to other
commercially available assays, in terms of precision, accuracy and
dynamic range [27]. Besides that, its estimations correlated very well
with those obtained with the Human EGF Immunoassay Quantikine’
ELISA (R&D Systems, Minneapolis, MN, USA), which is probably the
most widely used kit for EGF estimations at the moment.

Statistical analysis

A contingency table was constructed aimed at finding multiple
cross correlations and the possibility of dealing with confounding
variables. From the computed table the most significant association
was Clothing time-Gender, while the rest of cross-correlations
were statistically insignificant. Besides that, the ANOVA test was
consistent with the lack of further strong correlations. The p value
for the cross-correlation Clothing time-Gender was 0.0225. Although
not statistically significant, the other lower p value was 0.0959, for
the cross-correlation clotting time-age group. Thus, the analysis was
explicitly focused on these both associations. The studied population
was stratified by gender and age to deal with these cross-correlations
in the performed analysis. Mainly Student’s t-tests were used for
comparisons. A two-tailed p-value <0.05 was considered significant.
D'Agostino and Pearson omnibus normality test was used to measure
the departure from normality in the distribution of data. When data
was not normally distributed, the Kruskal-Wallis and Mann-Whitney
tests were employed to compare the medians, instead of the means.
Statistical correlations were assessed with the Pearson correlation
coeflicient. Graphics were built in GraphPad Prism 5 Software, Inc.,
version 5.03, 2009.

Results and Discussion

Table 2 shows the estimated sEGF levels. Values were grouped by
age and gender.

Pattern of EGF serum levels

The concentrations of SEGF from 105 healthy donors, measured in
the sera collected at 1h and 4h after venipuncture, are shown in Figure
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sEGF /mL
Gender Group n= T (hours) ( ) (Pg ) . p
Mean * SME Median
W i 52 1 549.60 + 51.29 573.50 W vs. M, 0.0167
4 985.00 + 36.10 962.40 W vs. M, 0.2637
1 398.90 + 35.13 355.60
M 111 53
4 1047.00 + 41.03 1004.00
1 473.50 £ 31.70 404.18
All -1 105 < 0.0001
4 1016.00 + 27.39 990.60
1 526.50 + 69.24 644.00
| 17 lvs. lll, 0.2483
4 1018.00 + 59.08 998.70
lvs. IV, 0.5248
" 19 1 608.10 + 82.87 587.10 W vs. M, 0.0047
w 4 1025.00 + 47.63 995.50
" 16 1 504.70 + 115.8 544.20
4 901.60 + 80.86 822.40
v 35 1 560.80 + 68.96 559.90
4 968.80 + 45.64 941.30
1 376.40 + 51.34 323.00
I 21 | vs. lll, 0.0036
4 1186.00 + 60.98 1214.00
I vs. IV, 0.0047
" 18 1 402.70 + 54.03 387.20
M 4 998.40 + 71.18 951.10
" 14 1 427.70 + 87.00 317.80
4 899.00 + 65.08 838.90
1 413.60 £ 47.90 364.70
\% 32
4 954.90 + 49.18 940.60
1 443.50 +43.19 390.60
38 I vs. lll, 0.0029
4 1111.00 £ 44.43 1060.00
Ivs. 1V, 0.0083
1 508.20 + 52.22 426.60
All I 37
4 1012.00 + 41.85 957.10
" 30 1 468.70 £ 73.03 375.10
4 900.30 + 51.86 835.10
1 490.50 + 43.32 410.70
I\ 67
4 962.20 + 33.22 941.30

Table 2: Statistics of SEGF levels in the different groups of the panel. Groups by age strata: |, from 18-45 years (45 years or younger); Il, from 46-60 years; lll, from 61-
78 years; IV, from 46-78 years (older than 45 years). T: time of sera collection; SME: standard mean error; W: women; M: man; All: the whole population.

Tk Kk
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1000+

[sEGF] in pg/mL

500

Figure 1: Scatter plot of SEGF levels from healthy Cuban donors measured
in the sera collected at 1h and 4h after venipuncture (n=105, age from 18-78
years). Mean values + SME at 1h and 4h were 473.5 pg/mL + 31.70 pg/mL and
1016 pg/mL £ 27.39 pg/mL respectively. ****: extremely significant differences,
p<0.0001. SME: standard mean error.

1. The observed pattern is the usual one, with extremely significant
differences between mean values at 1h and 4h (p<0.0001) (Table 2),
in good agreement with previous reports [7]. However, in four donors
with ages between 71 and 78 years (one man and three women), the
sEGF concentrations at 4h were lower than the values at 1h. The EGF
patterns associated with these samples were named "inverted patterns".
Moreover, in 6 out of the 11 sera collected 24h after phlebotomy, the
measured sEGF levels were very low, below the 10% of the levels in the
corresponding sera separated 4h after venipuncture, while in the five
remaining samples, the measured values ranged between 16% and 36%
of the corresponding levels at 4h. On the other hand, the mean sEGF
value obtained at 1h for the whole population (n=105, 52 women, 53
men, 18-78 years, (Table 2), was within the range described in Taira’s
report (300 pg/mL + 30 pg/mL, n=12, seven men, five women, 24-
79 years) [4]. Although the collection time of the sera is not declared in
this communication, it seems to be an important variable to consider,
as we just verified.

Why the EGF inverted patterns?

Since platelets are small, very compartmentalized cell fragments
without nuclei, which originate from their precursors (megakaryocytes)
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in the bone marrow, the proteins they store in its organelles (EGF,
among others) are mostly sequestered from the plasma. This stored
content is released after platelet’s activation under different stimuli or
agonists, such as collagen or thrombin [28-31]. The observed deviations
from the usual pattern might be explained if platelets could be able to,
once all the EGF was released into the microenvironment, capture it
again for its re-storage in case it was inactive, as it happens during
the coagulation process. It has also been reported a similar capacity
of platelets to selectively take up angiogenesis regulators and other
tumor-associated biomolecules in cancer-bearing hosts [32], or ingest
circulating mRNA from the tumor microenvironment [33].

The same explanation might also help to understand the inverted
patterns that we have seen in some breast cancer and NSCLC patients
(data not published). In these cases, they could be associated with a
very high dependence of tumors on EGF, which is consistent with the
very high sEGF concentrations found in these patients at 1h, suggesting
high circulating sEGF levels (unpublished observations). In these
samples, the plateau resulting from the complete EGF release by alpha
granules is achieved faster than in the rest of the samples. Therefore,
the platelets before the completion of the 4™ hour of clotting begin
to sequester the inactive EGF in serum for its re-storage. This could
explain lower SEGF concentrations at 4h than those measured in their
corresponding samples at 1h.

Some correlations

The correlation between [sEGF], and [sEGF],,, excluding the
individuals with inverted patterns, although extremely significant
(p<0.0001,n=101) was not so strong. The Pearson correlation coeflicient
R was equal to 0.4671, which is consistent with a linear relationship
from weak to moderate. Similar correlation analyses for women (n=49,
R=0.6614, p<0.0001) and men (n=52, R=0.3623, p=0.0083) also yielded
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Figure 2: Comparison of sEGF levels in the sera collected 1h and 4h after
venipuncture, in individuals from different age strata. Age groups: | (18-45 years,
n=38, 17 women and 21 men); Il (46-60 years, n=37, 19 women and 18 men); llI
(61-78 years, n=30, 16 women and 14 men); IV (46-78 years, n=67, 35 women
and 32 men). Mean value + SME is represented for each group. SME: standard
mean error; **: very significant differences, p from 0.001 to 0.01.

significant results, with a stronger correlation for women than for men.
The weakness of the obtained associations might be due primarily to
the inter-individual variability, caused by the presence of the SNP in the
promoter region of the EGF gene (nt61), which is functional, and hence
modulates the individual ‘s sEGF levels, no matter its health condition
(see in Figure 1 the highly variable sEGF levels at 1h and 4h). Secondly,
the differences found by gender also caused a poor global correlation
of the values. The correlation analysis between sEGF concentrations
and count of platelets from 15 healthy volunteers, showed a significant
relationship between them (1h: R=0.5762, p=0.0246; 4h: R=0.5717,
p=0.0260). This significant correlation was expected, since the EGF
stored in platelets is released to the serum, contributing to the measured
levels; a fact previously reported [34]. As expected, a better correlation
was found for the ratios of both estimated concentrations r=[sEGF],,/
[sEGF],, [R=0.5956, p=0.0191]. This is explained because r is in some
way normalized by platelets count, due to the presence of [SEGF],; as
the denominator of the expression, which makes it a better variable for
the comparison of individuals than absolute sEGF values.

The influence of age and gender

Table 2 shows the data organized by gender and age. Figure 2
shows the comparison between four age groups: I (18-45 years, n=38,
17 women and 21 men), IT (46-60 years, n=37, 19 women and 18 men),
III (61-78 years, n=30, 16 women and 14 men) and IV (46-78 years,
n=67, 35 women and 32 men). There were not significant differences
among SEGF levels at 1h between any of these groups, with p values
that varied from 0.4606 to 0.8709. However, we found very significant
differences at 4h between groups I and III, composed of young and old
donors, respectively (p=0.0029). It implies that in humans the mean
EGF stock decreases with age, for the whole population (if gender is
not considered in the comparison). When a similar analysis is done for
women and men separately, we found the same significant differences
between young and old men (p=0.0036), but not for women (p=0.2483).
We also found very significant differences at 4h between the mean
values of groups IV and I (p=0.0083) (Table 2). Looking more deeply
inside these groups of individuals younger and older than 45 years, we
found again differences among the men (p=0.0047), but not inside the
group of women, when the same analysis was done (p=0.5248). These
results suggest that differences that were found at 4h between group
I and groups III and IV were caused by men. Shurin et al. report a
tendency of sEGF values to decrease with age [3], although they do not
specify the particular behavior in women and men. However, they also
report a decrease of serum levels of EGF receptor (EGFR) with age,
both, in men and women, the reduction being more dramatic in the
case of men. As EGF regulates the EGFR [35], this result supports the
variation of sEGF levels with aging that we found for women and men.
In the study of Shurin however, there is a wide variation in collection
times, oscillating between 30 min and two hours, with the consequent
variability in the estimated sEGF concentrations. Therefore, when
authors group data by age only, they are probably combining for the
analysis some sera that are non-comparable by clotting time. Besides
that, we found significant differences between mean sEGF values for
women and men in sera collected at 1h (p=0.0167), but not in sera
separated 4h after venipuncture (p=0.2637). Doing the same analysis
by age strata, we found that although women had mean levels of
sEGF at 1h and 4h higher than men (Table 2), the difference between
them was significant only for sera collected at 1h (p=0.0047) in
group II. These results in serum were likewise consistent with those
in urine that were published by Uchihashi. The author also reports a
reduction of EGF levels with age, and higher EGF levels for women
(n=102, 51 males, 51 females, from 20 to 79 years) [36]. The ratios r
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of sEGF levels at 1h and 4h, multiplied by 100, are a measure of the
amount in percentages, of the circulating EGF (near the concentrations
estimated in sera collected 1h after phlebotomy), from the total EGF
provision coming from platelets (close to concentrations assessed
in sera collected 4h after venipuncture). Significant differences
calculated from filtered data were found (p=0.0193) between the mean
circulating EGF (%) values of women (49.18% + 4.06%, n=49) and men
(37.13% + 3.09%, n=52). Measured as a percent of the total provision
of EGF, women had about 12% more EGF in circulation than men.
This result appears to be consistent with those reported previously for
urinary EGF concentrations in humans [36]. However, when mean
circulating EGF (%) levels for women and men were compared by
age strata, the differences were significant only in group I (p=0.0087).
The values were: for women, 51.33 pg/mL + 6.16 pg/mL, n=17, mean
and median ages of 31.06 years and 31.00 years respectively; and for
men, 31.33 pg/mL + 4.15 pg/mL, n=21, mean and median ages of 36.67
years and 42.00 years respectively. We also calculated the differences
between concentrations assessed in the sera collected at the two
coagulation times (d=[sEGF],,-[sEGF] ). The estimated values are a
measure of the EGF stored in platelets, which is completely released
when the plateau is reached (near 4h during the coagulation process).
Individuals with inverted patterns were excluded from the analysis. The
comparison of mean d for women and men showed very significant
differences between them (p=0.0012), revealing that although they had
similar provisions of EGF in average (from the absence of differences
in values at 4h), men had stored more EGF in platelets than women,
which is congruent with the fact that women had more EGF in
circulation. The respective values were: 476.2 pg/mL + 36.13 pg/mL,
n=49, mean and median ages of 49.14 years and 50 years; and 664.0
pg/mL + 43.01 pg/mL, n=52, mean and median ages of 49.94 years and
51 years, for women and men, respectively. These mean differences for
women and men compared by age strata were also significant only in
group I (p=0.0011, women: 491.9 pg/mL + 64.05 pg/mL, n=17, mean
and median ages of 31.06 years and 31.00 years, respectively; and men:
809.7 pg/mL + 61.66 pg/mL, n=21, mean and median ages of 36.67
years and 42.00 years, respectively). Therefore, the significance found
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Figure 3: Variable stratification of healthy volunteers by absolute SEGF levels at
1h and 4h (n=105). The median values for 1h and 4h estimations are specified:
404.18 and 990.57 pg/mL respectively. Arrows indicate three of the samples with
inverted sEGF patterns.

in the comparison of mean d of women and men, was again associated
with the group I of younger people from 18 to 45 years. On the other
hand, while there were no differences between the groups of women,
we found significant differences between groups I and II of men (p=
0.0266). The values were: 809.7 pg/mL + 61.66 pg/mL, n=21, mean and
median ages of 36.67 years and 42.00 years respectively, for group I;
and 595.7 pg/mL + 69.59 pg/mL, n=18, mean and median ages of 53.22
years and 52.50 years respectively, for group IL

Stratification: Absolute or relative values?

The weak-to-moderate correlation of estimations at 4h and 1h,
the variability imposed by the clotting time (avoidable if it is properly
controlled), and the inverted sEGF patterns obtained for some
samples, all together hinder the stratification process by absolute
SEGF levels. These issues might be a problem for the comparison of
individuals through the estimated absolute values, and do not allow
the identification of those with “truly high/low sEGF levels”, which
are actually relative concepts. Therefore, the analysis of absolute SEGF
levels, for stratification purposes, might lack biological meaning in
both contexts: healthy and sick individuals, because of the inherent
variability of the measured levels, non-related with the previously
mentioned conditions. In an attempt to stratify the studied group
of healthy volunteers employing the conventional strategy by
absolute sEGF levels, and taking as a cut-off value the median of the
population, we found that two different arrays of data are obtained
from measurements at 1h and 4h after phlebotomy, in which not all
individuals were classified the same way (Figure 3). In the stratification
from measurements at 4h, 38 out of 105 individuals (36.19%)
changed their position with respect to the median of the population,
in comparison with their previous positions in the stratification from
measurements at 1h. The nineteen that were below the median of the
population at 1h surpassed the 4h median, and vice versa with the other
nineteen that were on top. The remaining 67 individuals maintained
their status below (34/105, 32.38%) or above (33/105, 31.43%) the
medians in the two sets of data. In this conventional stratification, three
samples with inverted SEGF patterns from the four detected were at 4h
below the median of the population (sEGF values: 669.39, 692.15 and
801.48 pg/mL), although their sEGF values at 1h were located very far
above the median (sEGF values: 777.41, 837.74 and 1005.89 pg/mL).
See lines marked with arrows in Figure 3. On the contrary, among the
nineteen that moved above the median of the population at 4h, there
were some individuals with very low concentrations at 1h, which in
this case classified very far below the median. Although this variability
is always present, it is unnoticed when conventional stratification,
involving one only estimation per individuals, is performed. In order to
avoid these variations that hinder the adequate stratification by sEGF
levels, the estimations were normalized by calculating the quotient r
from measurements at 1h and 4h (r=[sEGF],,/[sEGF],,). The analysis
of this variable r allows for the discrimination between “truly high/
low sEGF levels”. From the comparison of r-ratios, the sEGF levels
of a given person might be considered high or low depending on the
fraction that represents the circulating SEGF (near the level measured
at 1h), from the individual s total provision of EGF (near the sEGF level
measured at 4h). Figure 4 shows the stratification by ratios r. In this
new strategy of stratification, examples of “truly low sEGF values”
could be those that being above the median levels in conventional
stratification when both data sets are analyzed, have ratios lower
than the median of ratios of the population. The clearest example of
a “truly low sEGF level” in our data set, corresponds to an individual
having [sEGF],, = 426.57 pg/mL and [sEGF], _1719.92 pg/mL, with
a corresponding calculated ratio equal to 0.25 (represented by the
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Figure 4: Stratification of donors by calculated ratios from absolute EGF levels
in sera collected 1h and 4h after venipuncture. Mean ratio + SME: 0.46 pg/mL +
0.03 pg/mL is represented by bars. The median of ratios equal to 0.45 is indicated
by arrows. Ratios corresponding to inverted sSEGF patterns are represented with
black diamonds (¢). Examples of “truly high/low sEGF levels”, as compared to
the median of the population, are symbolized with white pointing-up (A) and
pointing-down (V) triangles. SME: standard mean error.

biggest pointing-down triangle in Figure 4). Similarly, the clearest
example of an individual with “truly high sEGF levels” is the one in
Figure 4 that having [sEGF], =355.58 pg/mL and [sEGF], = 672.72
pg/mL, both values lower than the corresponding medians in the two
data sets, has a ratio of 0.53, which is above the median of the ratios
of the analyzed population. See the biggest pointing-up triangle in
Figure 4. Wherefore, it is risky in conventional stratification, to link the
ranking of individuals regarding the median value of the population,
with supposed alterations of the measured levels. However, the
stratification by ratios corrects this variability shortcoming of the
conventional stratification. First, the inverted patterns (with inverted
ratios), which correspond to “truly high sEGF values,” are located in
the stratification well above the rest of the population, clearly above
its median value (0.45, n=105). Second, “truly low sEGF values”
classified below the median of r, although their values at 1h (538.78,
410.65, 577.27, 667.94 pg/mL, from the examples in Figure 4) and 4h
(1416.64, 1015.19, 1389.76, 1541.22 pg/mL, from the same examples in
Figure 4) were above the respective medians. See white pointing-down
triangles (V) in Figure 4, for the previous examples. Finally, subjects
with concentrations apparently low, that were below the medians
of the populations at 1h (370.13, 396.48, 359.22 and 354.31 pg/mL)
and also at 4h (793.94, 820.53, 740.57, 721.7 pg/mL), but which are
“truly high sEGF values” considering the fractions that represent the
concentrations at 1h with respect to the concentrations at 4h, were also
located above the median of ratios (see white pointing-up triangles
(A) in Figure 4). The estimation of ratios from the sEGF levels at 1h
and 4h and its stratification, is the approach we propose to normalize
the estimations and achieve a proper comparison between individuals,
muting the variability caused by the polymorphism of the gene and
the contribution of platelets during coagulation. In this new strategy
of stratification, the concepts of "low sEGF value" and "high sEGF
value" will depend on the fraction that represents the circulating EGF
values (near the levels measured at 1h), from the total provision of EGF

(near the levels measured at 4h). This interpretation adds biological
meaning to the estimations of sEGF levels; the analysis of ratios gives
more information about the availability (circulation) or presumed
accessibility or activity of EGF (especially in the case of patients) than
the comparison of those highly variable absolute sEGF levels.

Clinical implications of the findings

Based on the stratification results of the studied healthy population,
employing both methodologies: the conventional and the new one
proposed, by mean of ratios r, and also considering the calculated ratios
for 25 NSCLC patients in a parallel study (unpublished observations),
we conclude that r=[sEGF]  /[sEGF], is a more suitable variable for
stratification than absolute serum EGF levels, because it is able to
differentiate between “truly low” and “truly high” sEGF values, as well
as between healthy and sick individuals (data not published).

The proposed strategy of stratification should have an impact on
diseases for which the association of EGF with the illness has been more
or less established. Also in this context, the comparison of SEGF values
with the aid of the variable r might help to clarify the connection of the
molecule with the disease. Widely expressed in the body, this protein
plays a fundamental role in development, tissue regeneration and ion
transport, which occur either by the molecule itself or synergistically
with other members of EGF family, through the EGF/EGFR axis.
The dysregulation of this axis has been particularly linked to cancer
development, and also to several other diseases and their pathogenesis.
Therefore, in addition to a number of epithelial cancers [8-10,16-19,23-
25,31], some other diseases might also be benefited with the proposed
strategy of stratification.

Although further studies should be done, in order to clarify the
exact contribution of EGF to atherosclerosis, some works support
the possible link of this factor with the pathogenesis of this vascular
disease. The EGF stimulates growth of vascular smooth muscle
cells, a phenomenon important in atherosclerosis [2,37], elicits both
chemotactic and mitogenic responses in macrophages, and additionally
upregulates the EGFR, which suggests an exceptionally important role
in atherogenesis, and perhaps other chronic inflammatory processes
[38]. Although some reports are contradictory, in healthy young
population high sEGF levels have been associated with elevated
diastolic blood pressure, as well as increased vessel stiffness (a marker
for coronary artery disease), providing also a possible functional link
between EGF and the cardiovascular system [39,40].

On the other hand, it is also known that EGF is involved in
development of the brain and its neurons. Present in several regions
of the adult or developing brain it enhances the differentiation,
maturation, and survival of a variety of neurons, while the EGFR
signaling has been highlighted directly or indirectly in a spectrum
of several neurometabolic and neurodegenerative conditions such
as diabetes and Alzheimer’s disease (AD), and some neurological
disorders as depression, autism, and schizophrenia, among others.
Decreased salivary EGF levels are reported in diabetic patients,
compared to controls [41]. Considering that EGF levels in serum
and saliva correlate very well [42], diminished sEGF levels are also
expected in diabetic people. In AD no single biomarker has been
identified in blood, despite an intense search over the last decade.
Though EGF has been considered as a possible biomarker, the results
from plasma EGF levels have been conflicting [43]. One study reports
decreased concentrations of EGF, while another declared increased
plasma levels in patients compared to controls [44,45]. Decreased EGF
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levels in platelets of AD patients have been also reported, indicating
an enhanced release of platelet EGF into plasma [46,47]. It has been
also stated that plasmatic levels of EGF are significantly reduced in
patients with major depressive disorder (MDD), a common psychiatric
disease whose precise mechanism is poorly understood [48]. Based on
the neurotrophic hypothesis, the authors conclude that EGF levels in
plasma might be a useful biomarker for the early diagnosis, prognosis
and treatment of major psychiatric disorders. Other studies have found
significant decreased sEGF levels in subjects with high-functioning
autism, compared to those in normal control subjects [49], which
suggest that decreased levels of sEGF might be implicated in the
pathophysiology of this disease. Finally, the low incidence of cancer in
schizophrenia is one of the interesting puzzles in psychiatric field over
decades. Known to be involved in cognitive function, the role of EGF in
schizophrenia has not been elucidated. Futamura suggests an abnormal
EGF production in central and peripheral nervous system of patients
with schizophrenia [15]. In the contradictory results of some of these
reports also lies the methodological problem in the estimations of SEGF
values. The application of the proposed method for quantification and
stratification of the estimated concentrations of EGF in serum, might
contribute to a better reading of the levels of this molecule in the
context of these diseases. We conclude that this work might be of value
to clinicians, scientists, and professionals in the healthcare community,
conducting research related with the role of EGF as a biomarker. This
knowledge could also be useful to professionals working with other
growth factors equally stored in platelets (TGFbeta, PDGF, VEGF,
to mention only some examples), for which the kinetics release could
be very alike to the one described for EGF, with an impact in their
measurements and very similar implications in the clinic.
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