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Abstract

Purpose Various molecules such as dopamine have been found to be associated with axial elongation in experimental stud-
ies. Here, we examined whether intraocular EGF is associated with axial length in myopic patients.

Methods The hospital-based investigation included patients of European descent without optic nerve, retinal,
or macular diseases except for myopic maculopathy. Using aqueous humor samples collected during surgery, the
EGF concentration was examined applying a cytometric bead array. High myopia was defined by an axial length
of >27.0 mm.

Results The study included a non-highly myopic group of 11 patients (mean age, 72.9 + 10.8 years; mean axial length,
24.3+1.1 mm) and a highly myopic group of three patients (age, 81.11 & 12.3 years; axial length, 29.5 + 1.3 mm),
with one of them having pathologic myopic maculopathy. In multivariable linear regression analysis, higher EGF
concentration was correlated with the highly myopic versus non-highly myopic group (beta, 1.24; non-standardized
correlation coefficient B, 6.24; 95% confidence interval (CI), 0.10,12.4;P =0.047) after adjusting for axial length.
The amount of intraocular EGF was significantly higher in the highly myopic group than in the non-highly myopic
group (89.1 +40.8 pg versus 34.1 +13.2 pg; P=0.005), and it was highest in the eye with myopic maculopathy
(135 pg).

Conclusions The intraocular amount of EGF is higher in highly myopic versus non-highly myopic eyes.
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Key Message:

o In this pilot study on 11 non-highly myopic eyes and three highly myopic eyes, the estimated intraocular amount

of epidermal growth factor (EGF) was significantly higher in the highly myopic, axially elongated eyes than in the

non-highly myopic eyes, and it was highest in the eye with pathologic myopia, while in the non-highly myopic

group the estimated intraocular amount of EGF was not significantly correlated with axial length.

o These observations suggest that the EGF production may not change over the normal, i.e. non-highly myopic,

range of axial length, but may start to change when axial length reaches "pathological" levels, suggesting a link

to highly myopic pathological changes of the fundus.”
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Introduction

The mechanism underlying the process of axial elonga-
tion in axial myopia, in particular in high axial myo-
pia, has yet remained unclear [1, 2]. In histomorpho-
metric studies of eyes of patients aged 3 + years, longer
axial length was associated with a retinal thinning and
a decreased density of retinal pigment epithelium cells
(RPE) in the midperipheral region of the globe, and
with a choroidal and scleral thinning most pronounced
at the posterior pole [3—7]. In contrast, retinal thickness
and RPE density in the macular region and thickness of
Bruch’s membrane (BM) in any region of the eye were
not correlated with axial length [3, 8-10]. These ana-
tomical observations did not allow drawing firm conclu-
sions about which tissue or tissue layer, the sclera or any
other tissue layer such Bruch’s membrane, and by the
same token, which “messenger” molecule is primarily
involved in the elongation of the globe [11, 12]. Experi-
mental studies on chicken and guinea pigs revealed that
various molecules if applied intraocularly or topically
had an effect on an externally induced elongation of the
optical axis. The list of these molecules includes dopa-
mine and its agonists and antagonists, atropine, trans-
forming growth factor beta (TGF-8), fibroblast growth
factor, hepatocyte growth factor, insulin-like growth fac-
tor, and amphiregulin, and other epidermal growth fac-
tor (EGF) family members [13-32]. To further elucidate
the potential association of EGF and its family members
with the process of myopic axial elongation in humans,
we undertook this study to examine the intraocular con-
centration of EGF in the aqueous humor of non-highly
patients and patients with high myopia.
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Methods

The clinical interventional study included a group of
patients with age-related cataract who consecutively
underwent routine cataract surgery, for whom aqueous
humor samples had been collected during surgery, and in
whose aqueous humor samples the EGF concentration had
been measured. The Medical Ethics Committee II of the
Medical Faculty Mannheim of the Ruprecht-Karls Uni-
versity Heidelberg approved the study protocol and had
waived the necessity to obtain the written consent of the
individual patients. All patients were treated at the same
institution. Inclusion criterion was the absence of any reti-
nal or optic nerve disease except for myopic maculopathy.
Additionally, the volume of the collected aqueous humor
had to be at least 100 pL. Intraocular pressure had to be
within the normal range of 10 to 21 mmHg.

All patients underwent an ophthalmologic examination
including refractometry, applanation tonometry, and slit lamp
assisted biomicroscopy of the anterior segment and posterior
segment of the eye. Axial length was measured by partial
coherence laser interferometry. We defined high myopia by an
axial length of >27.0 mm. The aqueous humor samples were
collected at the beginning of the cataract surgery after disin-
fecting the periorbital skin, lid margins and conjunctiva, drap-
ing of the patients, and inserting a lid speculum. The aqueous
humor was collected through a temporal paracentesis, before
the routine cataract surgery was continued. The aqueous humor
samples were deeply frozen in liquid nitrogen within 10 min
after collection. The paracentesis was routinely performed to
create a temporal access to the anterior chamber for bimanual
maneuvering of the lens nucleus and cortex during surgery.
The technique has been described previously [33, 34].
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The aqueous humor samples were analyzed using the
Luminex xMAP suspension array technology (Luminex Co.,
Austin, Texas, USA). The aqueous humor samples (50 uL)
were used undiluted and incubated overnight. The kit was
run according to the manufacturer’s instructions. Standard
curves for the growth factor (in duplicate) were generated by
using the reference EGF concentrations supplied in this kit.
All incubation steps were performed at room temperature
and in the dark to protect the beads from light. Samples were
read on the Luminex xXMAP system. Control samples were
included in all runs. The detection limit for 0.61 pg/mL with
a dynamic range up to 10,000 pg/mL.

The statistical analysis was performed using a commer-
cially available statistical software package (SPSS for Win-
dows, V. 25.0, IBM-SPSS, Chicago, IL). In a first step, we
calculated the means of the main outcome parameter (i.e.,
EGF concentration) and assessed associations of the EGF
concentration with other parameters such as age, gender, and
axial length. Differences between the highly myopic group
and the non-highly myopic group in gender were assessed
by Fisher’s exact test and differences in age, intraocular
EGF concentration, and intraocular amount of EGF by the
Mann—Whitney’s U test. For the assessment of a potential
association between the EGF-concentration and axial length,
we performed a linear regression analysis, in a univariate
and multivariable manner. Based on the ocular volume, we
additionally calculated the intraocular amount of EGF and
assessed its relationship with axial length. The intraocular
EGF amount was determined by multiplying the EGF con-
centration with the estimated ocular volume, which was cal-
culated based on axial length and the formula of a sphere.
In the linear regression analyses, we determined the stand-
ardized regression coefficient beta, the non-standardized
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regression coefficient B, and the 95% confidence interval
(CD of B. A P value of <0.05 was considered to be statisti-
cally significant.

Results

The study included a non-highly myopic group of
patients and a highly myopic group of patients. The non-
highly myopic group consisted of 11 patients (9 men, 3
women) with a mean age of 72.9 +10.8 years (median,
70.2 years; range, 57.7-88.5 years) and a mean axial
length of 24.3+ 1.1 mm (median, 24.2 mm; range, 23.01,
26.85 mm). The highly myopic group included three patients
(1 man, 2 women) with a mean age of 81.1+12.3 years
(median, 87.0 years; range, 67.1-89.3 years) and a mean
axial length of 29.5 + 1.3 mm (median, 30.00 mm; range,
28.10-30.50 mm). One of the three highly myopic patients
(axial length: 30.5 mm) had pathologic myopic maculopa-
thy. The non-highly myopic group and the highly myopic
group did not differ significantly in age (P=1.00) and sex
(P=0.51).

The mean EGF concentration was 5.05+2.14 pg/mL
in the total study population. The mean intraocular EGF
concentration was lower, however not significantly lower,
in the non-highly myopic group than in the highly myopic
group (4.65+1.95 pg/mL (median, 4.72 pg/mL; range,
0.70-7.90 pg/mL) versus 6.53 +2.53 pg/mL (median,
6.50 pg/mL; range, 4.02-9.08 pg); P=0.29) (Fig. 1). The
EGF concentration was highest in the highly myopic eye
with myopic maculopathy (Fig. 1). The EGF concentration
was not significantly associated with age (P=0.67) and gen-
der (P=0.35).
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In a multivariable linear regression analysis, with the
EGF concentration as the dependent variable, a higher
EGF concentration was correlated with the highly myopic
group versus the non-highly myopic group (beta, 1.24; B,
6.24; 95%CI, 0.10, 12.4; P=0.047) after adjusting for axial
length.

In a further step of the analysis, we estimated the ocular
volume based on the axial length and using the formula of a
sphere. It resulted in a mean ocular volume of 8.9+2.7 mL
(median, 7.6 mL; range, 6.5 to 14.9 mL). We then calcu-
lated the intraocular amount of EGF by multiplying the
EGF concentration with the ocular volume and arrived at a
mean EGF amount of 45.9 +30.6 pg. The intraocular EGF
amount was significantly higher in the highly myopic group
than in the non-highly myopic group (89.1 +40.8 pg ver-
sus 34.1+13.2 pg; P=0.005 (Mann—Whitney test)), and it
was highest in the eye with myopic maculopathy (135 pg).
In the total study population, the intraocular EGF amount
increased significantly with axial length (beta, 0.66; B,
8.19; 95%ClI, 2.29, 14.1; P=0.01), while in the non-highly
myopic group, the association was not statistically signifi-
cant and showed a tendency towards a decrease with longer
axial length (beta,—0.51; P=0.11) (Fig. 2).

Discussion

In our hospital-based study, the intraocular amount of EGF
as measured in aqueous humor samples and calculated
based on the estimated intraocular volume was significantly
(P=0.005) higher in the highly myopic group than in the
non-highly myopic group, and it was highest in the eye with
myopic maculopathy.

Fig.2 Graph showing the
distribution of the estimated
intraocular epidermal growth
factor (EGF) amount and axial
length
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The findings obtained in our study cannot directly be
compared with results of other investigations, since the
intraocular EGF concentration has not been measured yet
in highly myopic eyes. The observations made in a recent
study measuring the intraocular concentration of amphireg-
ulin as an EGF family member in myopic eyes remained
inconclusive [35]. The retrospective study included 38 eyes
with an axial length ranging between 22.4 and 32.4 mm,
among them 12 highly myopic eyes without myopic macular
degeneration and 12 highly myopic eyes with myopic macu-
lar degeneration but without neovascularization. Out of the
38 eyes included into the study, 19 eyes had amphiregulin
levels below the limit of detection. In particular, since there
were only 4 non-highly myopic individuals with detectable
intraocular amphiregulin levels, it was not possible to assess
a potential association between the intraocular amphiregu-
lin concentration and axial length in the non-highly myopic
group as basis for the comparison of the non-highly myopic
group with the highly myopic group.

As shown in Fig. 1, the intraocular EGF concentra-
tions appeared to decrease with longer axial length in
the non-highly myopic group. This finding may have
been due to two factors, one of them a dilution effect
in the eyes with longer axial length and subsequently
larger volumes of the vitreous cavity and the anterior
chamber. The second factor may perhaps have been a
lower viscosity of the vitreous body in axially elongated,
myopic eyes, potentially leading to a faster turn-over of
intraocular molecules, as has also been suggested by a
shorter intraocular availability of intravitreally applied
drugs in vitrectomized eyes as compared to eyes with
vitreous body [36]. Interestingly, a similar observation
of a declining concentration with longer axial length has
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been made for the intraocular concentration of vascu-
lar endothelial growth factor (VEGF) [33, 34, 37]. The
finding in our study that the estimated intraocular EGF
amount was statistically independent of axial length in
the non-highly myopic group supports the notion of a
dilution effect as the cause for the declining EGF concen-
tration in the non-highly myopic group (Fig. 2). The sta-
tistically non-significant tendency of a slight decrease in
the estimated intraocular EGF amount with longer axial
length in the non-highly myopic group might have been
due to a faster turn-over of the molecule in the myopic
eyes with a more fluid vitreous body.

The findings that the intraocular amount of EGF in the
non-highly myopic group was not significantly correlated
with axial length, that it was significantly higher in the
highly myopic eyes as compared to the non-highly myopic
eyes, and that it was highest in the eye with myopic macu-
lopathy suggests that the EGF production may not change
over the non-highly myopic range of axial length, but may
start to increase in the range of high axial myopia. It may
suggest a link between the elevated intraocular amount
of EGF and pathological changes of the highly myopic
fundus.

When the results of our study are discussed, its limita-
tions should be taken into account. First, the number of the
patients included into the study, in particular the number of
highly myopic patients, was relatively low, so that the pre-
sent study can only be considered to be a pilot study. Despite
of the relatively small number of patients included into the
study, the differences between the study groups were statis-
tically significant. Second, the concentration of EGF was
measured in aqueous humour samples in which the concen-
tration of growth factors and cytokines is lower than in the
intravitreal compartment situation [38]. Obtaining vitreous
samples in the patients was however not possible, since it
would have necessitated an intravitreal intervention. Also, if
vitrectomized eyes had been included in the study, an aspira-
tion of fluid from the vitreous cavity in these eyes would not
have been feasible since it would also have unnecessarily
extended the surgery. Third, due to its cross-sectional design,
our study cannot give information on causal relationships as
examined in a longitudinal study.

In conclusion, the intraocular amount of EGF was signifi-
cantly higher in highly myopic, axially elongated eyes than
in non-highly myopic eyes, while in the non-highly myopic
group, it was not significantly correlated with axial length.
These observations suggest that the EGF production may
not change over the normal, i.e., non-highly myopic, range
of axial length, but may start to change when axial length
reaches “pathological” levels, suggesting a link to highly
myopic pathological changes of the fundus.
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