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Neuron specific enolase in retinal detachment*
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Abstract

Purpose. Neuron Specific Enolase (NSE) is released follow-
ing central nervous system (CNS) distress. As retina is part
of the CNS, NSE levels were measured in the subretinal fluid
(SRF), aqueous, and serum of patients with primary rheg-
matogenous retinal detachment (RD).

Methods. Radioimmunoassay was used to determine NSE
levels in the SRF, aqueous, and serum of 13 patients (28-92
years old, mean = 71 years) with RD. As controls, NSE was
measured in the aqueous of 6 patients undergoing cataract
surgery and in serum of 18 patients without ophthalmologi-
cal or neurological diseases.

Results. SRF levels of NSE ranged from 50-200 pg/l (mean
+s.d. =150 £ 57). NSE levels in aqueous from patients with
RD were 2-140ug/l (mean * s.d. = 39 * 42), significantly
higher than in controls (0—6 lg/l; mean *+ s.d. = 1.58 £ 2.24;
p = 0.04). Serum NSE levels in RD patients ranged from
6.5-80ug/l (mean £ s.d. = 26 £ 21) and was significantly
higher than in controls (5.3 £ 1.66 ug/l; p = 0.005).

Conclusions. Retinal neuron injury in retinal detachment
(RD) releases sufficient Neuron Specific Enolase (NSE) to
be detected in subretinal fluid, aqueous, and even in serum.
Thus, NSE could index disease severity in RD and provide
a means by which to assess the response to neuroprotection
in RD.
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Introduction

Enolase is an enzyme of the glycolytic pathway which is
found in numerous isomeric forms. Alpha-gamma and
gamma-gamma enolases constitute the so-called neuron-

specific enolases (NSE). The gamma-enolase has been shown
to be located in cells of neuroectodermal origin and consti-
tutes approximately 1.5% of the total soluble protein in the
brain. Gamma-enolase NSE is known to be present in neu-
ronal cell cytoplasm and dendrites in the human central
nervous system.'™ Previous studies*® have identified NSE in
human retinal neurons.

NSE is released from injured nerve cells and, as such,
is a specific marker of neuronal distress. Cerebral ischemia
in rats and humans induces NSE release to the extracel-
lular matrix'* accompanied by a loss of NSE staining in
the damaged neurons.'*® The appearance of NSE in cere-
brospinal fluid and peripheral blood reflects a washout
phenomenon'** where the serum levels of NSE are believed
to correlate with the extent of neuronal damage.’

As rhegmatogeneous retinal detachment (RD) causes
ischemic injury to retinal nerve cells, we hypothesize that
patients with RD will have a release of NSE from the retina.
This study was undertaken to determine whether NSE can
be detected in the subretinal fluid, aqueous, and serum of
patients with RD.

Methods

IRB-approved informed consent was obtained form thirteen
patients, aged 28-92 years (mean 71 years) who presented
with rhegmatogeneous retinal detachment (RD). Twelve
scleral buckle procedures were performed under local anes-
thesia and one with general anesthesia. During surgery, exter-

*This study was presented in part at the annual meeting of the
Association for Research and Vision in Ophthalmology (ARVO),
Fort Lauderdale, May 9-15, 1997.
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nal drainage of SRF was performed prior to cryotherapy, with
a radial sclerotomy and perforation of the exposed choroid.
No cases that had bleeding at the drainage site were included
in the study. Aqueous was aspirated by paracentesis with a
30 gauge needle. Aqueous sampling by paracentesis was also
performed during cataract surgery in 6 controls. Blood was
drawn during surgery from a peripheral vein and immedi-
ately centrifuged at 5000 rpm for 10 minutes with the super-
natant decanted for analysis. Additionally, peripheral blood
was drawn from 18 normal controls with no history or evi-
dence of neurologic or ophthalmic disease. All specimens
were frozen and stored at —70°C.

Analytic methods

NSE concentrations were determined using a commercial
(Pharmacia AB, Uppsala, Sweden) double antibody radioim-
munoassay. Previous studies® have established the sensitivity
and specificity of this assay. Furthermore, during every assay
run calibration is performed using standards of purified NSE.
Each sample assay determination is performed in duplicate
for both standards and unknowns and a standard curve is pre-
pared for each assay run. The test sample results are derived
from the curve that was established using known quantities
of NSE standards. Student’s #-test was used for statistical
analysis.

Results

Preoperative clinical findings are shown in Table 1. The
extent of RD ranged from 3 clock hours to total RD and the
macula was involved in each case. The onset of symptoms
ranged from 2 days to 6 weeks prior to surgery.

Table 1. Patient data and NSE assay results.

Quantitative analysis of samples

Table 1 contains the results of the NSE assays. In RD
patients, NSE levels in SRF ranged from 50 to 200 pg/l with
amean = 150 = 57, and aqueous NSE levels were 2—140 g/l
(mean = 39 * 42). In contrast, aqueous NSE levels in control
patients undergoing cataract surgery ranged from 0-6ug/l
(1.58 £ 2.24), significantly lower than in patients with RD
(p = 0.04). Although SRF levels of NSE showed a tendency
to be higher in patients with extensive retinal detachment,
there was no statistical significance for this finding. There
was also no correlation between NSE levels and the duration
of RD.

In the serum of RD patients, NSE levels were 6.5-80 ug/l
(mean = 26 + 21) (Table 1). The serum levels of NSE in
18 controls without neurological or eye diseases was 5.3 *
1.66 ug/l, significantly lower than serum levels in patients
with RD (p = 0.005).

Discussion

Neuron Specific Enolase, a marker of CNS injury, is released
from retinal neurons in patients with RD. In these patients,
as compared to controls, NSE is found in relatively high
levels in SRF, aqueous, and serum.

Subretinal fluid only exists in patients with RD. However,
as the subretinal space is embryologically in continuity with
the subarachnoid space, NSE levels in normal cerebrospinal
fluid (CSF) could serve as a basis of comparison for subreti-
nal fluid NSE levels. As reported by Yanfeng et al.,” NSE levels
(determined using the same assay employed in this study) in
the CSF of adults without neurological disease were 1.92 *
1.92ug/l. In the SRF of patients with RD, NSE levels were

Patient age sex Duration of Extent Capsule SRF Aqueous Serum
RD in days (*) of RD (§) intact (+) (ng/ml) (ng/ml) (ug/ml)
or open (—)
1 63 m 42 0.4 + 120 24 57
2 74 f 3 0.3 - 200 33 80
3 82 f 6 0.6 + 200 36 32
4 74 m 14 0.33 + 50 24 20
5 74 m 28 0.5 + 93 15 18
6 68 m 21 0.4 + 70 18 24
7 28 m 3 0.6 + 98 17 20
8 71 f 3 0.25 + 145 13 7
9 67 m 3 0.66 - 200 2 29
10 74 f 6 0.42 + 200 40 10
11 76 m 4 0.5 + 200 120 6.5
12 92 f 42 1 + 170 140 15.5
13 73 m 14 1 + 200 25 14

m = male; f = female; RD = retinal detachment; SRF = subretinal fluid.
*as best could be determined from the patient history.

§ expressed as ratio of clock-hours of RD/12.
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significantly higher, ranging from 50 to 200 ng/l with a mean
of 150 = 57 ug/l. These levels were comparable to those in the
CSF of asphyxiated full term infants with stage 3 hypoxic
ischemic encephalopathy (149 + 48ug/1)."° These findings
suggest that RD causes significant release of NSE into the sur-
rounding milieu, as well as systemically. The finding that NSE
levels in aqueous of patients with RD are significantly elevated
above those levels in patients undergoing cataract surgery sug-
gests that once released from detached retina, NSE readily dif-
fuses forward into the anterior chamber. That aqueous NSE
levels do not correllate with serum NSE levels (Fig. 1) sug-
gests that aqueous NSE does not derive from serum. Rather,
it is more likely that aqueous NSE derives directly from
detached retina by diffusion through vitreous to the anterior
segment and that serum NSE derives in part from aqueous
outflow, and in part from uptake posteriorly, across the
damaged blood-retinal barrier present in RD.

Serum NSE levels are generally low in subjects without
CNS disease or tumors containing neural elements.”* This
was confirmed in our control group, where serum NSE levels
were 5.3 + 1.66 ug/l. Yet, the average NSE level in the serum
of patients with RD was 26 + 21 ug/l, which is significantly
higher than in individuals without CNS disease®’ and also
higher than the levels found in the control subjects in this
study (p = 0.005). Indeed, the serum concentrations of NSE
in patients with RD (6.5-80 ng/1) were as high as serum NSE
levels in patients with cerebral hypoxia or intracerebral hem-
orrhage,® as well as other acute neurological diseases.*'""?
Considering that RD is associated with a breakdown in the
blood-retinal barrier," the access of NSE into the systemic

circulation is perhaps predictable, although the high levels of
serum NSE detected in this study are somewhat surprising.

The time course of NSE release from detached retina is
difficult to evaluate solely on the basis of this study. It is
known'? that within 4 hours after a single session of electro-
convulsive therapy there are increased serum levels of NSE
with a peak of 65 g/l after 12 hours. These serum NSE levels
return to normal (below 15ug/l) after 50 hours. Histologic
studies'*'® of retinal cell changes in RD found damage to
the photoreceptors early in the course of RD, with the other
layers of the retina being affected later in the course.
Measurements of retinal S-antigen in human subretinal
fluid found increasing levels during the first 2 weeks of
RD that attained a steady-state thereafter.'® In our study of
NSE in patients with RD there was no correlation of NSE
levels in any compartment (SRF, aqueous, serum) with the
duration of RD. This is probably due to our relatively small
study population and the likelihood that defining the dura-
tion of RD solely on the patient’s subjective experience is
unreliable.

In summary, this study demonstrates that NSE is released
from retinal neurons into the subretinal space, aqueous, and
serum of patients with rhegmatogeneous retinal detachment.
Since NSE correlates with neuronal distress and possibly sur-
vival as well,'” the findings in subretinal fluid suggest that
the study of NSE in RD may provide better understanding of
the pathophysiologic effects of RD on vision. Measuring
NSE levels in SRF and/or aqueous may also prove useful as
an outcome measure of the response to therapy with agents
intended to mitigate against ischemia-reperfusion injury and
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Figure 1. The bar graph of NSE values in serum (black columns) are paired with NSE values in aqueous (white columns) by patient. The
results show that NSE levels in the serum are not correlated with NSE levels in aqueous, suggesting that the anterior chamber is not the
primary route by which NSE gains access to the systemic circulation. (Sample numbers 1 to 13 on the abscissa correspond to patient numbers

1 to 13 in Table 1.)
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to increase neuronal survival. This will likely improve post-
operative vision recovery in longstanding RD and cases
involving the macula. Lastly, the findings in serum suggest
that this assay could provide a systemic marker of retinal
detachment, perhaps useful for screening or other popula-
tion-based studies.
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