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In a previous study we demonstrated the presence and diagnostic usefulness of circu-
lating rhodopsin mRNA in the assessment of diabetic retinopathy (DR). In the present
study we investigated three further retina-specific markers in blood to determine their
suitability as markers of DR. The markers were RPE65, retinoschisin, and melanopsin.
Whole blood was collected from diabetic patients and healthy controls into PAXgene
Blood RNA tubes and RNA was extracted using the PAXgene Blood RNA System.
Quantitative real-time PCR was used to quantify mRNA for RPE65, retinoschisin, and
melanopsin. β-actin mRNA was used for normalization. RPE65, retinoschisin, and β-
actin mRNA were detected in 100% of subjects; melanopsin was not detected in either
controls or diabetic patients. Circulating RPE65 mRNA concentration was 63% higher in
diabetic patients than in healthy individuals (P = 0.019), whereas retinoschisin showed
no change between the two groups. Compared with healthy controls, circulating RPE65
mRNA concentration was higher in diabetics with no retinopathy (30%; P = NS), back-
ground DR (93%; P = 0.01), preproliferative DR (20%; P = NS), and proliferative DR
(107%; P = 0.004). Compared with diabetics with no retinopathy, levels of RPE65 mRNA
were also significantly higher (60%) in the presence of proliferative DR (P = 0.029). In
contrast, levels of retinoschisin mRNA were lower in background DR (34%; P = 0.033),
preproliferative DR (43%; P = 0.026), and proliferative DR (47%; P = 0.038) compared
to that in diabetics without retinopathy. We conclude that not all retina-specific mRNA
species are detectable in circulation (e.g., melanopsin). This may be related to differ-
ences in expression levels for the individual markers. Both RPE65 and retinoschisin were
detectable and demonstrated contrasting trends in diabetics with and without retinopa-
thy. In combination with rhodopsin, RPE65, and retinoschisin, mRNA may offer a useful
tool in developing a blood test for DR.

Key words: diabetic retinopathy; rhodopsin; mRNA; retinoschisin; RPE65; melanopsin

Introduction

Retinopathy is a common microvascular
complication of diabetes mellitus.1 Diagnosis
and assessment of this eye disorder necessitates
the requirement for lengthy and costly clin-
ical procedures and involvement of specialist
health professionals.2 With the incidence of di-
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abetes, and therefore retinopathy, rising glob-
ally, a simple and objective blood test for the
assessment of eye status would be highly desir-
able. In a previous study to investigate retina-
specific markers in circulation we success-
fully demonstrated the presence of rhodopsin
mRNA in the peripheral blood of diabetic
patients with and without retinopathy and
healthy controls. Diabetics showed significantly
higher levels of rhodopsin mRNA compared
with healthy subjects.3 A trend was also ob-
served with rhodopsin mRNA levels increas-
ing with severity of diabetic retinopathy. This
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novel finding prompted us to look at further
retina-specific markers. In the present study
we have analyzed mRNA for the following
retina-specific proteins: RPE65, retinoschisin,
and melanopsin. These proteins are found in
different regions of the retina and have dis-
tinctly different roles in retinal function and in-
tegrity. Unlike rhodopsin, these proteins are not
known to be found in the rod cells of the retina
and are not thought to be directly involved with
the visual imaging process.

RPE65 is the major protein of the micro-
somal membranes in the retinal pigment ep-
ithelium.4 Retinoschisin is generally thought to
function as a cell adhesion protein that plays
a crucial role in maintaining the structural in-
tegrity of the retina.5 Recent expression studies
of melanopsin have provided compelling evi-
dence that melanopsin is the photopigment of
the photosensitive retinal ganglion cells.6

Materials and Methods

Diabetic subjects were recruited from the di-
abetes clinic at St. Thomas’ Hospital, London,
and comprised individuals with a confirmed
history of diabetes with or without retinopathy.
The protocol for this study was approved by St.
Thomas’ Hospital local Research Ethics Com-
mittee. This allowed blood sampling and access
to the patients’ medical notes. The eye status
of recruits was determined from the medical
notes, and independent examination of fundo-
scopic photographs. All diabetic patients were
allocated into one of four groups: (i) diabetic
without retinopathy (diabetic controls); (ii) dia-
betic with background retinopathy; (iii) diabetic
with preproliferative retinopathy; and (iv) dia-
betic with proliferative retinopathy. Informed
consent was obtained from each patient prior
to blood collection. Blood samples were also
collected from healthy volunteers (n = 20) with
no known disease, after obtaining informed
consent. Peripheral vein blood (2.5 mL) was
drawn directly into PAXgeneTM Blood RNA
Tubes specially designed for the collection and
stabilisation of RNA from whole blood (Bec-

ton Dickinson, Plymouth, UK). Whole blood
RNA was extracted using the PAXgene Blood
RNA Kit, including treatment with DNAse I to
prevent genomic DNA contamination, strictly
following manufacturer’s instruction (QIAgen,
Crawley, UK). Extracted RNA was stored at
−80◦C until required for cDNA synthesis. Re-
verse transcription was carried out using Su-
perScript IITM reverse transcriptase following
the manufacturer’s instructions (Invitrogen Life
Sciences, Paisely, UK). The cDNA generated
was stored at –80◦C until required for quantifi-
cation. Separately, samples were also subjected
to the above procedure with the exception that
SuperScript IITM was replaced with water (neg-
ative control).

The ABI 7000 Sequence Detection System
(PE Applied Biosystems, Cheshire, UK) was
used to amplify cDNA and detect PCR prod-
ucts using sequence-specific oligonucleotide
probes and intron-spanning specific primers.
β-actin cDNA was amplified using the pre-
developed assay reagents Taqman� assay (PE
Applied Biosystems). In the case of the RPE65,
retinoschisin, and melanopsin Taqman� as-
says, 900 nM forward and reverse primer,
250 nM probe, X2 Taqman� Universal Master
Mix (25 μL), and cDNA sample (10 μL) were
present in each reaction. For all assays, stan-
dards and samples were analyzed in duplicate
in a final reaction volume of 50 μL. Standard
curves were prepared from serial dilutions of
cDNA (Clontech, Oxford, UK) obtained from
normal healthy human retina. A waterblank
was also incorporated in each run for the re-
spective assays. All retina-specific marker as-
says were run simultaneously with β-actin on
96-well optical reaction plates. PCR amplifica-
tion included an initial phase of 2 min at 50◦C,
followed by 10 min at 95◦C, then 40 cycles of
15 seconds at 95◦C, and 1 min at 60◦C.

Statistical analysis was performed us-
ing SPSS 10. Differences in the measured
expression of retina-specific mRNA between
healthy individuals and diabetic patient groups
were analyzed by Mann–Whitney U-test. A P

value of less than 0.05 was considered statisti-
cally significant.
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Results

RPE65 and retinoschisin mRNA was de-
tected in the peripheral blood of all healthy
and diabetic subjects in this study. Melanopsin
was not detected in the circulation of either
the healthy controls or patients. Figure 1A and
B summarizes the RPE65 and retinoschisin
mRNA levels observed in the healthy subjects
and all diabetics analyzed. Although not statis-
tically significant, diabetics without retinopathy
demonstrated higher median RPE65 mRNA
levels compared to healthy controls. A signif-
icant difference in RPE65 mRNA was noted
between healthy subjects and diabetics with
background (P = 0.029) and proliferative
(P = 0.004) retinopathy, respectively. The pro-
liferative retinopathy group of diabetics also
had significantly higher RPE65 mRNA levels
than the diabetics without retinopathy and pre-
proliferative retinopathy. Diabetic patients with
proliferative retinopathy showed no change in
RPE65 mRNA when compared with levels
seen in patients with background retinopathy.

Retinoschisin mRNA in diabetics without
retinopathy was significantly higher than lev-
els seen in the healthy controls (P = 0.022).
There was a downward trend in circulat-
ing retinoschisin mRNA levels in the diabetic
patients. A comparison of diabetics without
retinopathy (diabetic controls) and diabetics
with retinopathy showed significantly lower
levels of retinoschisin mRNA in background
(P = 0.033), preproliferative (P = 0.026), and
proliferative (P = 0.038) groups.

Discussion

We previously demonstrated the presence in
circulation of rhodopsin mRNA and showed
that levels were correlated with the severity of
diabetic retinopathy.3 In the present study we
further confirm and extend our original find-
ings with three additional retina-specific mark-
ers: RPE65, retinoschisin, and melanopsin.
The results showed that mRNA for RPE65

and retinoschisin was present in quantifiable
amounts in both healthy subjects and patients
with and without diabetic retinopathy. In the
case of RPE65, and with the exception of the
group with preproliferative retinopathy, there
was a trend for the relative amounts of RPE65
mRNA detected to increase with severity of
retinopathy. This upward trend may be related
to the more severe damage, and widespread
retinal pathology associated with the progres-
sive stages of diabetic retinopathy. While the
precise mechanisms are unclear, it is plausible
that the underlying reasons for the increase in
RPE65 mRNA observed in peripheral blood
may be ascribed to (1) release from dead or
dying retinal cells from ischemia, (2) possible
upregulation of RPE65 transcription, or (3)
controlled secretion of RPE65 mRNA. These
explanations would seem to be in direct con-
tradiction when the argument is applied to
retinoschisin mRNA levels. Here an inverse re-
lationship appears to exist, that is, a downward
trend was observed, with retinoschisisn mRNA
levels decreasing with increase in severity of
retinopathy grade. By inference, it would ap-
pear that retinoschisin expression is downregu-
lated in response to local retinal insult. In con-
trast to RPE65 and retinoschisin, melanopsin
mRNA was not detected in the circulation.
Melanopsin is known to mediate “nonimaging”
photoreceptive tasks such as those involving the
circadian rhythms. In the retina, expression of
this retinal ganglion–specific photopigment is
thought to be diurnal, with highest levels peak-
ing at night.7 In the present study, blood was
taken from all recruits during daylight hours,
which may be the reason we did not see any
detectable levels. It would be interesting to ana-
lyze nocturnal (during sleep) and daytime blood
samples for melanopsin mRNA to see if this
theory holds true.

Conclusion

Real-time quantitative PCR measurement
of circulating RPE65 and retinoschisin mRNA
demonstrated differential expression of these
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Figure 1. (A) RPE65 and (B) retinoschisin mRNA levels in healthy controls and diabetic
patients with and without retinopathy.
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retina-specific markers. In combination with
rhodopsin mRNA in peripheral blood, these
markers may provide a useful, sensitive, and
specific blood test for diabetic retinopathy.
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