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Abstract
Aim—To examine the contribution of
infiltrating cells in the local production of
cytokines within the vitreous of patients
with proliferative vitreoretinopathy (PVR).
Methods—The presence of mRNA coding
for IL-6, IL-8, IL-1â, IL-1á, TNFá, IFNã,
IL-12, and HPRT was investigated in 25
vitreous samples from patients with PVR,
11 vitreous samples from patients with
retinal detachment (RD) not complicated
by PVR, and 10 vitreous samples from
patients with macular hole (MH). A
quantitative reverse transcriptase
polymerase chain reaction (RT-PCR)
using an internal competitor was used to
investigate these samples. From these
samples, 15 PVR, 8 RD, and 8 MH were
analysed for the protein levels of the same
cytokines using enzyme linked immuno-
sorbent assay (ELISA). Spearman corre-
lation was used to test any association
between mRNA and cytokine protein lev-
els, as an indicator of the contribution
these cells make to the intravitreal cyto-
kine milieu.
Results—A strong correlation was found
between mRNA and their respective cyto-
kine levels (protein products) for IL-6,
IL-8, IL-1â, IL-1á, TNFá, IFNã (Spear-
man r = 0.83, 0.73, 0.67, 0.91, 0.73, and 0.73
respectively), but not for IL-12. The
median levels of IL-6, IL-8, IL-1â, and
IFNã mRNA and their respective cyto-
kines were significantly higher (p <0.05) in
patients with PVR than in those with
macular hole. There was no statistically
significant diVerence in the median levels
of IL-1á mRNA between PVR and MH but
the cytokine IL-1á was detected at a
significantly higher level in PVR com-
pared with MH patients. Between PVR
and RD patients, there was no statistically
significant diVerence in mRNA levels for
all the investigated cytokines (p >0.05)
except for IL-6 where there was a statisti-
cal significance (p= 0.038). In contrast, the
median levels of IL-6, IL-8, and IL-1â
cytokines were significantly higher (p
<0.05) in patients with PVR than in those
with RD, whereas for IL-1á and IFNã no
significant statistical diVerence was de-
tected between PVR and RD patients (p
>0.05). When results of RD and MH
patients were compared, a statistical dif-
ference was only detected in mRNA levels
of INFã (p = 0.008). However, no diVerence

was detected for INFã (protein product) or
for any of the other cytokines between RD
and MH patients.
Conclusion—Levels of both protein and
mRNA encoding IL-6, IL-8, IL-1â, and
IFNã is significantly increased in vitreous
samples from patients with PVR. The
strong correlation between ELISA detect-
able cytokines (protein products) and
their respective mRNA levels suggest that
intravitreal, invasive cells are the major
source of these cytokines, with the excep-
tion of IL-12. Cells invading the vitreous
do not appear to locally produce IL-12
mRNA. This would appear to implicate
cells peripheral to the vitreal mass as the
major source of this cytokine.
(Br J Ophthalmol 2001;85:461–470)

Proliferative vitreoretinopathy (PVR) is still
the most common cause of failure of surgery
for rhegmatogenous retinal detachment
(RRD) despite the substantial eVort that has
been devoted to better understanding and
management of this condition during the past
25 years.1 2 It is characterised by the formation
of membranes extending along both sur-
faces of the detached retina and within the vit-
reous.3

The PVR process can be considered as a
modified wound healing process, which is initi-
ated by injury (retinal break) that causes a reti-
nal detachment. The most important factor is
probably the excessive inflammatory reaction
that occurs in some clinical situations that pre-
dispose to PVR. The exact pathogenic mecha-
nisms involved in the formation of PVR are not
completely understood. However, five distinct
stages appear to be important in its develop-
ment including breakdown of the blood-retinal
barrier (BRB), chemotaxis, and cellular migra-
tion, cellular proliferation, membrane forma-
tion with remodelling of the extracellular
matrix, and contraction.4–6

Cytokines are polypeptides produced prin-
cipally by activated inflammatory and immune
cells that regulate immune response and
inflammatory reactions.7 They act as chemical
mediators between diVerent cell types and,
either by themselves or by interacting with
each other, the cytokine networks may medi-
ate cellular mechanisms of migration, prolif-
eration, and diVerentiation, which are involved
in PVR membrane formation.8 Interleukin 1
(IL-1) and IL-6 are functionally related
cytokines that have broad spectrum of activity
in inflammation and wound healing. In wound
healing, IL-6 stimulates the proliferation of
fibroblast and glial cells and the synthesis of
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collagen,9 whereas IL-1 stimulates the
migration of retinal pigment epithelial (RPE)
cells.10

Tumour necrosis factor alpha (TNFá) is
known to be chemotactic for monocytes and
fibroblasts,11 and it acts synergistically with
interferon gamma (IFNã) and IL-1 in the
induction of ICAM-1 by RPE cells. This may
contribute to the immunopathological proc-
esses in this disease.12

Macrophages, monocytes, T lymphocytes,
neutrophils, RPE cells, and glial cells are found
in the vitreous of patients with PVR.13–16 In RD
the presence of these cellular components is
variable and the vitreous in MH patients is
largely devoid of inflammatory cells. Neu-
trophils and monocytes, which play an impor-
tant part in PVR development,13 are attracted
to inflammatory sites by chemokines such as
IL-8. Most cellular components of PVR mem-
branes, including the RPE cells and macro-
phages, are capable of secreting these
cytokines.14–16

Many studies have been conducted to ascer-
tain the expression of the various cytokines in
the vitreous and PVR membranes and their
relation to the development of PVR.17–24 These
studies have examined either the proteins
present within the vitreous, or a limited
number of cytokine mRNAs from intravitreal
cells, but not both together. Thus, while the
proteins have been shown to be present and the
potential of cells to express some cytokine
mRNAs locally has been reported, there has
been no correlation between cytokine levels
within the vitreous and the potential for
production by the invasive cells. This is
essential to establish the impact of cytokine
production by the invasive cells on the overall
environment.

In previous work from this laboratory25 we
reported the detection of IL1â, IL6, IL8, and
TNFá mRNA in vitreous samples from
patients with PVR, RD, and MH; however, the
methodology used was not quantitative and
thus the significance of the production of
mRNA in relation to the secreted proteins
could not be determined.

In this study we have significantly expanded
our investigations by using quantitative tech-
niques for both mRNA and protein detection,

and have expanded the range of studied
cytokines to include IFNã, IL1á, and IL12 as
well as those previously mentioned. To our
knowledge this is the first quantitative
measurement of both mRNA and protein
expression in these conditions. This has
allowed us to correlate mRNA and secreted
cytokine protein levels to determine whether
the cells invading the vitreous play a major part
in the production of the detected cytokine
milieu. In addition, we have addressed, for the
first time, the contribution of IL-12 in the
pathogenesis of PVR.

Materials and methods
PATIENTS

A total of 46 consecutive patients (25 with
PVR, 11 with RD not complicated by PVR,
and 10 patients with macular hole (MH)) in
whom vitrectomy was considered necessary,
were investigated in the ophthalmology de-
partment, QMC, Nottingham, UK. Of the 46
patients, 31 were men and 15 were women.
The mean age was 49 years (range 30–87
years). Indications for vitrectomy in eyes with
RD were failure of retinal reattachment by
conventional methods (buckling and cryo),
giant breaks, very posterior breaks, and multi-
ple breaks not suitable for buckle. Patients
with a history of recent trauma (3 months),
concurrent eye conditions such as infection,
vitreous haemorrhage or uveitis, and current
topical or systemic steroids were excluded.
The severity of PVR was graded according to
the criteria of Retina Society Terminology
committee.1 The same observer followed up
patients for a period ranging between 4 and 18
months (average 9 months). Data concerning
the number of surgeries before PVR develop-
ment, duration of retinal disease, and severity
and recurrence of PVR were documented for
the purpose of this study. Patients admitted
into the study gave their informed consent and
the study complied with the Declaration of
Helsinki.

VITREOUS SPECIMENS

Samples were obtained through the conven-
tional three port closed vitrectomy technique.
They were collected undiluted by manual suc-
tion into a syringe through the aspiration line

Table 1 Primer sequences, deletion, and target information: all PCR targets and deletion sites are given as nucleotide
positions from the cited Genbank sequence. The a primer in each case was synthesised with a 5' fluorophore attached
(fluorophores are those marketed by ABI Applied Biosystems Ltd)

Target Accession No PCR product Deletion site Primer sequence (5'–3') Fluorophore

HPRT M31642 407–566 537–541 (a) GACCAGTCAACAGGGGACAT
(b) CGACCTTGACCATCTTTGGA

Hex

IL-1á M28983 496–670 521–525 (a) GCTGCTGCATTACATAATCTGG
(b) TGGGTATCTCAGGCATCTCC

Fam

IL-1â M15330 83–182 153–157 (a) AGCCATGGCAGAAGTACCTG
(b) CATCTGTTTAGGGCCATCAG

Hex

IL-6 M14584 188–332 212–216 (a) AGGTTGTTTTCTGCCAGTGC
(b) CACACAGACAGCCACTCACC

Fam

IL-8 M26383 36–253 222–226 (a) AAGAAACCACCGGAAGGAAC
(b ) TGTGGTCCACTCTCAATCACTC

Fam

IL-12 M65272 835–963 862–866 (a) CCACATTCCTACTTCTCCCTGA
(b) GCTAATGCTGGCATTTTTGC

Tet

TNFá X01394 284–512 306–310 (a) CACCACGCTCTTCTGCCT
(b) TCTCAGCTCCACGCCATT

Fam

IFNã M29383 501–642 524–528 (a) TGACTTGAATGTCCAACGCAAAG
(b) GCAGGACAACCATTACTGGGATG

Tet
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of vitrectome before opening the infusion
line. Intraocular pressure was maintained by
indentation. When a sample of approximately
0.75–1 ml was obtained the ocutome was with-
drawn and infusion commenced to restore
ocular volume. Samples were then transferred
to 1.8 ml polypropylene tubes and prepared
immediately following surgery. Cells were
pelleted by centrifugation at 2500 rpm for
10–15 minutes. Supernatants were divided
into aliquots and stored at −70°C until used
for enzyme linked immunosorbent assays
(ELISA). Cellular pellets were processed rap-
idly to prevent RNA degradation. Total RNA
was extracted using the RNeasy method (Qia-
gen, UK) following manufacturer’s procedure.
RNA was stored at −70°C until cDNA synthe-
sis and PCR reaction were carried out. cDNA
was prepared from all the RNA extracted from
each sample using oligo-(dT) priming in ready
to go cDNA synthesis tubes (Pharmacia
Biotech, UK) following the manufacturer’s
procedure.

QUANTITATIVE RT-PCR REACTIONS

Primers
Primer pairs, one of which was fluorescent dye
labelled, were synthesised by MWG Biotech
(MWG, Germany). All primer pairs were vali-
dated by sequencing of PCR products gener-
ated under the conditions stated. For primer
sequences see Table 1.

To correct for variation in amplification eY-
ciency between individual reactions, target

cDNA was co-amplified with an internal com-
petitor (mimic) of known concentration using
the same fluorescent labelled primers. Quanti-
tative PCR was performed using a variation of
the method of Pannetier,26 which provides
quantitative data even when the PCR is cycled
into saturation. This is only possible if the
competitor sequence is essentially identical to
the true target sequence.27 Highly homologous
competitor DNA (mimics) were generated by
PCR mutagenesis of the true PCR products for
each target sequence. Five base pair deletions
were produced in each mimic, 25 bases from
the 5' end of either the a or b primer site
(depending on most suitable primer design).
The location of the PCR targets and deletions
are given in Table 1. This method gives mimics
which, when co-amplified with cDNA, remain
proportional across the detectable range of
fluorescent detection (approximately 4 logs)
(data not shown).The mimic PCR products
were cloned into pT7 blue (Novagen, UK) and
verified by sequencing.

PCR amplification was performed by adding
1 µl of each cDNA sample to a final reaction
mixture of 25 µl containing 60 mM TRIS.Cl
(pH 8.0), 15 mM (NH4)2SO4, 2 mM Mg Cl2,
0.2 mM each dNTP, 0.01% Tween 20, 0.5
units Amplitaq Gold (Perkin Elmer, War-
rington, UK), 0.2 µM each primer; 103 single
strands per reaction of appropriate mimic was
added. In negative controls no sample was
added to the reaction mix although mimic was
still included. Amplification cycles (performed

Figure 1 A typical electropherogram plot showing the size and area peaks for mimic and unknown (sample) of
investigated cytokines. (A) Positive samples, (B) negative samples. Unknown concentration = (area of unknown/area of
mimic) × mimic concentration.
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on a Progene instrument from Techne, UK)
were; 94°C, 10 minutes, then 37 cycles of
94°C, 1 minute; 54°C, 1 minute; 72°C,
1 minute 30 seconds; followed by 72°C for 15
minutes. Fluorophore labelled PCR products
(0.5 µl) were separated and analysed by
capillary electrophoresis under denaturing
conditions (POP4 polymer) on a Prism310
genetic analyser, (Applied Biosystems). Run
conditions were 5 seconds injection, 15 kV, run

24 minutes at 15 kV, 60°C, 36 cm capillary
(length to detection). Size and area of DNA
peaks were obtained using standard software
(Genescan version 2.0 and Genotyper v1.1.1.
Perkin Elmer ABI). The amount of each cyto-
kine mRNA in the samples was calibrated by
the known concentration of mimic using the
following formula:

Unknown concentration = (area of unknown/
area of mimic) × mimic concentration

Figure 2 mRNA levels of diVerent cytokines normalised to HPRT in vitreous aspirates obtained from patients with
proliferative vitreoretinopathy (PVR), retinal detachment (RD), and macular hole (MH) (control). n = number of
investigated samples.
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HPRT (hypoxanthine phosphoribosyl trans-
ferase), a constitutively expressed housekeep-
ing gene was used to normalise the amount of
mRNA present in each sample. Peak detection
by the analysis software is set to detect appro-
priately shaped peaks, in the designated size
range for each PCR product, with a height of
more than 30 arbitrary fluorescence units
(AFU) over baseline. Baseline fluorescence for
the detection system is, on average, 20 AFU,
with some digital noise from the CCD, which
is automatically filtered out. Typical electroph-
erogram plots showing the size and area of
peaks for mimic and unknown are shown in
Figure 1.

Enzyme linked immunosorbent assays (ELISA)
From previously examined vitreous samples,
15 PVR, eight RD, and eight MH were exam-
ined for their levels of IL-6, IL-8, IL-1â, IL-1á,
TNFá, IFNã, and IL-12 using sandwich
enzyme immunoassay kits (R&D systems,
Oxon, UK). DiVerent types of kits were used
according to sensitivity and expected levels of
diVerent cytokines. A calibration run was made
on a few vitreous samples before each assay, to
determine the appropriate sample dilution. A
dilution of 1:3 was found to be appropriate for
all cytokines with the exception of IL-1â where
a dilution of 1:2 was used. These preliminary
assays ensured that the levels of factors in the
samples were within the detectable range of the
assay kits.

The vitreous sample volumes used were 150
µl for IL-6, IL-8, and IL-1â and 200 µl for
TNFá, IL-1á, IFNã, and IL-12. Sonication
(on ice) was performed to completely disrupt
formed vitreous and yield homogeneous sam-
ple for assay and prevent loss of antigenic
activity. All samples were examined in dupli-
cates and the average reading was analysed.

The minimum detectable concentrations (sen-
sitivity) for the assay kits were 0.3, 1.6, 0.125,
3.9, 0.7, 15.6, and 0.7 pg/ml for IL-6, IL-8,
IL-1â, IL-1á, TNFá, IFNã, and IL-12 respec-
tively. Elisa assays were carried out according
to the manufacturer’s instructions.

STATISTICAL ANALYSIS

Non-parametric tests were used for statistical
analysis of our data, which is not normally dis-
tributed. Samples were divided into three
groups—PVR, RD, and MH. Vitreous cyto-
kine levels between groups were analysed using
the Kruskal-Wallis test, and the levels between
two groups were compared using a Mann-
Whitney test. The Spearman correlation test
was used to test any association between
mRNA and cytokine protein levels. Groups in
diVerent clinical variables were compared
using Kruskal-Wallis and Mann-Whitney tests
whenever appropriate. Statistical calculations
were performed using commercial software
(Prism version 2.01).

Results
CYTOKINE mRNA

mRNA levels of diVerent cytokines in vitreous
samples from patients with PVR, RD, and MH
were normalised to the level of HPRT mRNA
detected in the sample. The HPRT mRNA
level would reflect the cellularity of the
sample. Uniformly low levels of HPRT were
detected indicating the low number of cells
present in the vitrectomy samples. By normal-
ising the cytokine mRNA against HPRT
mRNA for each sample, spurious diVerences
in cytokine mRNA levels between samples,
were avoided. These results are shown in
Figure 2.

The median levels of IL-6, IL-8, IL-1â, and
IFNã mRNA were significantly higher (p
<0.05) in patients with PVR than those with
macular hole. There was no statistically signifi-
cant diVerence between the median levels of
the two groups for IL-1á.

Comparing PVR with RD patients, there
was no statistically significant diVerence in
mRNA levels between the two groups in all the
investigated cytokines (p >0.05) except for
IL-6 where, there was statistical significance
(p = 0.038). The median level of IFNã mRNA
was significantly higher (p = 0.008) in patients
with RD than those with MH, otherwise there
was no significant diVerence between the two
groups.

There were very few samples with detectable
mRNA levels for TNFá and IL-12, (no signifi-
cant diVerence between groups was found by
Kruskal-Wallis test). Number and percentage
of samples with detectable levels of mRNA for
diVerent cytokines and the results of statistical
analysis between diVerent groups are summa-
rised in Table 2.

CYTOKINE PROTEIN ASSAY

Levels of diVerent cytokines in vitreous sam-
ples from patients with PVR, RD, and MH
expressed in pg/ml are shown in Figure 3. A
summary of the available data and statistical
analysis is shown in Table 3. The median levels

Table 2 Cytokine mRNA levels normalised to HPRT in vitreous samples with summary
of statistical data analysis

p Value

Cytokine mRNA No N (%) Median IQR v MH v RD

PVR:
IL-6/HPRT 25 19 (76) 0.16 0.02–1.03 0.005 0.038
IL-8/HPRT 25 23 (92) 4.43 0.81–13.87 0.006 0.081
IL-1â/HPRT 25 16 (64) 0.04 0.0-0.42 0.004 0.086
TNFá/HPRT 25 5 (20) 0.0 0.0-0.0 † †
IL-1á/HPRT 25 14 (56) 0.03 0.0–0.24 0.200 0.072
IFNã/HPRT 21 18 (85) 2.91 0.10–8.79 <0.001 0.838
IL-12/HPRT 21 2 (10) 0.0 0.0–0.0 † †

RD: v MH
IL-6/HPRT 11 3 (27) 0.0 0.0–0.50 0.531
IL-8/HPRT 11 7 (64) 0.35 0.0 –4.82 0.143
IL-1â/HPRT 11 3 (27) 0.0 0.0–0.13 0.331
TNFá/HPRT 11 0 (0) 0.0 0.0–0.0 †
IL-1á/HPRT 11 2 (18) 0.0 0.0–0.02 0.912
IFNã/HPRT 9 7 (78) 4.4 0.75–7.37 0.008
IL-12/HPRT 9 1 (11) 0.0 0.0–0.0 †

MH:
IL-6/HPRT 10 1 (10) 0.0 0.0–0.0
IL-8/HPRT 10 3 (30) 0.0 0.0–0.570
IL-1â/HPRT 10 1 (10) 0.0 0.0–0.0
TNFá/HPRT 10 0 (0) 0.0 0.0–0.0
IL-1á/HPRT 10 2 (20) 0.0 0.0–0.12
IFNã/HPRT 10 3 (30) 0.0 0.0–0.0
IL-12/HPRT 10 0 (0) 0.0 0.0–0.0

No = number of samples examined; N = number of positive samples; IQR = interquartile range.
*Significant diVerence p<0.05 between the two groups (Mann-Whitney).
†No statistical diVerence was found between groups (Kruskal-Wallis).
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of IL-6, IL-8, and IL-1â were significantly
higher (p <0.05) in patients with PVR than
those with MH and RD. For IL-1á and IFNã,
a significant statistical diVerence was detected
between PVR and MH groups (p<0.05) but
not between PVR and RD patients (p>0.05).
No significant diVerence was found between
RD and MH groups in all the tested cytokines.
According to Kruskal-Wallis test no significant
diVerence between groups was found for
TNFá and IL-12 (p>0.05).

CORRELATION BETWEEN mRNA AND CYTOKINE

PROTEIN LEVELS

A total of 31 pairs of samples were analysed
(29 for IFNã and IL-12) for their mRNA and
protein correlation levels. Statistically signifi-
cant correlation was found between mRNA
and cytokine levels for IL-6, IL-8, IL-1â,
IL-1á, TNFá, IFNã, Spearman r = 0.83, 0.73,
0.67, 0.91, 0.73, and 0.73 respectively. No sig-
nificant correlation was found between mRNA
and cytokine levels for IL-12 (r = 0.18).

Figure 3 Levels of diVerent cytokines in vitreous aspirates obtained from patients with proliferative vitreoretinopathy
(PVR), retinal detachment (RD), and macular hole (MH) (control). n = number of investigated samples. Detection levels
were (0.3, 1.6, 0.125, 3.9, 0.7, 15.6, and 0.7 pg/ml for IL-6, IL-8, IL-1â, IL-1á, TNFá, IFNã, and IL-12 respectively.
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mRNA LEVELS AND RELATION TO CLINICAL DATA

Table 4 shows summary of clinical variables
investigated and their relation to mRNA levels
for diVerent cytokines. No significant diVer-
ence was found between diVerent clinical
groups in their mRNA cytokine levels (p
>0.05).

Discussion
The precise role of individual cytokines in the
pathogenesis of PVR is not obviously clear, but
their involvement in regulating immune and
inflammatory responses has been well de-
scribed.7

mRNA quantitation can provide infor-
mation on gene expression and its control, and
help in understanding the regulatory systems
governing it and the physiological role it
performs.28 However, mRNA level is a reflec-
tion of gene expression and not protein
production, and there is not always a correla-
tion between mRNA and secreted protein
levels and this depends upon the regulatory
mechanisms for any particular expressed gene.

By studying both mRNA and secreted protein
the usefulness of RT-PCR assays was substan-
tially enhanced. The good correlation demon-
strated between mRNA and the respective
cytokines suggests that, in PVR, mRNA
estimation can be an indicator of the respec-
tive cytokines secreted. Competitive polymer-
ase chain reaction (PCR) is considered the
method of choice for gene expression studies
in small clinical samples. The accurate quanti-
tation of PCR products relies on the use of an
internal standard, which is designed to contain
primer binding and flanking sequences identi-
cal to the target gene fragment.29 30 In this
study the internal standard (mimic) was suY-
ciently diVerent in size from the target gene
fragment (five bases shorter) for unambiguous
detection, but is close enough in size to ensure
minimal diVerences in amplification eY-
ciency. The final ratio of amplified target to
the amplified competitor is dependent on the
initial ratio of the target to the competitor,
rendering the reaction independent of the
number of amplification cycles.30 Previous
work to detect mRNA coding for IL-6, IL-1â,
and TNFá in epiretinal membranes from
patients with PVR was carried out by Limb et
al in 1994.31 They used an in situ hybridisation
technique which, although sensitive, is techni-
cally very demanding for obtaining data on
quantitation. We recently reported the use of
RT-PCR technique to detect mRNA for IL-6,
IL-1â, IL-8, and TNFá in vitreous samples
from patients with PVR.25 However, no data
on the measurement of the protein product
(cytokines), in the samples studied, were
presented.

Unlike other inflammatory conditions such
as coeliac disease,32 and rheumatoid arthritis,33

in which large amounts of cytokine mRNAs
may be expressed in the heavily infiltrated
aVected tissues, the present results showed
that vitreous samples in PVR possessed
relatively little cytokine mRNA reflecting the
relatively lower number of cells. Although
direct estimation of total mRNA in each sam-
ple was not carried out, the levels of HPRT
mRNA detected were low, indicating that the
overall cellularity of the vitreous samples was
low. In our study, there was a general trend
towards higher levels of IL-6, IL-8, IL-1â, and
IFNã mRNA in retinal detachment (whether
or not complicated by PVR) than MH

Table 3 Cytokine levels expressed in pg/ml in vitreous samples with summary of statistical
data analysis

Positive p Value*

Cytokine No N (%) Median IQR v MH v RD

PVR:
IL-6 15 14 (93) 190.6 136.4–725.6 <0.001 0.002
IL-8 15 13 (86) 63.56 41.37–128.6 0.003 0.018
IL-1â 15 15 (100) 0.82 0.57–1.99 0.004 0.014
IL-1á 15 9 (60) 18.1 ND–49.60 0.033 0.205
TNFá 15 2 (13) ND ND † †
IFNã 15 12 (80) 200.8 68.37–426.3 0.030 0.129
IL-12 15 10 (67) 1.457 ND–349.8 † †

RD: v MH
IL-6 8 6 (75) 42 14 –50.92 0.065
IL-8 8 6 (75) 22.93 9.08 –30.95 0.195
IL-1â 8 7 (88) 0.34 0.22–0.66 0.382
IL-1á 8 4 (50) 6.25 ND–16.05 0.160
TNFá 6 0 (0) ND ND †
IFNã 8 5 (63) 27.15 ND–165.4 0.382
IL-12 6 4 (67) 14.51 ND - 1365 †

MH:
IL-6 8 6 (75) 4.34 0.83–7.05
IL-8 8 5 (63) 2.50 ND–22.35
IL-1â 8 4 (50) 0.14 ND–0.49
IL-1á 8 1 (13) ND ND
TNFá 8 0 (0) ND ND
IFNã 8 2 (25) ND ND–40.22
IL-12 8 3 (38) ND ND–0.87

No = number of samples examined; N = number of positive samples; IQR = interquartile range;
ND = below detection level (0.3, 1.6, 0.125, 3.9, 0.7, 15.6, and 0.7 pg/ml for IL-6, IL-8, IL-1â,
IL-1á, TNFá, IFNã, and IL-12 respectively.
*Significant diVerence p<0.05 between the two groups. (Mann-Whitney).
†No statistical diVerence was found between groups (Kruskal-Wallis).

Table 4 Relation between clinical variables and cytokine mRNA level normalised to HPRT

Clinical variable No

Number of patients with detectable cytokine mRNA levels (%)

IL-6/HPRT IL-8/HPRT IL-1â/HPRT IFNã/HPRT‡* IL-1á/HPRT

Severity C1–C2 19 13 (68) 17 (89) 12 (63) 14 (87) 10 (52)
C3–D2 6 6 (100) 6 (100) 4 (66) 4 (80) 4 (66)

Duration 2–8 weeks 14 10 (71) 14 (100) 8 (57) 11 (84) 9 (64)
8–14 weeks 5 4 (80) 4 (80) 3 (60) 3 (75) 3 (60)
> 14 weeks 6 5 (83) 5 (83) 5 (83) 4 (100) 2 (33)

Recurrence No 14 9 (64) 12 (86) 7 (50) 10 (83) 6 (43)
Yes 11 10 (91) 11 (100) 9 (82) 8 (89) 8 (72)

No of previous surgeries 0 7 5 (71) 6 (86) 4 (57) 5 (100) 3 (43)
1 11 7 (63) 10 (91) 6 (54) 8 (80) 6 (55)
2–4 7 7 (100) 7 (100) 6 (86) 5 (83) 5 (71)

No = number of samples examined.
*Number of samples investigated in each clinical group was slightly less than the examined number for other cytokines, due to
insuYcient sample.
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samples. However, statistically significant
higher levels were found only in PVR samples.
Similarly, cytokine protein levels were
significantly higher for IL-6, IL-8, IL-1â in
PVR than RD and MH. Apart from IL-12, a
significant correlation was found (r >0.4)
between mRNA and protein levels in all the
investigated cytokines. The substantial varia-
tion in values within each group of patients,
and the number of samples available limit the
conclusions that can be drawn from this initial
study.

The presence of cytokine protein without
detection of its mRNA was apparent in some
samples (eight samples for IL-6, seven for
IL-8, 10 for IL-1â, one for IL-1á, and two for
IFNã). Since translation of mRNA occurs rap-
idly, this observation does not preclude that
these cytokines are produced within the ocular
microenvironment. Cytokines may also be pro-
duced outside the vitreal microenvironment
and permeate the vitreous during breakdown
of the blood retinal barrier. Alternatively,
cytokines may be expressed by the retina,
which is known to be a source of many
cytokines and growth factors.34 Retinal tissue is
a potential contaminant for vitreous samples
and dissected epiretinal membranes. Scleral
wounds created during vitreoretinal surgery
can act as an important source for growth fac-
tors and cytokines.34

In contrast, several samples were found to
have mRNA for a cytokine in the absence of
detectable protein (four samples for IL-8, one
for IL-1â, four for IL-1á, three for TNFá, and
four for IFNã). Cytokine proteins may be
present below the detection levels of the
ELISA kits used. Another possibility is that
some of these cytokines are bound to extracel-
lular matrix in epiretinal membranes and not
present free in the vitreous (as has been previ-
ously shown for TNFá for example).18 In addi-
tion, regulation of secretion of these cytokines
at translational and post translational levels
may occur.

It was not possible to identify any relation
between cytokine mRNA levels and diVerent
clinical groups, perhaps because of the small
number of samples available in each group. In
a recent study,24 in which large numbers of
patients were investigated for fewer cytokines
by ELISA, IL-6 levels in vitreous were found
to be predictive for the development of
postoperative PVR. The presence of these
cytokines in some macular hole and retinal
detachment vitreous samples suggests that any
role that these cytokines have in promoting the
development of the epiretinal membranes
might result from an altered balance in their
activities, diVerence in their microdistribu-
tion, or change in receptor expression or activ-
ity rather than the absolute presence or
absence of the factor.

In the present study, the types of cells
expressing each cytokine were not identified.
However, the majority of cells present in the
vitreous samples of patients with PVR are
capable of producing cytokines in vitro.
Cultured RPE cells, upon activation, release
IL-8, IL-6, and granulocyte-macrophage

colony stimulating factor.15 35 Activated mono-
cytes secrete a heterogeneous mixture of prod-
ucts that together strongly induce expression of
many cytokines in human RPE cells.16 Most if
not all of the inducing eVect can be accounted
for by IL-1â and TNFá. Glial cells can
produce IL-1.14 Macrophages and T lym-
phocytes can produce many diVerent
cytokines, including IL-1, IL-6, TNFá, and
IFNã.36 In situ hybridisation technique com-
bined with immunohistochemical staining for
the vitreous samples or epiretinal membranes
from patients with PVR might resolve which
cell produce which cytokine.

The cells present in the vitreous at the
time of sampling would determine the profile
of the mRNA and cytokines detected. The
number and type of cells present in the
vitreous at diVerent stages of the disease are
likely to vary and consequently aVect the types
of cytokines expressed.36 This may in part
explain why, in the present study, only a small
number of samples revealed all the cytokines
tested.

A novel observation in this current study
concerns the cytokine IL-12. IL-12 mRNA
was not detected in most of the samples inves-
tigated, being present in only two from 21
PVR, one from nine RD, and not in any MH
samples. However, IL-12 protein was detected
in considerable amounts in examined samples
(Table 3). A likely source of this IL-12 may be
the iris, ciliary body, and choroid which
normally contain dendritic cells.37 Activated
dendritic cells are known to be a major source
of IL-12. IL-12 is also produced by macro-
phages and B lymphocytes, which are known to
infiltrate PVR membranes. It is also possible
that this cytokine is primarily produced in the
PVR membranes from where it accesses the
vitreous gel. As PVR membranes were not ana-
lysed in this study, it not possible to comment
on the correlation between IL-12 mRNA and
the cytokine, in PVR membranes. IL-12 has
multiple eVects on T cells and natural killer
(NK) cells. These include inducing production
of IFNã and TNF either directly or in synergy
with other inducers and acting as a co-mitogen
to stimulate proliferation these cells.38 39 The
involvement of activated T and B lymphocytes
is well documented in the pathogenesis of the
disease.40 41

The synergistic and pleiotropic eVects of
cytokines may be of particular importance in
PVR. For example, IL-1â and TNFá both
present within vitreous and epiretinal mem-
branes, promote the synthesis of IL-6,42 and
may also stimulate further IL-1 or TNFá
production.36 Moreover, IL-6 may induce
further production of IL-1 and TNFá.43 IL-1â
is known to enhance the contraction collagen
gel44 and may have a role PVR membrane con-
traction. In previous studies, IL-6 was de-
tected at higher levels in PVR than in uncom-
plicated RD, although the same was not true
for IL-1.17 19 In contrast, Kon et al24 found sig-
nificantly elevated levels of IL-1â but not of
IL-6 in patients with PVR compared with
uncomplicated RD. We detected significantly
elevated levels of both IL-6 mRNA and
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protein in patients with PVR versus MH and
RD. The same was true for IL-1â protein.
IL-1â has been shown to enhance IL-6 mRNA
and protein synthesis in human RPE cells, and
at lower concentrations, this eVect was en-
hanced by TGFâ to induce IL-8 mRNA but
not IL-8 cytokine secretion.45 A definitive role
for IL-8 in the pathogenesis of PVR is not
clear. However, it has been postulated that
TNFá and IL-1â, which were not directly
chemotactic for leucocytes, exert their chemo-
tactic eVect through induction and release of
secondary cytokines including IL-8 and
MCP-1.20

IFNã is known to upregulate MHC class II
molecule expression on RPE cells, and en-
hance presentation of foreign antigens to T
cells.46 Experimental studies show that epireti-
nal membrane formation can be accompanied
by infiltration of blood borne lymphocytes and
monocytes, which persist until the late stages
of experimental PVR and are likely to be a
source of IFNã.47

In conclusion, our data indicate that levels
of mRNA encoding IL-6, IL-8, IL-1â, and
IFNã is significantly increased in vitreous
samples from patients with PVR, indicating
local production of these cytokines by vitreous
cells and the significant contribution of the
invading cells in PVR pathogenesis. Cells
invading the vitreous do not appear to locally
produce IL-12, and apart from this cytokine
there was a good correlation between mRNA
and protein levels suggesting that mRNA
measurements can provide useful information
about cytokine synthesis within the invading
cells. Monitoring of mRNA levels may aid in
our understanding of this disease process and
provide insights into progression, response to
treatment, and development of strategies for
alternative therapy.
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