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Objectives: To investigate CD4-CD8 and CD28 ex-
pression in T cells infiltrating the vitreous fluid in pa-
tients with proliferative diabetic retinopathy and to evalu-
ate the relationship between the infiltrating T cells and
both the activity of proliferative diabetic retinopathy and
the clinical outcome.

Methods: Both vitreous and peripheral blood samples
were obtained simultaneously from 20 consecutive dia-
betic patients and analyzed by flow cytometry. Three dia-
betic patients were excluded because there were no vi-
able cells in the vitreous fluid. Six nondiabetic patients
requiring vitrectomy were also studied.

Results: T lymphocytes were detected in all 6 diabetic
patients with vitreous hemorrhage and in 6 (55%) of the
11 diabetic patients without vitreous hemorrhage, but in
none of the nondiabetic patients. The percentages of T
cells (CD3*), TCD4* (CD3* CD4*), and TCD8* (CD3*
CD8") subsets, as well as the expression of CD28, were
similar in the vitreous fluid and in the peripheral blood
in patients with vitreous hemorrhage. However, in pa-

tients without vitreous hemorrhage, the percentage of
CD4* CD28" T cells in the vitreous fluid was signifi-
cantly higher than in the peripheral blood (33.34%
[20.75%-100.00%] vs 8.45% [2.43%-56.59%]; P=.02). In
addition, all of these patients showed quiescent retinopa-
thy and their outcome was better than that of patients
with vitreous hemorrhage and patients in whom intra-
vitreous T cells were undetectable.

Conclusion: T cells infiltrating the vitreous of diabetic
patients without vitreous hemorrhage not only show a
different pattern than in the peripheral blood but also seem
to improve the prognosis of proliferative diabetic reti-
nopathy.

Clinical Relevance: Our results provide further un-
derstanding of events involved in the autoimmune re-
sponse in diabetic retinopathy and may aid in the re-
search for new treatment approaches.
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ROLIFERATIVE DIABETIC RETI-
nopathy (PDR) is a major
cause of adult blindness, and
it is characterized by the ap-
pearance of neovasculariza-
tion. The new vessels are fragile and lack
the normal barrier function, thereby per-
mitting extravascular leakage of blood
components. In the later stages, fibrovas-
cular proliferative changes may result in
vitreous hemorrhage or tractional retinal
detachment that often requires surgical in-
tervention. The precise mechanisms in-
volved in the etiopathogenesis of PDR have
not been elucidated, but retinal ischemia
seems to be crucial in the angiogenic
stimulus, thus determining the synthesis
of several growth factors, such as vascu-
lar endothelial growth factor.'?
There is growing evidence that leu-
kocytes are involved in capillary nonper-
fusion, retinal vascular leakage, and endo-

thelial cell damage in diabetic retinopathy.>®
Moreover, leukocytes have a relevant role
in the angiogenic and fibrotic processes that
occur in PDR by means of the secretion of
several cytokines and proteases. Several al-
terations in the properties of leukocytes
have been reported in diabetes, such as de-
creased deformability,® increased activa-
tion,? and adhesiveness to vascular endo-
thelium.*® In addition, the increased
expression of adhesion molecules such as
intercellular adhesion molecule 1% has been
found in retinal endothelial cells in dia-
betic retinopathy, facilitating retinal leu-
kocyte stasis (leukostasis). Moreover, our
group recently reported that cellular adhe-
sion and angiogenesis may be linked pro-
cesses in diabetic patients with PDR.*°
Although there is much evidence that
leukocytes participate in the etiopatho-
genesis of PDR, there is little information
on the specific role of lymphocytes. The
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vitreous body is an immune-privileged site protected from
systemic circulation by the blood-retinal barrier.'*!* The
breakdown of the blood-retinal barrier is a characteris-
tic feature of PDR and, in consequence, could facilitate
the passage of immune cells from systemic circulation
into the vitreous body. However, as far as we know, no
studies have investigated T-lymphocyte subsets in the vit-
reous fluid of diabetic patients.

In the present study, we have flow cytometry to ana-
lyze vitreous fluid from patients with PDR for the pres-
ence of CD4* (helper/inducer) and CD8* (cytolytic/
cytotoxic) T cells, as well as the expression of the
costimulatory molecule CD28. In addition, these re-
sults were compared with those obtained in samples of
peripheral blood from the same patients. Finally, we evalu-
ated the relationship between the infiltrating T cells and
both the activity of PDR and the clinical outcome.

B VETHODS

SUBJECTS

Twenty consecutive patients with type 2 diabetes mellitus (11
women and 9 men; mean=SD age, 62.82+12.12 years) with PDR
in whom a classic 3-port pars plana vitrectomy was performed
were initially considered in this study. Tractional retinal de-
tachment was the main reason for performing vitrectomy in these
patients. Six nondiabetic patients (3 women and 3 men; mean
age, 47.33+33.50 years) requiring vitrectomy for macular holes
(n=3) and subretinal membranes (n=3) were also studied. Pa-
tients who had undergone previous vitreoretinal surgery, had
had a vitreous hemorrhage in the preceding 2 months, or had
received photocoagulation in the previous 3 months were all
excluded.

Retinopathy was graded intraoperatively by the same oph-
thalmologist, taking into consideration the presence of active
neovascularization whenever perfused preretinal capillaries were
found and quiescent retinopathy whenever nonperfused ves-
sels or fibrosis was present.

After vitrectomy, an ophthalmologic evaluation was sys-
tematically performed each month for the first 3 months, and
subsequently a bimonthy evaluation was conducted. The over-
all follow-up was 8.3+2.5 months (range, 3-12 months).

SAMPLE COLLECTION AND IDENTIFICATION
OF VITREOUS HEMORRHAGE

Both venous blood and vitreous samples were collected simul-
taneously at the time of vitreoretinal surgery. Undiluted vitre-
ous samples (0.5-1 mL) were obtained at the onset of vitrec-
tomy by aspiration into a 1-mL syringe attached to the vitreous
cutter (Series Ten Thousand Ocutome; Alcon Laboratories, Ir-
vine, Calif) before the intravitreal infusion of balanced saline
solution was started. The vitreous samples were transferred to
a tube and delivered to the laboratory at room temperature as
rapidly as possible after collection, usually within 30 minutes.

Vitreous hemorrhage was identified when either macro-
scopic blood was observed in the vitreous or hemoglobin was
detected within the vitreous fluid. For this purpose, in pa-
tients without macroscopic blood in the vitreous, hemoglobin
levels were measured in the vitreous fluid by spectrophotom-
etry (Uvikon 860; Kontron Instruments, Zurich, Switzerland)
according to the classic method of Harboe" for measuring plasma
hemoglobin in micromolar concentration. This method has re-
cently been validated,'* and in our hands the lower limit of de-
tection was 0.03 mg/mL. Only the patients in whom hemoglo-

bin level was below the detection limit were considered free of
intravitreous bleeding.

The protocol for sample collection was approved by the
hospital ethics committee, and informed consent was ob-
tained from patients.

ANALYSIS OF SURFACE MARKERS

Reagents

Monoclonal antibodies (mAbs) against CD3, CD28, CD8, and
CD#4 conjugated to fluorescein isothiocyanate, phycoerythrin,
peridium chlorophyll protein, and allophycocyanin, as well as
isotype IgG control mAb, were obtained (Becton, Dickinson and
Co Immunocytochemistry Systems, San Jose, Calif).

Whole Blood

Cells were analyzed immediately after blood collection by means
of multiparameter flow cytometry according to standard pro-
tocols described by the manufacturer. Briefly, 4-color staining
of surface markers was performed by incubation of the whole
blood with saturating amounts of the different mAbs men-
tioned previously. Stained cells were then washed with stain-
ing buffer (phosphate-buffered saline plus 1% fetal calf serum
plus 0.1% sodium azide), and red blood cells were lysed with
an automated sample preparation system (FACS Lyse; Becton,
Dickinson and Co Immunocytochemistry Systems). After wash-
ing, cells were resuspended and then analyzed with a double
laser flow cytometer (FACS Calibur; Becton, Dickinson and Co
Immunocytochemistry Systems). All samples were protected
from light during incubation throughout the procedure. Nega-
tive control isotype IgG-matched mAbs were used for each case.
Cell analysis was performed with an acquisition and analysis
program (CellQuest; Becton, Dickinson and Co Immunocyto-
chemistry Systems).

Vitreous Fluid

Vitreous specimens were centrifuged at 2500 rpm for 15 min-
utes at 4°C and the pellet obtained was resuspended in staining
buffer (phosphate-buffered saline plus 1% fetal calf serum plus
0.1% sodium azide). Surface markers were stained by incuba-
tion with saturating amounts of the different mAbs. Stained cells
were then washed with staining buffer, resuspended, and ana-
lyzed with the flow cytometer. All samples were protected from
light during incubation throughout the procedure. Negative con-
trol isotype IgG-matched mAbs were used for each case. Cell
analysis was performed with an acquisition and analysis pro-
gram (CellQuest; Becton, Dickinson and Co Immunocytochem-
istry Systems). In case of samples with vitreous hemorrhage, red
cells were lysed as described earlier. Results were expressed as
percentages of positive cells.

STATISTICAL ANALYSIS

Statistical analysis was performed with a microcomputer ver-
sion of SPSS (SPSS Inc, Chicago, III). For comparisons be-
tween peripheral blood and vitreous fluid in the same patient,
the Wilcoxon test was used. Levels of statistical significance
were set at P<<.05. Data are presented as median and range.

— T

Three diabetic patients were excluded at the time of analy-
sis because of the presence of nonviable cells in the vit-
reous fluid. Therefore, data from 17 diabetic patients were
considered suitable for analysis. Six (35%) of the 17 pa-
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Figure 1. Whole blood (A) and vitreous fluid (B) CD4* and CD8* T lymphocytes from a representative patient with proliferative diabetic retinopathy without
vitreous hemorrhage. Samples were stained immediately after collection with CD3—fluorescein isothiocyanate, CD4—allophycocyanin, and CD8—peridium
chlorophyll protein (PerCP). First, a gate was drawn around the lymphocyte population as shown. From the gated lymphocytes, we selected CD3* (T cells) and
analyzed the distribution of CD4* and CD8* cells. SSC indicates side scatter; FSC, forward scatter.

Percentages of CD4* and CD8* T Lymphocytes and Expression of CD28* in Peripheral Blood and Vitreous Fluid From Patients With
Proliferative Diabetic Retinopathy With or Without Vitreous Hemorrhage at the Time of Sample Collection*

Proliferative Diabetic Retinopathy

Nonvitreous Hemorrhage

Vitreous Hemorrhage

Vitreous Fluid

Blood

Vitreous Fluid

Blood
CD4+ T cells (total) 42.32 (25.49-46.25)
CD8* T cells (total) 27.02 (17.42-52.47)
CD4* T cells 55.15 (36.42-72.64)
CD8* T cells 44.85 (27.36-63.57)
CD4+ CD28- 8.45 (2.43-56.59)
CD8* CD28* 44.16 (18.04-66.31)

2.70t (0.36-12.12)
2.71t (1.10-9.10)
50.59 (21.05-57.11)
49.40 (42.88-78.94)

33.34% (20.75-100.00)
67.32 (0.00-100.00)

40.60 (35.03-64.92)
31.75 (12.49-37.84)
63.17 (50.60-78.75)
36.82 (21.24-49.39)
20.64 (10.34-41.25)
19.85 (17.73-68.93)

48.71 (0.73-63.24)
23.21 (0.49-34.46)
62.68 (52.06-75.12)
37.31 (24.87-47.93)
40.99 (24.32-100.00)
21.05 (0.00-45.21)

*Data are median (range percentages). The first 2 rows represent the percentages of CD4* and CD8* T cells detected among the total viable cells observed,
while the rest of the rows represent the percentage of T-cell subsets among the total number of T lymphocytes. This relative percentage has been used for

statistical analysis.
tP<.001.
tP=.02.

tients with PDR and none of nondiabetic controls had
vitreous hemorrhage. For the purpose of the study, data
from diabetic patients with vitreous hemorrhage were ana-
lyzed separately.

T lymphocytes were detected in all diabetic patients
with vitreous hemorrhage, in 6 (55%) of 11 diabetic pa-
tients without blood in the vitreous, and in none of the
nondiabetic patients. A flow cytometric analysis of both
blood and vitreous fluid from a representative patient with
PDRis displayed in Figure 1. The percentages of T cells
obtained, as well as their phenotypical analysis in periph-

eral blood and in the vitreous fluid according to the pres-
ence or absence of vitreous hemorrhage, are presented in
the Table. As expected, the percentages of T cells, as well
as the percentages of CD4*and CD8" in the vitreous fluid
and in the peripheral blood, were similar in patients with
vitreous hemorrhage. In these patients, the percentage of
CD4* CD28 T cells was higher in the vitreous fluid than
in the peripheral blood, but the differences were not of sta-
tistical significance (40.99% [24.32%-100.00%] vs 20.64%
[10.34%-41.25%]). In addition, we did not observe any
statistical difference in the percentage of CD8* CD28* T
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Figure 2. Percentage of CD4* CD28- T lymphocytes in the vitreous fluid and
peripheral blood in patients with proliferative diabetic retinopathy (PDR)
without vitreous hemorrhage (n=6). In one case this percentage could not
be calculated for technical reasons. The percentage of CD4+* CD28- was
higher in the vitreous fluid than in peripheral blood in all patients in whom it
was analyzed (n=5).

cells between the vitreous fluid and the peripheral blood
(21.05% [0.00%-45.21%] vs 19.85% [17.73%-68.93%]).

Patients without vitreous hemorrhage showed a
slight, nonsignificant reduction in the percentage of CD4*
and a mild increase in the percentage of CD8" in the vit-
reous fluid in comparison with the peripheral blood
(50.59% [21.05%-57.11%] vs 55.15% [36.42%-
72.64%], and 49.40% [42.88%-78.94%] vs 44.85%
[27.36%-63.57%], respectively). However, the percent-
age of CD4* CD28 T cells in the vitreous fluid was sig-
nificantly higher than in the peripheral blood (33.34%
[20.75%-100.00%] vs 8.45% [2.43%-56.59%]; P=.02),and
this difference was observed in every patient (Figure 2).
By contrast, CD28 was present in a greater proportion
of CD8* T lymphocytes in the vitreous fluid than the pe-
ripheral blood, although in this case the differences were
not statistically significant (67.32% [0.00%-100.00%] vs
44.16% [18.04%-66.31%]).

The relationship between the flow cytometric analy-
sis and both the activity of retinopathy and clinical out-
come is displayed in Figure 3. All patients with PDR
and no vitreous hemorrhage who showed T lympho-
cytes in the vitreous fluid had quiescent retinopathy, and
only 1 of these patients developed early intravitreal bleed-
ing. The remaining diabetic patients continued free of re-
bleeding after a follow-up of 8+2 months. By contrast, 3
of 5 diabetic patients without T lymphocytes in the vit-
reous fluid had early intravitreal hemorrhage.

BEE  COMMENT

Analysis of the vitreous fluid obtained from diabetic pa-
tients subjected to vitreoretinal surgery is a useful means
of indirectly exploring the events that are taking place
in the retina. However, there is growing evidence that
the vitreous participates actively in the etiopathogen-
esis of PDR by means of accumulating angiogenic fac-
tors such as vascular endothelial growth factor or by los-
ing angiogenic inhibitors such as pigment epithelium—
derived factor.’>!” In addition, an enhancement of
intravitreous concentrations of several cytokines has been
reported,'®*° thus underlining the importance of the in-
flammatory process in the development of PDR. In the

present study, we investigated the presence of T-
lymphocyte subsets in the vitreous fluid and compared
the results with those obtained in the peripheral blood
at the time of vitreoretinal surgery. One of the major prob-
lems in any technique for studying these vitreous cells
is to obtain an adequate number for analysis. Many cells
in the vitreous fluid are already nonviable, and the re-
mainder can disintegrate very quickly after collection of
the sample. Immunocytochemical techniques have been
used to study immune cells infiltrating epiretinal mem-
branes in patients with PDR,'®?? but, to our knowledge,
flow cytometry has not been previously applied to im-
munophenotyping T cells in the vitreous fluid of pa-
tients with PDR. The experimental approach used (vit-
reous fluid and whole-blood immunofluorescence,
performed immediately after collection) allows us to simu-
late the in vivo scenario as closely as possible. The sec-
ond problem when vitreous fluid is analyzed is to ex-
clude vitreous hemorrhage. To circumvent this problem,
the hemoglobin levels within the vitreous fluid were mea-
sured by spectrophotometry in all samples. Thus, only
patients in whom hemoglobin was undetectable were con-
sidered free of vitreous hemorrhage.

T lymphocytes were not detected in the vitreous fluid
of nondiabetic patients. This finding supports the con-
cept that the disruption of the blood-retinal barrier is cru-
cial for permitting the access of inflammatory cells into
the vitreous body. By contrast, T lymphocytes were de-
tected in all patients with blood in the vitreous, and the
percentage of T cells as well as the pattern of CD4* and
CD8* was very similar to that obtained in the peripheral
blood. This was not a surprising result because intravit-
real cellularity probably reflects peripheral blood enter-
ing the intraocular cavity. It must be emphasized that this
event was found at micromolar concentrations of hemo-
globin and demonstrates that a little bleeding is suffi-
cient to change the pattern of T cells detected within the
vitreous of diabetic patients with PDR.

In patients without detectable hemoglobin, T lym-
phocytes were detected in only 55% of cases, and the T-
cell count was lower than that obtained in patients with
blood in the vitreous. The substantial variations ob-
tained in the percentages of T cells and their percent-
ages within the total number of viable elements in the
vitreous suggest that the participation of the immune sys-
tem in the etiopathogenesis of PDR could be different in
each patient. In addition, in these patients we found a
slight deficit of CD4* (helper-inducer) T cells and a mild
increase of CD8* (cytolytic-cytotoxic) T cells in relation
to peripheral blood. However, the most important find-
ing of the present study was the significant enhance-
ment of CD4* CD28" detected in the vitreous fluid in com-
parison with peripheral blood in patients without vitreous
hemorrhage. Activation of T lymphocytes requires 2 sig-
nals. The first signal, induced by the interaction of the
antigen—major histocompatibility complex with the T-
cell receptor, determines the antigen specificity, whereas
the second costimulatory signal determines the activa-
tion threshold and the functional outcome of the antigen-
specific activation.*”*® CD80/CD86-CD28/CTLA-4 is the
most important and best-studied costimulatory path-
way. CD80 and CD86 molecules are expressed on acti-
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Figure 3. Relationship between the flow cytometric analysis and both the activity of retinopathy and the clinical outcome. All patients without vitreous hemorrhage
had quiescent proliferative diabetic retinopathy (PDR), and only one of them developed early bleeding (vitreous hemorrhage within the 3 months after vitrectomy).

vated antigen-presenting cells and bind to their ligands
CD28 and CTLA-4.3! CD28 costimulation of human
T cells increases the expression of the intrinsic cell sur-
vival factors Bcl-X; and interleukin 2 (IL-2), which cor-
relate with enhanced resistance to apoptosis.** In addi-
tion, it has been demonstrated that ligation of CD28
results in the activation of protein kinase B,** a key me-
diator of growth factor-induced cell survival.** CD28
also up-regulates expression of both the IL-2 receptor
and several other cytokines or chemokines (ie, IL-4,
IL-3, interferon v, tumor necrosis factor, granulocyte-
macrophage colony-stimulating factor, IL-8, and
RANTES [regulated on activation of normal T cells
expressed and secreted]), and also modulates expres-
sion of the chemokine receptors CCR5, CCR1, CCR4,
CXCR1, and CXCR2.*>*¢ Furthermore, manipulation of
the CD28 pathway of costimulation can prevent the ini-
tiation of an autoimmune response, as well as suppress
an ongoing autoimmune process.>” For these reasons it
could be speculated that, although we have detected a
high percentage of CD4* CD28" in the vitreous fluid of
diabetic patients, these T cells are lacking appropriate
activation. However, the high intravitreous levels of sev-
eral cytokines and inflammatory mediators detected in
diabetic patients with PDR argue strongly against this
hypothesis. Recently it has been demonstrated that CD4*
CD28" clones are CD28-costimulatory independent and
exhibit a full agonist signaling activation pattern, promi-
nent Tyl cytokine production, and a prolonged response
in vitro.”® Long-term memory CD4* CD28" cells produce
high amounts of interferon y and maximally up-regulate

interferon vy and IL-12RB2 chain expression in the
absence of costimulation. In addition, they have an
increased survival after apoptotic stimuli, probably
related to their persistent lack of CTLA-4 surface
expression.**#

The reason for the enhancement of CD4* CD28" ob-
served in the vitreous fluid of diabetic patients is as yet
unknown. One possibility is that costimulation-
independent autoreactive CD4* cells undergo activa-
tion in the periphery by the mechanism of molecular mim-
icry or bystander activation. Subsequently, activated CD4*
CD28" cells may preferentially tend to leave the blood-
stream, migrate through the impaired blood-retinal bar-
rier, and initiate an inflammatory response within the eye.
In this regard, costimulation-independent activation is
particularly important for antigen recognition within the
posterior chamber of the eye, where competent antigen-
presenting cells are sparse. Alternatively, the resistance
to the apoptosis reported for CD4* with lack of CD28 sur-
face expression®**° could be a reliable explanation for its
increased percentage within the vitreous fluid of dia-
betic patients.

We have observed a tendency toward a lower pro-
portion of CD8* CD28" T lymphocytes in the vitreous
fluid of diabetic patients without vitreous hemorrhage
compared with peripheral blood. Similar results have been
reported by Svenningsson et al* in the cerebrospinal fluid
of patients with either multiple sclerosis or central ner-
vous system infectious disease. There are conflicting re-
sults in the literature regarding the role of CD28 expres-
sion in determining functional characteristics of CD8* T
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lymphocytes. Original data supporting primarily sup-
pressor functions for the CD28~ populations*** have re-
cently been challenged.** It is thus not possible at pres-
ent to assign a lack of CD28 expression as being specific
for cells with suppression function among CD8* T lym-
phocytes, and so a reliable marker for this functional sub-
set is still lacking.

One interesting finding observed in the present study
is the relationship detected in patients without blood in
the vitreous between flow cytometric analysis and both
the activity of retinopathy and the outcome in terms of
early bleeding after vitrectomy. Thus, all patients in whom
T lymphocytes were detected in the vitreous fluid had
quiescent retinopathy, and only 1 patient developed early
intravitreal bleeding. Therefore, it seems that T cells in-
filtrating the vitreous cavity have a protective role in the
outcome of PDR. In this regard, it should be empha-
sized that the neuroprotective effect of autoimmune T
cells has recently been reported.*+* In addition to anti-
inflammatory cytokines like IL-10 or transforming growth
factor B, neurotrophic factors could be potential candi-
dates to explain the protective effect of T cells on PDR
outcome.*’:

In summary, in patients without intravitreous hem-
orrhage in whom T cells are detectable within the vitre-
ous fluid, we found a high percentage of CD4* CD28" in
comparison with peripheral blood. In addition, all of these
patients had quiescent retinopathy and their outcome was
better than that in either patients with blood in the vit-
reous or patients in whom intravitreous T cells were un-
detectable. The different pattern of T cells identified in
the vitreous fluid of diabetic patients with PDR requires
further functional characterization, which should pro-
vide us with a better understanding of events involved
in the development of autoimmune response in diabetic
retinopathy and would help us in the search for effec-
tive treatment for this disease.
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