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PROSPECTIVEE RESPONSE TO S-AG IN PATIENTS 

Abstract t 

Purpose:: To prospectively determine, using two different assays, the lymphocyte proliferative re-
sponsee to a retinal autoantigen (S-Antigen), in Behcet's disease patients under treatment for oc-
ularr inflammation. 
Methods:: Patients were evaluated at each visit for signs of ocular inflammation. Peripheral blood 
leukocytess were harvested and cultured in the presence of bovine S-Antigen in a standard culture 
assay;; as well as by limiting dilution using multiple short term T cell lines. 
Results:: Five patients were followed for 2 to 10 months. During follow-up, 3 patients developed 
ann episode of ocular inflammation. No consistent change in proliferative response was observed 
inn standard proliferation assays. However, an increase in established T cell lines was correlated 
too the presence of ocular inflammation in all three patients. Ocular activity was associated with 
aa rise of 9 to 30 fold in the frequency of short term T cell lines. This increase returned to baseline 
withinn 1 to 3 months. 
Conclusions:: An increase in S-Antigen responsive lymphocytes is found in the peripheral blood 
off  Behcet's disease patients during episodes of ocular inflammation. This increase cannot be 
measuredd using standard proliferation assays, but requires the use of techniques exploiting the 
principless of limiting dilution analysis. 

Introductio n n 

Behcet'ss disease is characterized by recurrent episodes of severe intraocular inflammation. Sev-
erall  immunological abnormalities have been reported in this disease suggesting that autoimmu-
nityy may play a role in its pathogenesis. Proliferation assays using peripheral blood lymphocytes 
havee commonly been used to detect cellular immunity to retinal antigens. A heightened response 
too S-Antigen (S-Ag) has been observed in a variety of uveitis patients including those with Be-
hcet'ss disease. However, this assay remains qualitative in nature. While capable of providing ev-
idencee of a response, lymphocyte proliferation assays are unable to provide information on the 
severityy of ocular inflammation and give variable responses over time . 

Circumventingg the qualitative nature of the lymphocyte proliferation assay, limiting dilution as-
sayss (LDA), allow determination of the number of responding cells to a specific antigen or anti-
genss (precursor frequency). LDAs have been used to follow the level of response to the soluble 
tetanuss toxoid antigen over time. Using a cell culture-based assay that incorporates elements of 
aa limiting dilution technique, we showed that it is possible to estimate the T cell precursor fre-
quencyy to bovine S-Ag in patients with diverse forms of uveitis. Using a similar approach, oth-
erss determined the precursor frequency of T cells responding to fragments of myelin basic pro-
teinn (MBP) in patients with multiple sclerosis and following spinal cord injury. Adjusting the 
culturee conditions allowed the demonstration of in vivo clonal expansion of MBP reactive T-cells 
inn both the blood and the CSF of patients with MS, suggesting active trafficking of these lym-
phocytess across the blood-brain barrier. A similar study in Behcet's disease would imply the iso-
lationn of lymphocytes from the vitreous of an actively inflamed patient, a procedure which is 
rarelyy required and not without risk. However, it is possible to study the influence of ocular in-
flammationn on lymphocytes within the peripheral blood. 

Usingg our modified LDA, we decided to explore the change in S-Ag responsiveness over time in 
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peripherall  blood lymphocytes of Behcet's disease patients. We were particularly interested in de-
terminingg whether or not fluctuations in responsiveness could be detected following episodes of 
intraocularr inflammation. Bovine S-Ag was used as the stimulating antigen. Since standard lym-
phocytee proliferation assays have not been carefully studied in this setting, we also wanted to 
studyy the response characteristics of this simpler culture method to ocular inflammation. 

Methods s 

Patientt  selection and assessment of disease: 
Fivee patients with Behcet disease, seen in the Uveitis clinic of the National Eye Institute were se-
lectedd for long term monitoring of their cellular immune responses. All patients met the diag-
nosticc criteria established by the International Behcet Disease Study Group. All patients signed 
ann informed consent approved by the Investigational Review Board of the National Eye Institute. 
Patientss were tested for immune response at each regularly scheduled patient visit for a minimum 
off  three visits and were monitored until the patient was discharged from the eye clinic, or chose 
too forego further testing. Prior to drawing blood patients had a complete ocular examination 
whichh included measurement of visual acuity and examination of the anterior and posterior seg-
mentss for evidence of intraocular inflammation. To determine baseline responses, four normal 
individualss were also tested. An acute inflammatory episode was deemed present when one of 
thee following events was noted on clinical examination: an increase in vitreous cells associated 
withh a vision drop of more than two lines on the ETDRS chart, or the appearance of a focus of 
chorioretinitis,, vascular sheathing or intraretinal hemorrhage. The study abides by the guidelines 
sett forth in the Declaration of Helsinki as well as the U.S. Code of Federal Regulations as per-
tainss to research on human subjects {45 CFR 46). 

Lymphocytee isolation and culture: 
Peripherall  blood samples were collected at several time points as indicated in table 1. For each 
timee point, 60 mLs of peripheral blood was collected. Peripheral blood mononuclear cells 
(PBMC)) were separated on Isolymph gradient (Gallard-Schlesinger, Carle Place, NY). One frac-
tionn was used for both culture assays as indicated below, and were processed immediately. The 
remainingg PBMC were frozen to be used for antigen presentation. For the standard proliferation 
assay,, cells were cultured in flat-bottomed 96-weIl microplates, at 2 x 10' cells per well, in 0.2 
niLniL RPMI 1640 medium with Hepes (Cellgro, Herndon. VA). supplemented with 10% heat in-
activatedd human AB serum (Biocell Laboratories, Carson, CA, USA). Six replicate cultures were 
stimulatedd with bovine S-Ag at 20 or 100 |xg/mL. Phytohemaglutinin (PHA) at 1 (xg/mL was 

Tablee 1: Baseline Patient Characteristics: 

Subjectt # Age e 
(years) ) 

26 6 
28 8 
29 9 
45 5 
32 2 

Sex x 

F F 
M M 
F F 
F F 
F F 

Durationn of 
Disease e 

3 3 
2 2 

3 3 
8 8 
1 1 

(yrs) ) 
Therapy y 

Prednisone e 
(mg/day) ) 

15 5 
30 0 

10 0 
10 0 
2,5 5 

Cyc c losporinc c 
(mg/kg/clay) ) 

3 3 
5 5 
2.5 5 
2 2 

1 1 
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usedd as a control of adequate proliferation. Cells were cultured for 5 days, pulsed with pH]-
thymidinee fH-TdR, New England Nuclear, Boston, MA; 2 Ci/ mmol, 0.5 JJLCÏ/10 |xl/well), dur-
ingg the last 18 hours of culture. Bovine S-Ag was prepared according to the method of Dorey and 
associates.. The results are expressed in stimulation indices (SI = mean cpm in cultures with stim-
ulantt / mean cpm in control cultures without stimulant). 

Estimationn of the proportion of circulating T cells reactive to S-Ag: 

Inn a previous study, we determined the optimal cell density to detect S-Ag reactive T cells. This 
wass found to be 2 x 10' cells/well similar to studies in multiple sclerosis patients. At this con-
centration,, PCR analysis demonstrated monoclonality of cell lines. Cultures for all subjects were 
carriedd out in exactly the same manner. 
PBMCC were incubated at 37 °C, with bovine S-Ag 100 juLg/mL for 1 hour at a cell density of 1 x 
lOVmL.. These were then washed twice, and resuspended in RPMI 1640 at a concentration of 1 x 
107mLL and plated at 2()0p.l per well into 480 wells on five round bottom 96-well microliter 
platess (Costar, Cambridge, MA ). Starting on the third day and every 3 days thereafter, half of the 
mediumm was replaced with fresh medium containing 5% T cell stimulant (Collaborative Re-
searchh Inc., Bedford, MA) and 2 U/ml of human rIL-4 (Genzyme, Boston, MA). 
Onn day 12 to 14, each well was analyzed for its reactivity to bovine S-Ag. An aliquot from each 
culturee well was split into four aliquots (10 000 cells per aliquot), and placed into fresh round 
bottomedd 96-well plates. Two wells were cultured with 10s PBMC pulsed for 4 hours with S-Ag 
priorr to irradiation (3000 rads), the two other wells received unpulsed irradiated PBMC. Wells 
weree considered responsive to bovine S-Ag if the stimulation index (S.I.) was above 3.0, and if 
thee coefficient of variation for each duplicate culture was less than 30%. Results are expressed as 
thee percentage of positively responding wells. 

Statisticall  analysis: 
Statisticall  analysis was performed without assuming a Gaussian distribution using the 
Mannn Whitney test. Prism by GraphPad Software Inc (San Diego, CA) was used for these analy-
ses. . 

Results s 

Fivee patients with Behcet's disease were included in this study. Four women and one man were 
followedd fora period of 2 to 10 months (mean 4.5 months) with 3 to 6 sets of analyses being per-
formedd per patient. The average patient age was 29 years (range 23 to 37 years). Behcet's disease 

Tablee 2: Proliferative Responses in Control Subjects to Bovine S-Ag: 

Controll  # 

1 1 
2 2 

3 3 
4 4 

Lymphocyte e 
200 n.g 

2.4 4 
0.7 7 
3.9 9 
2.1 1 

Proliterati i on n 

1000 |xg 

1.6 6 
1.8 8 
3.4 4 
1.9 9 

%% + Short term 
TT cell lines 

4 4 
7 7 

0.4 4 
4 4 
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Tablee 3: Standard Lymphocyte Proliferation Responses to Bovine S-Ag in Behcet's Patients: 

Timee Point 
(months) ) 

0 0 
2 2 

2.5 5 
3.5 5 

Ü Ü 

6 6 
8 8 
10 0 
12 2 

0 0 
! ! 
2 2 

0 0 
2 2 
4 4 

0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
9 9 

Lymphocyte e 
200 ^g 

] . ] ] 

0.2 2 
0.6 6 
2,4 4 

2.3 3 
15 5 
0.9 9 
0.7 7 
0.7 7 

2.0 0 
1.5 5 
3.2 2 

1.8 8 
1.1 1 
1.2 2 

5.2 2 
3.4 4 
9 9 
1.1 1 
0.7 7 
1.0 0 
2.5 5 
1.6 6 
0.9 9 

Proliferation n 
1000 ixg 

0.9 9 
1.0 0 
1.0 0 
1.0 0 

3.1 1 
9.2 2 
0.7 7 
0.7 7 
0.7 7 

2.4 4 
0.7 7 
1.1 1 

2.5 5 
1.8 8 
1.8 8 

10.9 9 
5.8 8 
24.9 9 
0.9 9 
1.7 7 
0.9 9 
2.4 4 
1.4 4 
1.3 3 

**  Patient was started on Cytoxan 1 month prior to this assay 

hadd been diagnosed for an average of 3.4 years (range; 1 to 8 years) at the time of study inclusion. 
Alll  patients were controlled on medication for a minimum of 3 months, and were being treated 
withh a combination of low dose prednisone (2.5 to 30 mg/day) and cyclosporine (0.5 to 5 mg/kg/ 
day).. During the follow-up period, 3 patients developed an ocular flare-up. Upon diagnosing a 
flare-up,flare-up, the cyclosporine dose was doubled followed by a taper over 1-3 months based on re-
sponsee to therapy. The prednisone dose was similarly increased. Baseline data on patients and 
controlss are summarized in table 1. 

Standardd proliferatio n assays: 
AA comparison of the proliferative response between controls and patients was performed at study 
entry.. Data on controls is provided in table 2. There was no statistically significant difference be-
tweenn the two groups when tested at the 20 |j,g/mL concentration of bovine S-Ag (mean S.I.: 2.3 
controls.. 2.5 patients). Similarly there was no statistically significant difference in S-Ag response 
att 100 |jLg/mL(Mean S.I.: 2.2 controls, 4.3 patients), though a significant coefficient of variation 
wass present between the two groups. Reducing the difference in this variation by logarithmic 
transformationn did not change the level of significance. 
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Tablee 4: Short Term T cell Line Assay Responses to Bovine S-Ag in Behcet's Patients: 

Patientt # 

1 1 

2 2 

3 3 

4 4 

5 5 

Time e 
(months) ) 

0 0 
2 2 

2.5 5 
3.5 5 

0 0 
6 6 
8 8 
10 0 
12 2 

0 0 
1 1 
2 2 

0 0 
2 2 
4 4 

0 0 
I I 
2 2 

3 3 
4 4 
5 5 
6 6 
7 7 
9 9 

%% + Short term 
TT cell lines 

0 0 
0.5 5 
9 9 

0.02 2 

0.7 7 
33 3 
1.6 6 
0 0 
0 0 

<0.01 1 
<0.01 1 

1.6 6 

0.8 8 
0.8 8 
1.0 0 

5 5 
5.7 7 
5 5 
30 0 
30 0 
22 2 
0.5 5 
2 2 

7 7 

Disease e 
Activit y y 

--
--
+ + 

--

_ _ 
+ + 

_* * 
--
--

--

--

_ _ 
--
--

--

--
+ + 

+ + 

--
--
--
--

Naturee of 
Ocularr Inflammation 

Vascularr sheathing 

Papillitis,, branch retinal 
occlusion,, vitreous haze 

Vasculitis,, branch vein 
occlusionn vitreous haze 

**  Patient was started on Cytoxan one month prior to this assay 

Duringg the follow up period, stimulation indices varied significantly. A raised stimulation index 
wass correlated with a flare-up in only one of three cases of acute inflammation. In 2 of the 3 pa-
tientss who developed a flare-up of uveitis, a significant stimulation index was noted at some time 
priorr to the flare-up. Significance was defined as a stimulation index above the mean S.I. of con-
trolss + 2 standard deviation. In the remaining patient, the stimulation index remained below this 
levell  of significance. Table 3 summarizes the proliferation assay data in patients. 

Estimationn of the proportion of circulating S-Ag-reactive T-cells: 
Inn all patients and controls, it was possible to establish short term T cell lines. Between 80 and 
95%% of cultures had a coefficient of variation of less than 30% and thus could be analyzed with 
respectt to the antigen response. One assay gave a much lower response. In patient 1, assay 3 on-
lyy 62% of cultures met the inclusion criteria. At study entry, there was no statistically significant 
differencee in the number of established lines between the two groups. Out of the five patients 
tested,, a rise over the base line number of generated T-cell lines was noted in three cases. These 
weree temporally related to the onset of an episode of intraocular inflammation. The number of 
establishedd T cell lines returned to baseline within 1 to 3 months following resolution of the in-
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flammatoryy episode. Interestingly, in one patient, the increase in generated T-cell lines was tem-
porallyy associated with a decrease in response observed with the lymphocyte proliferation assay 
(patientt 5). Results are summarized in table 4. 

Discussion n 

Patientss with Behcet's disease are known to be sensitized to retinal autoantigens, S-Ag and IRBP. 
Theyy are also known to be sensitized to 65KD heat shock proteins, and possibly other antigens. 
Whilee the exact trigger for the onset of disease still needs to be identified, once sensitization to 
retinall  autoantigens has occurred, these T cells will be recruited to the site of inflammation. 
Adoptivelyy transferred S-Ag sensitized T cells can be found in rat retinas within the first 24 hours 
off  transfer. So far, it has not been possible to demonstrate a role for S-Ag sensitized cells in hu-
mann patients. Demonstration in humans would require isolation of T cells from an inflamed eye, 
andd delineation of their proliferative response to retinal antigens. This approach was successful-
lyy used to delineate the specificity of T cells towards herpes simplex virus in the vitreous of pa-
tientss with acute retinal necrosis, but is unpractical in patients with Behcet's disease as they 
rarelyy require an operative procedure during an inflammatory episode. Alternatively, one can at-
temptt to demonstrate the presence of an expanded pool of responsive T cells in the peripheral 
bloodd following an intraocular attack. In patients with multiple sclerosis, activated MBP-reactive 
TT cells were shown to undergo in vivo clonal expansion in both the blood and the cerebrospinal 
fluid,, indicating the presence of an active traffic of MBP-reactive T cells across the blood-brain 
barrier.. Assuming that a similar process is present in patients with ocular inflammation, we de-
cidedd to prospectively follow a group of Behcet's disease patients using two assays measuring T 
celll  proliferation to S-Ag. 

Standardd proliferative assays have been used by numerous groups to demonstrate an association 
withh human disease. An often quoted cut off for immunological significance is an S.I. of 2.0. Us-
ingg this cut off value, our present group of patients all showed a positive immune proliferative re-
sponsee during the follow-up period, while only 3 patients developed intraocular inflammation. 
Usingg a more restrictive cut off of significance (mean of controls + 2 standard deviations), al-
lowedd us to identify 2 of 3 patients with ocular inflammation. The heightened response was mea-
suredd either before or at the time of ocular inflammation. This second approach more appropri-
atelyy selected patients at risk, but missed one individual. In addition, once inflammation 
developed,, subsequent measurements were significantly reduced in intensity. Thus, standard pro-
liferationn assays can help predict patients at risk of developing uveitis, but cannot be used to fol-
loww the immune response during the active phase of inflammation. In another study, a patient 
withh an unspecified retinal scar, present for more than 30 years, was repeatedly tested over an 18 
monthh period against S-Ag. A large variation in lymphocyte responsiveness was attributed to the 
microenvironmentt present in the culture well. Cytokines produced by one of more cell popula-
tionss present in the microwell, prevents the S-Ag phenotype to be expressed. 

Limitingg dilution assays have traditionally been used to quantify cells with observable function-
all  qualities. Appropriate dilution of the seeding cell population, allows the interpretation of data 
accordingg to "single hit kinetics" (0-term) of the Poisson distribution. Use of unfractionated cell 
sampless dispersed into limiting dilution cultures yields non-linear titration curves due to oppos-
ingg forces generated by suppressor and effector cells. To overcome the suppressor effects re-
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quiress prolonged cultivation, and the supply of needed growth factors such as T cell growth fac-
tor.. Studies performed in other labs have shown that this approach generates CD4 single cell lin-
eagess in the majority of wells which often are responsive to a single peptide determinant. Given 
thee number of wells showing a positive response in these studies, single hit kinetics apply. Thus, 
thee number of positively responding wells is reflective of the circulating pool of responsive T 
cells.. Of the five patients that were followed, 3 developed a transient ocular inflammatory re-
sponse.. In each of these cases, there was a rise in the number of identifiable T cell lines concur-
rentt with the ocular inflammation. The expansion was between 9 to 30 fold, and this increase 
rapidlyy disappeared back to base line within one to three months. 
Assessingg limiting dilution using this approach makes certain assumptions. The cell populations 
withinn the culture well behave according to single hit kinetics. Memory T cells, likely responsi-
blee for the activity observed in these experiments, require multiple hits for activation. However, 
inn the presence of IL-2, a major component of the T cell stimulant, it is converted back to single 
hitt behavior. Thus, addition of the T-cell stimulant will favor cells which are capable of growing 
inn its presence. The adequacy of the technique can be checked by setting up cultures at different 
dilutions.. Increases in the number of cells should lead to a linear increase in the number of pos-
itivee wells. Deviations from linearity, in particular leveling off in the curve indicates the presence 
off  suppressive elements in the culture well. This phenomenon has been observed in patients suf-
feringg from multiple sclerosis. We do not know to what extent, this effect was present in the as-
sayss performed with our patients, since the chosen cell dilution was based on previous work with 
uveitiss patients, all of which were under control at the time of analysis. It is possible that the ob-
servedd reduction in the proportion of responding wells is partially due to enhanced suppression 
providedd by other cells present in the culture well. Performing titration experiments on a broad 
rangee of concentrations which extend beyond the zone of linearity should help to answer this 
questionn . 

Inn experimental models, both CD8 responses to a viral challenge, and CD4 responses to antigen 
challengee are characterized by 3 distinct phases. Initial activation and expansion of the lym-
phocytee pool last for about 7 days. It is characterized for a novel agent by a 100 to 5000 fold 
increasee in the number of specific lymphocytes. In the case of mice exposed to LCMV, this 
expansionn was calculated to represent 15 divisions or 1 division every 13 hours for 8 days. Rapid 
expansionn is followed by a period of cell death, lasting anywhere from 8 to 30 days and is 
realizedd primarily through apoptosis. After 30 days, a stable pool of memory T cells is generated 
whichh represent about 5% of the initial response. Re-exposure to an antigen or virus leads 
too a rapid expansion from this pool of memory T cells. While this response occurs more 
rapidlyy than the initial response, the measured lymphocyte expansion in peripheral blood 
orr lymph nodes amounts only to a 5 to 100 fold expansion over baseline. Our data on Behcet's 
diseasee patients closely parallels these experimental findings. Patients presented within a few 
dayss of their recurrence, and were noted to have a 9 to 30 fold increase in responsive lympho-
cytes.cytes. As seen in experimental models, this increase rapidly disappeared back to the pre-flare-up 
level. . 

Itt is the first time that a correlation is observed between peripheral antigen responsiveness and 
inflammatoryy disease in humans. Adjusting the culture conditions to favor effector T cell prolif-
erationn has allowed us to unmask this responsiveness. These findings suggest a role for S-Ag in 
thee autoimmune uveitis associated with Behcet's disease, but it does not imply causality. As pre-
viouslyy observed, patients with established disease respond to a number of autoantigens. It is 
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likelyy that some if not all of these antigens will contribute or help to perpetuate the inflammato-
ryy response. 

Inn conclusion, adjustment in culture conditions promoting clonal expansion of reactive T cells 
havee allowed us to demonstrate a variation in the number of responsive lymphocytes in the pe-
ripheralripheral blood of patients with Behcet's disease with active intraocular inflammation. Though 
technicallyy more demanding, this approach can yield considerably more information on the im-
munee status of uveitis patients than is currently provided by standard lymphocyte culture meth-
ods.. It is an invaluable tool for quantifying cells at a functional level. 
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