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Abstract

Purpose: To use a rabbit model of induced autoimmune dacryoadenitis to evaluate the effi cacy of topical oph-
thalmic cyclosporine A (CsA).
Methods: Autoimmune dacryoadenitis was induced by injecting autologous peripheral blood lymphocytes, 
which had been activated in a mixed cell reaction with acinar cells isolated from one inferior lacrimal gland 
(LG), back into the donor animal’s remaining inferior LG. Schirmer’s test, tear breakup time, and rose Bengal 
staining were assessed. Animals with established disease were treated topically with either CsA or Endura 
twice daily for 5 months.
Results: Without treatment tear production and tear stability were abnormal for 6 months, and clear signs of oc-
ular surface defects were evident. Severe immune cell infi ltration was observed in the LG. Long-term CsA treat-
ment increased tear production only slightly, but the severity of LG histopathology decreased noticeably. CD4+ 
T-cell infi ltration of the LG was decreased and infi ltration by MHC class II-expressing cells was also decreased. 
For the Endura-treated group tear production did not improve, rose Bengal scores remained high, and histopa-
thology showed infi ltration comparable to the untreated group, but by the end of the study the tear breakup time 
did improve.
Conclusions: The rabbit model of autoimmune dacryoadenitis had signs of chronic dry eye disease 6 months 
after induction of disease. Tear production improved slightly with CsA treatment and CD4+ T-cell infi ltration 
decreased signifi cantly in the LG. This suggests that some Sjögren’s patients may benefi t from long-term CsA 
treatment.

Introduction

Dry eye disease, or keratoconjunctivitis sicca, is the most 
common cause of patient visits to eye care specialists. Dry 

eye is generally thought to be caused by a combination of im-
munologic, genetic, hormonal, and environmental factors.1–3 
Approximately 4 million patients have a severe form of dry 
eye associated with Sjögren’s syndrome. The relationship be-
tween infl ammation and dry eye is an important consideration 
in understanding dry eye symptoms, and this has led to the 
use of anti-infl ammatory drugs, such as short-term corticos-
teroids and long-term cyclosporine.4,5 Chronic infl ammation, 

associated with Sjögren’s syndrome, is characterized by the 
presence of lymphocytes, which consist primarily of CD4+, 
CD8+ T cells and B cells,6,7 infi ltrating the lacrimal gland (LG), 
releasing soluble mediators, including the proinfl ammatory 
cytokines IL-1β, IL-2, interferon-γ (IFN-γ), and tumor necrosis 
factor-α (TNF-α). These mediators cause exocrine quiescence 
and eventual destruction of the parenchyma.8 This cellular 
pathophysiology and resulting changes in the tear fi lm dam-
age the cornea, conjunctiva, and goblet cells.

Dry eye diseases are most commonly treated with punc-
tual plugs or artifi cial tears, which either reduce drainage 
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Autologous mixed cell reaction and induction of 
autoimmune dacryoadenitis

Descriptions of LG excision, purifi cation of acinar cells 
(pLGEC), and procedures for mixed cell reactions between 
pLGEC and autologous peripheral blood lymphocytes (PBL) 
have been previously published.7,20,21 pLGEC and PBL were 
cultured separately for 2 days prior to mixed cell reactions, 
which were performed in 12-well plates, using equal num-
bers (1 × 106 cells/mL) of PBL and γ-irradiated pLGEC (2,500 
rad), and maintained for 5 days. Parallel mixed cell reactions 
were performed in 96-well plates under the same conditions, 
but using 1 × 105 cells of each type, to monitor PBL stimula-
tion for each rabbit. 3H-Thymidine was added after 4 days, 
and cells were harvested 24 h later using a Brandel model 290 
PHDTM sample harvester (Brandel, Gaithersburg, MD). An 
LS 6000 IC beta scintillation counter (Beckman Instruments, 
Inc., Fullerton, CA) was used to measure 3H-thymidine in-
corporation. A minimum of six wells was counted to obtain 
representative data. Animals yielding mixed cell reactions 
with stimulation indices >2 were used in the study.

Activated lymphocytes from the parallel cultures in 
12-well plates were collected and 1 × 106 cells/mL injected 
into the central regions of the inferior right eye (OD) LGs 
of the respective donor rabbits as described previously. This 
results in detectable dry eye signs in all injected animals 
in 2–4 weeks as described below. Autoimmune dacryoad-
enitis was induced in 22 adult New Zealand white rabbits. 
Nine were treated twice daily in both eyes for 5 months with 
Restasis™, seven with Endura™, and six were untreated. 
The treatments began 28 days after disease induction in a 
double-blinded study. Here after these untreated animals 
are referred to as ID, Restasis™-treated animals are referred 
to as ID/Rx animals, and the Endura™-treated animals as 
ID/E. All eyes were assessed at 4-week intervals for tear pro-
duction (Schirmer’s test), tear breakup time and rose Bengal 
staining as previously described.6 Schirmer’s tests without 
anesthesia were performed on both eyes. Tear breakup time 
(BUT) was evaluated by instilling fl uorescein under exami-
nation with a slit-lamp biomicroscope equipped with a blue 
fi lter. A standardized grading system was used to score rose 
Bengal staining of the cornea. Generally clinical evalua-
tions performed every 2 to 4 weeks are adequate to moni-
tor prominent changes in our chronic disease model. Since 
topical CsA is known to have a slow therapeutic response, 
we opted to have the clinical examinations performed only 
once a month by the same person for this long-term study 
because of scheduling problems. We are presenting clini-
cal data related to the OD eyes and not to the left (OS) eyes 
because the left inferior LGs were excised at the beginning 
of the study.

Immunohistopathology

Rabbits were sacrifi ced 6 months postinjection and the 
remaining OD LGs were removed. One part was fi xed in 10% 
formalin and embedded in paraffi n, and paraffi n-embedded 
sections were stained with hematoxylin and eosin (H&E) 
and examined in a double-blind fashion. Another part was 
embedded in OCT and cryosectioned at 7 μm for immunos-
taining. Sections were fi xed in chilled acetone, air-dried, 
rehydrated in phosphate-buffered saline, and blocked in 
5% BSA for 15 min.22 The sections were incubated at room 

of the ocular surface fl uid fi lm or supplement it with aque-
ous solution and lessen its osmolarity,9,10 but the palliative 
benefi ts are short-lived. Kaswan and colleagues11–13 dem-
onstrated that severe dry eye disease in dogs is associated 
with extensive lymphocytic infi ltration of the LGs and often 
with the presence of rheumatoid factor, suggesting that the 
infl ammation was autoimmune in nature. Plugfelder and 
colleagues14 and Baudouin and colleagues15 showed that in-
fl ammatory cytokines and markers of immune cell activa-
tion are elevated in the ocular surface fl uid and conjunctivae 
of patients with dry eye disease.

In 1989 Kaswan and colleagues16 reported that treat-
ment of a series of canine cases with topical ophthalmic cy-
closporine A (CsA) led to marked increases in Schirmer’s 
scores and improvements in the status of the ocular surface. 
Plugfelder has reported proinfl ammatory cytokines to be 
major mediators of the disease14 and has described the re-
lationship between infl ammation and dry eye and the need 
for therapeutic strategies to treat ocular infl ammation.

In 2002 CsA became the fi rst FDA-approved drug for 
treating the infl ammatory cellular response that exists in 
the conjunctivae and LG. Long-term treatment of patients 
with dry eye syndrome with topical ophthalmic CsA was 
found to (1) reduce markers of conjunctival infl ammation; 
(2) increase the number of conjunctival goblet cells17,18; (3) im-
prove Schirmer’s scores; and (4) reduce corneal staining.19

Despite its clinical success, relatively little is known about 
topical CsA’s infl uences on autoimmune pathophysiology in 
the LGs. The purpose of this study was to use a previously 
described model of induced autoimmune dacryoadenitis in 
rabbits to evaluate whether long-term topical CsA treatment 
infl uences LG histopathology and immune cell marker ex-
pression commensurately with its amelioration of the clin-
ical signs of dry eye disease.

Methods

Animals and reagents

Female New Zealand white rabbits, each weighing be-
tween 3.4 and 4 kg, were obtained from Irish Farms (Norco, 
CA). The animals were maintained and used in compli-
ance with institutional guidelines and in accord with the 
Association for Research in Vision and Ophthalmology 
Resolution on the Use of Animals in Ophthalmic Research. 
The research was approved by the institutional review 
board. Clinical examinations were performed on all eyes 
prior to any experimental procedures to establish baseline 
data and to exclude any animals with ocular defects. Topical 
CsA (Restasis™, ophthalmic emulsion, 0.05%) and vehicle 
(Endura™) were provided by Allergan (Irvine, CA). Schirmer 
strip paper was purchased from Rose Stone Enterprises 
(Alta Loma, CA). FUL-GLO fl uorescein strips and rose 
Bengal strips were purchased from Akorn Inc Laboratories 
(Buffalo Grove, IL). Antibodies specifi c for rabbit CD4, CD8, 
and CD18 and MHC-II were purchased from Antigenix 
America (Huntington Station, NY) and antibodies specifi c 
for RTLA (rabbit T-lymphocyte antigen) were obtained from 
Cedarlane Laboratories (Hornby, Ontario, Canada). Species-
specifi c secondary antibodies were obtained from Chemicon 
International (Temecula, CA). ABC reagent and aminoethyl-
carbazole reagent were obtained from Vector Laboratories 
Inc. (Burlingame, CA).
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was signifi cantly less than the other study groups during 
months 2 and 3.

Tear breakup time

Tear BUT values for all OD eyes were decreased signifi -
cantly by month 1, and values remained at ~50% of normal 
for the duration of the study (Fig. 1B), irrespective of whether 
animals were or were not treated. As for tear BUT values 
for CsA-treated animals, there appeared to be only a slight 
benefi cial trend for OD eyes compared to untreated ID eyes. 
Tear BUT was most improved in the Endura-treated eyes in 
months 5 and 6.

Rose Bengal staining

Corneal staining increased signifi cantly in OD eyes by 
the end of month 1 (Fig. 1C). Ocular surface staining of ID 
and ID/Rx eyes peaked by month 2 and remained relatively 
constant at this level until the end of the study. Relative to 
both the ID and ID/Rx groups, signifi cantly more staining 
was observed in Endura-treated eyes beginning in month 2 
and continuing to the end of the study.

temperature for 1 h with the primary antibody at the fol-
lowing dilutions: mouse anti-rabbit CD4 (1:200), mouse 
anti-rabbit CD8 (1:200), mouse-anti-rabbit CD18 (1:1,000), 
goat anti-rabbit RTLA (1:300), and mouse anti-rabbit MHC-II 
(1:100). Sections were rinsed and incubated for 60 min with 
appropriate secondary antibodies. After rinsing, the sec-
tions were quenched in 0.3% H2O2 in 40% methanol for 15 
min and incubated in ABC reagent for 30 min, rinsed three 
times, and developed with AEC. The sections were again 
rinsed, counterstained with hematoxylin, and mounted for 
photography. The positive cells showed an intense brown 
color in the blue hematoxylin background. Entire sections 
were scanned and analyzed with the Analysis 3.0 (Olympus 
Soft Imaging System Lake Wood, CO) automated cellular 
imaging system. This combination of a proprietary, color-
based imaging technology with automated microscope 
provides quantitative data, including percent positive with 
intensity scoring and area measurement.

Statistical analysis

Data collected from clinical analysis and Olympus Soft 
Imaging System were subjected to paired t-test or signed 
rank sum test using SAS version 9.1 (SAS Inst, Cary, NC) and 
analysis of variance (ANOVA). Multiple comparisons to the 
normal group were adjusted using Dunnett’s correction.

Results

Tear production

A signifi cant decrease (P < 0.001) in basal tear produc-
tion was established in OD LG by 1 month after induction 
of autoimmune dacryoadenitis (Fig. 1A). Tear production 
in OD LG of the ID group remained low and unchanged 
throughout the duration of the study. Tear production in 
OD LG of ID/Rx animals increased slightly by the end of 
month 2 and were statistically signifi cant there after except 
in month 4. Tear production in the Endura-treated OD eyes 
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FIG. 1. (A) Basal tear production. Schirmer’s test was per-
formed on the right (OD) and left (OS) eyes as previously 
described6 on 22 rabbits (Day 0) and then stimulated lym-
phocytes were injected into the contralateral iLG to induce 
disease. Schirmer’s test was repeated every 4 weeks (ID n = 
6), induced disease with cyclosporine A (CsA) treatment (ID/
Rx n = 9), and induced disease with Endura treatment (ID/E 
n = 7). An asterisk indicates a signifi cant difference between 
the ID and ID/Rx animals. An α indicates a signifi cant dif-
ference between ID/E and ID/Rx. The values were calculated 
using independent sample t-tests. (B) Tear breakup time. Tear 
breakup time demonstrates tear instability. Slit-lamp exami-
nation was performed in both groups before surgery (Day 0) 
and every 4 weeks postinjection. The group designations and 
statistical analysis were the same as in A. (C) Rose Bengal 
staining score. Detection of ocular surface defects on OD was 
evaluated with rose Bengal stain as previously described6; 
and the intensity of staining of the medial and lateral bulbar 
conjunctiva and the cornea was scored. The designations for 
groups and statistical analysis are the same as in A.
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Since only OS iLG were removed for isolation of pLGEC, 
and activated lymphocytes were injected only into OD iLG, 
it was possible to evaluate histopathology in noninjected 
superior LG (sLG) of ID and treated animals. Normal sLG 
resembled normal iLG (Fig. 3A). sLG from ID animals con-
sistently showed moderate infi ltration (Fig. 3B) and infi ltra-
tion of sLG of the Endura-treated group was similar to that 
of ID group (Fig. 3C). Only one of nine OD sLGs of treated 
animals had swirling acini and associated lymphocytes as 
seen in iLG of untreated animals (Fig. 3D).

Infl ammation was not observed in the salivary gland, 
parotid gland, liver, kidney, and spleen in any of the ani-
mals with induced disease. This fi nding suggests that the 
auto-adoptively transferred immunopathology spreads 
from the injected iLG to sLG and conjunctivae, but not to 
other tissues commonly involved in patients with Sjögren’s 
syndrome.

Histopathology

Inferior LG (iLG) from normal animals displayed occa-
sional small foci of immune cell infi ltrates (Fig. 2A), whereas 
the untreated iLG of ID animals were heavily infi ltrated 
even 6 months after the induction of disease. Frequently 
immune cell infi ltrates were concentrated around ducts and 
venules (Fig. 2B). Some lobules of ID iLG showed degener-
ating acini, while other lobules in the same gland did not 
contain infi ltrates. Plasma cells were also numerous in the 
ID group. The infi ltrates in the Endura-treated group were 
similar in number of lymphocytes and foci to those seen in 
the untreated ID group (Fig. 2C). iLG of CsA-treated ani-
mals had much less pathology compared to the animals not 
treated with CsA (Fig. 2D). Some small foci of lymphocytes 
were observed around ducts and venules, but there was no 
evidence of any dramatic infi ltration.

A B

DC

FIG. 2. Histopathology with H&E stain iLG. 
(A) Normal iLG showed occasional small foci 
of infi ltration. (B) After 6 months lymphocytic 
infi ltration in the iLG was substantial even in 
interacinar connective tissue. (C) Sections from 
ID/E iLG at 6 months postinjection showed 
infl ammation very similar to ID group after 
Endura treatment. (D) iLG from CsA-treated 
group showed small to medium foci around 
ducts and venules and these are not frequent 
as seen in ID and ID/E groups.
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FIG. 3. Histopathology with H&E stain sLG. 
(A) Superior LG (sLG) sections from normal 
sLG was similar to iLG. (B) sLG from the ID 
group showed infi ltrating cells around ducts 
and venules. (C) The ID/E group showed 
infi ltration but not as common as seen in ID 
group. (D) Sections of sLG from ID/Rx rabbits 
rarely displayed immune cells compared to ID 
animals.
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Discussion

Our fi ndings with CsA 0.05% ophthalmic emulsion, the 
only drug currently approved by the U.S. Food and Drug 
Administration for treating severe dry eye, are similar to 
fi ndings of improved Schirmer’s scores in dry eye patients, 
and consistent with the clinical experience that patients fre-
quently require long-term treatment before they experience 
signifi cant improvements.23 In contrast, the ocular surface 
pathology in our rabbit model is more robust than the LG 
disease, and apparently, more robust than the ocular sur-
face pathology in most patients with dry eye disease. In this 
study we successfully established chronic dry eye disease 

Immunohistochemistry

Representative images of cryosections of iLG from ID 
and ID/Rx animals immunostained for CD4, CD8, MHC-II, 
RTLA, and CD18 are presented in Figure 4. Quantitative data 
from the immunohistochemical analyses are presented in 
Table 1. Treatment reduced CD4+ T cells from 4.4% to 0.75% 
(P = 0.004). Treatment also decreased MHC-II-expressing 
cells (P < 0.01), but the relative change, that is, from 8.5% 
to 6.6%, was less dramatic than for CD4+ cells. The values 
for CD8+ and CD18+ cells did not differ between the two 
groups. RTLA+ cells were more abundant in the ID-treated 
group (11.4%) than in the ID group (6.2%).

A
CD4

ID ID/Rx

CD8

MHCII

RTLA

CD18

B

C D

E F

G H

I J

FIG. 4. Immunohistochemical staining of cell 
markers. At 6 months more CD4+ T cells were 
detected in dense foci around iLG ducts and 
venules of untreated animals (A) than CsA-
treated animals (B). CD8+ T cells were occasion-
ally seen around ducts or venules of iLGs from 
untreated (C) compared to treated animals (D), 
but these cells were never abundant in either 
group. Areas with intense staining for MHC-II 
protein were more evident around venules and 
ducts, infi ltrating into the interstitium around 
LG acini of untreated animals (E) and less in rab-
bits treated with cyclosporine (F). Fewer RTLA+ 
cells were seen in iLG of untreated animals (G) 
than in treated animals (H). Distribution of CD18 
cells resembled that of RTLA cells in untreated 
(I) and treated (J) animals. There was no signif-
icant difference between the two groups in the 
total percentage of the CD18+ T cells.
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double-negative T cells, which in other species typically 
express the alternative, γ, δ, form of the T-cell antigen re-
ceptor. Rabbit-specifi c reagents that could be used to test 
this conjecture are not yet available. However, it may be 
appropriate to note that γ, δ T cells are thought to perform 
immunoregulatory rather than effector functions in the 
intestinal epithelium. One hypothesis that can account 
for the present fi ndings is that CsA treatment leads to 
the generation of regulatory cells that are able to prevent 
the ongoing activation of CD4+ effector T cells in the sig-
naling milieu of the LG, but whose actions are abrogated 
by the infl ammatory signaling milieu of the ocular surface. 
Immunohistochemical analysis of infl ammatory cells in 
LGs of animals treated with Endura was not performed, so 
we cannot comment on this aspect.

In summary, experimentally induced chronic autoim-
mune dacryoadenitis treated long term with CsA resulted 
in a slight improvement of clinical features and reduced his-
topathology in the LG of this animal model. This suggests 
that some Sjögren’s patients may benefi t from long-term CsA 
treatment supplemented with an adjunctive therapy target-
ing ocular surface disease.
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