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Abstract

The aim of this study was to determine the effect of autologous serum (AS) eye drops on the
density of human leucocyte antigen (HLA)-DR-positive epithelial cells and Langerhans cells on
the ocular surface of patients with bilateral severe dry eye disease (DED) due to graft-versus-
host disease (GvHD) or Sjogren’s syndrome (SS). The study was conducted on 24 patients
(48 eyes). AS was applied 6-10 times daily for 3 months together with regular artificial tear
therapy. HLA-DR-positive cells were detected by direct immunocytochemistry on upper bulbar
conjunctiva imprints obtained before and after treatment. The application of AS drops led to a
statistically significant increase in the mean density of aberrant HLA-DR-positive conjunctival
epithelial cells (p < 0.05) and HLA-DR-positive Langerhans cells (p < 0.05) in the GvHD group.
Aberrant HLA-DR-positive epithelial cells in the SS group were decreased non-significantly. All
patients reported a significant decrease in the Ocular Surface Disease Index (p < 0.01), which
indicates improvement of the patient’s subjective feelings after therapy. There was an expected
but non-significant decrease of aberrant HLA-DR-positive conjunctival epithelial cells in the SS
group only. However, the increased density of HLA-DR-positive cells, indicating slight subclini-
cal inflammation, does not outweigh the positive effect of AS in patients with DED from GvHD.

Introduction

Autologous serum (AS) or allogeneic serum eye drops can be profitably used in the treatment
of dry eye of various etiologies, including graft-versus-host disease (GvHD) and Sjogren’s syn-
drome (SS), both frequent causes of dry eye disease (DED). [1-5]

The effectiveness of AS is mainly attributed to the presence of various substances, including
growth and neurotrophic factors, bacteriostatic factors, fibronectin, and vitamins, almost all of
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which are also present at lower levels in normal tears. [6, 7] The main described clinical effects
of AS are the improvement of tear film stability and ocular surface vital staining scores [8];
from the laboratory point of view, the main effects are decreased squamous metaplasia (i.e.,
increased epithelial and goblet cell density, decreased keratinization) and an antiapoptotic
effect. [9-11]

Human leucocyte antigen (HLA)-DR, a membrane glycoprotein normally restricted to cells
of the immune system, plays a major role in initiating the immune response to an antigen. [12]
On the healthy ocular surface, HLA-DR is abundantly present in Langerhans dendritic cells, but
its occurrence is rare in conjunctival epithelial cells. [13, 14] On the other hand, strong aberrant
HLA-DR expression in conjunctival epithelial cells was observed in patients with DED [12, 15,
16], where it may reflect an inflammation and DED severity. [14, 17-20] In multi-center clinical
trials, HLA-DR has served as a biomarker of ocular surface inflammation. [21] HLA-DR expres-
sion, particularly in DED due to primary SS, has been found together with an increase in the
proinflammatory marker intercellular adhesion molecule 1 (ICAM-1) and the inflammatory
mediator interleukin-6 (IL-6). [17, 18, 22, 23] Similarly, HLA-DR expression followed by
increased CD8-positive lymphocytes has been shown in patients with chronic GvHD, with or
without any effect on the ocular system. [24]

Aberrant HLA-DR expression (i.e., its expression under pathological but not physiological
conditions) was first described by Hanafusa et al. in 1983 in thyrocytes in Grave’s disease. [25]
Subsequently, HLA-DR aberrant expression has been described in various cell types in a number
of chronic or autoimmune diseases, e.g., primary biliary cirrhosis or biliary atresia (bile duct
epithelium), active rheumatic carditis (valvular fibroblasts), Crohn’s disease (esophageal epithe-
lium), and diabetes mellitus (pancreatic B-cells). [26-30] It has been suggested that such aberrant
expression could play a crucial role in immune system activation, inflammation, and the devel-
opment of autoimmune disease. [31] Finally, aberrant HLA-DR expression has been described
in the intestinal and dermal epithelia and in the epidermal keratinocytes of patients with GVHD.
[32-34] Recently, aberrant HLA-DR expression has been found in the syncytiotrophoblast of
pre-eclampsia placentae. [35] Deregulated HLA-DR expression in the epithelial conjunctival
cells of patients with DED, but not that of healthy individuals, is essentially the same finding as
the aberrant expression described in the cell types listed above, thus such HLA-DR expression in
epithelial conjunctival cells can rightfully be considered aberrant as well.

In this study, we were interested in determining whether AS use in the most common
scheme (3 months’ application of 20% AS together with artificial tears) would affect the pres-
ence of HLA-DR-positive Langerhans and epithelial cells on the conjunctival surface of
patients with DED.

Materials and methods
Patients

Twenty-four adult individuals (6 men, 18 women) with a mean age of 49 (range, 25-71) years
with bilateral severe DED were eligible for enrollment in the study. The study followed the
tenets set forth in the Helsinki Declaration and was approved by the local ethics committee
(Ethics Committee of the General University Hospital, Prague). Written informed consent
was obtained from all patients. Severe DED was defined by the following inclusion criteria:
Schirmer test I (ST I) < 5 mm (measuring reflex tear secretion over 5 minutes while allowing
natural blinking), tear film breakup time (tBUT) < 5 seconds, and subjective symptoms in the
Dry Eye Severity Level adopted by the Dry Eye Workshop Committee. [36] The patients used
the Ocular Surface Disease Index (OSDI) to assess DED-related symptoms before and after AS
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application. [37] The cause of dry eye was attributed to chronic GVHD in 12 patients (6 men)
and to primary SS in 12 patients (only women).

Sixteen patients were under the treatment with preservative-free artificial tear eye drops
(nine from GVHD and seven from SS group respectively), and eight patients with artificial
tears containing oxychloro complex (Purite) or Polyquad preservatives (four patients per each
group). Seven patients, all from the GVHD group, were on systemic immunosuppressive ther-
apy and antiviral therapy. In the SS group, two patients were receiving systemic corticoste-
roids. Patients who did not have any change in their anti-inflammatory and artificial tears
regimen for at least two months prior to the application of AS and during the follow-up period
were included in the study.

AS eye drop preparation and application

AS was prepared from 40 ml venous blood; after centrifugation (3000 x g for 15 minutes), the
serum was diluted with an isotonic buffered saline solution to 20% as previously described. [6,
11] The AS eye drops were aliquoted into 10-ml dark sterile vials to protect them from ultravi-
olet light (SANO, Dr. Kulich Pharma, Hradec Kralove, Czech Republic) and frozen at -20°C.
Serology tests (AIDS, hepatitis B and C, syphilis) and a microbiology control test were per-
formed (all with negative results). Storage instructions were issued to the patients based on our
previous protocol: unopened vials were to be stored in the freezer at -20°C, the vial currently
in use was to be stored in the refrigerator at 4-8°C for seven days maximum, and proper han-
dling procedures should be followed to avoid the risk of contamination. The maximum storage
duration was four months.

For three months, the patients administered the AS eye drops approximately 15 minutes
after the application of artificial tears. The number of AS applications depended on the num-
ber of artificial tear applications: most of the patients applied AS 6-10 times daily. The patients
were instructed not to change the frequency of the treatment during the entire duration of the
study even if they experienced subjective improvement of their symptoms.

Impression cytology and HLA-DR detection

Impression cytology was carried out twice, i.e., before and after AS treatment, on the upper
bulbar conjunctiva of both eyes. Biopore membranes (Millicell-CM, PICM01250, Millipore)
were used after the three legs present on the plastic holder had been removed. Immediately
after obtaining the imprints, the membranes were frozen and stored at -80°C until used.
Immunocytochemistry was performed directly on the Biopore membranes based on the
method originally described by Donisi and colleagues (2003) and later modified by Jirsova and
coworkers (2006). [38, 39] Briefly, membranes with the harvested cells were fixed and released
from their plastic holders in one step by 1-minute acetone treatment, and while still wet, placed
cell side up on round 12-mm coverslips. The membranes remained perfectly flat and adhered
to the coverslips during all subsequent steps of the staining procedure. Direct immunocyto-
chemistry was performed using a sandwich method in which the cells on the membrane were
kept between parafilm (Parafilm M, Sigma-Aldrich, St Louis, MO, USA) and the coverslip,
thus allowing the use of only a single drop (50 ul) of each incubation solution. The cells were
permeabilized with 0.2% Triton X-100 (Sigma-Aldrich) in phosphate-buffered saline (PBS).
After three washes, the specimens were incubated for 1 h in dark with a fluorescein isothiocya-
nate (FITC)-conjugated monoclonal antibody against HLA class II DR (1:10, Acris Antibodies
GmbH, Germany). The specimens on membranes were mounted between glass slide and cov-
erslip using VectaShield mounting medium with propidium iodide (Vector Laboratories, Bur-
lingame, CA, USA) to counterstain the nuclei. One day later, immediately before microscopic
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evaluation, membrane transparency was induced by adding one drop of PBS between the slide
and the membrane on the coverslip. An Olympus BX51 light microscope (Olympus, Tokyo,
Japan) was used for evaluation at x 100-400 magnification. Ten to forty non-overlapping pho-
tographs (from image fields covering an area of 0.14 mm®) were taken with a CCD-1300 cam-
era (VDS Vosskiithler GmbH, Germany).

The density of HLA-DR-positive epithelial cells and Langerhans cells was assessed indepen-
dently by two researchers (KJ, VV) blinded to the experimental conditions using a NIS Ele-
ments image analysis system (Laboratory Imaging, Prague, Czech Republic). The HLA-DR-
positive cells were clearly discernible from negative cells. Cells with typical dendriform or epi-
thelial morphology were assessed separately. Due to the presumed increased density of epithe-
lial cells as a consequence of decreased squamous metaplasia after AS application, [9-11] which
would lead to a misleading increase in the number of positive cells, the percentage of HLA-DR-
positive epithelial cells was calculated in 1200 cells from areas representing the diversity of the
sample equally. Specimens with <50% confluence were excluded from the assessment.

Statistical analysis

The data were log-transformed prior to statistical analysis. The estimated sample means of all
studied variables (cells/mm?) are reported as the geometric mean and its 95% confidence inter-
val. To address the repeated measurements of the cell densities of each patient (right and left
eye of every patient), the effect of each categorical factor (phase of study, diagnosis) and their
interaction were assessed using repeated-measures analysis of variance. A generalized estima-
tion equations model was used to identify statistically significant differences in the cell density
values between all possible combinations of categorical factors (before vs. after AS application,
diagnosis of GVHD vs. primary SS). Graphical analysis and the Shapiro-Wilk and Levene tests
were used to examine the validity of the models. Statistical analyses were conducted using R lan-
guage for statistical computing and graphics (R Core Team, 2013). P-values < 0.05 were consid-
ered statistically significant. To verify whether either age or gender may have an effect on the
collected data, these two confounders were analyzed. To evaluate the effect of the age factor

on GvHD vs. primary SS comparison, the mean, median and skewness of patient age of both
groups were calculated in order to verify the normality of the sets and t-test used to evaluate the
statistical difference. The gender factor was determined only for GvHD group (no males in SS
group) by expressing the normalized percentual change of HLA-DR-positive epithelial density
using formula 100*(A-B)/B, where A and B are HLA-DR-positive cell per mm? after and before
AS application respectively. Student t-test was than applied to determine the difference.

Results

In the overall patient population, the mean OSDI score (arithmetic mean and its 95% confi-
dence interval) before AS application was 68.9 (64.2; 73.7), which decreased significantly to
57.6 (52.5; 62.8) after application (p < 0.001); in the GVHD group, the mean OSDI score of
71.0 (65.3; 76.7) decreased to 59.4 (53.1; 65.8) (p = 0.007), whereas that for the SS group
decreased from 67.2 (59.7; 74.8) to 56.1 (48.0; 64.2) (p = 0.041).

Of 48 specimens, one was discarded from assessment due to the extent of confluence <50%.
The confluence of most imprints was 70-90%. In total, 47 dry eye specimens were analyzed
before and after AS application: 23 from the GVHD group and 24 from the primary SS group.

The following cell density values are reported as the absolute frequencies of positive cells/
mm?. The density (mean, 95% confidence interval) of HLA-DR-positive epithelial cells in all
patients was 54.7 (30.4; 98.0)/mm? and 78.9 (44.2; 140.2)/mm? before and after AS application
respectively. The overall difference for all patients was not statistically significant (p = 0.244);
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the interaction between the phase of the study (before vs. after AS application) and the diagno-
sis group was statistically near significant (p = 0.056). When we assessed the HLA-DR-positiv-
ity as a number of positive cells per 100 cells, 27% and 31% HLA-DR-positive epithelial cells
on average were detected before and after treatment, respectively. The mean densities of
HLA-DR-positive Langerhans cells before and after AS application were 2.8 (1.8; 4.2)/mm?
and 4.3 (2.7; 6.7)/mm?, respectively, which was a statistically significant increase (p = 0.034)
(Fig 1).

As the age might be an influencing factor when comparing the GvHD vs SS group, we
tested the age of both groups for similarity. The mean, median and skewness for GVHD and SS
were 49.1, 49 and -0.44, and 48.2, 49.5 and 0.43 respectively. Student t-test value was 0.94
showing the equality of age representation in both groups and validity of GvHD versus SS

comparison.
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Fig 1. The densities of HLA-DR-positive epithelial (EC) and Langerhans cells (LC) in dry eye patients. The significant increase of both HLA-DR-
positive epithelial and Langerhans cells densities was present in GvHD, but not in SS patients after the application of AS. * P value <0.05.

https://doi.org/10.1371/journal.pone.0231473.g001
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When we assessed the patients with GVHD separately, the mean density of HLA-DR-posi-
tive epithelial cells increased significantly (p = 0.049) post-treatment from 53.5 (26.0; 108.9)/
mm? to 142.9 (80.3; 253.6)/mm? (percentages: from 27% to 40%). The density increased in 16
of 24 eyes. The pre- and post-treatment densities of HLA-DR-positive Langerhans cells were
2.8 (1.5; 4.9)/mm? and 5.8 (3.0; 10.5)/mm? (p = 0.042), respectively (Figs 1 and 2 and Table 1).
The percentage increase in HLA-DR-positive epithelial cells did not differ significantly
between men and women from GvHD group (p = 0.829).

In primary SS, the pre- and post-treatment densities of HLA-DR-positive epithelial cells were
55.9 (21.6; 142.2)/mm” and 44.5 (16.8; 115.1)/mm?> (percentages: 26% and 23%), respectively.
The density decreased in 13 of 24 eyes. The pre- and post-treatment densities of HLA-DR-posi-
tive Langerhans cells were 2.8 (1.4; 4.9)/mm? and 3.2 (1.6; 5.9)/mm?, respectively, however none
of these differences were significant (p = 0.689 and p = 0.674) (Figs 1 and 2).

The HLA-DR-positivity in epithelial cells was present particularly in the cell membranes
and the cytoplasm (Fig 3a). The epithelial and Langerhans cells were in most cases clearly dis-
cernible based on their morphology (Fig 3a and 3b) but sometimes the intense signal of the
epithelial cells was superimposed upon the normal background of the Langerhans cells. A
strong signal was often present in squamous epithelial cells with a lower nuclear-cytoplasm
ratio (Fig 3c). No positivity was observed in the goblet cells scattered throughout most of the
specimens, particularly after AS treatment (Fig 3d). The Langerhans cells from most patients
had shorter spurs (Fig 3e) compared to Langerhans cells from healthy conjunctiva (Fig 3f).
Inflammatory cells, present mostly in infiltrates, exhibited a prominent signal.

Discussion

The use of AS became accepted as a standard treatment of DED of various etiologies, including
systemic autoimmune diseases. [40, 41] The aim of the present study was to determine the effect

before AS after AS

GvHD

SS

Fig 2. Representative photographs of HLA-DR positivity on conjunctival imprints of patients suffering from
GVHD or SS. The number of aberrant HLA-DR-positive (green stain) conjunctival cells increase in patients suffering
from GvHD, but not in SS patient’s impression after the application of AS. Scale bar represents 50 pm.

https://doi.org/10.1371/journal.pone.0231473.9002
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Table 1. The differences in epithelial and Langerhans cell densities between and within the phases of the study and the diagnosis groups (GvHD and SS patients).

Epithelial cells
Phase of study”

GVHD
Cells/mm?
Before AS 53.5(26.0; 108.9)
After AS 142.9 (80.3; 253.6)
p” 0.049

Langerhans cells

Phase of study"

GVHD
Cells/mm?
Before AS 2.8 (1.5;4.9)
After AS 5.8 (3.0; 10.5)
p” 0.042

Diagnosis groupl) Repeated measures ANOVA

2) 4)

Primary SS p Factor p
p-value
55.9 (21.6; 142.2) 0.857 Phase of study 0.244
44.5(16.8; 115.1) 0.059 Diagnosis group 0.394
Interaction 0.056

0.689

Diagnosis group" Repeated measures ANOVA

2) 4)

Primary SS p Factor p
p-value
2.8 (1.4;4.9) 0.984 Phase of study 0.034
3.2 (1.6;5.9) 0.294 Diagnosis group 0.530
Interaction 0.175
0.674

Data were log-transformed prior to Repeated measures ANOVA analysis.

Y geometric mean and 95% confidence interval
2)

3)

4)

https://doi.org/10.1371/journal.pone.0231473.t001

statistical significance of difference between GvHD and primary SS
statistical significance of difference between particular phases of the study

overall statistical significance of analyzed factors (phase of study and diagnosis groups and their interaction)

of AS treatment on the density of HLA-DR-positive Langerhans cells and aberrantly HLA-DR-
positive epithelial cells on the conjunctival surface of patients with GVHD and SS DED. We
expected the HLA-DR-expressing cells to decrease after therapy, which would correlate with a
positive effect of AS. However, our findings do not follow our expectations completely. Although
we found a significant decline of OSDI in both groups of patients and a non-significant decrease
in aberrant HLA-DR expression in the epithelial conjunctival cells from the patients with SS, we
also detected significant increase of HLA-DR-positive epithelial and Langerhans cells in the con-
junctiva of the patients with GvHD.

The decrease of the aberrantly positive epithelial cells in the patients with SS to 82% of
pre-treatment, has the same trend as in our previous study, in which HLA-DR-positive
cells in patients with primary and secondary SS decreased to 58% of baseline following AS
treatment. [11]

The significant elevation of aberrant HLA-DR expression in the conjunctival epithelium of
the patients with GVHD, which was 204% and 148% of baseline (assessed as the density or per-
centage of positive cells), respectively, could be explained by the stimulation of subclinical
inflammation induced by AS application in GvHD, but not in SS. The response of the GVHD
Langerhans cells was similar to that of the GvHD conjunctival epithelial cells: the GVHD group
had significantly higher HLA-DR-positive Langerhans cell density (up to 137% of baseline fol-
lowing treatment). In contrast, there was a smaller, non-significant change in the SS group (an
increase of 28% of baseline).

The increase in aberrant HLA-DR expression in the GVHD conjunctival epithelial cells
does not correlate with the improvement of their OSDI scores (p < 0.001), which was even
greater than of the patients with primary SS (p < 0.05). The positive effect of AS on clinical
and laboratory results of GVHD patients [2, 42] is consistent with the willingness of the major-
ity of our patients (65%) to repeat the AS therapy. Similarly, improved symptoms, reflected by
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Fig 3. Various types of positivity in epithelial and Langerhans cells in conjunctival imprints. Cytoplasmic and cell
membrane positivity in epithelial cells (a), positivity in Langerhans cells is clearly apparent based on their morphology
from weakly stained epithelial cells (b), a strong signal in squamous epithelial cells (c), the lack of HLA-DR antigen
expression in goblet cells (d), Langerhans cells exhibited short spurs in dry eye disease patients (e), Langerhans cells
from healthy conjunctiva exhibited long spurs (f). Scale bar represents 50 pm.

https://doi.org/10.1371/journal.pone.0231473.9003

the decrease of OSDI score, have been found after the application of both autologous and allo-
genic serum. [41, 43] These findings clearly demonstrate that the positive effect of AS unam-
biguously outweighs the negative impact of possible subclinical inflammation.

Recently, analysis of cells obtained by conjunctival impression cytology revealed that
HLA-DR, IL-6, CXCR4, and CCL2/CCR2 mRNA levels are significantly increased in DED
patients of various etiologies compared to controls. [44] Interferon (IFN)-y, IL-1, IL-6, and
tumor necrosis factor (TNF)-o,, as well as chemokines (IL-8), are elevated in the tears of patients
with SS compared to healthy subjects. [45, 46] The upregulation of several proinflammatory che-
mokines has also been detected in the conjunctiva of patients with GvHD. [47] HLA-DR expres-
sion in conjunctival epithelial cells mediates T lymphocyte homing, which in turn induces the
apoptosis of cells bearing the HLA-DR antigen, as it has been shown for both GVHD and SS. [22,
23, 48, 49]

We suggest that the increased HLA-DR expression in the present study is tightly associated
with the pathogenesis of GVHD, where aberrant HLA-DR expression has also been observed
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in the intestinal and dermal epithelia as well as in epidermal keratinocytes. [32-34] Such aber-

rant expression has not been observed outside the conjunctiva in patients with SS. The applica-
tion of AS on the ocular surface of patients with GvHD may stimulate the immune system and
consequently promote the herein-described aberrant expression of HLA-DR.

Increased proinflammatory cytokines, particularly TNF-o and IL-6, have been found in
the serum of patients with GvHD and SS. [50, 51] To the best of our knowledge, no compar-
ative study measuring the levels of a set of proinflammatory factors in sera from GvHD and
SS patients exists. Our suspicion that an elevated level of proinflammatory compounds stim-
ulates HLA-DR expression in GVHD is supported by the significantly higher concentration
of IL-17 found in GvHD serum compared to SS serum. [52] It is a question of whether the
host cells in GvHD support this proinflammatory response after AS application or whether
the recipient conjunctival epithelium responds with a stronger reaction following stimula-
tion by the proinflammatory factors present in AS. The intensity of immunosuppressive or
other systemic treatment of our patients did not correlate with the observed changes in the
density of the HLA-DR-positive cells.

In summary, the improvement of the patient’s subjective feelings after AS therapy is
reflected by decreased values of Ocular Surface Disease Index. There was also an expected but
insignificant decrease of aberrant HLA-DR-positive conjunctival epithelial cells in patients
with Sjogren’s syndrome. The increased density of HLA-DR-positive cells in GVHD patients,
which is a potential indicator of subclinical inflammation, should not be in our opinion a rea-
son to discriminate these patients from AS application. Rather, it is prompting to compare var-
ious blood products for their efficacy.
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