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ARTICLE

Immune Processes and Pathogenic Fibrosis in Ocular
Chronic Graft-Versus-Host Disease and Clinical
Manifestations after Allogeneic Hematopoietic

Stem Cell Transplantation

Yoko Ogawa, MD, Shigeto Shimmura, MD, Murat Dogru, MD, and Kazuo Tsubota, MD

Abstract: Activation of the immune system and progressive fibrosis
are prominent features of chronic graft-versus-host discase (cGVHD)
after allogeneic hematopoietic stem cell transplantation. The main
histologic findings in affected exocrine glands are marked fibrosis of
the interstitium and prominent increase in the number of fibroblasts,
accompanied by mild lymphocytic infiltration. Clinically, the severity
of dry eye is correlated with the degree of fibrotic changes, rather than
with the amount of lymphocytic infiltration, indicating that excessive
extracellular matrix accumulation primarily contributes to the exo-
crine dysfunction. We have found that accumulated fibroblasts in the
lacrimal gland of patients with cGVHD have a chimeric status. Thus,
fibroblasts originating from circulating donor-derived precursors and
recipient-derived fibroblasts by local epithelial mesenchymal transi-
tion may participate in the excessive fibrosis in patients with cGVHD
by interacting with T cells. In this article, the immune response and
pathogenic fibrosis in ocular cGVHD will be discussed. In addition,
clinical findings of ocular complications after hematopoictic stem
cell transplantation and currently available treatment will also be
discussed.

Key Words: hematopoietic stem cell transplantation (HSCT), chronic
graft-versus-host disease (cGVHD), dry eye, pathogenic fibrosis,
immune response

(Cornea 2010;29(Suppl. 1):S68-S77)

llogeneic hematopoictic stem cell transplantation (HSCT)

is a technique that was originally developed by E. Donnall
Thomas who was honored for endeavors in experimental and
clinical bone marrow transplantation by receiving the Nobel
Prize for Physiology or Medicine in 1990. Now, HSCT is
a potentially curative treatment for a number of hematological
malignancies and genctic disorders; worldwide, >25,000
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HSCT procedures are performed annually and the number is
increasing.'

Chronic graft-versus-host discase (¢cGVHD) is a major
late complication after allogencic HSCT and has been a strong
barrier against successful outcome in this setting.' On the other
hand, the occurrence of graft-versus-host discase (GVHD) in
leukemia also reduces the risk of relapse—the graft-versus-
leukemia (GVL) effect. Thercfore, a balance between GVHD
severity and induction of GVL is desirable. Likewise, topical
treatment of ocular manifestations of GVHD exerts benefit
without reduction of GVL when systemic immunosuppressant
was tapered.

Recently, there have been many advances in the treat-
ment of acute GVHD (aGVHD). Morcover, understanding of
the pathogenesis of ¢GVHD has gradually progressed.”
Because of wide application of HSCT for pediatric** and
aged populations, thorough understanding of the pathogenesis
underlying ¢GVHD and its prophylaxis and treatment arc
critical issues that deeply affect transplant recipients’ quality
of life.

BASIC RESEARCH ON OCULAR cGVHD

Histologic studies of ¢cGVHD have suggested some
immunological targets and immune-mediated fibrosis.” Fibro-
blasts play a central role to develop fibrosis in affected organs.
Fibroblasts are not merely components responsible for making
the body structure but also may be involved in the immune
response of several discases including scleroderma,® rheuma-
toid arthritis,” and Graves discase® as well as GVHD.’

We have examined the pathogencsis of ¢cGVHD by
focusing on the lacrimal gland—one of the most frequently
affected organs in patients with cGVHD. We found an increased
number of CD34" fibroblasts and excessive fibrosis, indicating
that extracellular matrix (ECM) accumulation contributes to
exocrine dysfunction in this context.'"” Fibroblasts also play
a role in inflammation where they attach to lymphocytes and
express histocompatibility class IT and costimulatory molecules.
Such fibroblasts were not observed in Sjégren syndrome (SS)
lacrimal glands and normal conjunctiva, suggesting that
a unique subpopulation of fibroblasts contributes to the immune
processes and pathogenic fibrosis in ocular cGVHD."

Recent cvidence suggests that engrafiment of non-
hematopoictic cells occurs in various organs of HSCT

Cornea » Volume 29, Number 11, Suppl. 1, November 2010
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recipients.'>!"* In addition, recent findings in animal models
indicate that a significant proportion of mesenchymal cells
involved in tissue injury may be derived from bone marrow or
from circulating fibrocytes."'* These reports and our previous
findings on the unique phenotype of fibroblasts that accumu-
late in cGVHD lesions led us to hypothesize that a subset of
these cells originates from the transplanted donor graft.
In pathogenic fibrotic areas, we detected donor fibroblast
chimerism in ¢cGVHD lacrimal gland. By detecting mis-
matched genetic markers in tissuc specimens and primary
fibroblast cultures, we determined that nearly half the CD34
fibroblasts at the site of pathogenic fibrosis were of donor
origin (Fig. 1)."® Donor-derived conjunctival cpithelia and
myofibroblasts have also been detected after sex-mismatched
HSCT by staining for the Y chromosome in female allograft
recipients.'”'* However, the proportion of such cells is very
small, and their contribution to pathogenic processes remains
unknown,

On the other hand, several studies have reported that
epithelial-mesenchymal transition (EMT) contributes to
various fibrotic diseases of the kidney, lung, and liver as well
as the eye.'” For example, in kidney fibrosis, 40% of
fibroblasts arise from epithelial cells via local EMT.?!

FIGURE 1. Representative CD34
immunostaining and Y chromosome
fluorescein in situ hybridization
(Y-FISH) images of the same lacrimal
gland section from a female patient
with cGVHD after HSCT from a male
donor. The left panels show CD34
staining (green, A, C) and right panels
Y-FISH (red, B, D) with TO-PRO-3
staining (blue) of the same region. C,
D, Higher magpnification views of
lesions shown in dotted squares.
Arrows indicate CD34" fibroblasts
with Y-FISH signal; arrowheads in-
dicate Y-FISH' cells negative for
CD34. Red blood cells in the vascular
lumen emit nonspecific autofluores-
cence. Reprinted with permission
from Ogawa et al.'®

© 2010 Lippincott Williams & Wilkins

EMT is characterized by loss of cell—cell adhesion and
apical/basal cell polarity followed by acquisition of a mesen-
chymal phenotype and migration and invasion capabilities.'”
EMT is triggered by various stimuli including irradiation,”
hypoxia,*® reactive oxygen species,” inflammatory cytokines
such as transforming growth factor (TGF) B and fibroblast
growth factor,'” and disruption of basal lamina and exposure
of cytoplasm to ECM.* There are various stimuli in HSCT
recipients that can trigger EMT. Clinically, total body irradia-
tion pertformed before HSCT and migration of inflammatory
cells thercafter lcad to the gencration of large amounts of
proinflammatory cytokines.”® This “cytokine storm™ acts on
T cells in the graft, prompting them to attack host antigens.
In addition, reactive oxygen species-mediated organ injury
has been reported in bone marrow transplantation recipients.”’
We therefore analyzed whether EMT may be involved in the
mucosal and exocrine glands in patients with cGVHD.™

We studied 13 allogeneic HSCT recipients who had dry
eye associated with cGVHD. Lacrimal gland and conjunctival
biopsics from patients with cGVHD were taken for diagnostic
purposcs in all patients. Biopsy specimens were compared
with normal conjunctival tissuec samples and lacrimal gland
samples from patients with SS serving as controls. This study

www.corneajml.com | S69
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was approved by Keio University Institutional Review Board.
By analyzing tissue sections, Mallory staining revealed
severely fibrotic subepithelial stroma with mild lymphocytic
infiltration in cGVHD specimens. The ¢cGVHD epithelium
was thin, and the basal lamina was attenuated compared with
normal conjunctiva and SS lacrimal gland.

Next, to examine the expression pattern of EMT markers,
we looked at E-cadherin, B-catenin, and Snail.*” In normal
conjunctiva, a characteristic pattern of E-cadherin staining was
scen with labeling at the intercellular junctions of all epithelial
layers as well as characteristic membranous pattern of
B-catenin. In contrast, in GVHD epithelia, intercellular
staining of E-cadherin was diminished, and B-catenin was
expressed in the cytoplasm and the nucleus. Snail, an inducer
of EMT and transcriptional repressor of E-cadherin, was also
expressed in the nucleus of cGVHD epithelial cells but not in
normal conjunctival epithelia. This observation is consistent
with repression of E-cadherin expression by Snail.

Electron microscopy revealed that the conjunctival
epithelia of patients with cGVHD consists of only 2-3 cell
layers; cell-cell adhesion between basal cells is disrupted, with
dissociated basal epithelial cells having spindie-shaped mor-
phology and cytoplasmic extensions containing ECM in the
cytoplasm. Abnormal collagen bundles with unusual period-
icity were present in the subepithelial stroma (Fig. 2A, B).*®
The ¢cGVHD conjunctiva showed attenuated and elongated
processes extending into the subconjunctival stroma through
the disrupted basal lamina. Fibroblasts situated therecin showed
features of activation including large amounts of protein in the
rough endoplasmic reticulum (Fig. 2C, D).**

To examine cpithelial plasticity to mesenchymal pheno-
type in cGVHD, we assessed mesenchymal markers such as
a-smooth muscle actin and heat shock protein 47 (HSP47) on
c¢GVHD epithelia. Both these proteins were expressed in basal
epithelium of cGVHD conjunctiva but not in control tissue.
Morcover, electron microscopy revealed abnormal collagen
bundles in the cytoplasm of basal cells at basement
membrane—disrupted sites in ¢cGVHD samples but not in
normal controls. These findings seem to tmply that ocular
c¢GVHD epithelium gains mesenchymal phenotype. Whereas
basement membrane plays a role in preventing EMT, this can
occur in its locally disrupted sites.*”

We next examined the expression of p63, an epithelium-
specific transcription factor that is synthesized predominantly
in basal cells of a variety of epithelia.’ Whereas p63 was
located in the nucleus of basal cells in normal conjunctiva, this
protein was found in some cellular nuclei in the conjunctival
stroma in cGVHD samples (Figs. 3A-C).** Type 1V collagen
staining revealed disruption of basal lamina in cGVHD conjunc-
tiva (Fig. 3D), whereas that in normal conjunctiva was con-
tinuous (Fig. 3E). The average area of disrupted basal lamina
was statistically greater in GVHD conjunctiva than in normal
controls (Fig. 3F). Double staining for p63 and type IV collagen
revealed that p63" stromal cells were preferentially located
below the type IV collagen layer in regions where this layer
showed degradation, probably because of cpithelial cell plasti-
city and acquisition of cell invasion capabilities (Figs. 3G, H).

Double staining for nuclear p63 and cytoplasmic HSP47
revealed expression of both these proteins among basal cells
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and subconjunctival cells obtained from patients with cGVHD
(Figs. 31-K). In contrast, no double-positive cells were
detected in the basal or stromal cells from normal conjunctiva
(Fig. 3L). MMP9, type IV collagenase, was cxpressed in
c¢GVHD conjunctival epithelia (Fig. 3M) but not in normal
conjunctiva (Fig. 3N). The number of p63/HSP47 double-
positive invading cells in the cGVHD conjunctival samples
was significantly higher than that in normal samples
(Fig. 30).%® These findings suggest that some basal epithelial
cells migrated into the conjunctival stroma through disrupted
basal lamina after digestion by MMP9.

Similar findings were obtained in lacrimal gland myo-
epithelia. In exocrine organs, stellate myoepithelial cells are
observed between the basal lamina and acinar or ductal cells
(Fig. 4). These cells have structural features of both epithelium
and smooth muscle cells. Their functions include contraction
when the gland is stimulated to secrete, compressing or rein-
forcing the underlying parenchymal cells, and preventing
damage to surrounding cells.”> EMT signaling pathways alter
the stability of junctional complexes by destabilizing the
cortical cytoskeleton."

As biomarkers of EMT, abundant intcrmediate filaments
and microfilaments, gain of rough endoplasmic reticulum,
abundant lysosomal granules, and loss of intercellular junctions
on eclectron microscopy have been reported.’* In ¢GVHD
lacrimal gland myocpithelia, clectron microscopy revealed
remarkable changes in the microfilament cytoskeleton and
clongation of cytoplasmic processes from cGVHD lacrimal gland
myoepithelia rich in actin filament along the apicobasal axis into
the subepithelial stroma (Fig. 4A, B) compared with normal
lacrimal gland myoepithelia (Fig. 4E). Furthermore, abundant
collagen bundles were seen adjacent to the myoepithelium
(Figs. 4C, D).** Together, these findings indicate that cGVHD
fibroblasts may be partially derived from the epithelia via EMT.

Based on previous reports and our findings, we proposc
the following model for the pathogenic process of ¢cGVHD.
Donor fibroblasts cxpressing human leukocyte antigen class 11
and costimulatory molecules act as antigen-presenting cells
that generate a cytokine storm and trigger cGVHD. Migrating
donor fibroblasts may interact and collaborate with T cells and
recipient-derived fibroblasts and thereby contribute to cGVHD
pathogenesis. ™

A murine model of lacrimal gland involvement in
GVHD has shown features that closely mimic those observed
in humans.>* We are still secking to determine the precise
mechanisms underlying the pathogenesis of ¢cGVHD using
another animal model that resembles human ocular cGVHD.*
In particular, it is hoped that our research may help to clucidate
the pathogenesis of cGVHD fibrosis and facilitate develop-
ment of novel antifibrotic therapies.

CLINICAL MANIFESTATIONS OF OCULAR
c¢GVHD AND OTHER COMPLICATIONS
AFTER HSCT

Dry eye has been recognized as a complication and onc
of the distinctive features of cGVHD. Recently, new diagnostic
criteria for cGVHD have been proposed; these as well as tools
for diagnosis and scoring of ¢cGVHD will be updated

© 2010 Lippincott Williams & Wilkins
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FIGURE 2. Electron microscopic
images of disrupted basal lamina
and epithelial cells in cGVHD. A,
Conjunctival epithelia in ¢GVHD
comprising only 2-3 cell layers, with
dissociated cell-cell adhesion among
basal cells. Magnified view of the
boxed area (B) revealing that the
dissociated basal epithelium has
spindle-shaped morphology with
cytoplasmic extensions containing
ECM (star) in the cytoplasm. Abnor-
mal collagen bundles with unusual
periodicity (arrows) were present in
the subepithelial stroma. C, D,
cGVHD conjunctiva showing atten-
uated and elongated processes
extending into the subconjunctival
stroma through disrupted basal
lamina (arrows). Fibroblasts in the
subconjunctival stroma (D) show an
activated form containing large
amounts of protein in the rough
endoplasmic reticulum (arrowheads).
Reprinted with permission from
Ogawa et al.?®

according to the results of prospective validation studies.”
According to the National Institute of Hcalth Consensus,
a diagnosis of cGVHD requires the presence of =1 diagnostic
clinical sign such as poikiloderma or esophageal web or =1
distinctive manifestation such as keratoconjunctivitis sicca
confirmed by pertinent biopsy or other relevant tests in the
same or another organ. Furthermore, alternative possible
diagnoses must be excluded. A clinical scoring system from
0 to 3 is provided for the cvaluation of involvement of
individual organs and sites. The proposed criteria arc casy to
understand for all members of the medical transplant tcam, and
it may be pertinent for clinicians to perform prospective
validation studics of them.

Baseline profiles of ocular surface and tear dynamics
after HSCT in patients with or without cGVHD related to dry
eye have been reported. These data are uscful for the diagnosis
of ¢cGVHD related to dry eye and analyzing the efficacy of
topical and systemic treatments for cGVHD related to dry eye
(Tables 1 and 2).%%%

€ 2010 Lippincont Williams & Wilkins
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Early diagnosis is recommended for determining
adequate therapy for ocular ¢<GVHD. In this regard, pro-
spective ophthalmic evaluation starting from the pretrans-
plantation period is recommended to diagnose new onsct of
dry cye or other ocular ¢GVHD-related and nonGVHD
ilincsses after HSCT. Therefore, both transplant internist and
ophthalmologist should communicate in detail regarding the
dosc of systemic and local immunosuppressant.*”*!

Mcibomian gland dysfunction (MGD) is a frequent
complication after HSCT (Tables 3 and 4).*”**** The presence
of MGD may allow physicians to diagnosc severe dry cye with
GVHD carly in the course of the disease. T cell-mediated
destruction of meibomian gland cpithelia scems to result in
MGD. Jester ct al*® showed that hyperkeratinization of the
meibomian duct cpithelium Icading to plugging and dilatation
of the duct underlics the development of MGD in rabbits.
Keratinization may be another possible mechanism for MGD
with GVHD, although the pathogenesis remains controversial,
In addition, fibrotic changes of subepithelial stroma may lcad
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FIGURE 3. Basal epithelial cell invasion through disrupted basal lamina in conjunctival cGVHD. A, B, In cGVHD samples, p63 was
found in the nucleus of some cells in the conjunctival stroma. C, In contrast, p63 was found in the nuclei of basal cells in normal
conjunctiva. D, Type IV collagen staining revealing disrupted basal lamina in cGVHD conjunctiva (arrows), whereas continuous
basal lamina is observable in normal conjunctiva (E). F, The average area of disrupted basal lamina was statistically larger in the
GVHD lacrimal gland compared with normal control (P = 0.006; Student t test). G, Double staining of p63 (green) and type IV
collagen (red). p63° stromal cells were preferentially located below the type IV collagen layer in regions where this layer showed
degradation (arrows). H, Electron micrograph showing cytoplasmic processes of conjunctival basal cells extending into the stroma
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FIGURE 4. Myoepithelial cell inva-
sion in lacrimal gland cGVHD
through disrupted basal lamina
(BL). Electron microscopy revealed
remarkable changes in microfila-
ment cytoskeleton (A, B) and elon-
gation of cytoplasmic processes
along its apicobasal axis into sub-
epithelial stroma (arrows) (B). C,
Abundant collagen bundles adjacent
to myoepithelium (ME). BL, basal
lamina (arrow). D, Elongated pro-
cesses of myoepithelium extending
into the subepithelial stroma. E,

Normal lacrimal gland showing
lymphocytes. ME, myoepithelium
(arrow). Original magnification:

%2000 (A, D); x15,000 (B, C); and
%5000 (E). A-D, Reprinted with
permission from Ogawa et al’®; E,
Provided by Dr Hiroto Obata, Jichi
Medical University, Tochigi, Japan.

1o obstruction of meibomian glands because MGD of cGVHD
is often accompanicd by conjunctival cicatricial changes.****

The cornea is a frequently affected organ after HSCT.
Dai et al* first reported engraftment syndrome-related
marginal keratitis in HSCT recipients without GVHD.
Cytarabine is often used as conditioning regimen for immune
suppression  before  HSCT, and  cytarabine-induced

keratoconjunctivitis may occur during or just after the proce-
dure. Clinicians noting keratitis duc to any ectiology before
HSCT should pay careful attention to this complication and
apply adequate prophylaxis. Herpes simplex is a commonly
occurring viral infection in immunocompromised paticnts
during the early phase after HSCT."” which may be avoided by
systemic administration of acyclovir in thosc at risk.

through disrupted basal lamina (black arrows). Blue arrow, collagen bundles in cytoplasm of basal cell. Red arrows, basal lamina.
I-K, Double staining revealing basal cells and subconjunctival cells expressing both nuclear p63 (diaminobenzidine staining) and
cytoplasmic HSP47 (green) in patients with cGVHD. L, In contrast, double-positive cells were not detected in the basal or stromal
cells from normal conjunctiva. M, N, MMP9 expressed in conjunctival epithelia but not in normal conjunctiva. O, The number of
p63/HSP47 double-positive invading cells in cGVHD conjunctival samples was significantly higher than that in normal samples (NL)
(P = 0.0008; Student t test). Original magnification: A, B, G, I-L, x400; C-E, x200; and H, x15,000. Cap, capillary; Bc, basal cell;

Ly, lymphocyte. Reprinted with permission from Ogawa et a
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TABLE 1. Scores of Tear Function, Corneal Sensitivity, and Vital Staining in Patients with and without CGVHD-Related Dry

Eye after HSCT

Tear Evaporation Schirmer FS RB
Rate (X1077 glcmz~s) CS {mm) Test (mm}) TBUT (s} {Points) (Points)
Normal controls 22+ 1.53 60.0 = 0.0 164 = 11.8 89 1.2 05 £ 07 0.1 =03
Post-HSCT without dry eye 44 £ 21 57.5 * 4.6 147 = 10.3 1.0 £ 0.0 03 £ 1.0 03+ 1.0
¢GVHD-related mild dry eye 36 = 1.7 573 =42 13.1 = 111 4.9 = 2.2%F 24 * 1.9%t 1.8 £ 19*
cGVHD-related severe dry eye 6.0 = 3.6* 55.0 = 7.8+ 2.5 = 2344 27 = 14* 5.6 * 2.6%% 5.6 £ 2.0%%%

P < 005 versaus normat controls (Kruskal-Wallis test),
T8 < 0.05 versus post-HSCT without dry eye patients (Kruskal-Wallis test).
P < 0.05 versus cGVHD-related mild dry eye patients (Kruskal -Wallis test).

TBUT, wir breakup time; FS, Quorescein score: RB, rose bengal scone; CS, comeul sensitivity.

Reprinted with penmission of Nature Publishing Group from Wang ct al.™

There have been several reports concerning comeal
perforation leading to blindness in the setting of ¢cGVHD.
As such, stromal melting may be due to immunological reaction
involving CD8" cytotoxic T cells infiltration.** Limbal stem cell
deficiency and neurotrophic ulcer have been suggested as
possible triggers of comeal erosion due to cGVHD.*

Vernal conjunctivitis and atopic conjunctivitis have been
reported in 0.6% of recipients after HSCT by adoptive transfer of
donor T cells and B cells.®® Anecdotally, we have noted that
preexisting symptoms of allergic conjunctivitis sometimes
decreased or disappeared after HSCT. This phenomenon may
be due to immune reconstitution and replacement by donor
immune cells. It is important to evaluate the palpebral conjunctiva
and bulbar conjunctiva in detail because dry eye and cicatricial
palpebral conjunctivitis are linked to superior limbic keratocon-
junctivitis and episcleritis in conjunction with cGVHD.*'*2

Full-thickness squamous cell carcinoma with dysplasia
of conjunctiva was reported as a de novo post-HSCT
malignancy.® Sccondary cancers, most often malignant mela-
noma, may occur in =10% of allogeneic HSCT recipients—
cspecially those with GVHD undergoing conditioning
regimens with total body irradiation.™® Therefore, clinicians
should be vigilant and examine in detail pigmentation of the
ocular surface.

Mucous membrane pemphigoid can occur after HSCT.
So far, 2 cases involving ocular and oral mucosal membranc
have been reported in the literature.*>*® Extensive mucosal

TABLE 2. Comparison of Conjunctival Goblet Cell Density
(GCD) and Epithelium Squamous Metaplasia (Nelson Grade)
in Patients with Dry Eye after HSCT

Squamous Metaplasia

GCD (Cellsimm®)  (Nelson Grade)

Normal controls 13131 * 7338 0.7+ 0.5
Post-HSCT without dry eye 1030.0 4 433.1 0.7 =05
cGVHD-related mild dry eye 706.5 * 583.5% 0.7 * 0.6

+
cGVHD-related severe dry eye 39604 x 381.0%+ 16 £ 072

*P < 0.05 versus normal controls (Kruskal -Wallis test),

1P < 0.05 versus post-HCT without dry cye patients (Kruskal-Walhs west).
P < 0.05 versus ¢GVHD-related mild dry eye paticots (Kruskal-Wallis test).
Reprinted with permission of Nature Publishing Group from Wang et al.™

blistering in susceptible patients afier HSCT 1s an carly
warning sign.

Cataracts often develop after HSCT becausc of long-
term use of systemic corticosteroids as preventive strategy
against acute graft-versus-host disease and cGVHD. In 1 series,
95 of 248 (38.3%) patients with chronic myelogenous
feukemia developed cataract after HSCT.*” Balaram et al®®
have shown that in allogeneic HSCT recipients. phacoemulsi-
fication leads to good visual outcome as long as coexisting
ocular surface discasc is adequatcly managed before the
surgery. Glaucoma is a known side effect of corticosteroid
therapy given to HSCT recipients, with a self-reported
incidence rate of 1.6% (occurring in 4 of 248) in a cohort
of patients with chronic myelogenous leukemia.”’

Post-HSCT ptosis has a tendency to occur in female
recipients. Univariate analysis revealed that antiacetylcholine
receptor antibody titers were higher in patients with cGVHD

TABLE 3. Clinical Characteristics of Patients with and without
Dry Eye after Allogeneic HSCT

Without Dry  Mild Dry  Severe Dry
Parameter Eye (n=22) Eyce(mn=12) Eye(n=10) P

Median age (yrs) 28 40 32
Ape range (yrs) 17-38 24-46 21 43 :
Sex. M/F (%) 157 (68.2:31.8)9:3 (75.0/25.0)4/6 140.0/600) -
Median onset (d) {49 + 63 196 = 115 -
Donor source, 1 (%) —

Related 17 (68.2) 7 (58.3) 5(50.0) e

Unrelated S(3L8) 5141.7) 5 (50.0) -
aGVHD (+), n (%2} 11 (50.0) 9 (75.0 8 (RO.0) NS
aGVHD (=), n (%) 11 (50.0y 3125.0) 2 20.0) —
cGVHD (=), {%) 8 (36.4) 9{75.0) ) (100.0)  <0.001
¢cGVHD (—), n (%) 14 (63.6) 325.0) 0 (0.0)
MGD (+), n (%) 522.7)* 6 (50.0)7 10 (10.0y*1 —
MGD (), n (%) 17 (77.3) 6 (S0.0) 0 (0.0) —
MGD score 14 (0.7)* 8.7 (0.9 1.8 (0.4)*%

points (SD)

P < 0001 (ANOVA followed by Schefter test).

P < 0.05 (ANOVA lollowed by Scheffer test).

1P < 0.005 {ANOVA followed by Scheifer test).

aGVHD. acuie grali-versus-host di NS, gnificant difference,
Reprinted with pennission of BMJ Publishing Group from Ogawa et al.™
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TABLE 4. Correlations between Dry Eye/MGD and ¢cGVHD

¢GVHD cGVHD
(=} (m=17) (+) {(n =27) P
Dry cye (+). n (%) J(rn 19 (70.4) <(0,005
Dy eye (=), n {%) 14 (82.3) 8 {290)
Ihy eye severity, n (%)
0 (0.0} 10 4{37.4) <2000}
RN 9 {33.3) -
None 14 {82.3) 8 (20.6)
MG (=), n (%) 4235 17 t63.0y <005
MGD (=), 1 (%) 13 (76.5) 1 (37.0%
MG score points (SD) 0.3 (0.6) 1.1 (0.9) <L.0085

*Wilcoxon rank sum test.
cGVHD, eGVHID in organs other than eyes.
Reprinted with permission of BMY Publishing Group from Ogawa w al®

than in control group individuals. The ctiology may be related
to ncuromuscular transmitter block seen in autoimmunce
process.™

TREATMENT OF OCULAR <cGVHD AND OTHER
COMPLICATIONS AFTER HSCT

Dry eye is a hallmark of ocular ¢cGVHD that has
significant impact on patients’ quality of life. Although there
are 2 types of dry eye after HSCT*—a mild form and a severe
form* ™ —trecatment for mild dry eye associated with
¢GVHD generally follows that given for common mild dry
eye.” Strategies for the management of ocular ¢cGVHD
include increasing lubrication with artificial tears, topical
ointment, controlling cvaporation with cyclid management,
and draining control with punctal plug or surgical occlu-
sion; ocular surface inflammation may be decrcased by
immunosuppressants,' 130041

Topical corticosteroid thcrapy for organ- s'pu:iﬁc GVHD
can reduce the need for systemic immune suppression, which
may benefit patients in whom GVL is desired.*> Robinson
ct al’? noted that fibrotic lesions start to appear along the
superior border of the tarsus where accessory glands are
located, resulting in aqueous tear deficiency: these rescarchers
usefully proposed a grading system of conjunctival fibrosis,
which is relatively difficult to notice in daily ophthalmic
examination. It is important that ophthalmologists be aware
that long-term use of corticosteroids may causc glaucoma
and cataract as unwanted side effects and that there is no
benefit to use topical corticosteroid for cytarabine-induced
keratoconjunctivitis.”

So as to avoid side cffects associated with long-term use
of topical corticosteroids, switching to topical immunc
suppressive agenl is recommended. Topical cyclosporine is
thought to be partially cffective for cGVHD-related dry
cye. 0363 Topical tacrolimus ointment may also be useful
against dry eye in patients who are refractory to conventional
therapy.”S Surgical undermining of episcleral cyclosporine
implant is a novel sustained-release treatment for local drug
delivery at therapeutically cffective levels that has shown

© 2010 Lippincott Williams & Witkins

promise preclinically in animal models of ¢GVHD-related
lacrimal gland involvement.®®

Autologous scrum eyedrop and umbilical cord serum
eyedrop have been shown cflective for improving severe
dry cye associated with cGVHD, with no major side effects
reported.””™* However. it is recommended to evaluate con-
tamination of autologous scrum cyedrop if long-term usc is
planned.”™ Pilocarpine stimulation may be cffective for ocular
surface in some cases.”

There is no specific therapy for ocular fibrosis at present.
In this regard, topical tranilast may be useful for the treatment
of carly dry cyc associated with ¢cGVHD through inhibiting
TGF-B signaling for ocular fibrosis, although further study is
needed to confirm the efficacy.” In severe cases, amniotic
membrane  transplantation may be useful. This reduccs
ocular fibrosis and inflammation through blockade of TGF-
B signaling and inﬁdmmalion through interleukin 10 scereted
by amniotic membrane.” Autologous scrum-derived culti-
vated comcal epithelial transplantation for severe ocular
GVHD wnh limbal stem cell deficiency has provided good
Prognosis.”

For the management of scvere dry cye secondary to
¢GVHD, medical use of contact lenses such as silicone
hydrogel contact lenses and sclera lenses has been effective in
the relatively short-term.”>™ Intensive care of therapeutic
contact lens vse is required for prevention of opportunistic
intections related to immunosuppressive treatment.

Recent advances of HSCT and combined therapy with
biological agents such as imatinib through dual inhibition of
TGF-B and pldu.]u—dmvcd yowth factor signaling pathway
for fibrosis” and rituximab targeting B cells™ may contributc
to better outcome of late complications after HSCT. Although
several supportive therapies can reduce ocular symptoms,
specific therapics that suppress immunc  processes  and
pathogenic fibrosis in ocular lesions arc necessary to control
dry cye related 1o ¢cGVHD. In addition, detailed evaluation of
new therapies for ocular ¢GVHD should be donc by
prospective, randomized, case-controlled studies.

ACKNOWLEDGMENTS
The authors  thank  Shinichiro  Okamoto,  Yutaku
Kawakami. Kaori Kamevama, Masataka Kuwana, and all
members of Cornea Cell Biology, the Lacrimal Glund and
Drv Eye Rescarch Groups at Keio University, School of
Medicine, and Hiroto Obata. Jichi Medical School, for critical
discussions.

REFERENCES
. Fermra JL, Levine JIE, Reddy P et al. Graft-versus-host disease. Lancet.
2009;373:1550 -1561.
. Mattin PJ. Biology of chronic graft-versus-host disease: implications for
a future therapeutic approach. Keio J Avd, 2008:57:177--183.

3. Ng IS, Lam DS, Li CK, et al. Ocular complications of pediatic bone
sarrow tansplantation. Ophthalmology. 1999:1006:160 164,

4. Suh DW. Ruttum MS, Stuckenschneider BJ. 1 al. Ocular findings after
bone marrow transplantation in a pediatric population. Ophthalmology.
1999,106:1564 1570,

5. Sale G, Shulman H, Hackman R, et al. Pathology of hematopeictic cell
transplantation. In: Blume K. Forman S, Appelbaum F. eds. Thomas’
Hematopoiene Cell Transplantation, Oxtord, United Kingdom: Blackwell
Publishing. Ltd; 2004, p. 286-299.

(3]

www.corneajmi.com | 875

Copyright ¢ Lippincott Williams & Witkins. Unauthorized reproduction of this article is prohibited.



Ogawu ¢t al

Cornea » Volume 29, Number 11, Suppl. 1, November 2010

6.

7.

o

10.

|2
tn

-
=

29,

30.

3l

Kawai M, Masuda A, Kuwana M. A CD40-CD 154 interaction in tissue
fibrosis, Arthritis Rhenm. 2008;58:3562-3573.

Chiu YC, Lin CY, Chen CP, et al. Peptidoglycan enhances IL-6 production
in human synovial fibroblasts via TLR2 receptor, focul adhesion kinase,
Akt, and AP-1-dependent pathway. J Inmanol. 2009,183:2785--2792.

. Smith TJ, Tsai CC, Shih MJ, et al. Unique attributes of orbital fibroblasts

and global alierations in [GF-1 receptor signaling could explain thyroid-
associated ophthalmopathy. Thyreid. 2008;18:983-988.

. Ogawa Y, Kuwana M, Yamazaki K, ct al. Periductal arca as the primary

site for T-cell activation in lacrimal gland chronic graft-versus-host
discase. Invest Oplithatmol Vis Sci. 2003:44:1888--1896.

Ogawa Y, Yamazaki K, Kuwana M. ¢t al. A significant role of stromal
fibroblasts in rapidly progressive dry eye in patients with chronic GVHD.
Invest Ophthalmol Vis Sci, 2001:42:111--119,

. Ogawa Y, Kuwanr M. Dry eye as a major complication associated with

chronic graft-versus-host disease after hematopoietic stem cell trans-
plantation. Cornea. 2003;22:519- 827,

. Bruscia EM, Ziegler EC, Price JE, et al. Engrattment of donor-derived

epithelial cells in multiple organs following bone marrow transplantation
into newborn mice, Srtem Cells. 2006:24:2299-2308.

. Spyridonidis A, Schmin-Graff A, Tomann T, ¢t al. Epithelial tissue

chimerism after human hematopoictic cell transplantation is a real
phenomenon. Anm J Pathol. 2004;164:1147-1155.

. Hashimoto N, Jin H, Liu T, et al. Bone marrow-derived progenitor cells in

pulmonary fibrosis. JJ Clin Invesr. 2004;113:243-252.

. Chu PY, Mariani ). Finch S, et al. Bone marrow-denived cells contnibute to

fibrosis in the chronically failing heant. Am J Pathol. 2010;176:1735-1742,

. Ogawa Y, Kodama H. Kameyama K. et al. Donor fibroblast chimerism in

the pathogenic fibrotic Jesion of human chronic graft-versus-host disease.
Invest Ophrhalmol Vis Sci. 2005;46:4519-4527.

. Eberwein P, Faber P, Reinhard T, et al. Conjunctival epithelial cells with

donor-derved genome after human hacmatopoictic  stem-cell trans-
plantation. Transplantation, 2009:87:915-918.

. Hallberg D, Wernstedt P, Hanson C, et al. Donor-derived myofibroblasts in

the ocular surfuce after allogeneic hacmatopoictic stem cell wans-
plantation. Acta Ophthalmol Scand. 2006;84:774-780.

. Thiery JP. Sleeman JP Complex networks orchestrate  epithelial-

mesenchymal transitions. Nat Rev Mol Cell Biol. 2006:7:131-142.

. Suika S, Yamanaka O. Okada Y, ¢t al. TGF beta in fibroproliferative

discases in the eye. Front Biosci. 2009;1:376-394).

. Kalluri R, Neilson EG. Epithehal-mesenchymal transition and its

implications for fibrosis. J Clin favesr. 2003,112:1776--1784.

. Tsukamoto H, Shibata K. Kagjiyama H, et al lrradiation-induccd

epithelial-mesenchymal transition (EMT) related to invasive potential
in endometrial carcinoma cells. Gyneeol Oncol. 2007;107:500-504.

. Higgins DF, Kimum K, Bermhardt WM, et al. Hypoxia promoies

fibrogenesis in vivo via HIF-1 stimulation of epithelial-to-mesenchymal
transition. J Clin favest. 2007:117:38140-3820.

. Radisky DC, Levy DD, Littlepage LE, et al. Racib and reactive oxygen

species mediate MMP-3 -induced EMT and genomic instability. Naswre.
2005:436:123--127.

. Shintani Y, Maeda M, Chaika N, ¢t al. Collagen | promotes epithelial-to-

mesenchymal transition in lung cancer cells via transforming growth
factor-beta signaling. A4m J Respir Cell Mol Biol. 2008;38:95-104,

26. Copelan EA. Hemitopoietic stem-cell transplantation. N Engl J Med.

2006;354:1813- 1826.

. Zicgler TR, Panoskultsus-Mortari A, Gu LH, et al. Regulation of

glutathione redox status in lung and liver by conditioning regimens and
keratinocyte growth factor in murine allogencic bone marrow trins-
plantation. Trunsplantation. 2001;72:1354-1362.

- Ogawa Y, Shimmura S, Kawakita T. et al. Epithelial mesenchynl

teansitiont in human ocular chronic graft-versus-host discase. Am J Pathol,
2009;175:2372--2381.

Peinado H, Olmeda D, Cano A, Snail, Zeb and bHILH factors in turnour
progression: an alliance against the epithelial phenotype? Nat Rev Cancer.
2007,7:415-428.

Fujiwara H. Hayashi Y, Sanzen N, et al. Regulation of mesodermal
differentiation of mouse embryonic stem cells by basement membranes,
J Biot Chem. 2007:282:29701-29711.

Kawakita T. Espana EM, He H. et al. Intrastromal invasion by limbal
epithelial cells is mediated by epithelial -mesenchytmal transition activated
by air exposure. Am J Pathol. 2005;107:381--393.

S76 | www.corneajrml.com

tad
wn

36.

=

38,

[
k=3

40

41.

43,

44,

43,

46,

47.

4R,

49,

=

53

54.

55,

1%
=

. Redman RS. Myoepithelium of sativary glands. Microse Res Tech. 1994;

27:25-45,

. Zeisherg M, Neilson EG. Biomarkers for cpithelial-mesenchymal

transitions. J Clin Invest, 2009:119:1429-1437.

. Ogawa Y, Shimmura S, Kuwana M, ct al. Inflammation and pathogenic

fibrosis in human ocular chronic graft versus host discuse, Inflamm Regen.
200R:28:529--536.

. Hassan AS, Clouthier $G, Ferrara )L, ¢t al. Lacrimal gland involvement in

gruft-versus-host discase: a murine model. fnvest Ophthalmal Vis Sci,
2005:46:2692-2097.

Zhang Y. McCormick LL, Desai SR, et al. Murine sclerodermatous
graft-versus-host disease, a model for human scleroderma: cutancous
cytokines, chemokines, and immune cell activation. J fmmunod. 2002;168:
3088-3098.

. Filipovich AH, Weisdort D, Pavletic S, et al. National Institutes of Health

consensus development praject on criteria for clinical trials in chronic
graft-versus-host disease. 1. Diagnosts and Staging Working Group
Report. Biof Bloed Marrow Transplant. 20051 1:945-956.

Wang Y, Ogawa Y, Dogru M, et al. Ocular surface and tear functions after
topical cyclosporine treatment in dry cye patients with chronic graft-
versus-hast disease. Bone Marrow Trunsplans, 2008;41:293-302.

. Wang Y, Ogawa Y, Dogru M, et al. Bascline profiles of acular surface and

tear dynamics afler allogeneic hematopoictic stem cell transplantation in
patients with or without chronic GVHD-related dry eye. Bone Murrow
Transpluns. 2010:45:1077--1083.

Ogawa Y, Okamoto S, Kuwana M, ct al. Successful treatment of dry eye
in two patients with chronic graft-versus-host disease with systemic
administration of FK506 and corticosteroids. Cornea, 2001;20:430-434.
Kim S, Couriel B, Ghosh S. Ocular graft vs. host discase experience from
MD Anderson Cancer Center: newly described clinical spectrum and new
approach o the management of the stage 1 and 1V ocular GVHD. Biod
Blood Murrow Transplant, 2006;12:549.

. BBan Y, Ogawa Y, Goto E, etal. Tear function and lipid layer alterations in dry

eye pitients with chronie graft-vs-host disease. £ye. 2009,23:202-208.
Kamoi M. Ogawa Y, Dogru M, ¢t al. Spontancous lacrimal punctal
occlusion associated with ocular chronic grafi-versus-host disease. Curr
Eve Res. 2007,32:837-842.

Qgawa Y. Okamoto S, Wakui M, et al. Dry eye after haematopoictic stem
cell transplantation. Br J Ophthalmol. 1999:83:1125..1130.

Jester JV, Nicolaides N, Kiss-Palvolgyi I, et al. Meibomian gland
dysfunction. I The role of keratinization in a rabbit mode) of MGD.
Imvest Ophithalmol Vis Sci, 1989.30:936-945.

Dai E. Couriel D, Kim SK. Bilateral marginal keratitis associated with
engrafiment syndrome  after hematopoietic stem cell transplantation.
Cornca., 2007:26:756 758,

Hayashi ', Ishioka M, Ite N, ct al. Bilwteral herpes simplex keratitis in
a patient with chronic graft-versus-host disease. Clin Oplithalmol. 2008,2:
457-459.

Suzuki M. Usui T, Kinoshita N, et al. A case of sterile corneal perforation
after bone marrow transplantation. Eye. 2007;21:114 116.

Adrean SD, Puklin JE. Perforated comeal ulcer with  subsequent
endophithalmitis in a patient with praft-versus-host disease. Coraca.
2007:26: 107-108.

. ‘Tabbara KF, Nassar A, Ahmed SO, et al. Acquisition of vernal and atopic

keratoconjunctivitis after bone marrow transplantation. Am J Ophithalmol.
2008:146:462- 465,

. Kim SK. Update on ocular graft versus host discase. Curr Opin

Cphthalmaol, 20006;17:344-348,

. Robinson MR, Lee S8, Rubin BI. et al. Topical corticosteroid therapy for

cicatricial conjunctivitis associated with chronic graft-versus-host discase.
Bone Marrow Transplant. 2004;33:1031-1035.

Hon C, Au WY, Liang RH. Conjunctival carcinoma as a novel post-stem
cell transplantation malignancy. Bone Marrow Transplant. 2004:34:
PR1-1R2.

Curtis RE, Rawling PA. Deeg HJ, ct al. Solid cancers after bone murrow
transplantation. New Eangl J ded. 1997:336:897.

Aisa Y, Mori T, Nakazato T, et al. Cicatricial pemphigoid of the
oropharynx after allogeneic stem cell transplantation  for relapsed
follicular lymphoma. fnt J Hemarol. 2005;82:266-26Y.

56. Mithmood S. Lim ZY. Benton £, et al. Mucous membrane pemphigoid

following reduced intensity conditioning allogeneic hacmatopoictic SCT
for biphenotypic leukacmia. Bone Marrow Transplant. 2010:45:195-196.

© 2010 Lippincornt Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Corneo » Volume 29, Number 11, Suppl. 1, November 2010

Immune Processes and Pathogenic Fibrosis in Ocular ¢cGVHD

58.

59,

060,

61,

6l

63,

64

05.

06

67,

. Baker KS. Gumey JG. Ness KK, ¢t al. Late etfects in survivors of ¢hronic

myeloid leukemia treated with bematopoietic cell transplantation: results
from the Bone Marrow Transplant Survivor Study. Blood. 2004104
1898- 1906. )

Balaram M. Rashid S, Dana R. Chronic ovculur surface discase afier
allogencic bone marrow transplantation. Qcul Surf. 20053203 211,
Hon C. Mak W. Kwok AK. etal. immunological and clectrophysiological
investigations of severe prosis after bone marrow transplantation. Bone
Marrow Transplant. 2004;34:455-458.

Management and therapy ot dry cye diseasc: report of the Mapagement
and Therapy Subcommitice of the International Dry Cye WorkShop
(2007). Ocud Surf. 2007:5:163 -178.

Couriel D, Carpenter PA, Cutler C, etal. Aneillory therapy and supportive
care of chronic graft-versus-host disease: National Institutes of Health
consensus development project on crteria for clinical trials in chronic
graft-versus-host disease. V. Ancillary Therapy and Supportive Cure
Working Group Report. Biol Blood Marrow  Transplom. 200612
375-396.

Mori T. Watanabe M, Kurotori-Sotome T, ¢t al. Reduced cfficacy
of topical corticosterotd  in preventing  cytarabine-induced  kerato-
conjunctivitis in patients receiving high-dose eytarabine and total body
irvadintion  for allogeneic  hemitopoivtic  stem  cell transplantation.
Bone Marrow Transplant. 2008:42:197-199.

Lelli GIJ, Musch DC, Gupa A, et al. Ophthalimic cyclosporine use in
ocular GVHD, Cornea, 2006;25:635-638.

Rae SN, Raa RD. Efficacy of topical cyclosporine 0.05% in the weatment
of dry eye associated with graft versus host disease. Cornea. 2000:25:
674-678.

‘Tam PM, Young AL, Cheng LL. ¢t al. Topical 0.03"0 tacrolimus vintment
in the management of ocular surface inflamumation in chronic GVHD.
Bone Marrow Transplant.

Kim H. Csaky KG, Gilger BC, et al. Preclinical evaluation of a novel
episcleral cyclosporine implant tor ocular gratt-versus-host discase. frvest
Ophthalmol Vis Sei. 2005;46.655--662.

Racha EM, Pelegrine FS, de Paiva CS, ctal. GVHD dry cves treated with
autologous serum tears. Bone Marrow Transplans. 2000:25:1101 - 1103

& 2010 Lippincot Williams & Wilkiny

08,

o

0.

KR

74.

70.

77.

78.

Ogawa Y. Okamoto S, Mori T, ¢t al. Antologous serum eve drops for the
treatment of severe dry eye in patients with chironic graft-versus-host
discase. Bone Murrow Transplani. 2003;31:579 583,

Yoon KC, Jeong 1Y, Im SK, et al. Therapeutic etfect of umbilical cord
serum eyedrops for the treatmuent of dry eye assoviated with gratt-versus-
host disease. Bone Marrow Transplan. 2007,19:231- 235,

Leite SC, de Castro RS, Alves M. ¢t al. Risk factors and characteristics of
ocular complications, and etficacy of autologous serum  tears atter
haematopoictic progenitor cell ransplantation. Bone Marrow Trunsplant.
2006:38:223 227

Agha-Hosseini 1, Mirzaii-Dizgah 1, Ghavamzadeh L, et al. Lffect of
pilocarpine hydrochloride on unstimulated whole siliva flow rate and
compasition in paticnts with chronic graft-versus-host disease (¢cGYHD).
Bone Marros Transplant. 2007:39:431 434,

. Ogawa Y, Dogru M, Uchino M, et al. Topical tranifast for treaument of the

carly stage of mild dry eye associated with chronic GVYHD. Bone Marrow
Transplant. 201:35:365-569.

. Pens-Martinez C. Menezo JL, Digz-Elopis M, et al. Multilayer amniotic

membrane ransplantation in severe ocular graft versus host discase. L/
Ophthalmol. 200181183 -186.

Nakamura T, Inatomi T, Sotozono C, et il Trmsplantation of autologous
serum-derived coltivated comeal epithelial equivalents tor the treatment of
severe ocular surtace disease. Ophthalmology. 2006,113:1765- 1772,

. lakehide K. Parker PM, Wu M, et al. Use of fluid-ventilated, pas-

permeable sclem) lens for management of severe keratoconjunctivitis
sieea secondary to chronic graft-versus-host diseuse. Biol Blood Marrow
Transplant. 2007:13:1016- 1021,

Schurnack MM, Baratz KH. Patel SV, et al. Jupiter scleral fenses in the
management of chronic grafl versus host disease. Eve Contacr Lens. 2008,
34:302-305,

Olivien A, Locatelh F. Zecca M, et al. Iinatinib for retractory chronic grafi-
versus-liost disease with fibwotic features. Blond. 2000114709 718,

van Dorp S0 Pictersma F, Wolfl M, et al. Rituximab treatment before
reduced-intensity condifioning transplantation associates with a decreased
incidence of extensive chironiv GVHD. Biol Bload Marrow Transplant.
2009;15:671 074

www.corneajml.com | §77

Copyright < Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



ORIGINAL ARTICLE

Bone Marrow Transplantation {2010) 45, 1077-1083
% 2010 Macmiflan Putlishers Limited  All rights reserved $268-3369/10 $32.00

www.nature.com/bmt

Baseline profiles of ocular surface and tear dynamics after allogeneic
hematopoietic stem cell transplantation in patients with or without chronic

GVHD-related dry eye
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We evaluated ocular surface alterations in allogeneic
hematopoietic stem cell transplantation (HSCT) recipi-
ents with or without chronic GVHD-related dry eye in
u prospective study. Fifty eyes of 25 post-HSCT patients
and 28 cyes of 14 age-matched healthy controls were
included. Meibomian gland (MG) obstruction, tear
evaporation rate, corneal sensitivity (CS), Schirmer test-
I, tear break-up time (BUT) and ocular surface vital
staining were examined. Conjunctival impression and
brush cytology specimens were collected to evaluate the
goblet cell density (GCD) and the inflammatory cell
numbers. Obvious MG obstruction, decreased CS and
cnhanced fear cvaporation rate were found in post-HSCT
patients compared with normal controls. In addition,
decreased comjunctival GCD, increased conjunctival
squamous metaplasiz and inflammatory cells were noted
in ¢GVHD-related dry eyes compared with normal
controls and post-HSCT without dry eye subjects.
Furthermore, the conjunctival inflammatory cells were
significantly higher in severe dry eyes compared with mild
dry eyes (P=10.03). We found comprehensive ocular
surface alteration in post-HSCT patients, regardless of
whether they had ¢GVHD-related dry eye or not. The
results suggest that the extent of inflammatory process
seems to have a pivotal role in the outcome of the
c¢GVHD-related dry cye.
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Introduction

Chronic GVHD is a major complication of allogencic
hematopoietic stem cell transplantation (HSCT).! Ocular
surface is one of the target tissues of cGYVHD. About 50%
of patients develop dry eye or experience 4 worsening of the
pre-existing dry cye after HSCT.? Dry eye is a distinctive
sign and symptom for the diagnosis of ¢cGVHD.' However,
the pathogenesis of dry eye associated with cGVHD is still
unclear. and effective treatments have not yet been
established.® Pathogenic studies of dry eye associated with
cGVHD depend on the lacrimal gland and conjunctival
biopsy.*™* It is impossible to follow the alterations of the
ocular surface pathologic process after HSCT by repeated
biopsy. On the other hand, impression cytology and brush
cytology are widely used methods to cvaluate the ocular
surface pathologic changes.” They are noninvasive, repca-
table. and usecful in following the changes in the ocular
surface.™” However, there are few reports on impression
cytology changes and brush cyviology characterislics in
patients with cGVHD-related dry eye.' On the other hand,
the conditioning regimen including total body irradiation
and high incidence of meibomian gland dysfunction
(MGD) in post-GVHD patients contributes 1o the ocular
surface and tear function changes.

However, there is no report comparing the tear functions
and ocular surface alterations between post-HSCT patients
with or without dry eye. In a previous study.” we noticed
there were two types of dry eye alter HSCT. One had
severc oculur surfuce and tear function damage with
decreased reflex tearing that occurred soon after the onset
of dry eye. whereas the other was mild with normal
reflex tearing. There are no data comparing the ocular
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surface and tear function diflerences between these two
types ol dry eye.

Patients and methods

Putients

Fifty eyes of 25 patients who underwent HSCT were
cnrolled at the dry eye clinic at Keio University from
Junuary 2006 to December 2006. Included were 20 eyes of
10 patients (3 males and 5 females; range. 30-66; mcdian.
50 years) with ¢cGVHD-related severe dry eye. 20 ¢yes of 10
patients (6 males and 4 females; range, 37 -62; mediun, 51
years) with ¢cGVHD-related mild dry eye and 10 eyes of 3
patients (3 males and 2 females; range. 39-50; median. 45
vears) without dry eye. All the patients had no previous
conjunctival or corneal disease or infections or other ocular
discase at clinical examination. Twenty-cight cyes of 14
healthy subjects (10 males and 4 females: range, 20-70;
median. 39 ycars) were also recruited as normal controls,
The control subjects did not have any history of ocular or
systemic disease or a history of topical eye drops or contact
lens use that would alter the ocular surfuce as well
According to the global diagnostic criteriu of dry eye.
and the severity grading of the Dry Ewve Workshop
Report 2007."'* we diagnosed the patients as having dry
eve when patients had any sign of tear film instability (tear
break-up time (BUT) <5s. Schirmer test <3mm). any
abnormality of the ocular surface (Rose Bengal score >3,
Fluorescein score 2 1) and;or symptoms of ocular irrita-
tion. Severe dry eye was delined as previously described™'
In brief, patients were diagnosed as having severe dry cye if
the Schirmer test with nasal stimulation (reflex tearing) was
< 10mm, and the FS and RB scores were =3 points and/or
prade 3 and 4 according to the DEWS report 2007, The
study was carried out in accordance with the principles
ol the Declaration of Helsinki. Informed consents and
cthics board reviews for the examination procedure were
obtained.

Clinical examinations

The ocular surface was cxantined by the double vitul
staining method. Two microliters of a preservative-free
combination of 1% Rose Bengal and 1% fluorescein was
instiiled in the conjunctival sac by a micropipetie.” The
staining of Rose Bengal was scored for the temporal and
nasal conjunctiva and the cornex, on a scale of 0 3 points.
Fluorescein staining score also ranged between 0 and 9
points, but only for the cornca.' The BUT value was
measured three times at the time of doubie staining, and the
mean value was used for calculation. Schirmer | test was
performed with standardized strips of filter paper (Alcon
Inc.. Fort Worth, TX, USA). To cvaluate the obstruction
of the MG orifice, digital pressure was applicd on the
tarsus. The cxpression of meibomian sceretion (meibum)
was scored as follows:** grade 0, clear meibum is casily
expressed: grade 1, cloudy meibum is expressed with mild
pressure; grade 2. cloudy meibum is expressed with more
than moderate pressure; and grade 3, meibum cannot be
expressed even with hard pressure.
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Tear evaporinetry

The tcar evaporation was measured with the evaporimeter
(KAO Corporation, Tokyo. Jupan).'” Bricfly, the eyecup of
the evaporimeter tightly covered the subject’s eye, and then
the device measured the tear evaporation rate in both cyes-
closed und cyes-open conditions. In this way, we can
climinate the evaporation from the eyelid. The computer
system caleulated the dilference between these two condi-
tions and gave the tear evaporation rate. The unit of tear
evaporation rate is 10 7 giom? s,

Caorneal sensitivity

Measurement of corneai sensitivity (CS) was performed
using 4 Cochet-Bonnet aesthesiometer. The mcasurements
were begun with the nylon filament fully extended. The tip
of the nylon filament was applicd perpendicularly to the
surface of the cornea making certain not to touch the
eyelashes and was pushed until the fiber’s first visible
bending. The length of the fiber was gradually decrcased
until a blink reflex was observed. The length was recorded
in units of millimeters. Measurements were taken from the
central cornea and the mean of the measurements was
recorded as the CS reading ol that eye.™!”

Conjunctival impression cvtology

The impression cytology sampies were obtained under
topical ancsthesia with 0.4% oxybuprocaine. A picee of
cellulose acelate filter paper (Millipore HAWP 304, Bed-
ford, MA, USA) wus put on (he temporal bulbar
conjunctiva and gently pressed by forceps for scveral
seconds. The specimens were fixed with 10%  formalin
neutral bufTer solution and stained with Periodic Acid-
SchifT (PAS). Five nonoverlapping areas of x 400 magni-
fication were randomly selected and photographed. The
gobilct cell density (GCD) was reported as cells per square
millimeter. The conjunctival epithelial squamous metapla-
sia was evaluated according to Nelson's grading scheme.™

Conjunctival brush criology

The brush cytology samples were collected after adminis-
tration of topical anesthesia with 0.4% oxybuprocaine. The
central upper palpebral conjunctiva was gently brushed
seven limes with a disposable dental brush 1.5mm in
diameter (Demalpro. Jacks. Co., Osaka. Japan). After
sampling, the brush was immediately put in I ml of Hank's
solution and shaken several tintes to detach the cells
from the brush. The suspended cells were centrifuged
with cytocentrifuge at 700r.p.m. for 10min to make the
monolayer cell smears. The slides were stained by diff-quick
staining. We counted up to 300 cells including inflamma-
tory cclls and epithelial cells in nonoverlapping fields under
microscopic observation (magnification. x 400). The in-
flammation was reported as the number of inflammatory
cells in the total number of 500 brush cells.'

Statistical anafysis

The data were analyzed by Instat (GraphPad Software, San
Dicgo. CA. USA). Mann--Whitney U-test was used 10 com-
pare the onsct duration of dry eye. Kruskal-Wallis {/-test



wus used for the comparisons of clinical examination
parameters, tear cvaporation rates, GCD. conjunctival
squamous metaplasia, and inflammatory cell amount. The
probability level of 5% was chosen as the statistical
significance,

Results

Demographic characteristics

Patients” demographic characteristics were summarized in
Table 1. The onset of dry eyc in cGVHD-related severe and
mild dry eye was 6.8+2.5 and 13.2+9.1 months, respec-
tively, after HSCT. The onsct of dry eye in the severe dry
cyc group was significantly earlier than the onset in the mild
dry eye group (P=0.02). Ninc out of 10 severc dry eye
patients had systemic ¢cGVHD, but only 3 in 10 mild dry
eyc patients had systemic ¢cGVHD.
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Clinical examination parameters

The bascline scores of CS, ocular surface vital staining and
tear function were summarized in Table 2. Obviously
decreased CS was found in post-HSCT patients either with
or without dry eye. but statistically significant decrecase was
found only in the severe dry eye group. Although the mean
CS in the severe dry eye group was considerably lower than
those with mild dry eve and post-HSCT without the dry eye
groups, there was no statistically significant difference
among the three groups. Obvious MG orifice obstruction
(grade >1) was noted in 40 of 50 eyes of the post-HSCT
paticnts as shown in Table 3. MG orifice obstruction
degree in post-HSCT patients was statistically higher
than normal controls, but there was no significant
difference between the three post-HSCT groups. The tear
evaporation rale in normal control, post-HSCT without
dry eye, mild dry eye, and severe dry eye group was
224153 % 107 gjem?s, 442£2.13x 1077, 3.6+ 1.66x 1077,

Fable 1 Demographic characteristics
Case no Age (years) Gender Diagnosis Svstemic ¢GVID Dry eve Onset {month from Momth since HSCT
HSCT to dry exe)

! 52 M MDS Lung, skin, mouth Severe 7 29
2 63 M MDS Liver. skin, mouth Severe 6 05
3 04 M MM Skin, mouth Severe 7 30
4 35 F CML Mouth Severe 7 6l
N 30 F AML Mouth Severe 7 93
6 30 M AML Mouth, skin, liver Severe K 69
7 36 M CML Mouth Severe 7 38
R 66 F MM Mouth, skin Severe 1 hH
9 57 F MDS Mouth, skin Severe 10 )
Y 34 F ALL () Severe 3 144
t 49 M ALL Lung, liver, skin Mild 9 24
12 54 M ALL Mouth, skin. intestinal Mild 12 66
13 59 F ALL () Mikd 11 9
14 56 M MDS Liver Mikd 36 156
15 62 F ALL (~) Mild 2.3 19
16 37 M MDS t-) Mild 3 28
17 45 M MDS (~) Mild 12 12
18 61 F ALL (-) Mild 16 36
19 5 M AML (-) Mild 15 36
20 8 F NHL (-) Mild 13 30
21 45 M AA (~) =) (-) 60
22 44 F AML (--) (-) (-) 120
23 39 F CML () (-) (-} 144
24 30 M AML (- (- (~) 30
25 48 M AML (-) (-) (- 3

Abbreviations: AA = aplastic anemia: ¢cGVHD =chronic GVHD: F =female; HSCT = hematopoietic stem cell transplantation; M =male; MDS =
myclodysplastic syndrome: MM = multiple myeloma; NHL = non-Hodgkin lymphoma.

Table 2 The scores of tear functions, corneal sensitivity and vital stainings
Tear evaporation rate CS () Sehirmer test (o) BUT a1 FS ‘points ) RB poinis)
( % 0 glem’s)
Normal controls 22£1.53 60 16,35+ 11.82 8.9213.17 .54 +£0.66 0.13£0.34
Post-HSCT without dry eye 4424213 57.514.63 147+ 10.34 10 03095 0.3£0.95
c¢GVHD-reluted mild dry eye 3.6t 1.66 37252410 13.06£11.03 4.85£2.18+% 24+1.93" L3+ 185

cGVHD-related severe dry eye 598+ 3.61" 598+ 7,75 24542280

2681400

5.6 236" 58512060

Abbreviations: BUT = tear break-up time; cGVHD = chronic GVHD; FS = Quorescein score: HSCT = hematopoietic stem cell trunspluantation: RB = Rose

Bengal score.

*P<0.05. compared with normal controls, Kruskal-Wallis test.

"B <105, compitred with post-HSCT without dry eye patients, Kruskal-Wallis test.
“P<0.05, compared with cGVHD-related mild dry eye patients. Kruskal-Wallis test.
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Table 3

Comparison of orifice obstruction grade of meibomian gland

Orifice abstruction Narmal controls

Grade 0 26 (92.86%)

2 (20%)
Grade | 2 (7.14%) 2 (20%)
Grade 2 0 2 (20%)
Grade 3 0 4 (40%)

Post-HSCT without dry eve

cGVHD-relared mild dry eve cGVHD-related severe dry eve

0 2 (10%)

4 (20%) 0
7 (35%) 5(25%)
9 (45%) 13 (65%)

Abbreviations: cGVHD = chronic GVHD:; HSCT - hematopoictic stem cell transplantation

Figure 1 Representative  conjunctival impression  cytology  specimens
from a 50-year-old male, post-HSCT without dry eye subject. Note plenty
goblet cells (black arrow) and mucin pick up (yellow arrows). Periodic acid-
Schiff (PAS) staining. magnification, > 400.

and 5.98+3.61 x 10 7g/cm?s, respectively. Although the
mean tear evaporation rate in mild dry eye and post-HSCT
without dry eye patients was higher than in normal
controls, statistically increased tear evaporution was found
only in cGVHD-related severe dry eye patients (7<0.001).

Conjunctival impression cytology

Conjunctival specimens from normal controls and post-
HSCT without dry eye subjects showed plenty of goblet
cells and mucin pick up (Figure 1). The goblet cell
densities in these two groups were 1313.13+733.82 and
1030 = 433. 14 cells/mm?. The mean GCD in the ¢cGVHD-
related mild and severe dry eye groups was 706.49 + 583.52
and 396.36 + 381.00 cells/mm?>. Both werc obviously lower
than the former two groups without dry eye (Table 4).
Moreover, significant conjunctival epithelial squamous
metaplasia was noted in severe dry eye patients. The mean
grades of squamous metaplasia in normal control, post-
HSCT without dry cye, and mild dry eye groups were
0.70 £ 0.46, 0.71 £0.52, and 0.72 £ 0.56, respectively. There
was no statistical difference among the three groups.
However, the average grade of squamous metaplasia in
severe dry eyc subjects was 1.61£0.72, which was
significantly higher than that in the other three groups
(Table 4). Except decreased GCD. the PAS staining also
showed inflammation in some impression cytology speci-
mens from the cGVHD-related severe dry eve and mild dry
eve patients (Figures 2 and 3). In addition, the PAS staining
also indicated the intense inflammatory cell infiltration that
frequently appeared with the abnormal mucin conglom-
eration.
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Brush cyiology

There was no inflammatory cell in the brush cytology
specimens from normal controls. In contrast, a different
extent of inflammatory cell infiltration was found in the
specimens from post-HSCT patients (Figure 4). The mean
number of inflammatory cells in 500 brush cells in post-
HSCT without dry eye. mild dry eye, and severe dry eye
specimens were 5.44 +£6.04 cells, 14.64£9.75 cells. and
22,64+ 11.69 cells, respectively. The mean inflammatory
cell numbers in both cGVHD-related mild and severe dry
eye specimens were significantly higher than in normal
controls and post-HSCT without the dry eye group
(P<0.001). Moreover. the inflammatory cell number in
the severe dry eye group was statistically higher than in the
mild dry eye group (P =0.03).

Discussion

In this study. we evaluated the detailed baseline profiles of
ocular surface and tear function alterations in post-HSCT
patients with or without dry cye disease. We found
obviously decreased CS in post-HSCT subjects either with
or without dry cye disease. Although the reduction o CS in
severe dry eye patients seemed to be more prominent. there
were no statistical differences compared with post-HSCT
without dry eye and mild dry eye patients. A reduction of
CS has been reported in dry eye patients.'™'” We also noted
decreased CS in ¢GVHD-related dry eye patients in our
previous study.’ Considering the conditioning regimens
before HSCT, such as total body irradiation. which
includes orbital irradiation, we thought decreased CS in
¢GVHD-related dry eye patients may not be because of the
dry eve pathologic process. Therefore. we recruited post-
HSCT without dry eye subjects in this study. According to
the present results, decreased CS was obvious even in post-
HSCT without dry eye patients. Our study suggested that
the conditioning regimens before HSCT may be more
responsible for the decreased CS in cGVHD-related dry cyc
disease.

Morcover, increased MG obstruction grade was found in
post-HSCT both with and without dry eye paticnts.
Consistent with this, an increased tendency in the tear
evaporation rate was noted in post-HSCT patients.
However. the statistical increase was found only in the
severe dry eye patients. MGs produce lipid material that
spread and cover the ocular surface during the blink to
keep the tear film stable and to reduce the tear evaporation.
The dysfunction of the MG can induce evaporative
dry eve.?’ On the other hand. decreased tear production



