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Abstract

Ocular complications occur after transplant in 60–90% of chronic graft versus host disease 

(GVHD) patients and significantly impair vision-related quality of life. Ocular surface 

inflammation and dry eye disease (DED) are the most common manifestations of ocular GVHD 

(oGVHD). oGVHD can be viewed as an excellent pre- clinical model that can be studied to 

understand the immune pathogenesis of this common and debilitating disease. A limitation of this 

is that only a few experimental models mimic the ocular complications following HSCT and have 

focused on the acute GVHD process. To address this issue, we used a pre-clinical animal model 

developed by our group where ocular involvement was preceded by systemic GVHD to gain 

insight regarding the contributing immune mechanisms. Employing this "MUD" model enabled 

the development of a clinical scoring criterion, which readily identified different degrees of ocular 

pathology at both the ocular surface and adnexa dependent on the level of conditioning prior to 

HSCT. As far as we are aware we report that for the first time these clinical and immune responses 

occur not only on the ocular surface, but also heavily involve the lid margin region. In total, the 

present study reports a pre-clinical scoring model that can be applied to animal models as 

investigators look to further explore GVHD's immunologic effects at the level of the ocular surface 

and eyelid adnexa compartments. We speculate that future studies will use this clinical scoring 

index in combination with what is recognized histologically and correlated with serum biomarkers 

being identified in chronic/ocular GVHD.
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INTRODUCTION

Graft versus host disease (GVHD) following allogeneic hematopoietic stem cell 

transplantation (HSCT) is a multi-organ disorder stemming from an immunological attack 

by donor allo-reactive T cells, resulting in damage to the liver, skin, GI tract, and 

hematopoietic tissues and additional compartments during chronic disease including the 

ocular surface of the eye[1]. Ocular complications occur after transplant in 60–90% of 

chronic GVHD patients and significantly impair vision-related quality of life [2–5]. (Ocular 

surface inflammation and dry eye disease (DED) are the most common manifestations of 

ocular GVHD, and are a hallmark finding in chronic GVHD[1, 2]. Similarly to other forms 

of dry eye syndrome related to inflammation, ocular GVHD can lead to loss of vision due to 

refractive changes as a result of the lacrimal film and in severe cases secondary to corneal 

ulceration/perforation [6]. Furthermore, it is known clinically that lid margin abnormalities 

contributes to ocular surface disease, often in the form of meibomian gland dysfunction[7], 

which is also a common manifestation of GVHD [8]). In contrast to other ocular surface 

disorders where there could be multiple pathways of disease, ocular GVHD disease is 

primarily immune mediated with a “time-zero” initiation (transplant) which allows more 

accurate monitoring to dissect the underlying immune pathogenesis. [9, 10]. Therefore, 

ocular GVHD provides a useful model to test novel therapies for the prevention and 

treatment of dry eye.

Interestingly, there have been reports of ocular involvement actually preceding the diagnosis 

of clinical chronic systemic GVHD, but regardless, early recognition of ocular pathology 

would enable more timely initiation of systemic and local therapies[11]. Although, specific 

criterion exists for the diagnosis and assessment of systemic and ocular GVHD in 

humans[12], precise scoring criteria to evaluate ocular involvement in animal studies has not 

been established. The standardization of ocular manifestations of GVHD in pre-clinical 

animal models would not only assist in the evaluation of patient manifestations of ocular 

GVHD but also provide a method to uniformly communicate progression of disease and 

impact of interventional therapies.

Presently, few experimental models mimic the ocular complications following HSCT, and 

those almost exclusively focus on the acute GVHD process [13, 14]. To address this issue, 

we generated a pre- clinical animal model where ocular involvement was preceded by 

systemic GVHD to gain insight regarding the contributing immune mechanisms [15]. Our 

results demonstrated that following experimental MHC-matched minor histocompatibility-

mismatched HSCT, ocular GVHD involves the presence of donor T cells in the cornea, as 

well as conjunctiva and lacrimal gland involvement which lead to pathologic changes in the 

ocular compartment[15]. Notably, employing this MHC-matched, minor transplantation 

antigen mismatched allogeneic “MUD” model has allowed us to develop a clinical scoring 
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criterion, which readily identified different degrees of ocular pathology at both the ocular 

surface and adnexa dependent on the level of conditioning prior to HSCT. In this study we 

exploit our ability to monitor in real time the association of these clinical changes with the 

development of immune responses around the ocular adnexa to validate the role of 

inflammation in our scoring scale. As far as we are aware we report that for the first time 

these clinical and immune responses occur not only on the ocular surface, but also heavily 

involve the lid margin region.

METHODS

Animals

All animal studies were conducted according to protocols approved by the University of 

Miami Animal Care and Use Committee and in accordance with the ARVO Statement for 

the Use of Animals in Ophthalmic and Vision Research. C57BL/6J (B6) (H2b), C3H.SW 

(H2b), B6.PL-Thy1a/CyJ (B6-Thy1.1) and Enhanced green fluorescent protein B6-EGFP 

transgenic (H2b) mice were initially obtained from Jackson Laboratory (Bar Harbor, ME) 

and maintained in the animal facilities at the University of Miami School of Medicine. All 

mice used in experiments were 8–10 weeks old, free from ocular surface and eyelid disease 

at baseline, and fed with a standard caloric diet for their age. The animals were routinely 

monitored prior to all procedures and until experiment end.

Hematopoietic stem cell transplantation (HSCT)

Mice were temporarily placed in a holding device to transport them for total body irradiation 

(TBI) with 7.5 or 10.5 Gy (n=8) using a Gamma Cell 40 device 3–4 hours prior to 

transplantation. All animals were provided antibiotic water from day -3 to day 14 post-

transplant for prophylaxis against bacterial infection. Donor cells were obtained from un-

manipulated mice differing from recipients at selected genetic loci. Donor B6 mice (H-2b, 

Thy1.1) were euthanized by cervical dislocation, and lymph node tissue were harvested and 

processed as previously described [16, 17]. Femurs and tibiae were removed from donor B6- 

eGFP+ mice and bone marrow cells (BMCs) flushed with cold RPMI. Donor marrow 

inoculum (TCD-BM) was prepared using anti-Thy-1.2 Miltenyi MACS magnetic beads and 

negative selection to remove T cells, washed, and adjusted before transplant to 5x106/ml. To 

prepare donor T cells, lymph node cells were incubated on anti-sIg-coated plastic dishes for 

45 minutes at 4°C to remove B cells. Cell suspensions containing donor bone marrow and T 

cells were adjusted in serum-free RPMI to a concentration of 4.6 x106/ml for intravenous 

(0.5ml) injection of 2.3 x106 T cells/mouse.

Systemic GVHD Assessment

The immune phenotype of systemic GVHD was assessed by fluorescent conjugated mAbs to 

analyze CD4/CD8 ratio, and B cell levels in peripheral blood. Clinical scoring was 

performed on all mice at baseline, and recorded 2–7 weeks post-transplant

Animals were monitored for established signs of GVHD by clinical assessment using 

modified version of a standard scoring system previously described by Cook et al.[18]. This 

system incorporates 7 clinical traits measuring the degree of systemic GVHD: posture, 
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activity, weight loss, fur texture, skin integrity, degree of alopecia, and presence of diarrhea. 

Each clinical parameter was scored from 0–2 resulting in a range from 0–14.

Clinical Evaluation of Ocular GVHD

Clinical photographs were obtained to evaluate clinical characteristics of ocular disease 

progression. Clinical components analogous to what is monitored in patients with ocular 

GVHD were used to develop the scoring system in mice following allogeneic HSCT. The 

rationale for why these scoring criteria were selected was based on clinical changes 

classically reported in the eyes of patients with chronic GVHD[3, 19, 20]. For the murine 

studies, at each time of analysis individual animals were evaluated and graded from 0–4 for 

the clinical parameters related to both clinical manifestations reflecting the spectrum from 

no involvement to severe manifestations in each anatomical domain (Table 1).

In Vivo Evaluation of Immunological Evaluation of Ocular GVHD

In order to correlate the clinical ocular findings and scoring system to in-situ immunological 

responses, mouse recipients of eGFP+ expressing cell populations were assessed at weekly 

time points using intra-vital fluorescent microscopy, allowing precise measurement of eGFP 

in the cornea and eyelid, which was quantified as mean green intensity (MGI) as described 

previously[21]. Photographs of the cornea and eyelid adnexa were taken using an automated 

fluorescence microscope (Leica MZ16FA; Leica Microsystems, Wetzlar, Germany). The 

fluorescent images were analyzed using ImagePro software (Media Cybernetics, Rockville, 

MD, USA) and MGI calculated for the cornea and eyelid adnexa.

Statistical Analysis

Unpaired t-test was used to compare control versus experimental treatment groups for 

systemic and ocular GVHD scores at each weekly time points. Both eyes of each mouse 

used in the experiments were included in the statistical analysis. A p-value of .05 was used 

to determine statistical significance. All statistical calculations were performed with 

GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA)

RESULTS

Novel clinical scoring grading of ocular involvement in a pre-clinical model of post-HSCT

Ocular GVHD represents a disease of the ocular surface that allows investigators to 

understand the natural history of disease and of inflammation in this compartment related to 

the development of dry eye in this disease. Thus, investigating how the ocular adnexa are 

involved in pre-clinical models of ocular GVHD should promote understanding of the 

mechanisms of action responsible for the development of the ocular disease. We used our 

previous MHC-matched, minor transplantation antigen mismatched allogeneic “MUD” to 

develop a novel ocular GVHD pre-clinical scoring system using criterion derived from 

clinical pathology typically observed in patients.

In this model, the two main ocular structures that were affected clinically were the cornea 

and lid margin, similar to patients undergoing ocular GVHD. To standardize usage to 

multiple pre-clinical allo-HSCT models, we developed the following criteria to quantitate 
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target tissue damage. Mice were analyzed for corneal ulceration and lid margin 

inflammation. At each time of analysis mice were evaluated and graded from 0–4 for the 

clinical parameters related to both clinical manifestations reflecting the spectrum from no 

involvement to severe manifestations in each anatomical domain (Table 1). As demonstrated 

by the data, lid margin involvement was represented by the presence and degree of 

worsening levels of eyelid edema and closure. (Fig 1A). A clinical score of 1 was assigned 

to mild lid edema limited to the lid margin and a score of 3 – 4 was given when disease 

progression resulted in partial to complete lid closure (Fig. 1A left). Clinically, focal 

epithelial hazing of the ocular surface was scored a 1 (Fig. 1B left). As the severity of ocular 

GVHD increased, scores of 2 or 3 were given dependent on the surface area of the 

keratopathy (diffuse or confluent). Ulceration of the ocular surface would be scored a 4. 

Notably, our scoring system parallels the scoring systems previously employed to evaluate 

systemic GVHD in other tissues (see below).

Correlation of clinical score to donor related immune cell recruitment

To confirm that the clinical score correlated to an objective measurement of immunological 

mechanism, a transplant was performed utilizing eGFP+ donor cells which allows in vivo 

fluorescent imaging to monitor the degree of corneal and lid margin donor cell infiltration. 

Previously, we performed a transplant using eGFP+ donor T cells and non-fluorescent 

marrow in which we observed a modest level of fluorescence in the ocular compartment 

(Supplemental Fig. 1). Accordingly, in the present experiments we employed eGFP+ donor 

bone marrow. Lid margin eGFP score (Fig. 1A right) and cornea eGFP score (Fig. 1B right) 

were analyzed to assess the extent of eGFP+ immune cell presence in the lid and cornea. 

Mean green intensity (MGI) of the lid margin score (Table 1 top), and MGI of cornea score 

(Table 1 bottom) were recorded to analyze the intensity of the immune cell infiltrate. MGI 

scores were then combined with the eGFP and clinical scores to generate an index for both 

the lid margin and cornea, resulting in a maximum score of 12 per index (Table 1). The 

combined scores for the cornea and lid margin were summed to obtain a total ocular GVHD 

score, with a maximum value of 24. In the present transplant, mice began to express clinical 

disease by weeks 3–4 post-transplant as demonstrated by lid margin edema (Fig. 2A). Eyelid 

involvement correlated with the clinical findings of severe lid sickness and closure, as 

eGFP+ cells were present in the upper and lower lids, as well as the surrounding skin (Fig 

2B). Clinical examination of the ocular surface identified mild corneal pathology between 6–

7 weeks post-transplant. These findings indicate that using the new criteria correlates with 

the clinical changes and infiltration observed post-HSCT.

Clinical scoring scale reflects level of ocular involvement post-HSCT

We next wanted to assess the ability of the new clinical scoring scale to detect differing 

degrees of ocular involvement following allogeneic HSCT. Therefore, mice were treated 

with different doses of TBI irradiation and administered bone marrow alone or together with 

donor T cells. Clinical analyses obtained during weeks 2–7 post-HSCT of both groups of 

mice receiving bone marrow plus T cells exhibited worsening clinical progression. Notably, 

involvement of the lid margin in mice conditioned with 10.5 Gy TBI and transplanted with 

allogeneic donor T cells and marrow versus marrow alone showed more severe ocular 

involvement vs. the 7.5 Gy conditioned mice as determined by clinical score (Fig. 3A). As 
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noted above, at weeks 4–5, lid edema was present and by week 6, partial lid closure was 

evident (Fig. 2A). By week 7, the degree of involvement at the ocular surface and lid margin 

was greater in transplanted mice conditioned with 10.5 Gy vs. 7.5 Gy TBI (Fig. 3A). It 

should be noted that while donor T cells + TBI resulted in significant ocular involvement, 

high doses of TBI alone did induce detectable clinical changes. Importantly, our scoring 

system was able to capture this difference by the clinical appearance, EGFP expression and 

mean green fluorescence intensity (MGI). (Fig 3B,C). These observations were validated in 

mice from an independent experiment (Supplemental Fig. 2). Additionally, both groups of 

recipients transplanted with B6 T cells developed corneal involvement and the new scoring 

system also successfully captured changes and differences in this compartment (Fig 4). Of 

particular interest, donor eGFP+ cells correlated with these observations as they were 

visualized (Fig 3B) by fluorescent stereomicroscopy beginning 2 to 3 weeks post-transplant 

and further, confirmed by flow cytometric analyses (data not shown). These results were 

consistent with our prior study that identified donor T-cell populations in recipient corneas 

of mice with GVHD by week 3 (data not shown[15]. Recipient mice conditioned with 10.5 

Gy TBI and transplanted with TCD-BM + B6 T cells demonstrated diffuse eGFP+ cell 

infiltrate of the cornea by week 6 and confluent infiltrate by week 7 (Fig. 4). The observed 

presence of eGFP infiltrate prior to clinical evidence of ocular surface disease was consistent 

in all mice.

Correlation between the overall ocular and systemic GVHD score

Total systemic scoring combines assessment of multiple clinical signs including changes in 

the skin posture, weight loss and other scoring criteria (Ref = Cook) (Fig. 5A,B). Systemic 

involvement, evident by dramatic weight loss and hunching, significantly worsened between 

weeks 1 and 2 in all groups with injected B6 T-cells

Mice transplanted with donor B6 TCD-BM and injected with B6 T cells developed the 

clinical signs of systemic and ocular GVHD (Fig. 5). The trends in degree of ocular 

involvement paralleled those occurring systemically in the periphery which involve 

assessment of the skin, weight loss and other scoring criteria [18]. To date this systemic 

score has not included ocular involvement commonly occurred in chronic [2–6]. To capture 

the overall pathological changes occurring in the ocular adnexa we developed a composite 

score described above (Table 1). Using this combined scoring system, changes were evident 

by the second to third week post-HSCT (Fig. 5A). Furthermore, a distinct difference (p < 

0.5) in overall score was detected between groups receiving 10.5 Gy (higher ocular score) vs 

7.5Gy (lower ocular score) level of TBI. Systemic involvement, evident by dramatic weight 

loss and hunching, significantly worsened between weeks 1 and 2 in all groups with injected 

B6 T-cells and in some experiments ocular manifestations appeared with similar kinetics 

(Fig. 5B). Overall, we have found the clinical corneal scores vary somewhat more than the 

clinical eyelid. Accordingly we propose that the total ocular GVHD scoring system 

correlates with systemic GVHD and therefore should be utilized to monitor ocular 

involvement in other pre-clinical models of graft versus host disease – particularly when 

non-fluorescent labeled cells are used for transplant.
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DISCUSSION

Following allogeneic hematopoietic stem cell transplantation, monitoring and predicting 

ocular involvement in clinical transplant practice is difficult. Moreover, it remains unknown 

why certain patients develop more severe forms of ocular pathology than others, and the 

immunologic processes mediating systemic disease to predict ocular involvement are unclear 

[22]. Developing an assessment tool that enables visualization of varying degrees of ocular 

involvement would aid in further understanding onset of disease. Since laboratories continue 

to develop and study pre-clinical animal models towards advancing our understanding and 

treatment of GVHD, we wanted to create a standardized scoring system to capture clinical 

and pathological changes at the level of the ocular compartment. In the present study, we 

utilized our previously established pre-clinical animal model to develop a scoring system 

that can be used to assess the severity of damage in the ocular compartment [15]. 

Furthermore we have linked clinical evaluation with the immune process by first evaluating 

the changes clinically and then assessing changes by monitoring cell infiltration via imaging 

together with eGFP expression. Establishing a reproducible scoring system for evaluating 

the degree of ocular involvement from both a clinical and fluorescent imaging perspective 

provides a comprehensive tool for evaluation of the pathologic alterations typically 

accompanying pre-clinical development of ocular GVHD.

Lid margin abnormalities are a significant factor in the development of dry eye disease 

associated with ocular GVHD [23]. Lid margin infiltration with blepharitis and lid edema 

have been observed and in some cases meibomian gland dysfunction (MGD) has been 

reported as the second most common complication of chronic ocular GVHD[8, 24]. Our 

findings support this by demonstrating worsening lid margin involvement throughout GVHD 

progression, with increased presence of graft derived cell populations. This correlates with 

what has been found histologically in GVHD patients, where T-cell infiltration of the 

posterior lid margin causes significant meibomian gland destruction. In addition, severe 

inflammation leading to excessive fibrosis and obstruction of meibomian gland orifices, as 

well as infiltration of zeiss glands has been characterized[23]. While these clinical findings 

are not demonstrated histologically in this study, the model enables us to quantify and 

characterize immune cell trafficking to the immediate site of pathologic injury. Future 

studies will look to characterize the immune cell populations and pathologic alterations 

specifically at the lid margin in this pre-clinical model.

Consistent with heightened GVHD responses subsequent to aggressive/ablative conditioning 

regimens and the established correlation between systemic GVHD and ocular 

symptoms[25], the greatest degree of ocular infiltration in our pre-clinical transplant model 

using the scoring system was detected in 10.5 Gy TBI exposed mice that received donor T-

cells. We wanted to develop a scoring system that would sensitively detect ocular changes 

during the development of systemic GVHD. Notably, imaging together with eGFP 

expression readily facilitated direct visualization of the immunologic responses associated 

with the infiltration of donor cells leading to lid margin damage and the onset of pathologic 

changes in the ocular compartment during onset and development of GVHD.
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In total, the current study reports a pre-clinical scoring model that can be applied to animal 

models as investigators look to further explore GVHD’s immunologic effects at the level of 

the ocular surface and eyelid adnexa compartments. Using two independent MHC-matched 

minor antigen mismatched strain combinations (C3H→AKR/J - kindly provided by Drs. 

Judy Shizuru and Antonieta Mueller, Stanford University) and B10.D2→BALB/c), we have 

also observed similar clinical involvement in the ocular adnexa (personal observations and 

Supplementary Figure 4). We posit that future studies can use this clinical scoring index in 

combination with what is recognized histologically and correlated with novel serum 

biomarkers which are beginning to be identified in chronic GVHD [26, 27]. Notably, 

because clinical corneal scores vary somewhat more than the eyelid, we propose that the 

total ocular GVHD scoring system should be utilized to monitor ocular involvement.

This clinical scoring system that correlates with the immune phenotype will facilitate a 

standardized analysis of the immunologic and pathologic findings in the eye that occurs in 

animal models of ocular GVHD. Furthermore, uniform scoring of the ocular adnexa will be 

useful for future pre-clinical studies investigating mechanisms of ocular GVHD and the 

development of interventional strategies to prevent and treat ocular GVHD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Employing an MHC-matched, minor transplantation antigen mismatched 

allogeneic “MUD” model we developed clinical scoring criterion identifying 

degrees of ocular pathology at both the ocular surface and adnexa.

• Monitoring in real time the association of these clinical changes with the 

development of immune responses around the ocular adnexa.

• Report for the first time these clinical and immune responses occur not only 

on the ocular surface, but also heavily involve the lid margin region.

• Studies facilitate a standardized analysis of the immunologic and pathologic 

findings in the eye that occurs in animal models of ocular GVHD.

Perez et al. Page 10

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 1. Clinical and immunological criteria for pre-clinical ocular GVHD scoring
Lid margin and cornea involvement are the predominant clinical manifestations occurring in 

the ophthalmic compartment in the ocular adnexa following allogeneic HSCT. These clinical 

changes correlate with the fluorescence intensity of infiltrating cells labeled with eGFP. A) 

Individual mice received a score of 0 to 4 for grade of both clinical and eGFP degree of lid 

margin involvement. Clinical score was based on the severity of lid edema and to the degree 

of lid involvement causing local skin swelling and lid closure. EGFP parameters were based 

on the presence and intensity of eGFP cells in the upper or lower lid, and the degree of 

extension in the surrounding skin. B) Clinical and eGFP scoring criteria used to identify the 

degree of corneal involvement throughout GVHD progression. The clinical spectrum of 

corneal involvement ranged from clear to varying degrees of keratopathy to corneal 

ulceration. EGFP parameters were based on the percentage of cornea/limbus surface area 

infiltrated by eGFP cells.
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Fig 2. Tempo of clinical and immune infiltrative changes in pre-clinical model of GHVD
Animals were conditioned with a 10.5 Gy and transplanted with B6-eGFP bone marrow and 

CD90.1 T-cells. Clinical photographs and eGFP expression was captured by light and in vivo 

stereo fluorescent microscopy at different time-points post-allogeneic HSCT. A) external 

photographs demonstrating disease progression at the lid margin. At weeks 4–5, lid edema 

was present and by week 6, partial lid closure was evident. Severe lid closure occurred by 

week 7. Clinical examination revealed mild corneal pathology between weeks 6–7 post 

transplant. B) Fluorescent stereomicroscopy photographs demonstrating increasing eGFP 

cell infiltrate, with prominent lid margin involvement by week 6. Note the presence of eGFP 

infiltrate at week 3 correlating with worsening clinical lid edema and closure, with increased 

infiltrate by weeks 6 and 7. eGFP cell infiltrate localization to the ocular surface precedes 

development of mild clinical corneal pathology.
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Fig 3. Utilization of scoring system to quantitate disease progression and discriminate between 
severity of eyelid disease induced by level of total body irradiation (TBI) conditioning
Animals were conditioned with low (7.5Gy) or high (10.5 Gy) TBI and transplanted as in 

Fig. 2. The scoring system (Table 1) was applied to monitor and score the development of 

oGVHD. A) Clinical lid margin score with 10.5Gy BM+T cells demonstrated significant 

eyelid involvement relative to control, with peak score at week 7. In contrast, mice with low 

conditioning exhibited marginal changes vs. control, B) eGFP lid margin score in mice 

receiving high conditioning exhibited significantly more eGFP cell infiltrate compared to 

control. 105Gy+ T cells reached near peak infiltrate by week 4. Similarly to clinical scoring, 

mice receiving low conditioning exhibited marginal changes. C) Quantification of eGFP by 

MGI also demonstrated significant changes in high but not low conditioned animals. Mean 

values are mean score +/− SEM of data from all mice in the injected T cell or control 

groups. *p < .05. **p < .0.01, paired t-test
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Fig 4. Corneal scoring of disease and infiltration using scoring system
Animals from the same experiment described in Figure 3 scored (Table 1) for corneal 

changes and disease. A) Clinical cornea score did not detect any significant differences 

between all groups, B) eGFP cornea score in mice receiving high conditioning demonstrated 

significantly more eGFP labelled inflammatory cell infiltrate compared to controls. Similar 

to lid margin involvement, this reached near peak score by week 4. Marginal changes were 

observed in mice receiving low conditioning before transplant. C) Quantification of eGFP by 

MGI illustrated more intense eGFP than controls. Mean values are mean score +/− SEM of 

data from all mice in the injected T cell or control groups. *p < .05. **p < .0.01, paired t-

test.
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Fig 5. Total ocular GVHD score identifies differences between animals expressing comparable 
systemic GVHD changes
Animals as described in Figs. 3 and 4 were assessed for both overall systemic GVHD 

clinical changes and total ocular GVHD scoring. A) Total ocular GVHD score, combining 

clinical and eGFP scores for both anatomic domains, reflect overall ocular GVHD 

progression and illustrate significant differences between low and high conditioned groups. 

B) Total systemic GVHD score for all groups of conditioned mice did not identify 

differences between low and high conditioned animals. Mean values are mean score +/− 

SEM of data from all mice in the injected T cell or control groups. *p < .05. **p < .0.01, 

paired t-test

Perez et al. Page 15

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Perez et al. Page 16

Ta
b

le
 1

To
ta

l o
cu

la
r 

G
V

H
D

 S
co

re
 in

co
rp

or
at

es
 a

ll 
cl

in
ic

al
, e

G
FP

, a
nd

 M
G

I 
sc

or
in

g 
pa

ra
m

et
er

s 
en

co
m

pa
ss

in
g 

bo
th

 th
e 

lid
 m

ar
gi

n 
sc

or
in

g 
in

de
x 

an
d 

co
rn

ea
 

sc
or

in
g 

in
de

x 
to

 g
en

er
at

e 
a 

to
ta

l o
cu

la
r 

G
V

H
D

 s
co

re
 w

ith
 a

 m
ax

im
um

 v
al

ue
 o

f 
24

. T
he

 le
ve

l o
f 

sc
or

es
 o

bt
ai

ne
d 

w
er

e 
co

m
pa

re
d 

w
ith

 to
ta

l s
ys

te
m

ic
 

G
V

H
D

 s
co

re
s 

to
 m

on
ito

r 
ov

er
al

l d
is

ea
se

 p
ro

gr
es

si
on

.

O
cu

la
r 

cr
it

er
ia

 a
nd

 s
co

ri
ng

 s
ys

te
m

 u
se

d 
to

 a
ss

es
s 

pr
e-

cl
in

ic
al

 m
od

el
 w

it
h 

oc
ul

ar
 g

ra
ft

 v
s.

 h
os

t 
di

se
as

e

To
ta

l O
cu

la
r

G
V

H
D

 S
co

re
G

ra
de

 0
G

ra
de

 1
G

ra
de

 2
G

ra
de

 3
G

ra
de

 4

C
lin

ic
al

 L
id

 M
ar

gi
n

C
le

ar
M

ild
 li

d 
ed

em
a

E
de

m
a 

an
d 

pa
rt

ia
l l

id
 c

lo
su

re
E

de
m

a,
 p

ar
tia

l l
id

 c
lo

su
re

, s
ki

n 
sw

el
lin

g
Fu

ll 
lid

 c
lo

su
re

L
id

 M
ar

gi
n 

eG
FP

C
le

ar
M

in
im

al
 e

G
FP

 in
fi

ltr
at

e:
 u

pp
er

/
lo

w
er

 li
d

eG
FP

 in
fi

ltr
at

e:
 u

pp
er

/lo
w

er
 li

d
eG

FP
 in

fi
ltr

at
e 

bo
th

 li
ds

 &
 0

–1
m

m
 s

ki
n 

in
vo

lv
em

en
t

eG
FP

 in
fi

ltr
at

e 
bo

th
 li

ds
 &

 1
m

m
 s

ki
n 

in
vo

lv
em

en
t

M
G

I 
L

id
 M

ar
gi

n
0–

25
25

–5
0

50
–7

5
75

–1
00

>
10

0

C
lin

ic
al

 C
or

ne
a

C
le

ar
E

pi
th

el
ia

l h
az

e
D

if
fu

se
 k

er
at

op
at

hy
, p

up
il 

vi
su

al
iz

ed
C

on
fl

ue
nt

 k
er

at
op

at
hy

, p
up

il 
no

t 
vi

su
al

iz
ed

U
lc

er
at

io
n

C
or

ne
a 

eG
FP

C
le

ar
eG

FP
 in

fi
ltr

at
e:

 2
5%

co
rn

ea
 / 

lim
bu

s
eG

FP
 in

fi
ltr

at
e:

 5
0%

co
rn

ea
 / 

lim
bu

s
D

if
fu

se
 e

G
FP

 in
fi

ltr
at

e:
 1

00
%

 c
or

ne
a

C
on

fl
ue

nt
 e

G
FP

 in
fi

ltr
at

e:
 1

00
%

 
co

rn
ea

M
G

I 
C

or
ne

a
0–

25
25

–5
0

50
–7

5
75

–1
00

>
10

0

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 October 01.


	Abstract
	INTRODUCTION
	METHODS
	Animals
	Hematopoietic stem cell transplantation (HSCT)
	Systemic GVHD Assessment
	Clinical Evaluation of Ocular GVHD
	In Vivo Evaluation of Immunological Evaluation of Ocular GVHD
	Statistical Analysis

	RESULTS
	Novel clinical scoring grading of ocular involvement in a pre-clinical model of post-HSCT
	Correlation of clinical score to donor related immune cell recruitment
	Clinical scoring scale reflects level of ocular involvement post-HSCT
	Correlation between the overall ocular and systemic GVHD score

	DISCUSSION
	References
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Table 1



