Influence of Plasma Endothelin-1 on Glaucoma Severity Among Different Glaucoma Groups 
Hsin-Yi Chen MD 1, 2, Yue-Cune Chang PhD 3, Hsien-Yuan Lane MD & PhD 2,4 Wen-Chi Chen MD & PhD 2,5
1Glaucoma Service, Department of Ophthalmology, China Medical University Hospital, Taichung, Taiwan

2 Institute of Clinical Medical Science, China Medical University

3 Department of Mathematics, Tamkang University, Taipei, Taiwan

4 Departments of Psychiatry, China Medical University Hospital, Taichung, Taiwan
5 Integrated of Medicine, Chinese College, China Medical University, Taichung, Taiwan
Short Title: Endothelin-1, glaucoma severity, glaucoma type.   

*Total word count: 2862; total number of pages: 17, 3 tables, 2 figures, 23 references. 
*Commercial relationships policy: N

Reprint requests and correspondence to: 

Dr. Hsin-Yi Chen, Department of Ophthalmology, China Medical University Hospital

#2, Yuh-Der Road, Taichung City 404, TAIWAN.

E-mail: hsin7850@url.com.tw
Tel: +886-4-22081700 

Fax: +886-4-22081700

Abstract 

Purpose: Edothelin-1 (ET-1) has been suggested to play an important role in the pathogenesis of glaucoma.  Herein, we aim to study whether endothelin-1 (ET-1) might influence the glaucoma severity, either in structural or functional measurement, in different glaucoma types.  
Patients and Methods: Plasma concentration of ET-1 was determined in 31 primary open angle glaucoma (POAG), 18 normal tension glaucoma (NTG), 16 primary angle closure glaucoma (PACG) patients and 37 normal subjects. Each subject received visual field testing and the nerve fiber layer (RNFL) thickness measurement by Stratus OCT. The ET-1 concentration will be compared among 4 groups. Correlation between ET-1 concentration and functional / structural measurement (mean deviation, MD, dB & RNFL thickness) will be evaluated from one randomly selected eye from each subject of each group. 
Results: The ET-1 level was 3.27± 1.25 pg/ml in the POAG group (-14.09±8.76 dB), 3.12±1.46 pg/ml in the NTG group (-8.87±6.15 dB), 2.58± 1.22 pg/ml in the PACG group (-14.55±10.2 dB), and 1.53±1.49 pg/ml in the normal participants. There was significant difference between each glaucoma and normal groups; and there was no significant difference among three glaucoma groups in ET-1 level. No significant correlation was found between ET-1 and functional/and structural measurement in each glaucoma group. 
Conclusion: Although there is some association between ET-1 and glaucoma, there is no significant correlation between ET-1 and glaucoma severity. The role of ET-1 in glaucoma remains to be determined. 
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INTRODUTION 
Edothelin-1 (ET-1) is one of the potent vasoconstrictors and has been suggested to play an important role in glaucoma pathogenesis.1,2 However, conflicting reports were found about ET-1 in different glaucoma types.3-9 Increased plasma ET-1 levels have been reported in normal tension glaucoma (NTG) patients,3,4 but the result was not confirmed in another NTG group5 or in high tension primary open glaucoma (POAG) patients.6,7    Kunimatsu et al. reported that there was no difference among NTG , POAG patients, and normal participants in plasma ET-1. 8 Emre et al. found that  significantly higher plasma ET-1 in both POAG and NTG patients with deteriorating visual fields.9 Although many evidences confirm the important role of ET-1 on glaucoma,9-13  its influence on glaucoma severity has not yet been determined.  Furthermore, few studies evaluate the role of ET-1 in primary angle closure glaucoma (PACG) group, which is an important glaucoma type in Chinese population. To realize the glaucoma pathogenesis in PACG or POAG, several studies have compared the differences from structural and functional damage between the two.14,15 Stratus optical coherence tomography (OCT) provides objective, quantitative, and reproducible structural measurements of the retinal nerve fiber layer (RNFL) thickness and its clinical application in glaucoma diagnosis and follow-up has been well described.16,17   
Therefore, to better understand the role of ET-1 on glaucoma, we evaluated the plasma levels of ET-1 of three different glaucoma groups and normal controls  We also studied the relationships between plasma ET-1 level and functional measurement  (visual field severity index ) / structural measurement (RNFL thickness) in each group. 
SUBJECTS AND METHODS  
This prospective & cross-sectional study included 102 study subjects (65 patients with glaucoma and 37 normal controls). The glaucoma group, including 31 POAG, 18 NTG, and 16 PACG patients, were those who have received regular treatment at glaucoma service of Department of Ophthalmology, China Medical University Hospital (CMUH). Normal controls were volunteers from the staff or members of CMUH. This research follows the tenets of the Declaration of Helsinki. Informed consent was obtained from all participants, and the study was approved by the Institutional Review Board of the CMUH. 
Each subject underwent a complete ophthalmic examination, including slit-lamp biomicroscopy, gonioscopy, pachymetry, Goldmann applanation tonometry,  stereoscopic examination of the optic disc and fundus, and standard automated perimetry (30-2 mode, Humphrey Field Analyzer, model 750, HFA; Carl Zeiss Meditec, Inc.). Subjects with a best-corrected visual acuity of less than 20/40, a spherical equivalent outside ± 5.0 diopters, and a cylinder correction > 3.0 diopters were excluded. Patients with eyes with coexisting retinal disease, uveitis, or nonglaucomatous optic neuropathy were also excluded from this study. In addition, patients with any clinical history of systemic vascular or circulatory disorders, including hypertension, heart disease, renal disease and diabetes were excluded from this study. 

Normal control eyes had normal findings in clinical examination, intraocular pressures (IOP) of 21 mm Hg or less with no history of increased IOP, normal looking optic disc head and a normal visual field result. A normal visual field was defined as a mean deviation (MD) and pattern SD (PSD) within 95% confidence limits, and a Glaucoma Hemifield Test (GHT) result within normal limits.   
The glaucomatous eyes were defined as glaucomatous optic neuropathy (GON) plus associated visual field loss. Glaucomatous optic neuropathy was defined as either cup/disc asymmetry between fellow eyes of greater than 0.2, rim thinning, notching, excavation, or RNFL defect. Visual field reliability criteria included fixation losses and false-positive and false-negative rates of less than 20%. The evaluation of glaucomatous visual field defects was made based on the following liberal criteria: two or more contiguous points with a pattern deviation sensitivity loss of p < 0.01, or three or more contiguous points with sensitivity loss of p < 0.05 in the superior or inferior arcuate areas, or a 10-dB difference across the nasal horizontal midline at two or more adjacent locations and an abnormal result on the glaucoma hemifield test.18 Inclusion criteria for the patients with POAG included an initial high intraocular pressure (IOP) (greater than 21 mmHg using Goldman Applanation tonometry), presence of open angle on gonioscopy, a typical GON based on stereoscopic examination and a reproducible glaucomatous visual field defect in the absence of any other abnormalities to explain the defect. Inclusion criteria for the patients with NTG included there were no evidence of IOP higher than 21 mmHg, the presence of open angle, glaucomatous changes in the optic nerve head (ONH), corresponding visual field damage, and the absence of alternate causes of optic neuropathy. Inclusion criteria for the patients with PACG included the following: (1) definite gonioscopic finding with at least 180 degrees of peripheral anterior synechiae.  (2)  IOP of more than 21 mmHg on at least two separate occasions. (3) GON with visual field loss consistent with optic nerve damage. Among the 16 PACG patients, 16 eyes were known to have an acute attack in the past (IOP over 40 mmHg). The IOP of the all glaucoma subjects were under well control either after laser treatment, glaucoma surgery or anti-glaucoma medication during the study period. 
Stratus OCT Measurements 
The Stratus OCT (Version A 4.0.1, Carl Zeiss Meditec Inc., Dublin, California, USA) was used for RNFL thickness measurement in this study. The protocol included fast mode 3.4 mm circular scan. Quality assessment of Stratus OCT scans was determined by an experienced examiner. Good quality scans had to have focused ocular fundus images, the signal strength needed to be greater than 6 and a centered circular ring around the optic disc had to be present. We selected the average, quadrant thickness (temporal, superior, nasal, inferior) as analyzing parameters.  

Plasma ET-1 measurement: 

Venous blood samples of all subjects were obtained after 30 minutes of rest in a sitting position. Plasma was immediately separated by centrifugation and frozen at -80°C. The ET-1 concentration was measured by ELIZA method, using commercial immunoassay kit (R&D, Inc., Minneapolis, MN). In our study, plasma ET-1 was determined from the mean of two wells for each plasma sample. An internal calibration was performed with purified ET-1 at different concentrations during each assay. 
The perimetry and OCT examinations were all performed within maximum period of 2 weeks. If the tests were done on the same day, the perimetry examination was done first.  Blood drawing of each subject was done on the same day as that for visual field testing. 

STATISTICAL ANALYSIS 
Statistical analyses were performed on a personal computer using SPSS v.18.0 (SPSS, Chicago, IL). Differences in age, sex, refraction, MD, and RNFL thickness measured by Stratus OCT among groups were evaluated by the ANOVA and Fisher’s exact test whichever was appropriate. To adjust the effects of potential confounding variables (such as age and refraction), one randomly selected one eye from each subject was chosen for further analysis. Multiple linear regression method was used to compare the correlations between plasma ET-1 and MD (or average RNFL thickness) in normal and glaucoma groups.
RESULTS: 
The demographic details were presented in Table 1. The mean age was 51.97±17.06 years, 48.94±16.77 years, 47.06±14.78 years and 64.56±9.83 years in normal, POAG, NTG and PACG group, respectively. There was significant difference in age and sex among the four groups; but there was significant difference among three glaucoma groups in age but not in gender. ( will add the description about glaucoma surgery/ medication) 
The ET-1 level was 1.53±1.50 pg/ml in normal group, 3.27±1.26 pg/ml in POAG group, 3.12±1.48 pg/ml in NTG group, and 2.58±1.24 pg/ml in PACG group. There was significant difference among four groups in ET-1 level; however, there were no significant difference in ET-1 level among three glaucoma groups. Furthermore, as shown in Table 1, compared to the normal group, the ET-1 level was significantly higher in each glaucoma group. 
To further compare the functional and structural measurements among the four groups, one randomly selected eye from each subject was chosen for further analysis. As shown in Table 1, the average MD was -1.58±1.06 dB in the control group, -14.09±8.76 dB in POAG group, -8.87±6.15 dB in NTG group, and -14.55±10.2 dB in PACG group. Regarding to the visual field severity (MD, PSD) and refraction status, there were significant differences among the four groups; but there was significant difference in refraction only among three glaucoma groups. Comparing the RNFL thickness among four groups, there were significant differences in average, four quadrant thicknesses; however, there was no significant difference among three glaucoma groups.
To compare the correlations between plasma ET-1 and MD in normal and glaucoma groups after adjusted the effects of age and refraction, multiple linear regression method was applied and the results were shown in Table 2. The ET-1 level increased 0.282 pg/ml per unit increased in MD for normal subjects. Compared with normal group, the rate of change in POAG, NTG, and PACG were 0.315, 0.333, and 0.226 unit, respectively, less than that of normal group, but none of them were statistically significant. The comparisons of the correlations between plasma ET-1 and MD in normal and glaucoma groups without adjusting the effects of age and refraction was shown in Figure 1.  
Similarly, the multiple line regression was used to compare the correlations between plasma ET-1 level and average RNFL thickness in normal and glaucoma groups adjusting the effects of age and refraction. As shown in Table 2, the ET-1 level decreased 0.013 pg/ml per unit increased in the average RNFL thickness in normal group. The changing rates in POAG was 0.004 unit less than that of normal group; 0.018 and 0.025 unites higher than that of normal group, respectively, but none of them were statistically significant. The comparisons of the correlations between plasma ET-1 and average RNFL thickness in normal and glaucoma groups without adjusting the effects of age and refraction was shown in Figure 2. 
Table 3 shows the correlation between plasma ET-1 level and MD/RNFL thickness parameters in each group. There was no significant correlation between ET-1 level and functional measurement (MD, PSD) and structural measurement (RNFL thickness) in each group.   
DISCUSSION:

Glaucoma is an optic neuropathy associated with progressive RNFL thickness thinning and re-modelling of the ONH, and a corresponding particular pattern of visual field loss.13 Increased IOP (IIOP) is the most important risk factor for glaucoma, but the pathogenesis of glaucoma is multi-factorial and unclear.2,13 The role of IIOP in glaucoma change needs to be elucidated.2 Evidences show some patients might not develop glaucomatous changes in spite of IIOP.2,19 In stead, some might have glaucomatous changes in the absence of IIOP, the so called NTG.2,21 Among the factors in the pathogenesis of GON, ischemia and vascular dysregulation have been implicated in the mechanisms.1,2,10-13,20  ET-1 has been demonstrated to be a key player in regulation of ocular perfusion and perhaps in the overall pathogenesis of glaucoma.1,2,10,13  From our results, we found there was no significant difference in ET-1 level among POAG (3.27± 1.25 pg/ml, -14.09±8.76 dB) , NTG (3.12±1.46 pg/ml, -8.87±6.15 dB ) , and PACG (2.58± 1.22 pg/ml, -14.55±10.2 dB ) groups. However, compared to normal subject, ET-1 was significantly higher in glaucoma groups. Our study results might indicate an association between ET-1 and glaucoma.
Some studies aim to evaluate the differences between POAG and PACG and between POAG and NTG in pathogenesis. Some studies found a greater IOP dependence for optic nerve damage in PACG than POAG and, conversely, a greater importance of other, less pressure dependent mechanisms in POAG compared to PACG.15 A well accepted concept is that IOP reduction might not fully prevent progression of NTG disease, which indicates that factors other than IIOP are involved in the pathogenesis of NTG.20  And, NTG and POAG represent a continuum of open-angle glaucoma, in which a certain level of IOP is the predominant causative risk factor in POAG, while additional IOP-independent factors take increasing importance in NTG.20 Therefore, it is well accepted that there is considerable overlap between POAG and NTG conditions.10  From our result on ET-1 level among three glaucoma groups, the role of ET-1 on GON of three different types of glaucoma should be a little similar. We propose some possible explanations for this finding. First, in our PACG group, all of patients suffered from at least one episode of acute angle closure attack at least in one eye. Therefore, acute IIOP episode once happened to each PACG patient; and the plasma ET-1 concentration was analyzed at least 5 years later. Therefore, we believe the condition of our PACG group is similar to POAG group. Second, the ET-1 concentration in our NTG group is not significantly from that in the other two glaucoma groups, which might hint ET-1 does play same role on different types of GON, which is independent of IOP. Therefore, we could hypothesis there would be one of common factors, which is unrelated to IOP, involving in the pathogenesis among the three glaucoma groups. And we speculate that the ischemic factor caused by ET-1 might be the possible common factor. 
The influence of ET-1 on glaucoma severity among three glaucoma groups has seldom been studied in the literature and some interesting results were found from our study. First, we found ET-1 has no significant correlation with structural/ functional measurement in each glaucoma group. Second, the correlation between ET-1 and structural/ functional measurements was not consistent in each glaucoma group. Possible reasons might come from some confounding factors existing in this study, such as small sample size and relatively larger standard deviation of ET-1 level.8,9 Another plausible reason for this result might come from very special phenomenon exist between structural and functional relationship in different stages or types of glaucoma, 21 which might lead to the inconsistent phenomenon about the correlation  between ET-1 and structural/ functional measurement in this study. Further study might incorporate this issue into analysis too.   
There are many limitations in our study. First, very small sample size in NTG and PACG group, which might influence statistical outcome. Second, selection bias of study population or other potential limitation from lab work or imaging data. For example, in our PACG group, the average age was around 64.56±9.83 years, which was much older than the other two glaucoma groups. And, in this group of patients,  lens opacity might influence imaging quality and most of them are with cardiovascular disorders. Therefore, selection bias from the strict recruitment criteria might attribute to the bizarre data in PACG. However, it is inevitable in this kind of study. Third, we are concerning if plasma ET-1 could really reflect the human ischemic condition over ONH. Because the unbound ET-1 lasts less than two minutes in plasma, the effect of ET-1 in the body lasts approximately 1 hour due to the irreversible binding between ET-1 and its receptor.2,22 ETA receptors have been found in retinal and choroidal vasculature as well as the iris, while ETB receptors have been found in retinal neurons and glia, in addition to the cilliary processes.2, 22 Both ETA and ETB receptors have also been detected in the lamina cribrosa (LC) of the ONH , suggesting that ET-1 plays a role in local extracellular matrix (ECM) remodeling and vascular tone. 2 The biological effect of endothelin stems from both vascular and cellular effects through the interplay of both ETA and ETB receptors.2,22,23 Therefore, the ET-1 plasma concentration, might not reflect the real ischemic condition over ONH if we don’t really realize the expression of ETA and ETB on blood vessel or ECM, which would be the potential reason that contradictory results were found across studies. We believe there must be some relationship between ET-1 and glaucoma; but it is difficult to draw any conclusion that increased ET-1 level is the cause of glaucoma. 
In conclusion, there is some association between ET-1 and glaucoma but there was no significant correlation between plasma ET-1 and glaucoma severity. Although the preliminary result is interesting, further studies with larger sample size are needed to keep addressing this issue.  
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Figure Legend:

Figure 1. The comparisons of the correlations between plasma ET-1 and MD in normal and glaucoma groups without adjusting the effects of age and refraction. 
Figure 2. The comparisons of the correlations between plasma ET-1 and average RNFL thickness in normal and glaucoma groups without adjusting the effects of age and refraction
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