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Abstract

Purpose/Aim : Luteinizing hormone (LH) is known to function as a key regulator of VEGF 

expression in reproductive organs. In recent years, LH has also been detected in human vitreous 

and LH receptors have been identified in human retina. This study was aimed to investigate a 

potential correlation between LH and VEGF levels in healthy mammalian eyes to provide 

supporting evidence of LH’s potential involvement in intraocular VEGF regulation.

Methods: 18 bovine and 30 porcine eyes were procured from an abattoire and VEGF and LH 

levels were measured in the vitreous extracted from these eyes by commercially-available bovine 

& porcine ELISA assay kits. Total protein of the vitreous was measured by using Micro BSA 

protein assay kit.

Results: After total protein normalization, the Pearson Correlation Coefficients (PCC) showed a 

strong and significant correlation between LH and VEGF levels. (Bovine LH/VEGF PCC:0.89, 

p<0.001; Porcine LH/VEGF PCC: 0.80, p<0.001). Linear regression analyses, adjusted for gender, 

showed significant linear relationships between LH and VEGF levels in both bovine and porcine 

vitreous. (Bovine: t-value = 7.69, p < 0.0001, adjusted r2= .79; Porcine: t-value= 6.71, p<0.001, 

adjusted r2= .62)

Conclusions;—We show that VEGF and LH are strongly correlated in healthy, adult 

mammalian eyes. The robustness of the correlation is shown both by its strength of association and 

reproducibility in two species. Given that LH is well known to regulate VEGF levels in several 

tissue types, the LH/VEGF linear relationship in vitreous potentially implicates LH in homeostatic 

VEGF regulation of the eye. Because we also found that the correlation between LH and VEGF 

only became manifest when our targeted analytes were normalized by total amount of protein, 
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preclinical and clinical investigators should consider normalizing analytes in vitreous by total 

protein when assessing potential correlations amongst them.
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Vascular endothelial growth factor (VEGF) regulates angiogenesis and vascular permeability 

in the eye.(1) Ischemic retinopathies are strongly associated with elevated levels of 

intraocular VEGF.(1–6) Ischemia clearly influences VEGF expression under 

pathophysiologic circumstances. (7–14) However, the factors that govern intraocular VEGF 

production under non-pathologic conditions are not as well understood. Eye researchers 

widely accept that oxygen levels are the most likely driver of retinal VEGF under 

physiologic conditions. For example, the current consensus of the scientific community is 

that “physiologic hypoxia” [term coined by Chan-Ling and Stone(14)] is responsible for 

VEGF induction during fetal retinal vascularization.(10–12) However, all factors that control 

VEGF production under homeostatic conditions in the eye have not been fully investigated.

Gonadotropins play an important role in angiogenesis and VEGF regulation in reproductive 

organs. In particular, luteinizing hormone (LH), produced by the pituitary, functions as a key 

regulator of VEGF expression in the testis and the ovary.(15–20) In recent years, LH has 

also been detected in human vitreous fluid (21) and LH retinal receptors have been identified 

in rats, rabbits, bovine animals and humans. These LH retinal receptors are primarily 

expressed by cone photoceptors. (22, 23) The role of the LH retinal receptor is not known. 19 

(22, 24) We hypothesized that LH (most likely via interaction with its retinal receptor) plays 

a role in intraocular VEGF regulation.

If our hypothesis holds, eyes with less cone photoreceptors (and thus less LH receptors), 

should exhibit less VEGF-mediated angiogenesis. There is evidence in the literature to 

support this. For example, diabetic mice lacking cone photoreceptors do feature a lower 

density of retinal vessels compared to those diabetic mice with a normal distribution of cone 

photoreceptors. (25) In addition, diabetic patients with degenerated photoreceptors (i.e. those 

with concomitant retinitis pigmentosa) have less proliferative retinopathy than diabetics with 

intact photoreceptors.(26) The present study was aimed to investigate a possible correlation 

between LH and VEGF levels in the vitreous of healthy, adult mammalian eyes to provide 

supporting evidence of LH’s potential involvement in intraocular VEGF regulation during 

homeostasis.

Materials and Methods

No human or live animals were used as part of this study. Bovine and porcine whole eyes, 

were procured immediately after slaughter from Scholl Slaughterhouse (Blissfield, 

Michigan) and were transported to the laboratory on wet ice, and rinsed in ice cold PBS. 

After cornea was cut open and the lens removed, vitreous was collected into microfuge tubes 

with 1 ml pipet with wide bore pipet tips. All samples were snap frozen upon collection in 

liquid nitrogen and stored at −80°C until further analysis.
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VEGF and LH levels were measured in the vitreous by commercially-available ELISA 

assays (Bovine VEGF ELISA: MyBiosource, San Diego, CA; Catalogue # MBS2887434; 

Porcine VEGF ELISA: Ray Biotech, Norcross, GA; Catalogue # ELP-VEGF-1; Bovine LH 

ELISA: MyBiosource, San Diego, CA; Catalogue # MBS700951; Porcine LH ELISA: 

MBS009739). To test the reproducibility of all ELISA kits, vitreous samples were chosen 

randomly from the original data set and assayed multiple times in duplicate under the same 

conditions. Spike recovery and dilution curves were also established to validate the kits. The 

lowest limit of detection for the VEGF ELISA kits were 31.25 pg/ml for bovine VEGF and 

40 pg/ml for porcine VEGF. The lowest limit of detection for the LH ELISA kits were 1.25 

mIU/ml for bovine LH and 3.12 mIU/ml for porcine LH.

Total protein of the VH was measured by using Micro BSA protein assay kit (Thermo 

Fisher, Catalogue # 23235). VEGF and LH levels were normalized to total protein levels. All 

statistical analyses will be performed using SAS statistical software.

Results:

Mean LH levels (pg/total protein) of porcine animals (M: 58.6 F: 84.1) were higher than that 

of bovine animals (Males: 7.5, F 7.6). However, mean VEGF levels of bovine animals (M:

1396.8, F:1404.9) were higher that of the porcine animals (M: 172.2, F: 256.2). T-test results 

did not show any significant differences in mean levels of LH, VEGF or protein levels 

between male and female animals of either species (Table 1). Before total protein 

normalization, LH and VEGF levels did not demonstrate a correlation in either species 

(Table 2). However, after total protein normalization, the Pearson Correlation Coefficients 

(PCC) showed a strong and significant correlation between LH and VEGF levels. (Bovine 

LH/VEGF PCC:0.89, p<0.001; Porcine LH/VEGF PCC: 0.80, p<0.001 (Table 2)

Pearson correlation coefficients (PCC) did not show any significant correlation between LH 

levels of right eyes paired with the corresponding LH levels of left eyes in either bovine 

(PCC 0.56, p= 0.11) or porcine animals. (PCC −0.13, p=0.64). Because of this, the LH value 

of each eye of each animal were considered to be independent entries in the linear regression 

analyses described below. However, additional linear regression analyses were also 

performed with the use of only one eye from each animal and yielded equivalent results. 

(Data not shown).

In bovine vitreous fluid samples (N=18), linear regression analysis, adjusted for gender, 

showed a significant linear relationship between LH and VEGF levels (t-value = 7.69, p 

<0.0001, adjusted r2= .79). In porcine vitreous samples (N=30), linear regression analysis, 

adjusted for gender, also showed a significant linear relationship between LH and VEGF 

levels, (t-value= 6.71, p<0.001, adjusted r2= .62) (Figure 1).

Discussion:

To the best of our knowledge, this study is the first to show that VEGF and LH are strongly 

correlated in the vitreous from healthy, adult mammalian eyes. We demonstrated this linear 

relationship utilizing VH from bovine and porcine animals. Of note, both bovine and porcine 

VEGF has >90% homology with the human VEGF sequence.(13) Our findings shows that 
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porcine eyes have relatively high LH levels compared to their VEGF levels, whereas the 

opposite is true for bovine eyes. One explanation for this may be that porcine eyes may have 

a greater density of cells that express the LH receptor (i.e. cone photoreceptors) than bovine 

eyes. A potential, alternative explanation may be that bovine LH is more bioactive than 

porcine LH, thus, allowing a lower LH level to yield a relatively higher VEGF 

concentration.

The protein content of the vitreous fluid is widely accepted to be a reflection of the 

biochemical processes that are occurring at the retinal level; in other words, the vitreous 

proteome is understood to represent the retinal state of affairs.(27) Given that LH is already 

known to regulate VEGF levels in several tissue types, the LH/VEGF linear relationship in 

vitreous fluid potentially implicates LH in retinal VEGF regulation. (15–20) The robustness 

of the LH/VEGF correlation is shown both by its strength of association and reproducibility 

in two different species. Thus, our study supports the potential participation by LH in 

homeostatic VEGF regulation in the adult eye. That said, mechanistic confirmation that LH 

does indeed regulate retinal VEGF levels requires further laboratory investigation. Our 

findings suggest that a neuroendocrine circuit may exist in the retina which involves 

signaling from cone photoreceptors cells (site of LH receptors) to VEGF-producing cells 

(RPE, astrocytes, Muller cells, vascular endothelial cells, ganglion cells and ciliary 

epithelium.) Further studies are needed to characterize this potential circuit.

There is a second prominent finding from this study; we discovered that the LH/VEGF 

correlation becomes manifest only after the targeted analytes were normalized by total 

protein Though other researchers have previously suggested that intravitreal concentrations 

of targeted analytes be corrected by total protein content,(28) our study clearly demonstrates 

the necessity of this. Given that vitreous humor is a non-homogenous viscoelastic gel 

containing > 1200 proteins, the importance of total protein correction should come as no 

surprise. After all, it’s well known that the content of the vitreous proteome differs 

substantially from one individual to the next under both physiologic and pathophysiologic 

circumstances.(28) Furthermore, VEGF levels in other non-homogenous matrices such as 

urine have also been normalized by total protein.(29) All this said, the protein correction 

step in vitreous is not frequently carried out; this is especially true when candidate proteins 

are quantified by ELISA testing. In a published review of 9 human vitreous studies, mean 

VEGF levels (all assessed by ELISA methodology) were expressed as picogram (or 

nanogram) per milliliter in every study; not a single one of the 9 studies corrected for either 

total protein content or by any other method of analyte concentration correction (such as by 

estimation of the ratio of vitreous and plasma concentration). (28) (30) Perhaps, this 

common omission of vitreous standardization accounts for some of the unexplained 

difficulty that vision researchers have had in validating VEGF as a biomarker.

Though affirmation of the LH/VEGF correlation in human eye would be ideal, it will offer 

challenges. Cadavers are the main source of human eyes without retinal pathology. However, 

there is usually a several hour delay before the recovery of a cadaver eye. Given the short 

halflife of LH (i.e. just few minutes), LH measurements from cadaver viteous cannot be 

relied upon to reflect physiological levels. Another vitreous source would be from live 

individuals undergoing scheduled vitrectomies. It may seem that vitreous sampling should 
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come from eyes with epiretinal membranes or macular holes. These types of eyes are 

frequently used as normal controls. However, in the human eye, the retinal LH receptor is 

mainly expressed by cone photoreceptors centered around the macula;(22, 23) Therefore, 

macular holes may affect the expression of the LH receptor and extraretinal membranes may 

affect LH receptor access. Thus, these types of retinal pathologies may interfere with the 

interaction between LH with its retinal receptor.

In summary, this study provides compelling evidence of a strong and significant LH/VEGF 

relationship in the eye; this finding supports our original hypothesis that LH may play a role 

in homeostatic retinal VEGF regulation. More studies are needed to further investigate the 

potential role of LH in controlling retinal VEGF levels. Another important observation of 

this study is that the LH/VEGF correlation only became manifest when the analytes were 

normalized by total protein. Thus, laboratory and clinical investigators should consider 

normalizing vitreous analytes of interest by total protein when assessing potential 

correlations amongst them.
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Figure 1. 
The VEGF/LH Linear Relationship in Vitreous Fluid from Healthy Adult Bovine Eyes 

(N=18; adjusted r2= 0.79, p<0.0001) and Porcine Eyes (N=30, adjusted r2= 0.62; p<0.001)
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Table 1:

Mean Levels of Luteinizing Hormone, VEGF and Total Proteins in Bovine/Porcine Vitreous Fluid

Male Bovine (steer)
N=6 eyes

Female Bovine (heifer)
N=12 eyes

Male vs Female
T Test results

(t value, p value)

Mean LH
(pg/total protein)

7.5 (SD 3.2) 7.6 (SD 3.0) t=0.04, p=0.96

Mean VEGF
(pg/total protein)

1396.8 (SD 573.0) 1404.9 (SD 451.4) t=0.03, p=0.98

Total protein
(mg/ml)

1.8 (SD 0.7) 2.1 (SD 0.7) t=0.07, p=0.35

Male Porcine (barrow)
N=14 eyes

Female Porcine (gilt)
N=16 eyes

Male vs Females
T-test results

(t value, p value)

Mean LH
(pg/total protein)

58.6 (SD 41.1) 84.1 (SD 72.4) t=1.22, p=0.24

Mean VEGF
(pg/total protein)

172.2 (SD 139.5) 256.2 (SD 239.9) t=1.18, p= 0.25

Mean Total Protein 1.3 (SD 0.9) 1.2 (SD 1.2) t=−0.19, p=0.85
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Table 2:

Correlation between Luteinizing Hormone (LH) and Vascular Endothelial Growth Factor (VEGF) in Bovine/

Porcine Vitreous Fluid.

LH/VEGF Correlation
in Bovine Vitreous Fluid

N=18

LH/VEGF Correlation
in Porcine Vitreous Fluid

N=30

Analyte concentrations expressed as:
picogram of analyte/ml of vitreous

Pearson Correlation Coefficient : 0.19
p=0.457

Analyte concentrations expressed as:
picogram of analyte/ml of vitreous

Pearson Correlation Coefficient : 0.15
p=0.413

Analytes normalized by total protein:
picogram of analyte/mg of total protein
Pearson Correlation Coefficient : 0.89

p<0.001

Analytes normalized by total protein:
picogram of analyte/mg of total protein
Pearson Correlation Coefficient : 0.80

p<0.001
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