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ORIGINAL RESEARCH
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Purpose: To evaluate how the HLA genotype is associated to the polypoidal choroidal vasculopathy (PCV) in a population of patients
of Afro-Caribbean descent.

Methods: Forty-seven patients were diagnosed with PCV. The number of control patients was 457. All affected patients and control
patients were of Afro-Caribbean descent and natives to Martinique. HLA typing was based on blood sample, using the polymerase
chain reaction technique. Comparison of HLA alleles between the 2 groups was done using chi-2 test, odds ratio (OR) and confidence
interval using Woolf’s method. The Bonferroni correction was considered significant when p-value <0.05. Alleles frequency was
analyzed for DRB1 and DQBI1 locus.

Results: HLA-DRB1*13 allele was significantly associated to PCV (OR = 2.02, CI = [1.3; 3.13], p = 0.003). In group DRBI, the
Bonferroni correction significance threshold was <0.004. HLA-DQB1*04 allele was significantly associated to PCV (OR = 3.5,
CI = [1.48; 8.3], p = 0.006). In group DQB1, the Bonferroni correction significance threshold was <0.006.

Conclusion: Two HLA alleles are positively associated to PCV. The possible association between PCV and certain alleles suggest
HLA implication in PCV pathogeny, most likely by modeling the immune system response.

Keywords: polypoidal choroidal vasculopathy, major histocompatibility complex, human leucocyte antigen, genetic predisposition

Introduction

Polypoidal choroidal vasculopathy (PCV) is characterized by an abnormal branching vascular network (BVN), of which
some ramifications are the set of aneurysms or polypoidal dilatations. Its evolution is characterized by the onset of
recurring serous or hemorrhagic detachments of the retinal pigment epithelium (RPE) or retina, often with hard exudates,
drusen and under retinal fibrosis." PCV diagnosis is based on indocyanine green angiography which allows the
visualization of the polyps, in the shape of rounded hyper fluorescent lesions, from the early stages. BVN finding is
not constant. Swept-source imaging often shows an increased choroidal thickness (> 300um) associated with
pachyvessels.> OCT angiography confirms the set of polyps and BVN to be located between the RPE and the Bruch
membrane.® PCV is a chronic disease of which the multiple exudative or hemorrhagic macular recurrences can lead to
severe loss of visual function.

PCV’s etiology is unknown, nevertheless certain clinical elements, such as an overwhelming feminine predominance,
higher prevalence among Black or Asian patients, different repartition of polyps depending on ethnic origin, and several
familial observations suggest a genetic origin.” ° A recent meta-analysis of Asian patients identified 31 susceptibility
single nucleotide polymorphisms (SNPs) (for 10 genes/loci) linked to PCV.'°
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Human leucocyte antigen (HLA) system is the major histocompatibility complex (MHC). It is at the heart of the
immune response. HLA molecules of class I are HLA-A, -B and -C. HLA molecules of class II are HLA-DR, -DQ and
-DP. Class I molecules have a ubiquitous distribution while class II molecules have a more restricted distribution on cells
presenting antigens. Class I and II molecules are normally present in the retina’s glial cells. Vascular endothelium,
particularly ocular, are rich in molecules of class II.'"' HLA genes which code for the HLA system are located on the
short arm of chromosome 6. The HLA region contains the highest quantity of polymorphs genes of the whole human
genome. More than 15.000 alleles have been described (http:/www.ebi.ac.uk/imgt/hla/). Alleles’ frequency varies

between ethnic population.'*'* The HLA system is involved in the age-related macular degeneration (AMD) physio-
pathology, for which immune or inflammatory origin is suspected. Several studies of the HLA system were conducted
among AMD patients in search for predisposition or resistance factors. All were conducted among Caucasian patients
suffering from atrophic or neovascular AMD and allowed to demonstrate a positive or negative association with several
alleles.'"!*413 Through the course of AMD, there is a subretinal accumulation of microglial cells and macrophages.
Chronic inflammatory reaction, by altering the Bruch membrane and modifying the functioning of the RPE, would favor
neovessels appearing. Several pro inflammatory proteins are found in high quantity in drusen (immunoglobulins, protein
C reactive, C5 complement activation, C5b-9, C3b ...). Immunoreactivity increase of class I HLA molecules on the
retina’s vessels is noted in case of pigmentary alterations or drusen.''

PCV and AMD are complex genetic diseases and the identification of patients at risk of progression is crucial. Given
their close phenotype, most genes studied for AMD (complement factor H (CFH), age-related maculopathy susceptibility
2 (ARMS?2), high-temperature requirement factor Al (HTRA1) ...) are also studied for PCV.'® Nevertheless, no study
regarding the HLA system has been done for PCV. We report the genotype results of DRB1 and DQBI1 patients of Afro-
Caribbean descent suffering from PCV.

Methods

This prospective study was completed in the University Hospital of Martinique from January 1st, 2018 to December 31st,
2019. This study was approved by the institutional review board of the University Hospital of Martinique. Patients’ and
controls’ informed consent were obtained for inclusion in the study. This study was conducted in accordance with the
Declaration of Helsinki.

For each patient, we collected previous medical and surgical history as well as the history of the disease. Ocular exam
consisted of best-corrected visual acuity (measured in Snellen and in Early Treatment Diabetic Retinopathy Study
(ETDRY)), dilated fundus examination, color fundus photography, fundus autofluorescence imaging, fluorescein and
indocyanine green angiography and OCT. Retinal imaging was done using the Spectralis HRA-OCT (Heidelberg
Engineering, Heidelberg, Germany). Using clinical data and imaging results, the PCV diagnosis was given by ophthal-
mologists who specialize in retinal diseases. We included all our patients that matched the diagnostic criteria of the
Japanese Study Group of Polypoidal Choroidal Vasculopathy.'®'” PCV diagnosis relied on presence of hyper subretinal
fluorescence in the beginning of indocyanine green angiography associated with at least one of the following criteria:
presence of nodular lesion(s) at fundus exam, halo hypo fluorescent around the polyp, abnormal BVN, throbbing filling
of the polyp, subretinal nodule marching the hypercyanescence and hemorrhagic macular lesion. Patients of Asian or
Caucasian descent were excluded.

Case control patients’ group was composed of voluntary blood or organ donors of the University Hospital of
Martinique. All case control patients (n=457) were from Martinique and representative of the population, descendants
of melanodermas Africans and Caucasian French subjects. We excluded Caucasian and Asian subjects. Case control
patients were not related and without previous medical or surgical history.'”

HLA typing was determined using blood sample and polymerase chain reaction technique (PCR). After DNA
extraction, HLA typing of class II was established with PCR-Sequence Specific Oligonucleotide using typing test
LABType®XR and CWD (One Lambda, CA 91303-2801 USA). Target DNA (20ng/uL) was amplified in amplificator
ABI Applied Biosystems® Thermocycleur 9700 (Fisher Scientific SAS, France) using a mix of amerces with HLA
specific sites (amplification amerces), D-mix (mix of amplification tampon solution) and Taq polymerase (OLI TAQ30,
TAQS50 and TAQ75, One Lambda, CA 91303-2801 USA). A separation on electrophoresis gel was done to verify the
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proper functioning of the amplification. The PCR product was biotinylated, allowing to detect it with streptavidin along
with phycoerythrin-R pigment (Fisher Scientific SAS, France). It was then denatured and neutralized using adapted
tampon solutions. DNA was then hybrid with complementary sondes conjugate with coded fluorescent microspheres.
Revelation was done through measure and analysis of the intensity of the pigment phycoerythrin-PE fluorescence fixed to
each microsphere by cytometry of flux LABScan 3D® (One Lambda, CA 91303-2801 USA) with analysis software
(HLA Fusion 4.0). An allele is designed by the locus to which it belongs followed by an asterisk (*) then by 2 numbers to
designate allelic specificity.'®

In each group, we calculated the number and frequency of alleles. The comparison of HLA alleles frequencies
between the 2 groups was done using chi-2 test, Odds Ratio (OR) and confidence interval with Woolf’s method.
Significant threshold for p-values was < 0.05.”° The Bonferroni correction was considered significant when p-value
< 0.05.

Results

All affected patients were of Afro-Caribbean descent and natives to Martinique. Forty-seven patients suffering from PCV
were selected. Average age was 78.8 £ 7.5 years old. Patients were as follow: 50-59 years old: 1, 60—69 years old: 9,
70-79 years old: 15, 80—89 years old: 20, >90 years old: 2. Average follow up time was 10 + 3 years. There were 30
women and 17 men, for a sex ratio women/men of 1.8. The number of studied eyes was 94. Forty-two eyes (44.68%) had
visual acuity lower than 20/200, 29 eyes (30.85%) between 20/200 and 20/40 and 23 eyes (24.47%) superior to 20/40.
Twenty-three patients (85.7%) had bilateral involvement. In all cases, 47 patients (94 eyes) showed polyps outside of the
macular area in both indocyanine green angiography and OCT. Polyps were interpapillomacular in 11 eyes (12%),
peripapillary in 50 eyes (53%), peripheric in 29 eyes (31%). They were extramacular in 77 eyes (81%) and extramacular
and macular in 17 eyes (19%). None of the patients had strong myopia or hypermetropia of more than 6 diopter counts.
Thirteen (27%) were diabetic and 12 (25%) had hypertension. None of the patients smoked. Five (5.3%) eyes had been
treated with intravitreal anti-vascular endothelial growth factor therapy. Fifteen (16%) eyes had been treated with thermal
laser photocoagulation. Five (5%) had been treated with intravitreal anti-vascular endothelial growth factor therapy and
photodynamic therapy. Seventy (74%) eyes had not been treated.

Our PCV population had 3 familial observations: 2 sisters suffering on both eyes aged 72 and 80 years old, and 2
brothers suffering on both eyes aged 77 and 79 years old. The third observation was among 2 brothers suffering on both
eyes aged 78 and 82 years old, the clinical characteristics were reported in a previous publication on the first described
familial observation of PCV.®

Alleles frequency was analyzed for DRB1 and DQBI locus. Results of the DRBI association are shown in Table 1.
HLA-DRB1*13 allele was significantly associated to PCV (OR=2.02, CI=[1.3; 3.13], p=0.003). In the DRB1 group, the
Bonferroni correction significance threshold was <0.004. Results of the DQBI1 association are shown in Table 2. HLA-
DQBI1*04 allele was significantly associated to PCV (OR=3.5, CI=[1.48; 8.3], p=0.006). In the DQB1 group, the
Bonferroni correction significance threshold was <0.006.

Discussion

This is the first study of the HLA system among PCV patients. Our study pertains to a homogeneous population of Afro-
Caribbean descent, both from a clinical and ethnic standpoint. We found 2 alleles positively associated to PCV: allele
HLA-DRB1*13 and allele HLA-DQB1*04.

Our study does not include a control group with neovascular AMD patients, because the number of neovascular AMD
in Martinique is really small. Martinique has a population of about 368,000 inhabitants, descendants of various
populations, American Indian, African, European, and Indian that have lived in the area throughout history. At least
80% of the population is of African descent. Percentage of Caucasian population in the Caribbean is between 8 and 10%.
AMD prevalence (atrophic and neovascular) in Caucasian population 60 and over is estimated to be 2.6%, it is much less
in melanoderma population, about 0.3%.%'

We were careful to only include in our PCV population patients which polyps’ location would not lead to confusion
with neovascular type 1 AMD. Matter of fact, in all cases, the 47 patients (94 eyes) showed polyps outside of the macular
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Table | Frequency and Measure of DRBI Allele Association

PCV vs Controls
HLA PCV n=47 (%) Controls n=457 (%) OR 95% CI x- P cp<0.004
Alleles
DRBI*01 8 (6.30) 84 (9.42) 0.65 [0.31;1.38] 0.74 0.32 ns
DRBI*02 0 (0) 1 (0.11) 0 - - - -
DRBI*03 25 (19.69) 105 (11.77) 1.84 [1.14;2.98] 6.26 0.016 ns
DRB1*04 10 (7.87) 78 (8.74) 0.89 [0.45;1.77] 0.11 0.866 ns
DRBI1*07 4 (3.15) 75 (8.41) 0.51 [0.18;1.43] 1.73 0.225 ns
DRB1*08 8 (6.30) 51 (5.72) I.11 [0.51;2.4] 0.07 0.838 ns
DRBI1*09 3 (2.36) 29 (3.25) 0.72 [0.22;2.4] 0.24 0.788 ns
DRBI*10 0 (0) 21 (2.35) - - - - -
DRBI*]1 16 (12.60) 112 (12.56) | [0.57;1.75] 0 | ns
DRBI*12 2 (1.57) 26 (2.91) 0.53 [0.12;2.26] 0.75 0.564 ns
DRBI*13 33 (25.98) 132 (14.80) 2.02 [1.3;3.13] 10.25 0.003 < 0.004
DRBI*14 4 (3.15) 34 (3.81) 0.82 [0.29;2.35] 0.14 | ns
DRBI*15 13 (10.24) 127 (14.24) 0.69 [0.38;1.26] 1.5 0.27 ns
DRBI*16 I (0.79) 17 (1.91) 0.41 [0.05;3.11] 0.8 0.715 ns

Abbreviations: HLA, human leucocyte antigen; PCV, polypoidal choroidal vasculopathy; OR, odds ratio; Cl, confidence interval; p, p-value; cp, p-value of Bonferroni
correction; ns, not significant.

area with both indocyanine green angiography and OCT. PCV in melanoderma population is for us a separate disease
from AMD. Besides the disposition of the polyps outside of the macular area, the centripetal evolution of retinal
detachment and/or of the RPE lead to a functional deficit much more severe than what is usually observed in AMD.*

The AMD, which shares several semiology elements with PCV, has been the subject of several studies of the HLA
system in search for predisposition or resistance factors. In a study done in Spain, which pertained to 75 patients
suffering from neovascular AMD, Villegas Becerril et al found a positive association with allele HLA-B27 (OR=2.9,
p=0.0113). Like in our study, HLA-DRBI1*13 was the most frequent allele (13.33%) but did not increase significantly.
There was not in this population of Hispanic origin a linkage between alleles HLA-B27 and HLA-Cw0701.%* Jorgenson
et al study was done on a population of Caucasian origin and not Hispanic. Total cohort numbers were 4841 cases, of
which 987 atrophic AMD, 1148 neovascular AMD and 2796 undefined. HLA-DQB1*02 (OR=1.22, p=3.9x10"'%) allele
was associated to the overall studied population (4841 cases). HLA-DQB1*0202 (OR=1.26, p:3.8x10_3) allele was
associated to atrophic AMD (987 cases). HLA-DRB1*03 (OR=1.31, p=3.1x10"%) allele was associated to neovascular
AMD (1148 cases). Thus, among the same population, different clinical forms of AMD were not tied to the same HLA
alleles.”® A study, done in the United Kingdom on a Caucasian population by Goverdhan et al, had 200 AMD cases of
which 35% were neovascular AMD. In the total population, the authors found a positive association to HLA-Cw*0701
(OR=1.85, p=0.036) allele, and a negative association with HLA-B*4001 (OR=0.39, p=0.027) allele and HLA-
DRB1*1301 (OR=0.31, p=0.009) allele.** Contrary to Goverdhan et al, Pappas et al did not find a negative association
with HLA-DRB1#*1301 in a cohort of women of European origin treated in the United States.*’

The role of genetics in PCV pathogeny is finalized by highlighting the multiple associated variants. Meta-analysis of
Ma et al retains 31 polymorphisms for 10 genes/loci significantly associated to PCV.'® These genes are related to
extracellular matrix, basement membrane, complement cascade, lipid metabolism, cellular apoptosis, and inflammation.
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Table 2 Frequency and Measure of DQBI Allele Association
PCV vs Controls
HLA Alleles | PCV n=32 (%) | Controls n=457 (%) OR 95% ClI 2 p cp<0.006
DQBI*01 1 (0.95) 0 (0.00) 0 - - - -
DQBI*02 16 (15.24) 42 (21.21) 0.67 [0.36;1.26] 1.58 0.224 ns
DQBI*03 22 (20.95) 46 (23.23) 0.88 [0.5;1.56] 0.2 0.772 ns
DQBI*04 15 (14.29) 9 (4.55) 35 [1.48:83] 8.93 0.006 < 0.006
DQBI*05 19 (18.10) 43 (21.72) 08 [0.44;1.46] 0.55 0.55 ns
DQBI*06 30 (28.57) 57 (28.79) 0.99 [0.59;1.67] 0 | ns
DQBI*08 2 (1.90) 0 (0.00) - - - - ns
DQBI*I3 0 (0.00) I (0.51) - - - - ns

Abbreviations: HLA, human leucocyte antigen; PCV, polypoidal choroidal vasculopathy; OR, odds ratio; Cl, confidence interval; p, p-value; cp, p-value of Bonferroni
correction; ns, not significant.

Collected results come for the most part from Asian series essentially Japanese and Chinese. A variant can be associated
in the Asian population and not be found in the Caucasian population.”” The 3 main SNPs associated with PCV are
rs800292 from the CFH, rs10490924 from ARMS?2 and rs11200638 from HTRA1. For rs10490924, OR for homozygotes
and heterozygotes was respectively 4.9 and 1.74, suggesting a cumulative genetic effect. Compared to other non-genetic
risk factors such as high blood pressure (OR=0.73, p=0.047) or high HDL cholesterol (OR=1.84, p=0.045), the variants’
influence seemed more important with a higher OR (ARMS2: OR=2.53, p<0.001).>*%° HTRAI transgenic mice
developed polypoidal lesions, BVNs, as well as severe degeneration of the elastic laminae and tunica media of choroidal
vessels typical of PCV.*°

HLA molecules sometimes play a preponderant role of genetic factor of either susceptibility or resistance to several
pathologies (Behcet’s disease, birdshot chorioretinopathy, anterior uveitis ...). Diseases tied to the HLA system result
from several genes interactions with environmental factors.®>’ Same as with AMD, possible association between PCV and
some alleles suggest the implication of the HLA in PCV pathogeny. Indeed, several cellular types (vascular endothelium,
uvea, microglial cells ...) express HLA molecules that can favor an immune reaction, inflammatory reaction, and the
apparition of neovessels, as it was shown throughout the presumed ocular histoplasmosis syndrome.***

Recently, several studies have shown that the systemic C-reactive protein (CRP) was elevated among patients suffering
from PCV (OR 3.05, 95% CI: 1.56-5.98, p=0.0011), reinforcing the hypothesis of immunitary factor in PCV etiology.>* Thus,
Lafaut et al and Terasaki et al described an infiltration of lymphocytes and macrophages around polyps and in the choroid.*>~*°
In a murine experimental model, Kumar et al showed the presence in the choroid of elastin degradation as well as an exudative
reaction tied to complement activation and immune cells activation (Kumar et al).>’

Our study’s main limit is that it only concerns HLA DRB1 and DQBI1 and that all patients are of Afro-Caribbean
descent. Our statistical analysis only includes the Bonferroni correction. We did not use sample replication technique.
Furthermore, case control patients were not physically assessed and could suffer from PCV. However, in that case, the
association we found between PCV and HLA could be underestimated. Further studies, in other population are require to
confirm our results. Like the 3 SNPs tied to PCV (CFH, ARMS2 and HTRAL1), our results contributed to identify the
genetic basis on which PCV develops.

PCV is a rare disease and on top of that traditional genetic studies are limited because of the late onset of the disease.
Indeed, when PCV is diagnosed, patients are often already deceased.® Two HLA alleles are positively associated to
PCV: allele HLA-DRB1*13 and allele HLA-DQB1*04. Besides contributing hypotheses on PCV’s physiopathology, the
association between PCV and HLA would allow the definition of at-risk population most likely to develop the disease. In
this at-risk population, a regular ocular exam could be performed. Our results cannot alone prove the genetic origin of
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PCV. Nevertheless, in our opinion they constitute, like the different clinical and epidemiologic characteristics depending
on populations, the reveal of associated variants, and the familial observations, an important argument in favor of a
genetic component of PCV.
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