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Role of FAMI8B in diabetic retinopathy
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Purpose: Genome-wide association studies have suggested an association between a previously uncharacterized gene,
FAMIS8B, and diabetic retinopathy. This study explores the role of FAMI8B in diabetic retinopathy. An improved un-
derstanding of FAMI8B could yield important insights into the pathogenesis of this sight-threatening complication of
diabetes mellitus.

Methods: Postmortem human eyes were examined with immunohistochemistry and immunofluorescence for the pres-
ence of FAMI8B. Expression of FAM18B in primary human retinal microvascular endothelial cells (HRMECs) exposed
to hyperglycemia, vascular endothelial growth factor (VEGF), or advanced glycation end products (AGEs) was deter-
mined with quantitative reverse-transcription PCR (QRT-PCR) and/or western blot. The role of FAMI18B in regulating
human retinal microvascular endothelial cell viability, migration, and endothelial tube formation was determined fol-
lowing RNAi-mediated knockdown of FAMI8B. The presence of FAMI8B was determined with qRT-PCR in CD34+/
VEGFR2+ mononuclear cells isolated from a cohort of 17 diabetic subjects with and without diabetic retinopathy.
Results: Immunohistochemistry and immunofluorescence demonstrated the presence of FAMI18B in the human retina
with prominent vascular staining. Hyperglycemia, VEGF, and AGEs downregulated the expression of FAMISB in
HRMECs. RNAi-mediated knockdown of FAMI8B in HRMECs contributed to enhanced migration and tube formation
as well as exacerbating the hyperglycemia-induced decrease in HRMEC viability. The enhanced migration, tube forma-
tion, and decrease in the viability of HRMECSs as a result of FAM18B downregulation was reversed with pyrrolidine
dithiocarbamate (PDTC), a specific nuclear factor-kappa B (NF-«kB) inhibitor. CD34+/VEGFR2+ mononuclear cells
from subjects with proliferative diabetic retinopathy demonstrated significantly reduced mRNA expression of FAMI8B
compared to diabetic subjects without retinopathy.

Conclusions: FAMI8B is expressed in the retina. Diabetic culture conditions decrease the expression of FAM18B in
HRMECs. The downregulation of FAM18B by siRNA in HRMECS results in enhanced migration and tube formation,
but also exacerbates the hyperglycemia-induced decrease in HRMEC viability. The pathogenic changes observed in
HRMEC:s as a result of FAMI8B downregulation were reversed with PDTC, a specific NF-kB inhibitor. This study is
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the first to demonstrate a potential role for FAM18B in the pathogenesis of diabetic retinopathy.

Diabetic retinopathy is currently the leading cause of irre-
versible vision loss in working-age adults in the United States
[1]. Diabetic retinopathy is a complex disease that affects
the normal functioning of retinal vasculature, neurons, and
resident glial cells. Several factors including hyperglycemia,
advanced glycation end products (AGEs), and cytokines such
as vascular endothelial growth factor (VEGF) have been
implicated in the disease pathogenesis [2]. Hyperglycemia
contributes to endothelial cell dysfunction, endothelial cell
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death by apoptosis, and ultimately the loss of retinal capil-
lary microvasculature observed in diabetic retinopathy [3,4].
VEGEF has been implicated as a key mediator in enhancing
vascular permeability and endothelial cell survival, prolifera-
tion, migration, and neovascularization in advanced stages
of diabetic retinopathy [5-7]. The pathogenic effects of high
glucose and VEGF in endothelial cells have been attributed in
part to enhanced activation of proinflammatory transcription
factor nuclear factor-kappa B (NF-kB) [8-11]. Current preven-
tive measures including glycemic control are beneficial in
delaying the progression of the disease; however, they have
had limited success in treating advanced stages of the disease.
Although early detection and effective preventive measures
are of major significance for preventing diabetic retinopathy,
there is also a need to identify additional pathogenic mecha-
nisms in the retinal vasculature that might serve as putative
therapeutic targets.
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Although glycemic control and diabetes duration are
important predictors of retinopathy [1,12], genetic suscep-
tibility also plays an important role in the pathogenesis of
diabetic retinopathy [13]. Identification and characterization
of genetic factors that predispose individuals to diabetic reti-
nopathy could improve prevention and treatment measures for
this debilitating condition. In the search for genetic elements
that underlie diabetic retinopathy, we previously performed
a genome-wide association study (GWAS) [14,15]. An inter-
esting finding generated from the analysis is the association
of diabetic retinopathy with an SNP, rs11871508, in encoding
family with sequence similarity 18, member B (FAMI8B;
gene ID 51030) also known as trans-Golgi network vesicle
protein 23 homolog B (TVP23B). FAMIS8B is located on
chromosome 17 [16]. The function of FAMI8B is unknown.
However, the protein encoded is expected to be an integral
membrane protein. Given its association with diabetic
retinopathy in our study, we sought to explore the possible
role of FAMI8B in diabetic retinopathy. Herein, we find
that FAMI8B is expressed in diabetic retinopathy—relevant
tissues. We also demonstrate functional changes in human
retinal microvascular endothelial cells with RNAi-induced
downregulation of FAMI8B. Overall, this study supports a
role of FAMI8B in the pathogenesis of diabetic retinopathy.

METHODS

Institutional review board approval: The samples were
obtained from all subjects through an approved institutional
review board (IRB) protocol at the consenting institution. The
use of human blood samples was approved by the Univer-
sity of Illinois, Chicago Institutional Review Board, and all
participants gave informed consent to participate in the study.
Since all patient health information was de-identified before
genotyping and analysis, the IRB at the University of Illinois,
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Chicago, declared this portion of the study to be non-human
subjects research.

Human subjects: Use of all human tissue conformed to the
Declaration of Helsinki and the policies of the University of
Ilinois at Chicago. The subject characteristics are described
in Table 1. All participants underwent a complete medical
history, and all subjects received an ophthalmic clinical
evaluation. Participants included a study group consisting of
subjects with proliferative diabetic retinopathy (PDR; n=8)
and age-matched subjects with diabetes but without diabetic
retinopathy (n=9; Table 1). The clinical diagnosis of prolif-
erative diabetic retinopathy was defined as active neovascu-
larization visible on the retina, tractional retinal detachment
from fibrosis, or a diabetic vitreous hemorrhage in at least
one eye. Age-matched diabetic controls were identified by
an ophthalmologist as having no background diabetic reti-
nopathy at the time of sample collection as well as no history
of active neovascularization or diabetic macular edema.

Adult peripheral blood samples: Human peripheral blood
samples were obtained from the subjects by venipuncture
and collected in sodium heparin tubes (Vacutainer CPT;
BD Labware, Bedford, MA). The tubes were prepared with
a FICOLL Hypaque density fluid, allowing for separation
of mononuclear precursor cells in a single step. Isolated
mononuclear precursor cells were collected, washed twice,
and resuspended in PBS (pH 7.4; Cat No# 14190250. Life
Technologies, Carlsbad, CA).

Donor eyes: Eyes from two post-mortem donors were used
in this study. The retinal sections of the left eye of normal
human donors were used in the study. The retinal sections of
the human donors were obtained from the Illinois Eye Bank
(Chicago, IL). Post-mortem donor eyes were supplied by
Midwest Eye Bank (Ann Arbor, MI).

TABLE 1. DEMOGRAPHIC AND BASELINE CHARACTERISTICS OF SUBJECTS (N = 17).

Characteristics Control (;)1;%))(DM w/o Experin;ecltlit‘z]l: glglg)) (DM w/ P ‘;Zl;:; (t
Age at collection, mean (SD), in years 56.8 (14.6) 59.1 (12.4) 0.73
Gender

Male, n (% of total) 6 (66.7) 3(37.5) 0.26

Female, n (% of total) 3(33.3) 5(62.5)
Race/Ethnicity

Caucasian, n (% of total) 1(11.1) 1(12.5) 0.62
African American, n (% of total) 8 (88.9) 7 (75.0)
Hispanic, n (% of total) 0 (0.00) 1(12.5)

Diabetes duration, mean (SD), years 9.9 (6.5) 18.3 (12.6) 0.22

BSL at last visit, mean (SD), mg/dl 143.4 (36.7) 195.6 (54.6) 0.06
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Cell culture: Primary human retinal microvascular endothe-
lial cells (HRMECs, ACBRI 181, Cell Systems, Kirkland,
WA) were maintained in MCDB 131 medium containing
10% fetal calf serum (FCS, Invitrogen, Life Technologies,
Carlsbad, CA), 100 IU/ ml penicillin, 100 pg/ml streptomycin,
and 0.25 pg/ml amphotericin B supplemented with 1 pg/
ml epidermal growth factor and 10 pg/ml hydrocortisone
(complete medium). The cell surface was coated with gelatin-
based coating solution to provide optimum growth surface.
All experiments using HRMECs were performed between
passages 5 and 8. The cells were serum starved for 24 h for all
experiments unless mentioned otherwise. For mRNA expres-
sion, HRMECSs were grown to confluence in 24-well plates.
Following serum starvation, the cells were treated with media
containing normal glucose (5 mM), high glucose (25 mM),
VEGF (1 ng/ml; Recombinant human VEGF 165, R&D
systems, Minneapolis, MN), and AGEs (Sigma A8301) for 24
h. For the protein expression studies, HRMECs were grown
to confluence in six-well plates. Following serum starvation,
the cells were treated with serum and growth factor-free
media (medium alone) containing normal glucose (5 mM),
high glucose (30 mM), or VEGF (50 ng/ml) for 48 h. For
RNAi-mediated downregulation of FAMI8B, the cells were
seeded at a density of 200,000 cells/well in six-well plates
or 20,000 cells/well in 96-well plates in complete medium.
Cells were reverse transfected for 72 h with negative control
siRNA (Silencer Select, Cat# 4,390,846, Life Technologies)
and FAMISB siRNA (Silencer Select, Cat# 4,392,420, Life
Technologies) at a final concentration of 50 nM using the
Lipofectamine RNAIMAX Transfection Reagent (Life Tech-
nologies) according to the manufacturer’s instructions.

Immunohistochemistry and Immunofluorescence: Donor eyes
were fixed in 10% buffered formaldehyde, washed in PBS (pH
7.4), embedded in paraffin, and sectioned. The tissue sections
were treated with xylene and a series of graded ethanol steps
and rehydrated in PBS. The tissues were heated at 95 °C to
99 °C in citrate buffer (pH 6.0) for 20 min for antigen retrieval.
The sections were blocked with 5% normal goat serum for 20
min and incubated at 4 °C overnight with the rabbit poly-
clonal anti-FAMI8B primary antibody (1:100, Sigma-Aldrich,
St. Louis, MO, HPA019585). Primary antibody was omitted
in the negative control. For immunohistochemistry, the
Vectastain Elite ABC kit (Vector Laboratories, Burlingame,
CA) was used with diaminobenzidine as a substrate. As a
negative control, sections were treated in the same manner,
except that incubation with primary antibody was omitted.
The sections were treated for equal time in 3,3’-diamino-
benzidine and photographed with the antibody-containing
tissue. For immunofluorescence, the tissue sections were
incubated with 1:1,000 secondary antibody, Alexa Fluor 594
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goat anti-rabbit immunoglobulin G (IgG; Molecular Probes,
Eugene, OR) for 1 h at room temperature. After washing with
PBS, the slides were mounted with Vectashield containing
4’,6-diamidino-2-phenylindole (DAPI; Vector Laboratories)
and observed using confocal microscopy.

Quantitative real-time quantitative polymerase chain reac-
tion: Total cellular RNA was isolated and purified (PicoPure;
Arcturus, Mountain View, CA). Samples of the total starting
RNA were analyzed with capillary electrophoresis (Agilent
Technologies, Palo Alto, CA) to assess the degree of purifica-
tion. RNAs with RIN less than 8.9 were not used in the study.
Real-time quantitative reverse-transcription—PCR (qQRT-PCR)
was performed using the SYBR Green dye binding method
implemented on an Applied Biosystems 7900 genetic
analyzer (Applied Biosystems, Foster City, CA) at the DNA
Services Facility at the University of Illinois at Chicago. 2.0
ul cDNA samples were amplified with specific primers for
FAMI8B (5’-TGT TTG ATG CGG AAG AGG AGA CGA-3
; 5- AAT AAA GCT GCT GCT GAG CAA CCC-3” ) and
GAPDH (5’-ACA TCG CTC AGA CAC CAT G-3’; 3*-TGT
AGT TGA GGT CAA TGA AGG G-5’) using power SYBR
Green PCR master mix (Life Technologies). gPCR amplifi-
cations were performed for 40 cycles of denaturation at 95
°C for 15 s, annealing/extension 60 °C for 60 s as described
by the manufacturer’s instructions. The amplifications The
melting curves were generated to detect the melting tempera-
tures of the specific products immediately after the PCR run.
Validated primers for each gene of interest were designed
for each target mRNA. To ensure appropriate cycle time
response, the primers were optimized, and the input cDNA
levels were determined. Relative expression was calculated
from the differences in the cycle time of an internal stan-
dard (glyceraldehyde 3-phosphate dehydrogenase; GAPDH)
compared to the target mRNA. All qRT-PCR reactions used
40 ng of cDNA produced as described above and were run
with two sets of triplicates.

Western blot analysis: Following the treatments, the HRMECs
were rinsed with cold PBS. The cells were collected in 1 ml
PBS, collected in a microcentrifuge tube, and pelleted at
300 xg for 10 min. The PBS was discarded, and the cells
were lysed in 150 pl of lysis buffer (ProteoJET mammalian
cell lysis reagent, Fermentas Life Sciences, Pittsburgh, PA)
containing protease inhibitors (Roche, Diagnostics, India-
napolis, IN). Following lysis on ice for 20 min, the lysates
were clarified with centrifugation at 300 xg for 10 min. The
protein content was estimated using the bicinchoninic acid
(BCA) kit (Pierce Biotechnology, Rockford, IL). Lysates with
equal amounts of protein were supplemented with sodium
dodecyl sulfate (SDS) sample buffer and resolved with 10%
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SDS—polyacrylamide gel electrophoresis (PAGE). Resolved
proteins were transferred to 0.2 p nitrocellulose membrane
(Cell Signaling Technology, Beverly, MA) overnight at 4 °C.
The membranes were blocked with 5% bovine serum albumin
(BSA) in TBS/T (10 mM Tris pH 7.4, 140 mM NacCl, 0.1%
(V/V) Tween 20) for 1 h at room temperature and probed
with 1:100 dilution of primary anti-human rabbit polyclonal
FAMI8B antibody (1:100, Sigma-Aldrich, HPA019585) at
4 °C overnight. Following washes in TBS/T, the membranes
were incubated with 1:3,000 anti-rabbit horseradish peroxi-
dase (HRP) conjugated secondary antibody (Bio-Rad,
Des Plaines, IL). The blots were developed with the Super
Signal West Pico Substrate kit (Pierce Biotechnology). The
blots were stripped and reprobed with 1:1,000 dilution of
anti-human mouse monoclonal anti beta-tubulin antibody
(Sigma-Aldrich, T8328) followed by 1:3,000 anti-mouse
HRP conjugated secondary antibody (Bio-Rad) to normalize
protein loading. The blots were developed using SuperSignal
West Pico chemiluminescent substrate (Thermo Scientific,
Rockford, IL). Densitometric analysis of the bands was
performed using the image-analysis software (ImageJ;
National Institutes of Health, Bethesda, MD).

Flow cytometry and cell sorting: Cell sorting was performed
on a FACSAria I (BD Biosciences, San Jose, CA) using a 488
nm laser line (chosen for its compatibility with fluorescein
isothiocyanate [FITC]) for light scattering and fluorescence
excitation. Standard emission filters for FITC and R- phyco-
erythrin filter were used. To isolate the Cluster of differen-
tiation molecule - 34 and vascular endothelial growth factor
receptor -2 positive cells (CD34+/VEGFR2+) cells from other
mononuclear precursor cells, the sample was blocked with
10% goat serum (Gibco, Carlsbad, CA) and labeled with the
following fluorescent antibodies for 20 min each at 4 °C:
anti-VEGFR-2-phycoerythrin (1:200, BD PharMingen, San
Jose, CA) and anti-CD34-FITC (1:200, eBioscience, San
Diego, CA). Cells were then sorted with flow cytometry
(BD Biosciences FACSAria, University of Chicago Flow
Cytometry Facility, Chicago, IL) to isolate double positive
cells exhibiting both cell surface markers.

Cell viability: HRMEC viability was determined using the
CellTiter-Glo Luminescent cell viability assay kit (Promega,
Madison, WI). The reagent determines the number of viable
cells in culture by quantifying cellular ATP. The HRMECs
were added to 96-well plates at a density of 20,000 cells/
well in 150 pl of MCDB 131 complete media. The cells
were reverse transfected with FAMISB siRNA or negative
control siRNA at a final concentration of 50 nM using the
Lipofectamine RNAiMAX Transfection Reagent for 72 h.
Following transfection, the cells were treated with media
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alone or media containing 50 ng/ml VEGF or 30 mM glucose.
To determine the role of NF-«xB, cells were pretreated for 1
h with 50 uM pyrrolidine dithiocarbamate (PDTC, Sigma),
a specific NF-kB inhibitor and for the remaining duration of
the treatment. Following 48 h, the media was replaced with
100 pul of PBS and 100 pl of CellTiter-Glo reagent. The plates
were placed on an orbital shaker for 2 min and then followed
by 10 min at room temperature to stabilize the luminescent
signal. The luminescence was measured to determine the
ATP levels (Tecan Genios Pro, Tecan US, Morrisville, NC).

Cell migration assay: Cell migration was performed using
a modified Boyden chamber method, as described previ-
ously [17]. HTS FluoroBlok 24-well cell culture inserts
with 8 pm pore size (BD, Franklin Lakes, NJ) coated with
gelatin-based coating solution on the lower surface were
placed in companion 24-well tissue culture plates (Corning
Inc., Corning, NY). FAMI8B and control siRNA-transfected
HRMECs were seeded in the upper chamber at a density
of 50,000 cells/well in media alone. The lower chambers
contained media alone as control, 50 ng/ml VEGF or 30 mM
glucose as treatments. To determine the role of NF-xB,
cells were pretreated for 1 h with 50 pM PDTC (Sigma), a
specific NF-xB inhibitor, and for the remaining duration of
the treatment. After 18 h of incubation at 37 °C, the culture
inserts were removed and placed in 24-well plates containing
2 uM Calcein AM (BD Biosciences, Bedford, MA) in PBS.
The cells were further at incubated 37 °C in calcein AM
containing PBS for 1 h. Following incubation, the fluores-
cence in plates was measured with a spectroflurometer at
excitation and emission wavelengths of 488 nm and 520 nm
(Tecan Genios Pro).

Tube formation assay: A tube formation assay was performed
as described previously [17]. Each well of the 96-well tissue
culture plates (Costar; Corning) was coated with 50 pl of
growth factor-reduced basement membrane matrix (BD
Matrigel; BD Biosciences) [17]. FAM18B and control siRNA-
transfected HRMECs were added to each well at a density
of 20,000/100 pl/well. Serum-free and growth factor-free
MCDB 131 media alone or media containing 50 ng/ml VEGF
were added to the appropriate wells, and the cells were incu-
bated at 37 °C for 6 h. To determine the role of NF-xB, the
cells were pretreated for 1 h with 5,050 uM PDTC (Sigma), a
specific NF-xB inhibitor, and for the remaining duration of
the treatment. Tube formation was observed under a micro-
scope (Zeiss 710). Images were captured, and the tube length
was measured using Imagel.

Statistical analyses: Data are presented as mean+standard
deviation (SD) with statistical differences between groups
analyzed with a standard two-tailed Student # test using
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Microsoft Excel software. A p value of less than 0.05 was
considered statistically significant.

RESULTS

FAMI8B is expressed in the human retina: We evaluated
the presence of FAMI8B in the retina of human donor eyes.
The distribution of FAMI8B was assessed in the eyes of two
normal donors without diabetes (Figure 1). Immunohisto-
chemistry (Figure 1B,C) and immunofluorescence (Figure
1E,F) revealed the presence of FAMI8B in the human retina
(red). FAMI8B was distinctly colocalized with the retina
vasculature. In particular, immunofluorescence demonstrated
prominent staining in the retinal vasculature including capil-
laries, arteriole, and venules. The staining in the vasculature
was confined to the endothelium. Staining for FAM18B was
also observed in the choroidal vasculature. Retinal sections
incubated with secondary antibody alone served as the control
(Figure 1A,B). The control sections lacked the specific endo-
thelium restricted vascular staining of FAM18B observed in
sections incubated with anti-FAMI8B antibody. All sections
demonstrated the nonspecific autofluorescence of the RPE.

FAMISB expression is decreased under diabetic conditions in
cultured human retinal microvascular endothelial cells: Given
the prominent immunolocalization of FAM18B to endothelial
cells, HRMECs were treated under various diabetic condi-
tions, including high glucose (25 mM), VEGF (1 ng/ml),
or AGEs (25 pg/ml), to determine the effect on FAMISB.
Expression of FAMI18B was measured with qRT-PCR and
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western blot. High glucose, VEGF, and AGE treatment all
suppressed FAMI18B in the HRMECs (p<0.05; Figure 2A,B).
Control incubation of HRMECs with 25 mM mannose for
24 h, however, did not induce any detectable changes in the
FAMI8B mRNA levels (data not shown), thus underscoring
that the observed FAMI18B suppression was a glucose-specific
response.

FAMI8B downregulation affects human retinal microvascular
endothelial cell viability: To further investigate the mecha-
nistic role of FAMI8B, HRMECs transfected with control
or FAMI8B siRNA were treated with VEGF (50 ng/ml) or
high glucose (30 mM) or media alone with normal glucose
(5 mM). Following 48 h of treatment, the cell viability was
measured. The cell viability in treatment groups was normal-
ized to HRMEC:s treated with transfected scrambled control
siRNA in media alone. The viability across the treatment
groups is expressed as percent viability compared to the
control cells (Figure 3A—C). The percent viability of the
control siRNA-transfected cells treated with VEGF and high
glucose compared to cells treated with medium alone was
130.8+19 and 88+17.7. The percent viability of the FAMI8B
siRNA-transfected cells treated with media alone, VEGF,
and high glucose was 91.9+14.4, 117.4+23.8, and 52.4+21.5,
respectively. Although the FAMI8B siRNA-transfected
cells demonstrated decreased viability, the difference was
not significant. VEGF increased the viability of the control
siRNA-transfected HRMECs by 30% (p<0.05) while in
FAMI18B siRNA-transfected cells VEGF increased viability
by only 17% compared to the control cells. Although there

No primary

FAM18B

Figure 1. Immunolocalization of
FAMI8B in the human retina. A,
B: Negative controls for immuno-
histochemistry and immunofluo-
rescence, respectively. Autofluores-
cence is evident in the RPE (white
arrow). Immunohistochemistry
demonstrates FAMI8B (brown) in
the retinal and choroidal vascula-
ture (yellow arrows; C, E). Immu-
nofluorescence reveals a prominent
signal for the FAMI8B (red) in the
retinal and choroidal vasculature
(yellow arrows; D, F).
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Figure 2. Decreased FAMISB
expression under diabetic condi-
tions in cultured human retinal
microvascular endothelial cells.
A: There are significant decreases
in the FAMI8B mRNA levels in
human retinal microvascular endo-
thelial cells (HRMECsS) treated with
25 mM glucose, 1 ng/ml vascular
endothelial growth factor (VEGF),
and 25 pM advanced glycation end
products (AGEs), compared with
5 mM glucose. B: Western blot of
the FAM18B protein and B-tubulin
in HRMECs following treatment
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was a decrease in the viability of control siRNA-transfected
cells with high glucose, this was not significant. Cells trans-
fected with FAMI8B siRNA exhibited a significant reduction
in viability by 50% when exposed to high glucose (p<0.05).
The high glucose—induced decrease in viability in the
FAMI8B-depleted cells was significantly reversed by PDTC,
a specific NF-kB inhibitor (p<0.05). These data suggest that
the presence of FAMI18B may help protect retinal endothelial
cells from glucose-induced damage.

FAMI8B downregulation affects human retinal microvascular
endothelial cell migration: Migration of HRMECs was deter-
mined using a modified Boyden chamber assay. Migration
of HRMEGC: transfected with scrambled control siRNA and
treated with media alone served as the control. Migration
across treatment groups was expressed as percent migration
compared to control (Figure 4A—C). The percent migration
of HRMEC:s transfected with control siRNA and treated with
media alone, high glucose, VEGF, or PDTC was 100.41+4.78,
127.7940.01, 179.04+8.02, and 81.84+6.19, respectively. The
percent migration of FAMI8B siRNA-transfected cells treated
with media alone, high glucose (30 mM), VEGF (50 ng/ml),
or PDTC was 142.07+8.25, 173.50+11.19, 279.01+9.79, and
84.21+15.81, respectively. FAM18B siRNA-transfected cells
demonstrated a 40% increase in migration compared to
scrambled control cells (p<0.05). The increase in migration
of HRMEC in FAMI18B siRNA-treated cells was significantly

inhibited by PDTC, an NF-kB inhibitor. VEGF and high
glucose both significantly increased the migration of control
and FAMI8B siRNA-transfected cells. Moreover, VEGF
and high glucose significantly potentiated the migration
of FAMI8B siRNA-transfected cells over control siRNA-
transfected cells.

FAMI8B downregulation affects human retinal microvascular
endothelial cell tube formation: The ability of HRMECs to
form tubes in BD Matrigel was determined using the in vitro
tube formation assay (Figure SA—C). HRMECs transfected
with scrambled control siRNA and treated with media alone
served as control. The percent total tube length of HRMECs
transfected with control siRNA and treated with media
alone, VEGF, or PDTC was 104.35+5.84, 165.3+£25.32, and
44.83+6.006, respectively. The percent total tube length of
FAMI18B siRNA-transfected cells treated with media alone
and VEGF was 213.48+20.72, 225.10+5.23, and 104.54+8.88,
respectively. FAMI8B siRNA-transfected cells demonstrated
a significant twofold increased tube formation compared
to the scrambled control cells (p<0.05). The increase in
endothelial tube formation following FAMI8B depletion was
markedly inhibited by PDTC, a specific NF-«kB inhibitor.
VEGTF significantly increased tube formation in control cells;
however, VEGF had no effect on tube formation in FAMISB
siRNA-transfected cells.
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Figure 3. Effect of FAM18B knock-
down on human retinal microvas-
cular endothelial cell viability.
The viability of human retinal

VEGF 5Ung/mL

microvascular endothelial cells
(HRMEQC:S) in various treatment
groups are expressed as the percent
viability of HRMECs transfected
with scrambled control siRNA and
treated with medium alone unless
specified otherwise. A: Viability of
HRMEC:s transfected with scram-
* bled control siRNA or FAMISB
siRNA treated with or without

vascular endothelial growth factor

(VEGF). B: Viability of HRMECs

transfected with scrambled control

siRNA or FAMI8B siRNA treated

with or without high glucose. C:

Viability of HRMECs transfected
with FAMI8B siRNA treated with
high glucose in the presence or
absence pyrrolidine dithiocarba-
mate (PDTC). A-C: PDTC is a
specific nuclear factor-kappa B
(NF-xB) inhibitor. Data represented
as meantstandard deviation (SD)
(n=3x96-well plates; four wells/
plate for panels B and C and n=1x96

i well plate; five wells/plate for panel
A). * p value <0.05 compared to
control cells treated with media
alone. fp value <0.05 compared to

0 Glucose 30mM Glucose 30mM FAMI8B siRNA-transfected cells
+ PDTC

treated with high glucose.

FAMI8B expression is decreased in CD34+/VEGFR2+
cells: Eye tissue from post-mortem specimens may have
altered gene expression profiles depending on the time of
acquisition and the nature of storage [18]. Cells from the
peripheral blood, such as CD34+/VEGFR2+ mononuclear
cells, are easily accessible and can be obtained quickly and
noninvasively. We sought to examine these circulating cells
in subjects with proliferative diabetic retinopathy to confirm

our in vitro FAMI8B findings (Figure 6). Previous studies
exploring pathologic retinal angiogenesis suggest this popula-
tion of mononuclear cells may contribute to pathologic retinal
neovascularization thus making them a clinically relevant
accessible peripheral population of cells in human patients
[19-27].
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Figure 4. Effect of FAMI18B knock-
down on human retinal microvas-
cular endothelial cell migration.
T The migration of human retinal

PDTC

-

microvascular endothelial cells
(HRMEQC:S) in various treatment
groups are expressed as percent
change of HRMECs transfected
with scrambled control siRNA
and treated with medium alone.
A: Migration of HRMECs trans-
fected with scrambled control
siRNA or FAMISB siRNA in the
presence or absence of pyrrolidine
dithiocarbamate (PDTC). FAMI18B
knockdown significantly increases
the basal migration of HRMECs. B:
Migration of HRMEC:s transfected
with scrambled control siRNA
or FAMI8B siRNA treated with
or without vascular endothelial
growth factor (VEGF). C: Migra-
tion of HRMECs transfected
with scrambled control siRNA
or FAMI8B siRNA treated with
or without high glucose. PDTC
is a specific nuclear factor-kappa
B (NF-kB) inhibitor. VEGF and
glucose significantly increase
the migration of control cells.
The VEGF and glucose-induced
migration is further potentiated
in FAMI8B siRNA-transfected
cells. The data are represented as
meantstandard deviation (SD) *
p-value <0.05 compared to control
cells treated with media alone. { p
value <0.05 compared to FAMISB
siRNA-transfected cells.

»

Glucose 30mM

There were no substantive differences between the study
groups at baseline (Table 1). The mean age (= SD) of subjects
in the control group was 56.8 (+ 14.6) while the mean age
(# SD) of the subjects in the experimental group was 59.1 (=
12.4), yielding no significant age differences between groups
(p=0.73). Gender (p=0.26) and ethnicity (p=0.62) similarly
were not significant between the groups, with most subjects
from both groups identifying as African American. Last,
there was no significant difference between the groups in the
duration of diagnosis of diabetes (p=0.22) or recorded blood
glucose level at last visit (p=0.06). The average diabetes

duration (x SD) for the control subjects was 9.9 (+ 6.5) years,
and the mean time since diagnosis (£ SD) for the study
subjects was 18.3 ( 12.6) years. The average blood glucose
level (BSL; + SD) for the controls was 143.4 (= 36.7) mg/
dl, and the average BSL (+ SD) for the proliferative diabetic
retinopathy subjects was 195.6 (= 54.6) mg/dl. Although these
differences were not significant, there was a general trend
toward increasing diabetes duration and increasing basal
sugar level in the proliferative diabetic retinopathy subjects.
HDA ¢ levels were not used to determine glycemic control
because they were not uniformly recorded for all subjects,
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Figure 5. Effect of FAMI8B knock-
down on human retinal microvas-
cular endothelial cell tube forma-
tion. A: Representative images of
tube formation in various treatment

groups. (i) Scrambled control; (ii)
scrambled control treated with
vascular endothelial growth factor
(VEGF); and (iii) scrambled control
treated with pyrrolidine dithio-
carbamate (PDTC). (iv) FAMI18B
siRNA-treated cells; (v) FAMI8B
siRNA treated with VEGF; and (vi)
1: FAMI8B siRNA treated with PDTC.
B: The tube formation of human
retinal microvascular endothelial
cells (HRMECs) in transfected
with scrambled control siRNA
or FAMISB transfected siRNA
treated with or without PDTC.
FAMI8B knockdown increases the
basal tube formation of HRMECs.
The enhanced basal tube formation
x is inhibited by PDTC, a specific
nuclear factor-kappa B (NF-kB)

PDTC

inhibitor. C: Tube formation in
control siRNA-transfected cells
and FAMI8B siRNA-transfected
cells treated with or without VEGF.
VEGF increases tube formation of
control cells but not in FAMISB
siRNA transfected cells. The data
are represented as mean+standard
deviation (SD) (n=3). * p value
<0.05 compared to control cells
treated with media alone. { p
value <0.05 compared to FAMISB
siRNA-transfected cells.

and therefore, the BSL was the most consistent information
available from a chart review regarding glycemic control.

CD34+/VEGFR2+ cells were isolated using flow
cytometry (Figure 7). Relative mRNA expression levels of
FAMI8B were compared in CD34+/VEGFR2+ cells from
diabetic subjects with or without proliferative diabetic reti-
nopathy. GAPDH mRNA was used as the internal standard
for normalization. The expression levels as determined by

the 24 values of FAMI8B in diabetic patients with no reti-
nopathy were 1.03+0.12, and the levels in diabetic patients
with proliferative diabetic retinopathy were 0.81+0.11. The
FAMI8B expression levels were significantly decreased in the
patients with proliferative diabetic retinopathy compared with
the diabetes group without retinopathy (Figure 8; p<0.05).
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DISCUSSION in the retina. Given the prominent endothelial immunolocal-

For the study of diabetic retinopathy, candidate gene studies
were initially performed to evaluate genes in the major mech-
anistic pathways thought to be important in the development
of microvascular complications associated with diabetes.
To date, these studies have enjoyed limited success [28-32].
Strong evidence exists that there is a significant genetic
component to diabetic retinopathy severity, yet to date,
few genes or pathways have reliably been associated with
the development of this disorder. We used a genome-wide
association approach to agnostically implicate those critical
genes and biologic pathways dysregulated in this condition
[14]. FAM18B encodes for a membrane protein with unknown
function. The gene was investigated in this study based on
the association of a FAMI8B intronic SNP, rs11871508, with
diabetic retinopathy in our recent GWAS [14].

Diabetic retinopathy significantly affects the normal
functioning of retinal vasculature. Various mediators
including hyperglycemia, AGEs, cytokines, and reactive
oxygen species have been implicated in retinal microvascular
injury. Associated ischemia and secondary hypoxia further
drive the upregulation of angiogenic factors including VEGF
that can result in angiogenesis and pathologic neovasculariza-
tion seen in proliferative diabetic retinopathy.

Immunohistochemistry and immunofluorescence find-
ings from this study demonstrate that FAMIS8B is expressed

ization, we investigated FAMI8B expression in HRMECs.
We observed that FAMI8B expression was decreased in
HRMECs exposed to various in vitro diabetic conditions,
including high glucose, VEGF, or AGEs. To determine the
functional role of FAMI18B in HRMECs, we experimentally
knocked down the levels of FAMI18B with siRNA. Interest-
ingly, we observed that the RNAi-mediated knockdown of
FAMI8B in HRMECs increased migration and endothelial
tube formation. Importantly, we observed that VEGF or high
glucose—induced migration was significantly potentiated in
FAMI18B-depleted HRMECs. We also observed that in the
FAMI18B-depleted cells, high glucose markedly exacerbated
endothelial cell viability.

NF-«xB is known to be upregulated in the setting of
diabetes and plays a key role in its microvascular complica-
tions [33-36]. A transcription factor with multiple functions,
NF-kB has been implicated in mediating hyperglycemia-
induced retinal endothelial cell death through apoptosis in
diabetes and regulating VEGF levels and VEGF-induced
angiogenesis in diabetic retinopathy [37]. VEGF, in turn, can
activate proinflammatory NF-«xB signaling and downstream
effects such as the enhanced expression of adhesion mole-
cules in endothelial cells and the secretion of inflammatory
cytokines [8,9]. We therefore explored the effects of NF-xB
on the FAM18B-depleted endothelial cells using a specific
NF-kB inhibitor, PDTC [38-40]. In our studies, we observed
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Figure 7. Isolation of CD34"/
VEGFR2" mononuclear cells.

Single positive controls and an

unstained control were used to
set the appropriate compensation

values necessary to assign the
3 double positive gating strategy
(A, B, and C). Whole cells were
separated from debris and doublets

using the area and width pulses for
forward and side scatter (D). The
box identifies all double-positive
cells that exhibit sufficient fluores-

cence of both markers to be identi-
fied—these were the cells that were

A. B.
Sample-unstained Sample-FITC
- -
f=a | 23
- -
b= | =
3 P3 P3
< 3 <
W W
a 1 a
% o
5_3' o
3
3 ] .
LB AL PR B L U L R B LU A LLL PR L L R R L e
10° w0 10 10° 10° 2 10 10°
FITC-A FITC-A
Sample-PE Specimen_001-G
of 1 -
"oy 23
- ] v‘E':
=5 P3 3
< 3 -
w w
o 3 e |
o} =3
-3 ]
3 ]
3
I} -~
o
s o
= a_
3 o ]
L L DR L B D11 S 1 2 LLLLLLELN Y N LA LB R LI R EELLL
10t 10 w0 w® ok 0 107 ' 10°
FITC-A ’ FITC-A
C D
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that NF-kB inhibition reversed the endothelial effects of
FAMI8B-mediated knockdown.

To better interpret these findings within the clinical
context of diabetic retinopathy, we evaluated the expression
of FAMI8B in CD34+/VEGFR2+ mononuclear cells from
individuals with proliferative diabetic retinopathy. Cells
from the peripheral blood, such as CD34+/VEGFR2+ cells,
are considered one of the circulating populations that may
play a role in the normal physiology of the retinal capillary
bed as well as its dysregulation in proliferative retinopathy
[22,24,26]. CD34+/VEGFR2+ mononuclear cells in diabetic
subjects demonstrate impaired proliferation and incorporation
in vasculature thus limiting the normal repair of vasculature
[41]. In advanced stages of proliferative diabetic retinopathy,
these cells have been implicated in pathogenic neovascu-
larization [42]. Interestingly, we observed the decreased
expression of FAMI8B in circulating CD34+/VEGFR2+
mononuclear cells obtained from subjects with proliferative
diabetic retinopathy when compared to subjects with no
diabetic retinopathy. Although FAMIS8B levels in CD34+/
VEGFR2+ mononuclear may not necessarily reflect its levels
in the retinal endothelium, the low levels of FAMIS8B in the

circulating cells in patients with proliferative retinopathy are
consistent with our in vitro findings.

In summary, this is the first study to show the expression
of the FAMI18B protein in the human retina. We further have
demonstrated that the expression of FAMIS8B is significantly
decreased in human retinal microvascular endothelial cells
when exposed to diabetic stimuli including high glucose
and VEGF. Further, we demonstrated that RNAi-mediated
downregulation of FAMI8B enhances migration as well as
endothelial tube formation in HRMECs and potentiates high
glucose—induced endothelial cell death. Finally, we show
that subjects with proliferative diabetic retinopathy exhibit
reduced FAMISB expression. Thus, this study suggests a
potential role for FAMI18B in diabetic retinopathy.
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