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Figure 3. GLI2 knockdown inhibits proliferation of osteosarcoma cells. (A) Transfection of GL/2 siRNA resulted in a >70% knockdown
efficiency of GLI2 [error bars represent mean (SD)). 24 Ct analysis was performed to evaluate the fold change in GLI2 mRNA expression,
using GAPDH or ACTB. (B) Growth at 72 h of 143B and Saos-2 cells was inhibited by GL/2 siRNA. The experiment was performed in triplicate

with similar results (*p < 0.01) [error bars represent mean (SD)]. (C)

A reduced number of colonies was observed in soft agar following

GLI2 knockdown. These experiments were performed in triplicate with similar results (*p < 0.01; **p < 0.05) [error bars represent mean

(so).

between the osteosarcoma and prostate cancer cells
in vivo. Nonetheless, these two studies independently
suggest that low-molecular-weight compounds can
inhibit malignant tumours in vitro. Moreover. these
findings suggest that other GLI-specific inhibitors may
have a powerful therapeutic potential for the manage-
ment of osteosarcoma and other malignancies char-
acterized by constitutive activation of the Hedgehog
signalling pathway.

For invivo GLI2 RNA interference studies, we
inoculated 143B osteosarcoma cells that had been
previously transfected with GLI2 shRNA. Although
knockdown of GLI2 by shRNA significantly inhibited

Copyright © 2011 Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk

osteosarcoma growth in nude mice, this method is
not clinically applicable. Recently, the potential clin-
ical usefulness of RNA interference in mammalian
cells has been demonstrated, with no reported inter-
feron activation [25]. In addition, Davis eral [26]
reported a human phase I clinical trial involving the
systemic administration of siRNA to patients with solid
cancers; they demonstrated that siRNA administered
systemically to a human can inhibit a specific gene.
These findings strongly suggest that administration of
GLI2 siRNA might be a promising new treatment for
osteosarcoma.

J Pathol 2011; 224: 1-11
www.thejournalofpathology.com



GLI2 in osteosarcoma 7

A GLI? cell cycle
™
, 1.00 o j’\
3 08 g e \ o ’
£ oo 3 p
g; % 04 35 S| ns 22 g 0] ws 1z B
& 02 m J
* Control GLIZ 4 m me w5 mo am ew w0
shRNA shRNA control shRNA GLIZ shRNA
G, s M
control * e
. E . 1. .0+0.
<hRNA 742+15 [ 185+15 | 70x03
GLI? * k|
+ 3 ki
ShRNA 804+12 |152+21 [42+12
(*p<0.01)
(** p < 0.05)
fin D1
8 ; Cyﬁ ’30 135;: 2 c Negative GLIZ
] p 1 shRNA shRNA
5. - GLIZ N e
£ 08 ’
E‘é 06+ - %-éoe cyclin D1 @8 e
-3 o2 0.44
E 04 >
g 2 HE PRb W -
0.2 e "
&0 SKP2 e s
0 0 ) .
control  GLI2 control  GLI2 p21
ShRNA  shRNA ShRNA ShRNA .

e e

Figure 4. Knockdown of GLI2 promotes cell cycle arrest in the G; phase. (A) Following transfection of GLI2 shRNA, the efficacy of
GLI2 knockdown was >75%. 24 Ct analysis was performed to evaluate the fold change in mRNA expression, using GAPDH or ACTB.
(B) When 143B cells were transfected with control shRNA, 74.2% of them were in G; phase, while when they were transfected with GLI2
shRNA, 80.4% of the cells were in G phase (*p < 0.01; **p < 0.05). (B) Real-time PCR was employed to examine the expression of cell
cycle-related genes. 2 Ct analysis was performed to evaluate fold changes of mRNA expression, using GAPDH or ACTB. Knockdown of
GLI2 decreased the expression of the cell cycle accelerators, cyclin D1 and SKP2 [error bars represent mean (SD)]. (C) Western blot analysis
revealed that knockdown of GLI2 decreased the protein levels of cyclin D1, pRb and SKP2. Western blot analysis revealed that knockdown

of GLI2 increased the expression of p21°', a negative regulator of cell cycle progression.

We previously reported that inhibition of SMO by
cyclopamine or by SMO RNA interference reduced
the growth of osteosarcoma via cell cycle regulation
[21]. Compared to several potential mutational targets
within the Hedgehog pathway downstream of SMO
already discovered, the group of tumours that would
benefit from direct GLI inhibition is substantial and
likely to increase. For instance, it has been reported
that inhibition of GLI, but not SMO., induced apoptosis
in chronic lymphocytic leukaemia cells [27].

In order to examine the molecular mechanisms of
GLI2 up-regulation, we examine genomic amplification
of the GLI2 locus. We performed cytogenetic studies
in three osteosarcoma specimens. FISH analysis using
specific probes for the GLI2 locus revealed no chromo-
somal abnormalities in our osteosarcoma biopsy tissues
(data not shown): this region of the genome is known
to be amplified in some tumour specimens [28—32].

Copyright © 201 | Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk

Further examinations should be done to elucidate the
molecular mechanisms of GLI2 up-regulation.

We showed that knockdown of GLI2 decreased the
expression of SKP2 [33.34]. In addition, we found
that knockdown of GLI2 increased the expression of
p21CiPl SKP?2 is a subunit of the SCFS"> complex,
a ubiquitin-dependent ligase. Down-regulation of the
SCFSXP? complex may promote a cell cycle arrest in
G phase by inhibition of p21°P' degradation. Several
key signalling pathways, including Hedgehog, TGFB,
BMP, Notch and Whnt, are engaged in essential pro-
cesses of embryonic development. Recently. it has been
clarified that these pathways also play important roles
in the pathogenesis of malignant tumours (reviewed in
[35]). In addition, it has been shown that there is a
direct interaction or crosstalk among these key path-
ways (reviewed in [36]). We previously reported that

J Pathol 2011; 224: 1-11
www.thejournalofpathology.com
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following forced expression of GLI2AN and transfection with control vector, respectively. Furthermore following forced expression
of GLI2AN, 12.5% and 22.9% of the cells were in the S and G;-M phase, respectively, whereas 9.8% and 17.0% of the control

vector-transfected cells were in the S and G, -M phase, respectively (*p < 0.01;**p < 0.05).

the Notch pathway is activated in human osteosar-
coma and that its activation promotes osteosarcoma
cell growth [37]. In turn, activation of the Notch path-
way promotes transcription of SKP2. SKP2 might thus
mediate the crosstalk between the Notch and Hedge-
hog pathways. Further studies are needed to elucidate
the role of interaction between these pathways in the
pathogenesis of osteosarcoma.

Several recent studies have demonstrated that the
anti-tumour effects of Hedgehog pathway inhibitors
are mediated by their effects on tumour stromal
cells [38,39]. Other studies have demonstrated that
Hedgehog pathway inhibitors directly affect cancer
cells [21,22,40—44]. Our findings showed that both
GLI inhibition and GLI2 knockdown directly inhibit

Copyright © 2011 Pathological Society of Great Britain and Ireland.
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk

osteosarcoma cell growth. Further studies are needed
to establish the role of GLI2 activation in response
to paracrine and autocrine Hedgehog signalling in
osteosarcoma cells.

The hypothesis that malignant tumours are generated
by rare populations of tumour-initiating cells (TICs),
also called cancer stem cells, that are more tumouri-
genic than other cancer cells, has gained increas-
ing credence [22,45]. We and others have reported
that some bone and soft tissue sarcomas are gener-
ated by TICs [16,46]. The Hedgehog pathway has
been implicated in the maintenance of normal stem
cell or progenitor cells in many tissues, including the
epithelia of many internal organs and brain [47]. Mag-
ali er al [48,49] reported that inhibition of Hedgehog

J Pathol 2011; 224z 1-11
www.thejournalofpathology.com
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tumour growth as compared with control shRNA-transfected cells (n = 6; *p < 0.01) [error bars represent mean (SD)]. Kaplan-Meier
analysis revealed that knockdown of GLI2 provided a significant survival benefit (n = 6; *p < 0.01).

signalling depletes TICs, whereas constitutive activa-
tion of Hedgehog signalling increases the number of
TICs and accelerates tumour progression. These find-
ings suggest that inhibition of the Hedgehog path-
way might decrease the proportion of osteosarcoma
TICs. The presence of a high aldehyde dehydroge-
nase (ALDH) activity has been used to identify TICs in
malignant tumours [50-52]. Recently, Wang et al [53]
reported that TICs obtained from osteosarcoma can be
identified by a high ALDH activity. In this regard, we
determined the proportion of cells with a high ALDH
activity following GLI2 siRNA transfection. At base-
line, 30.6% of 143B cells showed a high ALDH activ-
ity. Seven days after GLI2 siRNA transfection, there
was no change in the proportion of cells with a high
ALDH activity (data not shown). Further studies are
needed to determine the impact of Hedgehog pathway
inhibition on the proportion of TICs in other osteosar-
coma cell lines or using other methodologies to identify
TICs. In conclusion, our findings demonstrate that inhi-
bition of GLI2 prevents osteosarcoma growth. These
finding improves our understanding of osteosarcoma
pathogenesis and suggest that inhibitions of GLI2 may
be regarded as an effective treatment for patients with
osteosarcoma.
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Stromal Cell-Derived Factor-1 Is Essential for
Photoreceptor Cell Protection in Retinal Detachment

Hiroki Otsuka,* Noboru Arimura,* Shozo Sonoda,*
Makoto Nakamura,! Teruto Hashiguchi,

Ikuro Maruyama,* Shintaro Nakao,®

Ali Hafezi-Moghadam,$ and Taiji Sakamoto*

From the Departments of Ophthalmology.” and Laboratory and
Vascular Medicine,' Kagoshima University Graduate School of
Medical and Dental Sciences,” Kagoshima, japan; the Division of
Opbthalmology.” the Department of Surgery, Kobe University
Graduate School of Medicine, Kobe. Japan: and the Angiogenesis
Laboratory,S Massachusetts Lye and Ear Infirmary, the
Department of Ophthaimology. Hareard Medical School,

Boston. Massachusetts

Stromal cell-derived factor-1 (SDF-1) causes chemo-
taxis of CXCR4-expressing bone marrow-derived
cells. SDF-1 is involved in the pathogenesis of various
vascular diseases, including those of the eye. How-
ever, the role of SDF-1 in neuronal diseases is not
completely understood. Here, we show higher SDF-1
levels in the vitreous humor of patients with retinal
detachment (RD) compared with normal patients.
SDF-1 correlated positively with the duration as well
as the extent of RD. Furthermore, SDF-1 correlated
significantly with levels of interleukin-6 and interleu-
kin-8, but not with vascular endothelial gmwth fac-
tor. Western blot lysis results sk

SDF-1 up-regulation in detached ra! retinas compared
with normal animal hemistry data
showed that SDF-1 was co-localized with the glial cells
of the detached retina. SDF-1 blockade with a neutral-
izing antibody increased photoreceptor cell loss and
macrophage acc 1 in the subretinal space.
The retinal precursor cell line R28 expressed CXCR4.
SDF-1 rescued serum starvati is in

into two subfamilies, CXC-family and CC- subfamily, based
on the characteristic presence of four conserved cysteine
residues. '™ Stromal cell-derived factor-1 (SDF-1) is a
CXC-chemokine with important roles in hematopoiesis.*
Mice lacking SDF-1 or its receptor CXCR4 are embryon-
ically lethal, exhibiting defects in various organs includ-
ing heart, brain, large vessels, and bone marrow.5€ In
bone marrow, endothelial cells and stromal cells express
SDF-1, which not only recruits hematopoietic stem cells
to the bone marrow niche, but also supports their sur-
vival and proliferation.”® SDF-1/CXCR4 also recruits
bone marrow-derived cells to neovascularization and
regeneration sites in heart, liver,%'© and eye.'"'2
SDF-1 levels are elevated in the vitreous of ischemic
ocular diseases, such as proliferative diabetic retinopa-
thy (PDR) and retinopathy of prematurity.'? 2 Previously,
we reported elevated vitreous levels of SDF-1 in patients
with retinal vein occlusion.™ In addition, SDF-1/CXCR4
potentially mediates ocular inflammation by recruiting
CD4* T-cells, and is potentially involved in the formation
of proliferative membranes in eyes with proliferative vit-
reoretinopathy.'®'® Therefore, interest in understanding
the role of SDF-1/CXCR4 in non-neovascular inflamma-
tory or proliferative ocular diseases remains great.
Retinal detachment (RD), the physical separation of
the neural layer of the retina from the subjacent retinal
pigment epithelium, results in photoreceptor cell
death.'® Because of the irreversible nature of the dam-
age, a long duration of RD can cause permanent vision
loss.'® Thus, new insights into the photoreceptor protec-
tion in RD would be of great clinical interest, as they could
lead to new treatments. Because, the retina is an acces-
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R28 cells and enhanced their ability to parﬁclpatc in
wound closure in a scratch assay. Our results indicate
a surprising, protective role for SDF-1 in RD. This
effect may be mediated directly or indirectly through
other cell types. (Am J Patbol 2010, 177:2268-2277; DOI:
10.2353/ajpath.2010.100134)

Chemokines are a family of polypeptides that act as
potent chemoattractants. They are structurally grouped
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sible part of the brain, it also offers a unique opportunity
for studies of the central nervous system. Given that RD
usually occurs without infectious inflammation or destruc-
tive ischemia, it provides a suitable context for investigat-
ing morphological changes in neural disorders and a
local sterile inflammation.

The CC chemokine monocyte chemotactic protein-1,
erythropoietin, and interleukin (IL)-6 have recently been
implicated in neuro protection.?>#" Monocyte chemotac-
tic protein-1 is a critical mediator of RD-induced photo-
receptor apoptosis.?

This study elucidates the role of SDF-1in RD by using
human vitreous samples in vivo and in vitro.

Materials and Methods

Human Vitreous Samples

This study was approved by the institutional ethical com-
mittee at University of Kagoshima, and was performed in
accordance with the Declaration of Helsinki. All surgeries
were performed at Kagoshima University Hospital. All
patients provided informed consent before receiving
treatment. Undiluted vitreous fluid samples (0.5 to 0.7 ml)
were obtained from the same sites of the anterior vitreous
by pars plana vitrectomy. Vitreous humor was collected
in sterile tubes, placed immediately on ice, centrifuged to
remove cells and debris, and stored at —-80°C until anal-
ysis. The clinical histories of all patients were obtained
from their medical records. In patients with rhegmatog-
enous RD (RRD), preoperative data collection included
time from onset of symptoms to surgery and extent of
detached retina.

Measurements of vitreous levels of SDF-1a, vascular
endothelial growth factor (VEGF), and inflammatory cyto-
kines/chemokines (IL-18, IL-6, IL-8, IL-10, IL-12p70, and
tumor necrosis factor-a) were measured as we described
previously.?® SDF-1a and VEGF were quantified by using
commercial enzyme-linked immunosorbent assays (Hu-
man CXCL12/SDF-1 a Quantikine ELISA Kit, Human VEGF
Quantikine ELISA Kit; R&D Systems, Minneapolis, MN). Six
inflammatory cytokines/chemokines were quantified by us-
ing commercial multiplex Cytometric Bead Array systems:
Human Inflammation Kit (BD Biosciences Pharmingen, San
Diego, CA). All concentrations less than the detection level
were assigned a value of 0 in the subsequent analysis.

Animals and RD Induction

All experiments were performed in accordance with the
Association for Research in Vision and Ophthalmology
statement for the Use of Animals in Ophthalmic and Vision
Research and approval of our institutional animal care com-
mittee. Brown Norway rats (Kyudo, Fukuoka, Japan).
postnatal 8 weeks, were studied as follows. RD was in-
duced in the right eyes as we described previously.?® The
rats were anesthetized with an intramuscular injection of
ketamine and xylazine, and their pupils were dilated with
topical 1% tropicamide and 2.5% phenylephrine hydrochlo-
ride. The retinas were detached by using a subretinal injec-
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tion of 1% sodium hyaluronate (Opegan; Santen, Osaka,
Japan) with an anterior chamber puncture to reduce in-
traocular pressure. Sclera was penetrated at the ocular
nasal equator with a 30-Gauge needle. Then, sodium hyal-
uronate (0.05 ml) was gently injected through the sclera into
the subretinal space to enlarge the RDs. These procedures
were performed only in the right eye, with the left eye serv-
ing as a control. Eyes with lens injury, vitreous hemorrhage,
infection, and spontaneous reattachment were excluded
from the analysis.

Intravitreal Injection

In some eyes, immediately after RD induction, 1 ug anti-
SDF-1a antibody (MAB310; R&D Systems) or 1 ug iso-
type control IgG1 monoclonal antibody (MAB0O2; R&D
Systems) was injected intravitreally from the temporal
limbus of the same eye by using a 33-Gauge needle
(Hamilton, Reno, NV) in a 10-ul volume. Doses were
based on previous studies in mice.?* The rats were sac-
rificed on days 3 and 7 after treatment, and the eyes were
harvested for study.

Western Blot Analysis of Experimental RD

SDF-1 expression in the detached retinas was examined
by Western blot, as described previously.?® The rats were
sacrificed 3 days after RD induction. The eyes were
enucleated immediately, and the anterior segment and
vitreous were removed. The detached portion of the neu-
rosensory retina was carefully peeled and harvested.
Retinas were resuspended in lysis buffer (30 mmol/L Tris,
pH 7.5, 150 mmol/L NaCl, 1 mmol/L phenylmethylsulfonyl
fluoride, 1 mmol/L Na3VO4, 1% Nonidet P-40, and 10%
grycerol), and centrifuged for 10 minutes at 4°C. Protein
concentration in the supernatant was calculated by using
the micro bicinchoninic acid protein assay kit (Pierce,
Rockford, IL). An aliquot of 50 g total extract was mixed
with protein loading buffer containing methoxyethanol,
and boiled for 5 minutes before being loaded onto 15%
SDS-polyacrylamide gels, then transferred onto a polyvinyli-
dene difluoride membrane. The membrane was blocked by
incubation with blocking buffer (Tris-buffered saline [pH 7.5]
with 5% nonfat dry milk and 0.1% Tween-20) for 1 hour at
room temperature. The membrane was then incubated with
rabbit polyclonal anti-SDF-1a antibody (1:1000; Abcam,
Cambridge, UK) at 4°C overnight. The blots were subse-
quently probed with secondary anti-rabbit antibodies con-
jugated to horseradish peroxidase, and images were
developed by using the enhanced chemiluminescence sys-
tem plus (GE Health care, Tokyo, Japan).

Immunofiuorescent Staining

The eyes were fixed in 4% paraformaldehyde at 4°C over-
night. The anterior segment and the lens were removed,
and the remaining eye cup was cryoprotected with 10% to
30% sucrose in PBS. The eye cups were then frozen in an
optimal cutting temperature compound (Sakura Finetech,
Tokyo, Japan). Frozen sections (8 um) were dried and
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blocked with blocking buffer for 1 hour. The antibodies used
for staining were rabbit polyclonal anti-SDF-1a antibody,
rabbit polyclonal anti-CXCR4 antibody (each 1:50; Abcam),
monoclonal anti-glial fibrillary acidic protein (GFAP) anti-
body (Sigma, St. Louis, MO), mouse anti-CD68 monoclonal
antibody (ED1; 1:800; Serotec, Raleigh, NC), and mouse
anti-CD31 monoclonal antibody (PECAM-1; 1:100; Abcam).
Normal rabbit or mouse IgG was used instead of primary
antibody as a negative control in each case. Secondary
antibodies were Alexa-Fluor 488-conjugated goat anti-
mouse IgG F(ab), fragment and Alexa-Fluor 594-conju-
gated goat anti-rabbit IgG F(ab), fragment (each 1:400;
Molecular Probes, Carlsbad, CA). Slides were counter-
stained with 4,6-diamidino-2-phenylindole (DAPI), mounted
with Shandon PermaFlour (Thermo Scientific, Waltham,
MA), and viewed with a Olympus fluorescence microscope
(Olympus, Tokyo, Japan). Images were captured by using
the same exposure time for each comparative section. Con-
focal Laser Scanning Microscopy images were taken on an
Olympus FV-500 confocal microscope (Olympus). For all
experiments, at least three sections from each eye were
evaluated.

Immunofluorescent staining for CXCX4 was performed
on R28 cells by using the same method.

Quantification of Outer Nuclear Layer Thickness
and ED1 Positive Macrophages

To evaluate the change of outer nuclear layer (ONL) thick-
ness after RD, we compared the thickness of the ONL with
the entire retina (defined as the distance between the inter-
nal limiting membrane to the external limiting membrane) in
histological sections (three sections each point) stained
with hematoxylin and eosin. Three separate measurements
of retinal thickness were obtained from each retinal section
by using image analysis software, Image J (National Insti-
tutes of Health, Bethesda, MD). To assess the number of
ED1 positive macrophages infiltrating the subretinal space,
we performed double immune-fluorescence staining with
rabbit polyclonal anti-CXCR4 antibody and ED1. The num-
ber of ED1 positive cells was counted at three random fields
in each eye in a masked fashion.

Cell Culture

The rat immortalized retinal precursor cell line R28, a gift
from Dr. G. M. Siegel (The State University of New York,
Buffalo), was cultured in Dulbecco’s modified Eagle’s
medium high glucose supplemented with 10% fetal bo-
vine serum. 10 mmol/L nonessential amino acids, and 10
mg/ml gentamicin as described previously.?® Cells were
incubated at 37°C in a 5% CO, incubator and subcultured
with 0.05% trypsin-EDTA. Subconfluent cultures were
trypsinized and seeded for the following experiments.

Trypan Blue Dye Exclusion Assay

To induce cell death by serum starvation, R28 cells at
50% confluence in 24-well tissue culture plates were

washed with PBS twice, and the culture medium was
replaced with serum-free Dulbecco’s modified Eagle’s
medium containing 0.1% bovine serum albumin. After 6
hours of synchronization, recombinant SDF-1a (Pepro-
Tech, London, UK) or PBS was added to the wells at the
indicated concentrations. After incubation for 48 hours,
cell survival was assessed by trypan blue dye exclusion
assay in a masked fashion, as described previously.?”

Terminal Deoxynucleotidyl Transferase-Medliated
dUTP Nick-End Labelng Staining

Terminal deoxynucleotidy! transferase-mediated dUTP
nick-end labeling (TUNEL) procedure and quantification of
TUNEL-positive cells were performed by using an ApopTag
fluorescein direct in situ apoptosis detection kit (Chemicon
International, Temecula, CA) according to the manufactur-
er's instructions. The number of TUNEL-positive cells was
counted in a masked fashion.

Scratch Wound Aséay

For scratch wound assay, R28 cells were grown to 90%
confluence in 6-well tissue culture plates and serum starved
for 6 hours before experiment. Then, R28 cells were
scratched with a sterile 0.1- to 10-ul pipette tip (TipOne;
USA Scientific, Ocala, FL) to remove cells with three parallel
linear scrapes. The debris of damaged cells was removed
by washing, and the cells were refed with serum-free Dul-
becco's modified Eagle's medium containing 0.1% bovine
serum albumin in the presence or absence of recombinant
(rSDF-1) (100 ng/mi). The progression of wound healing
was photographed immediately and 24 hours after
wounding, at the same field near the marked point, using
an inverted microscope (Olympus CKX41; Olympus)
equipped with a digital camera. The extent of healing is
defined as the ratio of the area difference between the
original wound and the remaining wound 24 hours after
injury compared with the original wound.® The wound area
was determined by the number of pixels in histogram (Pho-
toshop CS3; Adobe, San Jose, CA).

Western Blot Analysis of Bcl-2 or ERK-1/2
Activation

R28 cells (5 X 10% were subcultured on 6-cm tissue
culture dishes. The cells were serum-starved for 6 hours
and then stimulated with or without rSDF-1 (100 ng/ml) for
24 hours.?® For inhibition studies, U0126 (Promega, Mad-
ison, WI) was added 1 hour before SDF-1 treatment. In
brief, whole cells were lysed with SDS sample buffer and
a 80-ug volume of protein extracts was loaded onto 15%
SDS-polyacrylamide gels, then transferred onto a polyvi-
nylidene difluoride membrane. After blocking. the mem-
brane was reacted with anti-Bcl-2 antibody (1:1000; Cell
Signaling Technology, Beverly, MA) at 4°C overnight. The
blots were subsequently probed with secondary antibod-
ies and images were developed. To analyze activation of
ERK-1/2, the membrane was reacted with phospho-ERK-
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Table 1.  Patient Characteristics
Characteristics PDR RRD ERM MH P
Subjects. no. 30 44 il 18
Age (yr) 62 (31--80) 59 (44-86) 69 (50-75) 68 (49-78) 0.184"
Female sex no. (%) 15 (50) 18 (41) 6 (55) 11(61) 0.849!

Values are expressed as the median (range) or number (%)
*Kruskal-Wallis variance analysis.
Ty? test

1/2 (1:1000; Cell Signaling Technology). After detection
of phospho-ERK-1/2, the blot was stripped and re-
probed with an antibody against total ERK-1/2 (1:1000;
Cell Signaling Technology), as described previously.*

Statistical Analysis

The vitreous inflammatory cytokine/chemokine concentra-
tions in each group were compared by using the Mann-
Whitney U-test. The correlation between inflammatory cyto-
kines/chemokines in RD samples was analyzed by using &
simple linear regression analysis and Spearman’s rank cor-
relation coefficient. All in vitro and vivo data are presented
as mean = SEM, and the significance of differences be-
tween groups was determined by Student’s t-test. P values
less than 0.05 were considered significant.

Results

Vitreous SDF-1 and Inflammatory
Cytokine/Chemokine Levels in Patients with RD,
Epiretinal Membrane, and Macular Hole

To investigate the role of SDF-1 in non-neovascular ocu-
lar diseases, we quantified the levels of human vitreous
SDF-1 in RRD, epiretinal membrane (ERM), and macular
hole (MH). PDR, a neovascular disease with high levels of
SDF-1 in the vitreous, was used as a positive control.>!
Samples were harvested from 30 eyes with PDR, 44 eyes
with RRD, 11 eyes with ERM, and 18 eyes with MH. There
were no statistically significant differences in age and sex
of patients (Table 1).

SDF-1 concentration of RRD (58.5 pg/ml) was signifi-
cantly higher than that of ERM (21.2 pg/ml, P = 0.012 and
P < 0.016 after Bonferroni correction). Significant differ-
ences were not found between RRD and MH (10.0 pg/
ml), or between MH and ERM (Figure 1A). The vitreous
VEGF level in PDR was highest and comparable to that of
SDF-1. In contrast, there was surprisingly no VEGF de-
tectable in RRD, ERM, and MH (Figure 1B).

Next, we examined whether there is a relation between
vitreous SDF-1 concentration and pathological condition
in eyes with RRD, in terms of duration of disease (range
3 to 120 days) and extent of detached retina (range, 0.5
to 4 quadrants; Table 2). The vitreous SDF-1 level in RRD
was positively correlated with duration of disease and
extent of detached retina in RRD by a simple linear re-
gression (r = 0.501, P < 0.001, r = 0.339, P = 0.024,
respectively) and by a Spearman’s rank correlation coef-

ficient (r = 0.347, P = 0.025, r = 0.323, P = 0.040,
respectively; Figure 1, C and D).

Furthermore, vitreous SDF-1 showed a positive corre-
lation with IL-6 (r = 0.484, P = 0.002) and IL-8 (r = 0.400,
P = 0.009) by Spearman’s rank correlation coefficient
(Figure 1, E and F), but not by simple linear regression.
The vitreous IL-6 in RRD positively correlated with the
extent of detached retina by a Spearman’s rank correla-
tion coefficient (r = 0.342, P = 0.027; data not shown);
however, it did not correlate with disease duration.

SDF-1 and CXCR4 Expression in
Experimental RD

To investigate SDF-1 and CXCR4 expression in the retina
after RD, 3 days after detachment was induced in Brown
Norway rats, neurosensory retina was harvested and ex-
pression of these proteins was analyzed by Western blot-
ting. The SDF-1 protein level in the detached retina was
substantially higher (P < 0.01), 3 days after RD, com-
pared with the untreated control (Figure 2, A and B).

Immunofluorescent staining revealed sparse SDF-1
expression in the inner border and the outer plexiform
layer of the retina in the control. In contrast, up-regula-
tion of the expression of SDF-1 occurred with RD (Fig-
ure 3, A and B), which seemed to be colocalized with
the activated GFAP-positive astrocytes or Mller cells
(Figure 3, C-F).

In the normal retina, CXCR4 staining mainly was
present in the ganglion cell layer and the inner nuclear
layer of the retina. Additionally, CXCR4 was strongly pos-
itive in the outer nuclear layer and photoreceptor inner
segments of the detached retina (Figure 4, A-D). Double
immunofluorescent staining of CXCR4 showed strong
staining in some ED-1-positive macrophages infiltrating
into the subretinal space (Figure 5, A-C).

Vitreal SDF-1 Neutralization Causes ONL Cell
Loss and Accumuilation of Subretinal ED-1
Positive Macrophages

To further define the role of SDF-1 in RD, after sodium
hyaluronate injection into the subretinal space, some rats
were intravitreally injected with anti-SDF-1 antibody or
nonbinding control antibody. Three days after RD, there
were no apparent morphological differences between the
Ab-injected animals and normal controls. Seven days
after RD, there was thinning of the outer nuclear layer due
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yes with RRD.

to photoreceptor loss and deconstruction of the inner and
outer segments of the photoreceptors. The ratio of the
thickness of the ONL to the entire retina differed signifi-
cantly between the noninjected (0.278 = 0.015) and anti-
SDF-1 Ab group (0.228 + 0.011, P < 0.05), or between
anti-SDF-1 Ab and control Ab group (0.294 *+ 0.018, P <
0.01), respectively. No significant difference was found
between noninjected and control Ab group (Figure 6, A
and B). In normal eyes without detachment, SDF-1 block-
ade did not cause apparent retinal morphological
change (data not shown). This suggests that SDF-1
blockade results in photoreceptor cell loss only at the site
of detachment.

TUNEL staining of rat eyes 3 days after detachment
revealed significantly higher percentages of TUNEL-pos-
itive cells in the ONL of retinas treated with anti-SDF-1 Ab
compared with those treated with control Ab (P < 0.05) or
untreated control (P < 0.05; Figure 6, C and D).

To assess the impact of SDF-1 blockade on the recruit-
ment of inflammatory cells, the number of infiltrated mac-

Table 2.  Clinical State of Rhegmatogenous Retinal
Detachment
Duration of disease (days) 15 (3-120)
Extent of detached retina (quadrants) 1.5(0.5-4)

Values are expressed as the median (range)

. s Vitreous levels of PDR, RRD, ERM, and MH. The vitreous SDF-1 level of RRD was significantly higher

ion,
2) or (F) I1L-8 duration of disease (simple linear regression. r = 0.081. P = 0.061; Spearman’s rank correlation coefficient. r = 0.400. P =

srrelation coefficient, r = 0.347, P = 0.025) or (D) extent of deta
nt, = 0.323, P = 0.040) in ¢ ith RRD. E and F: Scauer plot for Ihs
410, P .006; Spears rank correlation coefficient, r= 0.8

A8,
0.009)

rophages was counted after immunostaining with ED-1.
The number of ED-1 positive macrophages that infiltrated
the subretinal space was markedly increased in anti-
SDF-1 Ab group, compared with both noninjected (P <
0.05) and control Ab group (P < 0.05; Figure 6, E and F).

SDF-1/CXCL12 Enhances R28 Survival and
Apoptosis

To assess whether SDF-1 is a survival factor for retinal
cells, we performed in vitro experiments with R28 cells, a
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SDE-1 expression (72 = 3. Results are the mean = SEM. £ < 0,01
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Figure 3. Confocal images of SDE-1 expression in detached rat retina, Retinal
sections from control eyes (A, €. and B) or 3 days afier detachment (B, D, and
F). A: Untreated control, showing some immunofluorescent staining in the inner
border and the outer plexiform layer of the retina. Bs Three days after detach-
ment, SDF-1 also expressed radially. in the border of inner retina, and some

nonspec ining was found in the photoreceptor outer segment. € and D
GFAP staining, E and F: Merged i e of SDI red). GFAP (green). and DAPE
(hlue). Colocalization of SDF-1 and GEAP was found regardless of RD, but

stronger in detached retina compared with conol. INL intemal nuckar layer;
ONI, outer nuclear layer. Original magnifications, 200

rat retinal progenitor cell line, ** Cell surface expression
of CXCR4 was found by immunofluorescent staining (Fig-
ure 7A). To induce cell apoptosis, we first cultured R28
cells under serum-starvation with or without SDF-1, and
assessed cell survival by trypan blue dye exclusion as-
say after 48 hours of culturing. Serum starvation for 48
hours caused a 36.1% reduction of cell survival, com-
pared with serum-containing medium. SDF-1 treatment
dose dependently rescued serum starvation-induced cell
death by 19.1% at 100 ng/ml rSDF-1 (P < 0.05, Figure
7B). The effect of SDF-1 was completely reversed by
treatment with anti-SDF-1 antibodies (1 pg/ml; Figure
7B). TUNEL staining revealed that 11.8 = 6.1% of cells
were apoptotic after 48 hours of serum starvation. By
contrast, treatment with SDF-1 significantly reduced the
frequency of TUNEL-positive cells (6.5 = 5.2%, P < 0.05;
Figure 7, C and D). Less than 1% of the cells were
TUNEL-positive with serum-containing medium. These
results indicate that SDF-1 inhibits the apoptosis induced
by serum starvation in R28 cells
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Figure 4. Confocal images of CXCR{ expression in detached rat retina. The
retinal sections were derived from control eyes (A and €) or 3 days 4
detachment (B and D). Az Untreated control retina, showing positiv
in the ganglion cell layer and the inner nuclear layer of the retina
days after detachment, C. 1 was strongly positive in the outer nuclear layer
and photoreceptor inner scgments of the detached retina, € and Dt Merged
images of CXCRi (red) and DAPI (blue). INL, internal nuclear layer: ONL,
outer nuclear layer. Original magnifications, X200,

SDF-1 Increases Wound Healing

To study the effects of SDF-1 on wound healing. we
performed a scratch wound healing assay in the pres-
ence of SDF-1. The 90% confluent monolayers of R28

¢ with DAPI

mel

Figure 5. CXCRd is expressed in the macrophages infiltrating into subretinal
4 The retinal sections were derived at 3 days atter detachment. Az
CXCRi staining was positive in the macrophages infiltrating into subretinal
. B: ED-1 stained m,lu()p!ugu in subretinal space. C: Merged image of
Rii tredh, ED1 (green), and DAPT (blue), ONL. Outer nuclear layer: S,
inner segment. Original magnifications, X-100.
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cells were scratched by using a pipette tip to create a Figure 8A). Subsequently, the dimensions of the healing
wound area. The wound area was photographed after the areas were calculated (Figure 8B).
scratch and 24 hours later, while the cells were kept in SDF-1 treatment significantly increased wound
serum-free media, containing 0.1% bovine serum albu- closure by 24.2% compared with control (P < 0.01).
min in the presence or absence of rSDF-1 (100 ng/ml; SDF-1's effect was reduced by the addition of anti-
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SDF-1 Caused Bcl-2 Up-Regulation and
ERK-1/2 Phosphorylation

To investigate the cytosolic signaling involved in survival-
enhancing activity of SDF-1, we performed Western blot-
ting by using anti-Bcl-2 antibody. The R28 cells were
serum-starved and cultured with or without rSDF-1 (100
ng/ml). After 24 hours of culturing, whole cell lysates were
analyzed. Western blot analysis showed increased Bcl-2
protein expression in R28 cells with SDF-1 treatment (P <
0.01; Figure 9, A and B)

In addition, we incubated the cells with 100 ng/ml
rSDF-1 after 6 hours of serum starvation, and examined
activation of signaling molecules by Western blotting by
using phosphospecific antibodies. SDF-1 treatment of
the R28 cells caused rapid activation of ERK1/2, which
was statistically significant starting at 15 minutes (P <
0.01; Figure 9, C and D). The blockade of ERK signaling
pathway by U0126 caused a significant reduction of
Bol-2 expression (P < 0.01; Figure 9, E and F).

Discussion

The present study shows the role of SDF-1 in non-neo-
vascular ocular diseases. SDF-1 and its receptor,
CXCR4, are highly expressed in the detached retina, and
vitreal SDF-1 correlates with the RD pathology in pa-
tients. SDF-1 neutralization increases photoreceptor
apoptosis after RD, indicating its surprising role in
neuroprotection. /n vitro, SDF-1 increases cell survival
by reducing apoptosis and improving cell migration. To
our knowledge, this is the first report showing increased
intraocular levels of SDF-1 and its critical role in photore-
ceptor survival in RD.

SDF-1 has received widespread attention for its in-
volvement in VEGF-associated ocular neovasculariza-
tion, and neuroprotection through the recruitment of bone
marrow-derived cells.®2 For example, SDF-1 and VEGF
positively correlate in diabetic retinopathy.®* Such a cor-

1 treatment. The effect of

relation was also found in the PDR eyes of the present
study, confirming the role of SDF-1 in the PDR pathogen-
esis. Previously, Butler et al'? reported that SDF-1 is
necessary and sufficient to promote proliferative retinop-
athy. In contrast, despite high SDF-1, significant neovas-
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cularization or proliferative retinopathy was not found in
our RD eyes.'? Qur results indicate that SDF-1 alone is
not sufficient to promote proliferative retinopathy, sug-
gesting that in addition to high SDF-1, VEGF, ischemic
injury, or other factors might be necessary to promote
proliferative retinopathy in humans. The positive correla-
tion of SDF-1 with disease duration, as well as the extent
of the detached retina, indicates that SDF-1 is produced
by the detached retina or a related event. SDF-1 was also
positively correlated with IL-6, a protective factor in RD,?'
suggesting that part of SDF-1's action might be through
other factors. These clinical data indicate SDF-1 to be a
key player in RD pathology.

In our study, although RD shows the highest vitreous
SDF-1 levels among the studied conditions, VEGF levels
in RD are low. However, considering outer retinal isch-
emia, the VEGF level was also expected to be high.
Possible explanations of this discrepancy are as follows:
(1) there are undetectable levels of VEGF production; (2)
VEGF is released predominantly into subretinal space in
RD. Further studies will be required to elucidate this
point.

In ocular diseases, SDF-1is induced by ischemia -3¢
Retinal glia‘35 as well as endothelial cells, releases SDF-
1.3 SDF-1 colocalizes in the inner retina with GFAP ex-
pressing cells in normal and detached retinas, suggest-
ing SDF-1 production in glial cells, such as Mller cells,
astrocytes, and microglias. Up-regulation of GFAP posi-
tive glia is found in relation to central nervous system
stress, including RD.%73® Therefore, it appears likely that
SDF-1 is released by reactive retinal gliain RD. In RD, the
inner retina is believed to be sufficiently supplied by
retinal circulation so that ischemia generally does not
occur,® suggesting that other stimuli besides ischemia
might be responsible for SDF-1 up-regulation.

SDF-1 blockade causes a significant accumulation of
inflammatory cells in the subretinal space and photore-
ceptor loss after RD. This is in line with the finding that
SDF-1 blockade aggravates retinal degeneration in C3H/
Hed (rd1/rd1) mice.?* SDF-1 rescues serum starvation-
induced apoptosis of R28 cells dose-dependently, pos-
sibly through bcl2 up-regulation and activation of the
ERK-pathway. This is in line with a previous report that
SDF-1 suppresses apoptosis of cultured dendritic
cells.®®

SDF-1 stimulates the wound-healing response in R28
cells. Because SDF-1 is up-regulated both in the animal
model of RD and in samples from patients with RD. it is
reasonable to assume that SDF-1 is part of the organ’s
response to minimize injury. and that blocking it would
enhance retinal damage.

Sasahara et al®* reported that SDF-1 blockade de-
creases the accumulation of neuro-protective bone mar-
row-derived microglial cells, resulting in progression of
retinal degeneration. Our results show accumulation of
CXCR4-positive macrophages around the retinal vessels
and in the subretinal spaces, suggesting that SDF-1 acts
as a chemo-attractant for inflammatory cells in RD. How-
ever, accumulation of subretinal macrophages increased
significantly in the SDF-1-blocked eyes, differing from the
results by Sasahara et al®® in the retinal degeneration

model. An explanation for this discrepancy could be
that in RD, the retina is damaged acutely and more
severely than in the chronic retinal degeneration model.
As a result, the mediators of cell damage might differ
between RD and retinal degeneration. For instance, dam-
age-associated molecular pattern molecules, strong
chemo-attractants for inflammatory cells, are produced
after injury,*®4" and we found the damage-associated
molecular pattern molecule member, the high-mobility
group box-1, subretinally in RD.?®

The fact that SDF-1 blockade increases damage in
detached retinas suggests that SDF-1 might limit the
production of chemical mediators of injury, including
damage-associated molecular pattern molecules. This
might also explain the increased accumulation of inflam-
matory cells in the subretinal space of RD eyes with
SDF-1 blockade.

Interestingly. SDF-1 blockade affects the detached but
not the normal retina, suggesting that the detached-retina
is more sensitive to environmental changes than the nor-
mal retina. This tendency was also described in RD of
IL-6~/~ mice.?' SDF-1 blockade has been proposed as a
new therapeutic strategy for proliferative ocular disea-
ses.'2 However, proliferative diseases are often associ-
ated with RD, so anti-SDF-1 therapy might be counter-
indicated.

Anti-VEGF agents have recently shown therapeutic
success in age-related macular degeneration and dia-
betic retinopathy.“? Intraocular mediators of inflammation
and angiogenesis build a complex network, and target-
ing one of them affects various others. We showed that
VEGF inhibition decreases SDF-1 in the eye.?* This might
explain some of the deleterious effects of anti-VEGF ther-
apy and indicate the need for careful consideration of the
indication for VEGF-targeting with respect to RD.

In sum, SDF-1 has both beneficial and adverse effects
in RD, such as neuro-protection or inflammatory cell ac-
cumulation, respectively. Endogenous SDF-1 is tissue-
protective in RD. Elucidating the detailed mechanisms
underlying SDF-1's role in neural protection will support
the development of safe and effective treatments.
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B Cell-Derived Vascular Endothelial Growth Factor A
Promotes Lymphangiogenesis and High Endothelial Venule
Expansion in Lymph Nodes

Binita Shrestha,*! Teruto Hashiguchi,*’1 Takashi Ito,*' Naoki Miura,™!

Kazunori Takenouchi,* Yoko Oyama,* Ko-ichi Kawahara,* Salunya Tancharoen,*

Yuya Ki-i," Noboru Arimura,’ Narimasa Yoshinaga,” Satoshi Noma,® Chandan Shrestha,*
Takao Nitanda,¥ Shinichi Kitajima,¥ Kimiyoshi Arimura,! Masahiro Sato,"
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Vascular endothelial growth factor A (VEGF-A) is a prominent growth factor for both angi is and Recent
studies have shown the importance of VEGF-A in enhancing the growth of lymphatic endothelial cells in lymph nodes (LNs) and the
migration of dendritic cells into LNs. VEGF-A is produced in inflamed tissues and/or in draining LNs, where B cells are a possible
source of this growth factor. To study the effect of B cell-derived VEGF-A, we created transgenic mice (CD19%"/hVEGF-A") that
express human VEGF-A specifically in B cells. We found that the human VEGF-A produced by B cells not only induced

Ilymphangiogenesis in LNs, but also induced the expansion of LNs and the de

of high endothelial venules. Contrary

to our expectation, we observed a significant decrease in the Ag-specific Ab production postimmunization with OVA and in the

proi y ¢y pr

VEGF-A: B cell-derived VEGF-A p both 1 h

with LPS in these mice. Our findi

suggest i dul y effects of

and is within LNs, but then suppresses certain

aspects of the ensuing immune responses. The Journal of Immunology, 2010, 184: 4819-4826.

ost defense against infection requires the integrated
H function of both the innate and the adaptive immune

systems. Innate immune responses, which represent the
front line of the immune system, are elicited by a variety of cell
types, including granulocytes, macrophages, mast cells, NK cells,
and dendritic cells (DCs). DCs are the professional APCs that form
the bridge between innate and adaptive immune responses (1). DCs
process material from invadi h and d d tissues,

g P
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which results in the upregulation of CCR7. Expression of CCR7
allows the DCs to enter draining lymphatic vessels that express the
CCR?7 ligands CCL21 and CCL19 (2). On reaching the draining
lymph nodes (LNs), the DCs interact with T and B cells, thus
inducing adaptive immune responses.

Lymphatic vessels are essential for transporting tissue fluid,
extravasated plasma proteins, and cells back to the blood circu-
lation (3). Lymphatic vessels contribute to the immune surveil-
lance of the body by transporting Ag-bearing DCs from peripheral
tissues to the regional LNs, where they present Ags to lympho-

cytes. C 1 or acquired dysfunction of lymphatic vessels
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leads to chronic swelling, adipose degeneration, immune dys-
function, and susceptibility to infection (3).

Lymphatic vessels are not simply inert drainage ducts; rather,
they are actively involved in many physiologic and pathologic
processes. For example, remodeling of lymphatic vessels by tumor-
derived lymphangiogenic factors actively promotes cancer metas-
tasis (4-6). Lymphatic vessels are also remodeled in various in-
flammatory conditions (7), and these remodeled vessels promote
inflammation (8-10). Recent studies have revealed that lymphatic
vessel growth (lymphangi sis) is lated by vascular en-
dothelial growth factor (VEGF)-C and -D via their receptor,
VEGFR-3 (10, 11). In addition, VEGF-A and its receptor, VEGFR-2,
also play an important role in lymphangiogenesis, especially in
the enlargement of lymphatic vessels (6, 12, 13).

During i y conditions, r deling of lymphatic vessels
occurs not only in inflamed peripheral tissues, but also in the
regional LNs. Expansion of lymphatic vessels within LNs is impor-
tant because it enhances the mobilization of DCs to the draining
LNs (14). Expansion of lymphatic vessels within LNs can be locally
controlled by lymphangiogenic factors released within the LNs
(14, 15) or remotely controlled by factors released in the peripheral
tissues (16). In the former case, this process depends upon the
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presence of B cells within the LNs (14, 15). B cells in inflamed LNs

IMMUNOMODULATORY EFFECTS OF VEGF-A

I histoch I staining

express VEGF-A and can be stimulated to secrete VEGF-A in vitro
(14), suggesting the involvement of B cell-derived VEGF-A in
lymphangiogenesis and DC mobilization. However, the exact role
of B cell-derived VEGF-A in vivo is still unknown.

In this study, we investigated the effect of B cell-derived VEGF-
A in vivo using CDI9“"/hVEGF-A" mice that express human
VEGF-A (hVEGE-A) specifically in B cells. We found that these
mice had enlarged LNs, with expanded lymphatic vessels and
increased high endothelial venules (HEVs), even when they were
not immunized. To the best of our knowledge, this is the first study
describing the effect of B cell-derived VEGF-A in vivo.

Materials and Methods
Mice

Mice were kept under envi 11} lled path free conditi

For immunohistochemistry, paraffin sections were heated in a microwave
oven for 20 min, dewaxed in xylene, and rehydrated through a graded series
of ethanol solutions. Endogenous peroxidase activity was blocked by
incubation with 0.3% hydrogen peroxide in absolute methanol for 15 min at
room temperature. Ag epitopes were heat-retrieved in Antigen Unmasking
Solution (Vector Laboratories, Burlingame, CA). Samples were then in-
cubated overnight at 4° C w1lh primary Abs: rabbit polyclonal anti-

mphatic vessel endoth receptor-1 (LYVE-1) (1/500
dnluuon; Upstate Biotechnology, Temecula, CA), rabbit polyclonal anti-
mouse PECAM-1 (M-20) (1/500 dilution; Santa Cruz Biotechnology,
Santa Cruz, CA), rat monoclonal anti-mouse CD45R/B220 (clone RA3-
6B2, rat IgGy, k, 1/50 dilution; BD Biosciences, San Jose, CA), and rat
monoclonal anti-CD3 (clone CD3-12, IgG1, 1/1000 dilution; Acris Anti-
bodies, Hiddenhausen, Germany). Primary Abs were diluted using 1%
BSA in PBS containing 0.01% Tween. The incubation with the secondary
Ab was carried out for 1 h using Histofine simple stain mouse MAX-PO
(rabbit) or Histofine simple stain mouse MAX-PO (rat) (Nichirei, Tokyo,
Japan) at room temp i achvny was visualized using 3,3'-

(light from 7:00 to 19:00; water, and standard, rodent diet ad libitum; 23°C;
55% humidity). Mice of C57BL/6N background were used to generate the
transgenic (Tg) mice. Mice heterozygous for Cre recombinase inserted
into the CDI9 locus (CDI19™ mice) (17) were kindly provided by
Dr. Ursula Lichtenberg, Institute for Genetics, University of Cologne,
Cologne, Germany. Animal experiments were performed in accordance
with the guidelines of the Frontier Science Research Center, Kagoshima
University, Kagoshima, Japan. All efforts were taken to minimize the
number of animals used and their suffering.

Establishment of CD19"*/hVEGF-A" mice

The plasmid construct, contmnmg human VEGF-A flanked by second loxP
site (p-hVEGF-A"), is shown in Fig. 14i. To construct the p-hVEGF-A', the
lacZ gene in pCETZ-17 (18) was replaced by the 576 bp cDNA encoding
human VEGF-A. The resulting DNA construct (p-hVEGF- Al ) contains
a CMV enhancer/chicken B-actin pmmoter (C/\G) an enhanced green fluo-
rescent protein (EGFP)/chl (CAT) sand-
wiched between two loxP sites and human VEGF-A ﬂdnkcd by loxP.

The 5.4-kb Spel fragment containing the hVEGF-A" transgene was
removed from the p-hVEGF-A" vector and microinjected into the pro-
nuclei of the fertilized cggs of C57BL/6N mice (18). The Tg founder (FO)
mice (termed hVEGF-A" mice) were identified by EGFP ﬁuorescenl blood

P
(DakoCy ion, C: CA), and the slides were
lightly counterstained with Lillie-Meyer’s hematoxylin (Wako, Osaka,
Japan). Photographs were taken using a Zeiss Axiophot microscope with
an AxioCam MRc5 camera equipped with AxioVision Release 4.6 soft-
ware (Carl Zeiss, Oberkochen, Germany).

VEGF-A ELISA

Human and mouse VEGF-A level was measured in spleen homogenates
and serum obtained from [3-19-wk-old CDI9“/hVEGF-A" and
CDI19™ mice using Human or Mousc VEGF Immunoassay (Q\lanukmc,
R&D Systems, Mi MN) ding to the ’s in-
structions (n = 6).

Measurement of inflammatory cytokines

TNF-a, IFN-y, IL-2, IL-4, and IL-5 levels were determined using a mouse
Th1/Th2 Cytokine Kit (BD Biosciences). IL-1B, IL-6, and IL-10 were
determined usmg Mouse IL-1B, Mouse IL-6, and Mouse IL-10 ELISA
kits, (Bi ional, Camarillo, CA). IL-9 was de-
lcrmmcd using a Mouse IL-9 ELISA Kit (RayBiotech, Norcross, GA).

Total RNA isolation and quantitative RT-PCR analysis

Total RNA was extracted from spleen, LNs, and isolated B220* and B220 ™
cells using a total RNA isolation kit (RNAqueous, Ambion, Austin, TX).
Total RNA was quantified spectrophotometrically. Total RNA (2 pg) was

cells using flow cytometry, as EGFP is exp
under the control of the CAG promoter system (19). Blood samples uﬁed
for the analysis were obtained at the time of tail cut and il im-

mediately into 1 ml 3.13% sodium citrate buffer.

The presence of the hVEGF-A" transgene was confirmed by PCR. All
FO Tg mice were then crossed onto wild-type (WT) C57BL/6N mice (aged
12-20 wk). CD19™ mice were mated with heterozygous hVEGFE-A" mice
to obtain bigenic (double Tg) offspring expressing Cre in a B cell-specific
manner (CD19°“/hVEGEF-A" mice).

d DNA r bij

In the absence of Cre, hVEGF-A expression is prevented by the intervening
transcriptional EGFP/CAT sequence flanked by loxP sites. Cre-mediated
DNA recombination results in the removal of the EGFP/CAT sequence, fol-
lowed by hVEGF-A expression (Fig. 1Ai, Supplemental Fig. 14). Genomic
DNA was isolated and amplified using PCR primers ChiS’ (5'-GGC GGG
GTT CGG CTT CTG GCG TGT GAC CGG-3') and Veg3’ (5'-TCA CCG
CCT CGG CTT GTC ACATCT GCA AGT-3"), which recognize sequences
of chicken B-actin promoter and hVEGF-A, respectively. In the case of
hVEGF-A" mice, a 3.2-kb fragment including the EGFP/CAT and hVEGF-A
was amplified, whereas Cre-mediated recombination in CD19/hVEGF-A"
mice resulted in the amplification of a 788-bp PCR product (Fig. 1Aii).

In vivo assay for Ci li

LPS challenge

CD19“"*/hVEGF-A" and CD19™ mice (13 to 14 wk, n = 5) were injected
ip. with LPS (I mg/kg, Escherichia coli 055:B5: Sigma-Aldrich, St.
Louis, MO) in sterile saline prior to cytokine analysis. Blood samples were
collected 8 h later by cardiac puncture. Serum was isolated from the blood
samples and stored at —80°C until required.

Histopathological examination

H&E staining. Spleen and LN specimens were fixed for 24 h in 10%
formaldehyde neutral buffer solution, embedded in paraffin wax, and
sectioned (5-10 pm). Sections were stained with H&E.

ibed using the High-Capacity cDNA Reverse Transcription
Kit (Applied B|osyslcms, Foster City, CA). Quantitative RT-PCR was
performed using the TagMan Gene Expression assay (Applied Bio-
systems). Reactions were run in 96-well plates in an ABI Prism 7300 Se-
quence Detection System (Applied Biosystems). Data collection and
analysis was performed using SDSv1.4 software (Applied Biosystems),
after which data were exported and further analyzed. Data were normalized
based on the expression levels of GAPDH. Absence of contaminating
genomic DNA was confirmed by RT-PCR of the RNA samples.

Isolation of B220" B cells

Single-cell suspensions were pregmrsd from the spleens of 16-49-wk-old
CD19“"/hVEGF-A" and CD19“™ mice by dissociation of the isolated
tissues with glass slides in MACS separation buffer (Miltenyi Biotec,
Bergisch Gladbach, Germany) and passage through a 30-um nylon mesh.
B cells were enriched by positive selection using CD45R (B220) mi-
crobeads and an AutoMACS Magnetic cell Sorter according to the man-
ufacturer’s instructions (Miltenyi Biotec).

Flow cytometry

Blood was collected from d mice by cardiac puncture
and was anticoagulated with sodium citrate. Single-cell suspensions from
spleen and LNs were prepared as described above. Nonspecific binding
was blocked by incubation with an Fc-blocking Ab (10 wg/ml; BD Bio-
sciences). Samples were then stained with mAbs to mouse CD4, CD8,
CD19 (Beckman Coulter, Marseille, France), CD11b, CD14, and 33D1
(BD Biosciences) conjugated to PE, for 15 min at room temperature.
Following surface staining, RBCs were lysed with Optilyse C (Beckman
Coulter), and the remaining cells were fixed. Flow Count Beads (Beckman
Coulter, Fullerton, CA) were added to the samples for quantitation. Cells
were analyzed using an Epics XL flow cytometer (Beckman Coulter,
Miami, FL).
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OVA and challenge followed by determination of

serum Ab concentration

For sensitization, 10-12-wk-old CD19°"/hVEGF-A" and CD19™ mice
were injected s.c. on day 0 with 50 pg OVA (grade V; Sigma-Aldrich)
adsorbed on 100 j.g (100 pl) of CFA (Sigma-Aldrich) and again on day 10
with 25 pg adsorbed on 100 pl incomplete Freund’s adjuvant. Mice were
challenged intranasally with 25 pg OVA in PBS on days 21, 22, and 23.
Mice were killed on day 25. Serum and spleen homogenates were obtained
for measurement of OVA-specific IgGl and IgE Abs by ELISA using
a mouse OVA-IgG1 and IgE kit (Shibayagi, Gunma, Japan) according to
the manufacturer’s instructions.

Statistical analysis

Statistical analysis was performed using the Student  test, Mann-Whitney’s
U test, or Tukey-Kramer test through all of the experimental procedures.
p values of #p < 0.05 and **p < 0.01 were considered significant.

Results
G ion of Tg mice exp.

ing hVEGF-A sp
We generated mice overexpressing hVEGF-A in B cells by crossing

loxP-flanked (floxed) EGFP mice (hVEGF-A" onto mice express-
ing Cre under the control of the B cell-specific CD19 promoter

lly in B cells

FIGURE 1. DNA constructs and Cre-
mediated recombination event. Ai, Sche-
‘matic of the target plasmid (p-hVEGF-A")
and its recombinated form are shown.

4821

(CD19°™) (Fig. 1Ai). Prerecombination, the loxP flanked EGFP/
CAT hybrid sequence was expressed under the control of the CAG
promoter, whereas the hWVEGF-A gene was silent. Cre-mediated re-
combination resulted in the deletion of the EGFP/CAT sequence
and subsequent expression of the "VEGF-A gene. This resulted in
CDI19“hVEGF-A" Tg mice. The loxP sequence, followed by
VEGF-A sequence (Supplemental Fig. 1A) and the appearance of
a 788-bp PCR product in the DNA from B220" cells of CD19/
hVEGE-A" mice (Fig. 1Aif), confirmed successful recombination.

Because the EGFP gene is deleted from the B cells of hVEGF-
A" mice during recombination to create CD19°*/hVEGF-A" mice,
we measured the EGFP expression in CD19* B cells using flow
cytometry (Fig. 1Bi). In CD19/hVEGF-A" mice, ~80% of the
CD19" B cells were EGFP negative. This percentage was similar in
CD19" B cells from spleen, LN, and blood samples (Fig. 1Bii).
Flow cytometry using Abs against CD19, CD8, and CD4 showed
that EGFP had been selectively deleted from the CD19* B cells in
the CD19"/hVEGF-A" mice (Supplemental Fig. 1B).

The expression of 'VEGF-A mRNA was observed in spleen and
LN samples from CD19*/hVEGF-A" mice, but not in samples
from of CD19™ mice (Fig. 1C). The expression of mouse VEGF-A
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LoxP sites are shown as triangles. The C_ 5389kb Yeg!

smallarrows (Chi5" and Veg3’) indicate the e Cre protein deived by CDIY promoser

positions and directions of the primers ot i - ‘j;:’“"'“‘“‘*"'"’“'

used for PCR. Aii, Identification of Cre- 7 Kosmi)

mediated DNA recombination product b; A

PCR amplification of DNA isoll)atcd fm(z oG s

spleen of AVEGF-A" mice (lane 1), B220~ L i *

cells of CD19°/hVEGF-A" mice (lane 2), o' ver

and B220" cells of CD19“*/hVEGF-A"

mice (lane 3). The 788-bp fragment rep- B WVEGF-A" coror %)

CDI9CTMVEGF-A"  Bii

resents the successfully recombinated
DNA. M indicates PCR marker. Bi, Flow
cytometry analysis of B cells from the
spleen of 19-22-wk-old hVEGF-A",
CD19°™, and CD19"/hVEGF-A" mice.
Cells were stained with Abs to CDI9.
Percentages refer to EGFP-positive and
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%

s 2 & 223

15.84% 2

Recombination ratio

-negative cells among CD19" cell pop-

ulation. Bii, Recombination ratio of

hVEGF-A in the CD19* cells from

spleen, LN, and blood samples. The ratio < :.‘i . Do s TN

was defined as the percentage of EGFP- g }"5 g J

negative cells in the total CD19" cell 2w H 5“

population. C, hVEGF-A mRNA expres- EZes $E,

sion in spleen of CDI9°™/hVEGF-A" %, ND H

and CD19°™ mice analyzed by quantita- = COICTAVEGEAT  CDieCT =, ND p
tive RT-PCR (n=6). D, hVEGF-A mRNA Fr e o
expression in B220" and B220" cells W T T
of CDIShVEGE-A" (n = 4) and &

CD19™ (n = 5) mice analyzed by quan-

titative RT-PCR. E, hVEGF-A protein E F

expression in spleen homogenates and » o~

serum_from CDI9““/hVEGF-A" and - £

CD19% mice (n = 6). F, mVEGF-A b4 $E

protein expression in spleen homoge- t. R E ST

nates from CD19““/hVEGF-A" and g2l 28 s

CD19“* mice. Data in A-F are repre- == T

. ; SR
sentative of at least two independent ex- SHrATEGR OO
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periments. **p < 0.01. ND, not detected. hmmm
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