1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ophthalmology. Author manuscript; available in PMC 2017 July 31.

-, HHS Public Access
«

Published in final edited form as:
Ophthalmology. 2016 September ; 123(9): 2028-2036. doi:10.1016/j.ophtha.2016.05.052.

Orbital angiogenesis and lymphangiogenesis in thyroid eye
disease: an analysis of vascular growth factors with clinical
correlation

Lindsay L. Wong, BAL", Nahyoung Grace Lee, MD2:3*, Dhanesh Amarnani, MS1, Catherine
J. Choi, MD, MS?2:3, Diane R. Bielenberg, PhD#, Suzanne K. Freitag, MD?3, Patricia A.
D’Amore, PhD, MBA®2, and Leo A. Kim, MD, PhD12

1Schepens Eye Research Institute, Massachusetts Eye and Ear, Boston, MA

2Department of Ophthalmology, Harvard Medical School, Boston, MA
30phthalmic Plastic Surgery, Massachusetts Eye and Ear, Boston, MA

“Department of Surgery, Harvard Medical School, Children’s Hospital of Boston, Boston, MA

Abstract

Purpose—The human orbit is an environment that is vulnerable to inflammation and edema in
the setting of autoimmune thyroid disease. Our study investigated the tenet that orbital adipose
tissue lacks lymphatic vessels and analyzed the clinicopathologic differences between patients
with acute and chronic thyroid eye disease (TED). The underlying molecular mediators of blood
and lymphatic vessel formation within the orbital fat were also evaluated.

Design—Retrospective cohort study

Participants—The study included fat specimens from 26 orbits of 15 patients with TED
undergoing orbital decompression. Orbital fat specimens from patients without TED as well as
cadaveric orbital fat served as controls.

Methods—Tissue specimens were processed as formalin-fixed paraffin-embedded sections
(FFPE) or frozen cryosections for immunohistochemistry. Total RNA was extracted and analyzed
via quantitative (real-time) reverse transcription polymerase chain reaction (QRT-PCR).
Clinicopathological correlation was made by determining the Clinical Activity Score (CAS) of
each patient with TED.

Main Outcome Measures—Samples were examined for vascular and lymphatic markers
including podoplanin, LYVE-1, and CD31 by immunohistochemistry, as well as for mRNA levels
of VEGF, VEGF receptors, SEMA-3F, NRP-1, NRP-2, podoplanin and LYVE-1 by qRT-PCR.
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Results—Clinicopathological correlation revealed increased staining of CD31-positive blood
vessels in patients with acute TED with CAS > 4, as well as rare staining of podoplanin-positive
lymphatic vessels within acutely inflamed orbital fat tissue. Additionally, gRT-PCR analysis
demonstrated increased expression of vascular endothelial growth factor receptor 2 (VEGFR-2) as
well as VEGF signaling molecules: VEGF-A, VEGF-C, and VEGF-D.

Conclusions—In acute TED, compared to chronic TED and control orbital fat, there is
increased blood vessel density suggesting neovascularization and rare lymphatic vessels
suggestive of limited lymphangiogenesis. This pro-angiogenic and pro-lymphangiogenic
microenvironment is likely due to the increased expression of VEGFR-2 and VEGF-A, VEGF-C,
and VEGF-D. These findings imply that orbital edema in acute TED may be mediated, in part, by
both the formation of new, immature blood vessels and the formation of lymphatic capillaries that
are functionally incapable of draining interstitial fluid.

Introduction

TED is a potentially sight-threatening condition that has perplexed physicians for centuries.
The estimated annual incidence rate of TED is 16 cases per 100,000 women and 3 cases per
100,000 men. Approximately 10-20 percent of patients who suffer with this systemic
autoimmune condition will develop severe inflammation in the orbit that can lead to
disabling double vision or irreversible vision loss.l: 2 Orbital involvement in TED can
consist of extraocular muscle enlargement as well as adipogenesis, the proliferation of fat
cells, due to soluble factors upregulated during inflammation and found in the edematous
milieu. In severe cases, both of these changes can lead to significant exophthalmos as well as
sight threatening optic neuropathy.

TED is most often characterized by an acute inflammatory phase followed by a prolonged
state of chronic inflammation and fibrosis. It is generally during the acute phase when
patients may experience the most catastrophic effects of TED. Standard treatment during
this acute period consists of systemic corticosteroids, external beam radiation therapy and/or
urgent surgical decompression of the orbit. Although these non-targeted therapies can help
diminish the inflammatory changes and the ensuing compressive sequelae in the orbit,
research has not yet elucidated the factors that make the orbit a susceptible
microenvironment for this condition. Previous studies of orbital soft tissues have reported
the following: (1) orbital fat and extraocular muscle lack lymphatic vessels, (2)
inflammation can induce both angiogenesis, the growth of new blood vessels, and
lymphangiogenesis, the formation of lymphatic vessels, in certain ocular tissues such as the
cornea,*-8 and (3) lymphangiogenesis can occur in orbits that are acutely inflamed from
orbital infection.”

It is thought that orbital soft tissues do not contain lymphatic vessels except around the dura
mater surrounding the optic nerve8 and the lacrimal gland.® In contrast, other fat depots
throughout the body contain both blood and lymphatic vessels.1? The lymphatic system
consists of thin-walled, low-pressure vessels that collect and drain protein-rich fluid from the
interstitial space and return it to the venous system via the thoracic duct. It plays a dual role
as it not only drains interstitial fluid from tissues by way of blind-ended sacs, or terminal
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lymphatics,11 but also participates in the immune response. In order to evaluate whether the
proliferation of blood vessels and/or the absence of native lymphatic capillaries could
contribute to the severity of TED, we examined human orbital tissue specimens obtained
from normal controls and subjects with acute and chronic TED. Specifically, we investigated
the molecular mechanisms of angiogenesis and lymphangiogenesis in TED to potentially
identify targets or agents that may alter the clinical course of the disease.

Human subjects and specimen collection

Orbital fat samples were obtained from patients undergoing either urgent or elective orbital
decompression for TED by three surgeons at Massachusetts Eye and Ear (MEE) between
2012 and 2016. Patients were excluded if they had previous radiation to the orbit, previous
unrelated orbital surgery or trauma (not including strabismus surgery), or previous orbital
infection. We included patients regardless of whether they were or were not they had been
treated with systemic corticosteroids at the time of decompression surgery. Smoking status
was noted, but was not considered in the inclusion or exclusion criteria.

Control samples included eyelid skin, eyelid pre-aponeuraotic fat, and subcutaneous neck fat
from patients without thyroid disease undergoing unrelated procedures (blepharoplasty and
excision of prolapsed orbital fat) as well as cadaveric orbital fat from patients without
thyroid disease. Electronic medical records were reviewed for demographic information,
prior history of medical and surgical treatments for thyroid disease, clinical exam findings
and photos. Clinical Activity Score (CAS) was calculated for each patient based on
documented exam findings and photos by assigning one point each for retrobulbar pain, pain
with eye movement, redness of eyelids, diffuse injection of conjunctiva involving at least
one quadrant, eyelid edema, chemosis, caruncular swelling, increased proptosis of 2mm or
more during a period of 1-3 months, decrease in extraocular motility greater than 5 degrees
during a period of 1-3 months, and decrease in visual acuity by one or more line on Snellen
chart during a period of 1-3 months for a maximum total of 10 points according to Mourits
et al.12 Collection and evaluation of protected patient health information were in compliance
with the rules and regulations of the Health Insurance Portability and Accountability Act.
The MEE and the Massachusetts General Hospital Human Studies Committee completed an
administrative review of the study and Institutional Review Board (IRB) approval was
obtained. Informed consent was obtained from each subject for use of tissue for research
purposes. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional research committee and with the
1964 Helsinki declaration and its later amendments or comparable ethical standards.

Immunohistochemistry (IHC)

Tissue specimens were collected and processed as either formalin-fixed paraffin-embedded
sections (FFPE) or cryosections. For FFPE sections, serial sections (4 um) were cut and
deparaffinized in 100% xylene, then rehydrated in a series of ethanol baths and washed with
phosphate buffered saline (PBS). Slides were incubated in 3% H,0O, in methanol to quench
endogenous peroxidases and blocked in TNB protein blocking solution (Thermo-Fisher

Ophthalmology. Author manuscript; available in PMC 2017 July 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wong et al.

Page 4

Scientific, Waltham, MA). Primary antibody (podoplanin 1:25, Covance Laboratories,
Dedham, MA) was incubated overnight at 4°C. The following day, sections were incubated
in biotinylated secondary antibody (1:200, Vector Laboratories, Burlingame, CA) followed
by alkaline phosphatase-conjugated avidin (Vectastain ABC-AP Universal Kit; Vector
Laboratories, Burlingame, CA). Expression was visualized with the Vector Red
chromogenic substrate kit (Vector Laboratories, Burlingame, CA) and counterstaining was
performed using Gill no. 3 hematoxylin (Sigma-Aldrich, St. Louis, MO).

For frozen tissue, serial cryosections (8 — 10 um) were cut and stored at —80°C prior to use.
Slides were air-dried at room temperature (RT), fixed in 100% acetone, washed with PBS,
incubated in 3% H,0, in methanol, and blocked in TNB. Primary antibodies cluster of
differentiation 31 (CD31 (1:200 Dako, Carpinteria, CA) and lymphatic vessel endothelial
hyaluronan receptor 1 (LYVE-1) (1:200 ReliaTech GmbH, Wolfenbuttel, Germany) were
added for two hours at RT. Sections were then incubated in biotinylated secondary antibody
(1:200, Vector Laboratories, Burlingame, CA) followed by alkaline phosphatase-conjugated
avidin. Vector Red chromogenic substrate kit was used for visualization followed by a
counterstain with Gill no. 3 hematoxylin. All imaging was performed using an Axioskop 2
MOT Plus microscope (Carl Zeiss Inc., Thornwood, NY).

RNA extraction and quantitative real-time PCR (qPCR)

Results

Total RNA was extracted from samples using TRIzol® (Invitrogen, Carlsbad, CA) and
PureLink® RNA Mini Kit (Ambion, Foster City, CA). Primers for vascular endothelial
growth factor receptor 1 (VEGFR-1), VEGFR-2, VEGFR-3, neuropilin 1 (NRP1), NRP2,
semaphorin-3F (SEMA3F), vascular endothelial growth factor A (VEGF-A), VEGF-C,
VEGF-D, podoplanin, and LYVE-1 were designed using the MGH Primer Bank. cDNA was
prepared using 800 ng of RNA using the iScript cDNA synthesis kit (Bio-Rad Laboratories,
Inc., Hercules, CA) and probed for quantitative (real-time) reverse transcription polymerase
chain reaction (QRT-PCR) using Faststart Universal SYBR Green Master (Hoffmann-La
Roche, Basel, Switzerland). Fold changes were calculated as the ratio of 2°22Ct and
normalized to the housekeeping genes GAPDH, HPRT1 and B2M and compared between
acute (CAS > 4) and chronic (CAS < 4) cases of TED, and normal control specimens.

Clinical demographics

Tissues from 15 TED patients (G1-15) and control orbital tissue samples (C1-4) were
included as specimens in this study and their clinical and demographic information is
summarized in Table 1. A majority of the patients were female (11/15). Ages ranged from
33 to 77 years with a mean of 55.9+13.5 years. Among the 15 patients, 7 had acute
compressive optic neuropathy (CON) requiring an urgent orbital decompression. All of the
patients with CON were found to have a CAS of 5 or greater with a mean score of 5.8+1.0.
One additional patient was in the acute phase of TED but did not have CON. The remaining
seven patients who underwent balanced decompression for stable exophthalmos during the
chronic phase had CAS ranging from 1 to 3 with an average of 1.9+0.7. All but one patient
received systemic treatment for their Graves’ disease. Patients with active disease had an
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average elapsed time from the initial onset of symptoms of TED to surgical management of
9 months, while patients in the chronic group had an average elapsed time of 38 months.

Four control specimens were obtained from cadaveric intraconal fat (C2 and C3) or from
live patients undergoing removal of prolapsed orbital fat (C1 and C4). There were three male
and one female control subjects with ages ranging from 41 to 69 years (mean 56.3 years).
None of these subjects had a history of thyroid disease or TED.

Immunohistological characterization of lymphatic vessels

Specimens from anatomic locations known to contain lymphatic vessels were stained with
podoplanin and LYVE-1 as positive controls (Figure 1). Eyelid skin from blepharoplasty
specimens clearly showed positive staining along open-lumened, vessel-like structures with
both podoplanin and LYVE-1 (Figure 1A, 1C). Subcutaneous neck fat also showed positive
podoplanin staining in vessels though there were fewer lymphatic structures within this
tissue (Figure 1B). LYVE-1 staining of neck fat revealed small vascular structures as well as
staining of single cells suggestive of macrophages and/or lymphatic capillaries (Figure 1D).

Podoplanin and LYVE-1 were used to stain control periocular fat from patients with
prolapsed orbital fat and from cadaver intraconal orbital fat (Figure 2) as negative controls.
In these control specimens, there was no positive staining in areas that contained vascular
structures, which is consistent with previous reports.

When evaluating the first six patients with Graves’ disease and TED (G1-G6), podoplanin
staining only identified rare lymphatic vessels in G1, G2, and G3 which were acute TED
patients who underwent urgent decompression for compressive optic neuropathy with a CAS
of 7, 5, and 7, respectively (Figure 3). The lymphatic vessel staining failed to identify any
positive vessels in the last three patients with chronic TED who underwent elective
decompression for chronic disease (G4-G6), with a CAS of 2, 1, and 1 respectively.

Immunohistological characterization of quantification of CD31* vessels

In the inflamed orbit of patients with acute TED, there appeared to be evidence of rare but
new lymphatic vessel formation. This prompted investigation of potential blood vessel
formation within acute TED. There was significantly increased expression of the pan-
endothelial cell marker CD31 in acute TED (G1-G3) compared to chronic TED (G4-G6)
(Figure 3, rightmost column) and normal controls (Figure 4). Quantification of CD31*
staining of orbital fat samples revealed an average of 140 CD31" cells per 2.5 cm? in the
control, 242 CD31+ cells per 2.5 cm? in the chronic TED patients, and 448 CD31* cells per
2.5 cm? in the acute TED patients (Figure 4). There was a statistically significant increase in
CD31" staining in the acute TED patients when compared against the controls. These data
suggest that the surge in CD31 expression, especially in the acute, inflammatory phase of
TED, signifies angiogenesis and these new vessels are somewhat sustained in the chronic
phase compared to controls.
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gRT-PCR analysis of orbital specimens

Patients with acute TED (CAS > 4): subjects G3, G7, G9, G11, G12, and patients with
chronic TED (CAS < 4): subjects G6, G8, G13, G14, G15, were grouped and relative
MRNA expression of VEGF, VEGF receptors, SEMA-3F, NRP-1, NRP-2, LYVE-1 and
podoplanin were evaluated (Figure 5). There was insufficient tissue remaining after
immunohistology to conduct qRT-PCR analysis on subjects G1, G2, G4, and G5. There was
no statistically significant difference between acute and chronic TED in the expression of
VEGFR-1 and VEGFR-3. In contrast, there was a significant 12.24 + 3.57-fold increase in
VEGFR-2 expression within the acute TED patients when compared to control, while there
was only a 2.53 £+ 1.10-fold increase of VEGFR-2 expression within patients with chronic
TED compared to control. In addition, there was a significant relative increase in VEGF-A
(6.41 + 1.10 fold), VEGF-C (5.78 + 1.92 fold), and VEGF-D (10.17 +0.17 fold) mRNA
expression in the acute TED patients when compared to control. Within patients with
chronic TED, there was no significant increase in VEGF-A (0.84 + 0.23), VEGF-C (1.10

+ 0.44), and VEGF-D (1.05 £ 0.33) mRNA expression. In addition, there was a trend toward
increased expression of NRP-1 and LYVE-1 in the acute TED patients when compared
against chronic TED. A significant difference in NRP-2 or podoplanin expression between
the two cohorts was not seen. Intriguingly, there appeared to be a trend towards increased
MRNA expression of SEMA-3F, an inhibitor of lymphangiogenesis, in chronic TED subjects
when compared against acute TED subjects.

Discussion

The pathogenesis and management of TED have challenged physicians for many years.
Although corticosteroids have been used to temporize acute, inflammatory TED, some
patients eventually require orbital decompression surgery either urgently for compressive
optic neuropathy or in the chronic stage of disease for persistent exophthalmos. Some severe
cases of TED are refractory to currently available therapies and a larger proportion of
patients with other comorbidities including diabetes are unable to tolerate systemic
corticosteroids. Hence this study investigated the angiogenic and lymphangiogenic factors of
orbital fat in TED, with the hope of finding markers with the potential for targeted therapy.

The study of lymphatic vessel formation has been facilitated by the identification of a
variety of lymphatic EC markers including Prox-1,12 podoplanin,14 LYVE-1,1% and
VEGFR-3.16 Most vascularized tissues, such as subcutaneous and abdominal fat contain
lymphatic vessels, yet orbital fat appears to lack lymphatic vessels under normal conditions.
We evaluated orbital adipose specimens from patients with chronic TED, acute TED, and
normal controls using immunohistochemistry specifically in search of lymphatic vessels.
Our data demonstrate that during the acute, inflammatory stage of TED, there is formation
of both rare lymphatic vessels and robust blood vessels. We discovered increased numbers of
CD31" vessels in patients with acute TED and high CAS (Figures 3 and 4). Similarly, using
the lymphatic markers podoplanin and LYVE-1, we confirmed the presence of lymphatic
vessels from control specimens including eyelid skin and subcutaneous fat obtained from the
neck (Figure 1). In contrast, orbital fat obtained from control patients without TED did not
exhibit positive podoplanin nor LYVE-1 staining, consistent with previous reports (Figure
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2).2 In patients with acute TED, we were able to detect lymphatic vessels that were
podoplanin positive, while no lymphatic vessels were identified with podoplanin staining in
patients with chronic TED (Figure 3). LYVE-1, on the other hand, which stains both
lymphatic capillaries as well as macrophages,® exhibited variable, non-specific staining
throughout all TED specimens, though the staining appeared to be more robust in single
cells in acute TED as opposed to frank vessels. Variable LYVE-1-positive staining in all
TED specimens is likely indicative of inflammation-induced macrophage infiltration rather
than presence of lymphatic endothelial cells (ECs). Although our studies have shown
positive podoplanin staining of orbital adipose tissue in inflamed TED states, these new
lymphatic vessels are very rare and they do not appear to impart any functional advantage
within the course of the disease as there does not appear to be a significant decrease of
edema in these orbits. These subjects exhibited relatively high CAS and required urgent
surgical decompression. This may be due to the fact that there are simply not enough
lymphatic vessels, or that these are non-functional lymphatic trunks that lack the capillary
network to drain interstitial fluid. Regardless, by the time the disease stabilizes and becomes
chronic, these lymphatic channels likely regress, as we did not discover any lymphatic
vessels in patients with chronic TED.

Similarly, in other ocular tissues that are usually devoid of vascular structures such as the
cornea, there has been strong evidence of angiogenesis and lymphangiogenesis within acute,
inflammatory conditions using a suture model® 17 or alkali burn model.8: 19 It has been
shown that with a temporary insult to the cornea, the outgrowth of blood vessels and
lymphatic vessels occurs as early as 2 days and peaks around day 14. Thereafter, regression
of lymphatics starts earlier and is more pronounced than that of blood vessels.2? Both local
anti-angiogenic and anti-lymphangiogenic approaches have been taken in order to regulate
potential graft rejection. Similarly, modulation of these angiogenic and lymphangiogenic
processes within the orbit may yield new therapeutic approaches for TED by decreasing
orbital inflammation and edema in acute TED.

Like angiogenesis,?! lymphangiogenesis, is modulated by a balance of both stimulators and
inhibitors. The VEGF family plays a crucial role in the proliferation of both blood and
lymphatic vessels. There are 3 main receptors for VEGF: VEGFR-1, VEGFR-2, and
VEGFR-3. VEGFR-1 is a negative regulator of VEGF-A activity in ECs. The ECs of blood
vessels and lymphatic vessels express common receptors such as VEGFR-2 and NRP-2, and
both respond to VEGF-A.22 VEGF-A increases vascular permeability,23 can act as a
chemotactic factor for monocytes,24 and can directly induce expression of adhesion
molecules such as the selectins, VE-Cadherin (VE-CAD), vascular cell adhesion molecule 1
(VCAM-1), and intercellular adhesion molecule 1 (ICAM-1) in ECs.2% The elevated mRNA
expression of VEGF-A in patients in the acute inflammatory phase of TED may indicate that
these new blood vessels are dilated, leaky, and may cause orbital edema with infiltration of
leukocytes, and thereby contributing to the orbital congestion found in TED. We also found
elevated mMRNA expression of VEGFR-2, but did not find increased expression of NRP-2 or
podoplanin in subjects with acute TED. This is consistent with our histopathological
findings that there was increased blood vessel formation and very rare lymphatic vessel
formation in patients with acute TED when compared with patients with chronic TED.
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Besides VEGF-A, other major lymphangiogenic factors include VEGF-C26 and VEGF-D?’
which bind VEGFR-3 and/or VEGFR-2 receptors expressed by lymphatic ECs and promote
their proliferation, migration, and survival.28: 29 VEGF-C can also act as a chemoattractant
of activated macrophages that express VEGFR-3.30 Experimental models of VEGF-C
overexpression in tumor cells have demonstrated increased lymphatic metastasis.3!
Therefore, increased expression of VEGF-C and VEGF-D as found in patients with acute
TED suggests the presence of a pro-lymphangiogenic environment. However,
histopathologically, we found limited lymphatic vessels in patients with acute TED, and no
lymphatic vessels in patients with chronic TED. Limited lymphatic vessel formation may be
due to limited expression of VEGFR-3 and NRP-2 confirming the paucity of lymphatic ECs
within the orbit. Moreover, SEMA-3F, which is an inhibitor of lymphangiogenesis, trended
towards an increased expression in chronic TED. We speculate that the decrease in
SEMA-3F expression in acute TED may account for the formation of some lymphatic
vessels in patients with acute TED, while the increase in SEMA-3F expression in chronic
TED may be involved in lymphatic vessel regression.

Study strengths and limitations

The strengths of this study include the number and types of control tissues that were
collected and the validation of the antisera that were used. Orbital adipose tissue from
cadavers generated the purest form of control as they were collected from the area of the
orbit that is most congruous to an orbital decompression and had no other confounding
conditions. Another strength was the spectrum of TED patients that were included in this
study and their detailed clinicopathological information, albeit, the study was retrospective
in nature. Depending on the size of the sample that was collected during surgery, it was not
possible to perform immunohistochemistry and mRNA extraction on every single specimen.

In conclusion, inflamed orbits in acute TED, as compared to chronic TED and control orbits,
exhibit increased blood vessels likely mediated by VEGFR-2 and increased VEGF-A
signaling. Further, we discovered new evidence of lymphatic vessels in acute TED orbits
likely due to a combination of elevated expression of pro-lymphangiogenic signaling
(VEGF-C and VEGF-D) and decreased expression of anti-lymphangiogenic signaling
(SEMA-3F). Angiogenesis and lymphangiogenesis in TED have not previously been
considered as a component in the pathophysiology of TED and our data could plausibly
expand our therapeutic options through regulation of these processes.
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Figure 1. Immunohistological characterization of control specimens, eyelid skin and

subcutaneous fat obtained from the neck

Localization of podoplanin and LYVE-1 (red) confirm the presence of lymphatic vessels in
these samples, as expected, and proves the utility of these markers. Samples are

counterstained with hematoxylin (blue). Scale bar = 100 pm

Ophthalmology. Author manuscript; available in PMC 2017 July 31.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Wong et al.

Podoplanin

LYVE-1

Page 13
{ 3 J .
' »
- 7 \
5
\
Son
L)
P
v
f . Al 7
\
f W M3
r
b
P .
' >
a & A
.‘\'... \;‘
R = I -, ™ 5 1 - {
|  # g \ 5 Y 4 w) " py- “ ¥
\ 4 < . i ) §
b Ny i o/ \ \ e ]
e r ‘AR
: v J % o ; -
v \ ¢ 3 b " \/,"‘ A { X - \
¥ » p a S v W et ‘ 4
: : & < y ;
. ey . w2 Lsg T v [ { ‘
¢ ‘ - &
£ 4 .
. - ¥ 4 ’ o 4
- ) < )
& 1 . Fa A
P - S » P
- ¥ % h &
» 5
’\ » ’ ¥ " ¥ & 4 > P S
A { 47 p ¢ AT

Figure 2. Immunohistological characterization of orbital fat obtained from control patients
without TED

Staining for podoplanin and LYVE-1 (red) show no positive staining, indicating the absence
of lymphatic vessels, which is consistent with previous reports. Samples are counterstained
with hematoxylin (blue). Scale bar = 100 um
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Podoplanin

Figure 3. Immunohistological characterization of orbital fat from patientswith TED
Patients G1, G2 and G3 are in the acute, inflammatory phase of the disease and all exhibit

podoplanin-positive vessel-like structures (red, arrows). Patients G4, G5, and G6 are in the
chronic stage of disease and do not exhibit any podoplanin-positive cells. Middle and
rightmost panels shows LYVE-1 and CD31 staining for patients G1 — G6 respectively.
Samples are counterstained with hematoxylin (blue). Scale bar = 100 pm
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Figure 4. Increased vasculaturein tissue from patients with acute TED
Patients with TED have increased staining of CD31* cells with dilated blood vessels, when

compared against control fat specimens and orbital fat from patients with chronic TED.
Quantification of staining revealed a statistically significant increase in CD31" staining in
the acute TED patients when compared against the controls. Samples are counterstained
with hematoxylin (blue). Scale bar = 100 um
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Figure 5. Changesin gene expression associated with TED
Orbit specimens of five patients with acute TED (CAS > 4) and five patients with chronic

TED (CAS < 4) were collected and relative mRNA expression was evaluated. The values
were averaged within the chronic and acute groups. gRT-PCR analysis of genes revealed a
significant increase in expression of VEGFR-2, VEGF-A, VEGF-C, and VEGF-D in acute
TED when compared to chronic disease and control specimens.
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