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compare the roles of lymphatic and blood vessels in pterygium recurrence.
Methods: Histological sections from 48 excised recurrent pterygia (including
14 Grade 1, 20 Grade 2, and 14 Grade 3 tissues) were examined. Histological
sections from seven nasal epibulbar conjunctival segments served as normal
controls. Blood and lymphatic vessels were evaluated and compared accord-
ing to blood microvessel density (BMD), blood vascular area (BVA), lym-
phatic microvessel density (LMD), and lymph-vascular area (LVA). Fur-
thermore, the following relationships were analyzed: LMD and pterygium
recurrence time (RT), LVA and RT, BMD and RT, BVA and RT. Results:
Compared to LVA, LMD, BVA, and BVD values in normal control tissues,
these values were markedly enhanced in recurrent pterygia tissues. The
LMD/BMD and LVA/BVA ratios were significant increased in Grade 2 and 3
recurrent pterygia, suggesting that development of conjunctival lymphan-
gions was not proportional to blood vessel growth. LMD, LVA and BVA were
significantly correlated with RT for all grades of pterygia, while BMD was the
only factor correlated with RT in Grade 1 pterygia. Moreover, no significant
correlation was found between BMD and RT in Grade 2 and 3 pterygia. Con-
clusion: Compared to blood vessels, lymphangions might have a greater im-
pact on pterygium recurrence.
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1. Introduction

A pterygium is a neoplasm that exhibits wing-shaped, fibrous vascular histology
from the bulbi conjunctiva to the cornea; this pathology may cause blurring of
vision, lacrimation, irritation, and foreign body sensation [1]. Although pterygia
are benign, their recurrent nature is troublesome. Various adjunctive treatments,
including radiotherapy, chemotherapy, and surgical transplants, have been em-
ployed to prevent recurrence. However, according to many studies, the recur-
rence rates of pterygia, ranging between 7.5% and 44.4%, remain high and un-
dermine the present operative methods and adjuvant treatments [2] [3]. There-
fore, studies on the recurrence of pterygia have received increased attention in
recent years.

Immunologic mechanisms, including CD,'T cell-mediated immunity, contri-
bute to the development and recurrence of pterygia [4] [5] [6]. However, at least
two steps are required to complete this cellular immune response. First, antigen-
ic material, such as antigen presenting cells exiting from the pterygium to cervical
lymph glands, is indispensable in accelerating alloimmunization. Second, immune
effector cells and factors generated in lymph nodes, such as T-lymphocytes, mast
cells and plasma cells, enter the ocular surface to induce immune injuries. In our
recent studies, both conjunctival hemangiogenesis and lymphangiogenesis oc-
curred and were closely related in recurrent pterygia [7] [8]. Arteries provide a
pathway of entry for immune cells, representing the centrifugal nerve arm of
an immune reflex arc, while conjunctival lymphangiogenesis represents the
esodic nerve arm of an immunity reflex pathway, which offers a path from the
ocular surface to local lymph glands [9] [10] [11]. Increased conjunctival arte-
ries and lymphangions accelerate the cellular immune response and provide
new insights into recurrent pterygium treatment. However, the question of
whether blood vessels or lymphatic vessels are more important in the recur-
rence of pterygia warrants further investigation. This investigation is needed be-
cause a significant relationship exists between hemangiogenesis and lymphan-
giogenesis. Additionally, the outgrowth of blood vessels is considered a com-
mon factor in puerperal events that occur with the outgrowth of lymphangions
[11] [12] [13] [14]. However, to our knowledge, no studies are available on this
topic.

The purpose of the current research is to compare the effects of hemangioge-
nesis and lymphangiogenesis on pterygium recurrence. Survey results from this
research may extend our understanding of the mechanisms of pterygium devel-

opment and recurrence.
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2. Subjects and Methods
2.1. Ethical Approval

This research was conducted according to the tenets of the Declaration of Hel-
sinki for research involving human subjects and was approved by the IRB of the
3rd Affiliated Hospital of Sun Yat-sen University (NO: [2018] 02-009-01).

2.2. Patients

A total of 48 patients with recurrent pterygia (twenty males and twenty-eight
females) with an average age of 61.9 years (range: 35 to 70 years) were enrolled
in the study at the Department of Ophthalmology of the 3rd Affiliated Hospital
of Sun Yat-sen University from January 2018 to June 2019. Clinical assessments
for pterygia were conducted as previously described by the same ophthalmolo-
gist [4]. Briefly, based on objective indications (vascular distribution, conjunc-
tival hyperemia and edema, relevant thickness of fiber vascular lesions, and
common eye redness), a preoperative score of 1-3 was assigned (1+, mild; 2+,
moderate; 3+, severe). All pterygium patients underwent surgical excision of the
pterygium immediately after meeting the diagnostic criteria for recurrent ptery-
gia, as defined by fibrovascular regrowth past the limbus in a previously com-
promised area. All of the lesions were located on the nasal side and only the
heads of the pterygia were included as pterygium samples. The size of the ptery-
gium, including the horizontal extension onto the cornea from the limbus and
the width of the base at the limbus, was measured (in millimeters) with a slit-
lamp using a slit beam of light. Seven nasal epithelium conjunctival sections near
the limbus that were resected during cataract operations served as normal con-

trols.

2.3. The Calculation of Pterygium Recurrence Time (RT)

Before the second pterygium excision, each patient was asked about their medi-
cal history, and the timepoint at which the initial pterygium surgery was per-
formed was recorded according to the patient’s memory. The RT was calculated
as the duration between the time of primary resection and the time of recurrent

pterygium resection.

2.4. Immunohistochemistry

After fixation for 24 hours in 10% neutral formaldehyde solution, samples were
embedded in petroleum wax, serially sectioned into 4-pm-thick sections (20
segments per specimen), rehydrated with an ethanol-water gradient, and cleaned
with distilled water. Endogenous peroxidase activity was blocked by incubation
with 30 ml/L catalase for 20 minutes. Next, histological sections were subjected
to high-pressure steam treatment at 121°C in 10 mmol/L citrate buffer (pH 6.0)
for 10 minutes for antigen retrieval and cooled at room temperature for 30 mi-
nutes. Then, sections were incubated with the following primary antibodies for 3

hours: mouse anti-human lymphatic vessel endothelial hyaluronan receptor 1
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(LYVE-1) monoclonal antibody (R & D systems, MN, USA) and mouse an-
ti-human cluster of differentiation 31 (CD31) (R & D systems, MN, USA). Biotin
vitamin-labeled rabbit anti-mouse immunoglobulin was used as the secondary
antibody. SABC-peroxidase was used for immune detection. The slides were la-
beled with diaminobenzidine and counterstained with hematoxylin to detect

peroxidase activity.

2.5. Lymphatic Microvessel Density (LMD) and Blood Microvessel
Density (BMD)

LMD and BVD were assessed independently by two researchers without previous
knowledge of the experimental details, and were duplicated once. CD;,’LYVE-1"
vessels of excised pterygium sections were identified as blood vessels, and
CD,,LYVE-1% vessels were identified as lymphangions. Each sample was se-
parated into 20 sections. Each section was analyzed by light microscopy (Ni-
kon, Eclipse 200). Under 100x magnification (0.78 mm?), the five most highly
lymph-vascularized regions were identified, and the number of immunostained
lymphangions was quantified. Only vessels displaying representative morpholo-
gy (lumen) were considered microangiolymphs. The LMD of each sample is
represented by the average value (number of vessels in 100 microscopic fields/100).
Similarly, the total number of blood vessels in 100 fields was quantified and di-
vided by 100 to obtain the BMD.

2.6. Quantification of Blood Vascular Area (BVA) and
Lymph-Vascular Area (LVA)

Sections labeled with CD;; or LYVE-1 were observed with a Zeiss Axioskop mi-
croscope, and images were projected onto a Sony PVM1440QM video monitor
with a Sony CCDIRIS camcorder. Digitized images were captured with a Fujix
HC-1000 3CCD HR color camcorder. CD,, vessels included blood vessels and
lymphatic vessels, while LYVE-1% vessels only included lymphatic vessels. After
a preparatory scan of each portion at low power, five high-vessel density regions
were identified and imaged at high power (100x). Conversion of computer im-
ages to a thresholded primitive binary format was performed to examine the lu-
mens of the stained tissue while minimizing background histological staining.
These images were analyzed using an internal image analysis program that showed
the proportions of the image occupied by immunostained blood vessels and

lymphangions (Axiovision 4.7.2; Carl Zeiss, Jena, Germany).

2.7. Statistical Analysis

Analysis of the differences between the 2 groups was conducted using a paired
Student’s t-test (SPSS 12.0 statistical software, SPSS Incorporation, Chicago, II-
linois, United States of America). Pearson’s correlation analysis was applied
to analyze the relationships between RT and LMD, RT and LVA, RT and
BMD, and RT and BVA. Values are presented as the average + SD. All reported
P-values are two-tailed, and statistical significance was defined at the a = 0.05
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level.

3. Results
3.1. Composition of the Pterygia Study Group

Of the 48 patients, a Grade 1 pterygium was found in 14 (29%); Grade 2, in 20
(42%); and Grade 3, in 14 (29%). Among recurrent pterygia patients, RT in
Grade 1 pterygium was (25.14 + 4.49) months, (19.92 + 1.44) months in Grade 2,
and (15.35 + 1.52) months in Grade 3, respectively (Table 1).

3.2. Blood and Lymphatic Vessels Are Increased in Recurrent
Pterygia

Because CDj, is positively expressed in both blood and lymphatic endothelial
cells, while LYVE-1 is restricted to lymphatic endothelial cells [15] [16], blood
vessels and lymphangions can be distinguished in tissue sections by staining for
both CD;, and LYVE-1. Compared to blood vessels, lymphangions had a larger
lumen and lacked erythrocytes. More blood vessels and lymphangions were
observed in recurrent pterygium segments than in normal epibulbar conjunc-
tival segments (Figure 1). Compared to control tissues, both the LMD/BMD and
LVA/BVA ratios were significantly increased in recurrent pterygium (Table 2).
This suggested that an increase in lymphatic vessels might be closely correlated
with pterygium recurrence. Comparisons of the LMD/BMD and LVA/BVA ra-
tios in different grades of recurrent pterygia revealed that the LMD was 0.22
times greater than the BMD and that the LVA was 0.09 times greater than the
BVA in Grade 1 pterygia. In Grade 2 pterygia, the LMD was 0.3 times greater
than the BMD, and the LVA was 0.1 times greater than the BVA. Finally, in
Grade 3 pterygia, the LMD was 0.34 times greater than the BMD, and the LVA
was 0.11 times greater than the BVA (Table 3). The increase in the LMD and
LVA was significantly greater than that in the BMD and BVA, indicating that
growth of the conjunctival lymphangion was not proportional to the develop-
ment of blood vessels. In severe recurrent pterygia (Grade 3), lymphatic vessels
grew more rapidly than blood vessels.

3.3. Relationships between Blood Vessels and RT and between
Lymphatic Vessels and RT

To elucidate the correlation between blood vessels and pterygium recurrence, we
examined the BMD, BVA, and RT values in Grade 1, 2, and 3 recurrent pterygia.
Additionally, the associations between BMD and RT and between BVA and RT
were analyzed. Our data indicated an important correlation between BVA and
RT in pterygia of all grades, while BMD was correlated with RT only in Grade 1
pterygia. Moreover, no significant correlation was found between BMD and RT
in Grade 2 and Grade 3 pterygia. However, in all three grades of pterygia, both
the LMD and LVA were closely related to RT (Figure 2). This finding suggested
a potential closer relationship between lymphangiogenesis and recurrent ptery-
gia formation than between hemangiogenesis and recurrent pterygia.
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Table 1. Dimension of normal controls vs recurrent pterygia.

Recurrent pteryia

Normal controls

Grade 1 Grade 2 Grade 3
Number 7 14 20 14
Age (years) 60.8 +11.8 58.8 £ 16.6 60.5+17.8 529 +21.5
Female/male 4/3 717 12/8 9/5
RT (months) 25.14 +4.49 19.92 +1.44 15.35+1.52

Table 2. Comparison of lymphangiogenesis/hemangiogenesis ratios in recurrent pterygia
vs controls.

Patients Number LMD/BMD (%) LVA/BVA (%)
Controls 7 13.99 £ 3.15 7.10 £0.23

Recurrent pterygia 48 28.92 £ 2.65 10.14 £ 0.43
P values 0.0001 0.001

Compared with controls, the ratios of LMD/BMD and LVA/BVA were significantly increased.

Table 3. Comparison evaluation of lymphangiogenesis vs hemangiogenesis in recurrent
pterygia.

Recurrent pterygia Number LMD/BMD (%) LVA/BVA (%)
Grade 1 Pterygium 14 22.10 +£2.80 8.94 + 0.18

Grade 2 Pterygium 20 29.60 + 1.94* 10.22 + 0.65*
Grade 3 Pterygium 14 33.87 £0.93*" 11.22 £0.63**

Compared with Grade 1, *P < 0.05, Compared with Grade 2, “P < 0.05.

Figure 1. Cluster of differentiation 31 (CD31) and lymphatic vessel endothelial hyaluro-
nan receptor 1 (LYVE-1) immunohistochemistry for human normal conjunctiva and re-
current petrygia. There was a certain number of CD;,*"LYVE-1© blood vessels but only a
few CD,,'LYVE-1® lymphatic vessels in normal epibulbar conjunctivae segments. Both
blood and lymphatic vessels were increased in recurrent pterygium, especially for lym-
phatic vessels. There were quite a few lymphatic vessels, which were positive for CD31
and LYVE-1, having a larger lumen without erythrocytes, and locating in the stromal
layer of pterygium (A: controls; B: recurrent pterygia. Footnote 1: CD;; immunohisto-
chemistry; Footnote 2: LYVE-1 immunohistochemistry; Red arrows: blood vessels; Blue
arrows: lymphatic vessels. Magnification for immunohistochemistry x200).
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The relationship between LMD and RT in recurrent pterygia

The relationship between BMD and RT in recurrent pterygia
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Figure 2. The relationships between LMD, LVA, BMD, BVA and RT in recurrent pterygia. Although BMD was
correlated with RT in Grade 1 pterygia (P < 0.05), there was no significant correlation between BMD and RT in
Grade 2 and Grade 3 pterygia (A) (P > 0.05). However, in pterygia at all three grades, BVA, LMD and LVA were
closely related to RT (B-D) (all P values < 0.05).

4. Discussion

Ocular lymphatic vessels facilitate the transport of antigens, thus accelerating the
presentation of antigens and playing an important role in ocular immunity.
However, because ocular lymphatic vessels are colorless and transparent, they
often cannot be identified under a slit lamp; thus, the study of lymphangiogene-
sis is lagging far behind the study of hemangiogenesis [10]. Recently, new lym-
phatic vessel formation was observed in both primary and recurrent pterygia,
providing a basis for anti-lymphatic or/and anti-vascular therapy for pterygia [7]
[8] [17]. However, compared to hemangiogenesis, lymphangiogenesis cannot be
easily evaluated to determine the effects of drugs targeting lymphatic metastasis
in pterygia (if available) because of the lack of visibility of conjunctival lymphat-
ics. Currently, some studies of corneal lymphangiogenesis have shown that cor-
neal hemangiogenesis occurs in parallel to lymphangiogenesis during the course
of keratitis, transplant rejection, trauma, limbal insufficiency, and suture-induced

corneal neovascularization [18]-[24]. If such a parallel exists between arteries
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and lymphangions in pterygia, the number of lymphangions can be indirectly
assessed by examining the number of arteries, which are readily identifiable un-
der a slit lamp.

However, changes in the number of lymphangions, as indicated by measures
such as LMD, do not fully represent changes in lymphangiogenesis. The same is
true of hemangiogenesis, which is not fully represented by BMD. In addition to
LMD and BMD, the LVA and BVA are important indicators for the measure-
ment of lymphatic vessels and blood vessels, respectively. In previous studies,
both LMD and LVA were relevant to the width and region of pterygia, and LVA
was also correlated with the extension of pterygia. This result suggested that
LVA was more closely related to pterygium development than LMD [25]. There-
fore, in this study, we used both the LMD and LVA to evaluate lymphangiogene-
sis. The increases in LMD and LVA were significantly greater than those of
BMD and BVA, especially in Grade 2 and 3 pterygia. Together with our previous
studies on the relationship between arteries and lymphangions in recurrent pte-
rygia, the present data suggest that the relationship between new vessels and
lymphangions is significant but not parallel. Therefore, we cannot simply assess
the condition of conjunctival lymphangiogenesis by the state of hemangiogene-
sis, especially in substantial recurrent pterygia.

In fact, the parallel growth of new corneal blood vessels and lymphatic vessels
is controversial to some extent. Lymphangions unaccompanied by arteries have
been observed toward the center of corneas in a mouse model of dry eye disease
(DED) induced by high-flow desiccated air. This finding suggests the lack of a
parallel relationship between corneal hemangiogenesis and corneal lymphangi-
ogenesis in low-level inflammation associated with DED [26] [27]. In a previous
study, the progression and regression of corneal inflammation, hemangiogene-
sis, and lymphangiogenesis were not synchronized in alkali-burned rat corneas.
Penetrating corneal transplantation was performed at the most severe and mild-
est stages of keratitis, hemangiogenesis and lymphangiogenesis after alkaline
burns, and the rejection of corneal grafts was compared. Our study showed that
corneal lymphatic vessels played a more significant role in allograft rejection
than did corneal hemangiogenesis [28]. Since blood vessels and lymphatic ves-
sels in pterygia are closely related, similar to hemangiogenesis and lymphangi-
ogenesis in the inflammatory cornea, the question of which factor plays a more
significant role in the recurrence of pterygium is worth discussing.

In an early study [29], we examined hemangiogenesis and lymphangiogenesis
in recurrent pterygia and found a significant increase in LMD and BMD, indi-
cating that both blood and lymphatic vessels played a role in pterygia recurrence.
The data also showed that LMD was dramatically increased in Grade 3 pterygia
and suggested that lymphatic vessels might play a more important role than
blood vessels in serious recurrent pterygia. However, the study could not show
the relationship between LMD or BMD and RT, which indicated the need to
compare the roles of lymphatic vessels and blood vessels in pterygium recur-
rence. In addition, two important indicators, LVA and BV A, were lacking in the
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study, which decreased the accuracy of measurement of lymphatic vessels and
blood vessels. In the current study, we compared differences in two indicators,
the LMD/BMD and LVA/BVA ratios, between the normal conjunctiva and re-
current pterygia. Unlike other indicators, such as LMD, LVA, BMD, and BVA,
which only focus on the outgrowth of lymphatic vessels or blood vessels alone,
the LMD/BMD and LVA/BVA ratios are correlated with the changes of both,
which is more conducive to comparing the proportion of lymphangiogenesis
and hemangiogenesis. Our data showed that both LMD/BMD and LVA/BVA
were significantly increased in recurrent pterygia. This result suggested that
lymphangions were more closely associated with the recurrence of pterygia.
Subsequently, we divided patients with pterygium into three grades according to
the scores assigned in a slit lamp examination (Grade 1 to 3) and focused on the
changes in LMD/BMD and LVA/BVA in different grades of recurrent pterygia.
Our data showed that a higher pterygium grade corresponded to higher LMD/BMD
and LVA/BVA ratios, indicating that lymphatic vessels play a more important
role than blood vessels not only in the recurrence of pterygium, but also in its
proliferation process.

In an earlier study, we observed an important negative correlation between
RT and LMD rather than BMD [30]. Unlike our earlier study, which was a pros-
pective study that involved tracking patients with primary pterygium from initial
pterygium surgery to the time of recurrence, the current study was a retrospec-
tive study, and RT was determined according to the description of patients with
recurrent pterygium. Our earlier study focused on hemangiogenesis and lym-
phangiogenesis in primary pterygia, whereas changes in arteries and lymphan-
gions in histological sections of recurrent pterygia were examined in the current
study. Moreover, the present study included twice the number of patients with
recurrent pterygia compared to the previous study, and important indexes such
as LVA and BVA were added to evaluate the area of blood and lymphatic vessels
to obtain more accurate results. We observed an important negative correlation
between LMD and RT but not a close correlation between BMD and RT, similar
to the conclusions of earlier studies. However, similar to LVA, an important
negative correlation was observed between BVA and RT. The results suggested
that both arteries and lymphangions were important factors in pterygium recur-
rence, but pterygium recurrence was more closely related to lymphatic vessels.

However, there are some limitations in the study. First, although we have
elucidated a close relationship between lymphangiogenesis and RT, there is
still no clear evidence how lymphatic vessels lead to the recurrence of ptery-
gium. Whether lymphangiogensis itself or an immunological process associated
with lymphangiogenesis indirectly contributes to the pterygium proliferation
and/or invasion (or conjunctival tissue proliferation) in vitro requires further
research. Second, the number of the participants in this study was slightly insuf-
ficient. Further studies of larger samples are warranted.

In summary, our study revealed that conjunctival lymphangiogenesis might

play a more important role than hemangiogenesis in the recurrence of pterygia.
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Anti-lymphangiogenic therapeutic strategies should be investigated to reduce

the growth and recurrence of pterygia.
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