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Background: Chronic ocular complications of Sulfur Mustard (SM) exposure leads to severe ocular morbidity
during time. The aim of this study was to compare serum levels of Interleukin 17 (IL-17), IL-12, vascular en-
dothelial growth factor (VEGF)-C, VEGF-D and nitric oxide (NO) in SM-exposed patients versus the control group
and to measure tear concentration of VEGF-C only in the SM-exposed group.

Methods: In this prospective case control, 128 SM-exposed patients and 31 healthy control subjects were in-
cluded. In the case group ocular manifestations were classified to three subgroups of mild (19 cases), moderate
(31 cases) and severe (78 cases) forms of disease. Serum levels of IL-17, IL-12, NO, VEGF-C and VEGF-D, in all
subjects and tear concentration of VEGF-C in SM-exposed group was evaluated.

Results: All subjects were male and mean =+ standard deviation (SD) of age in the case and control groups were
44.9 = 8.8 and 40.9 * 10.1years, respectively. Except for significantly lower serum level of IL-17
(p < 0.001) and NO (p = 0.003), other values were not significantly different. The tear concentration of VEGF-
C and serum level of IL-12 were not different between subgroups in the SM-exposed group, yet were significantly
lower among those with abnormally dilated and tortuous conjunctival vessels and corneal pannus, respectively
(p = 0.01, p = 0.015).

Conclusions: Exposure to SM significantly reduced serum level of IL-17 and NO in the delayed phase, yet did not
influence VEGF-C; VEGF-D or IL-12.

1. Introduction angiogenesis [8,9] potency of Interleukin 17 (IL-17) and its pro-lym-

phangiogenic function in experimental cornea by increasing VEGF-A,

Sulfur Mustard (SM), as a devastating chemical warfare agent, has
been considered as an extremely toxic agent [1] with relentless chronic
ocular complications [2-5].

Pathological changes of tear concentration of Vascular Endothelial
Growth Factor (VEGF) level was found in SM-exposed patients as the
most dominant biological route in related ocular injuries [3]. Further-
more, tear concentrations of growth factors were significantly higher
among SM-exposed patients with corneal neovascularization [4]. In
addition, VEGF-A, VEGF-C and VEGF-D were observed in lym-
phangiogenesis and angiogenesis [6,7], in the cornea. Targeting these
growth factors was considered for suppressing corneal angiogenesis to
enhance graft survival. A growing amount of evidence has revealed the

VEGF-C and VEGF-D expression [10]. For instance, in dry eye disease,
IL-17 could induce pro-inflammatory cytokines and matrix metallo-
proteinases release and subsequent corneal epithelial damage [11].

In addition, several evidences revealed that nitric oxide (NO) by
means of its physiological effect as vasodilation could have role in
physiological and pathological angiogenesis. Also, NO has prominent
outcome on VEGF growth promoting effect for instance in vivo angio-
genesis effect of VEGF stopped by L-NMMA as NO synthase (NOS) in-
hibitor [12]. Conversely, effect of NO on subretinal neovascularization
has shown to be independent of VEGF pathway. As, deficiency of any
isoforms of NOS significantly reduced subretinal neovascularization
without alteration in VEGF expression [13]. Moreover, endogenous
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angiogenesis inhibitors act their anti-angiogenesis function using in-
terleukin 12 (IL-12) as elimination of the IL-12 signal cascade by re-
moval of either the IL-12 production ability or respond to IL-12 com-
pletely canceled their angiogenesis inhibitory effect [14]. IL-12 induced
inhibition of angiogenesis mediated by IP-10 which inhibits endothelial
cell proliferation [15]. Anti-angiogenesis effect of IL-12 in cancer and
autoimmune disease therapy has been investigated in recent studies
[16-19].

The aim of this study was to investigate serum level VEGF-C and
VEGF-D as stimulators of angiogenesis and lymphangiogenesis [20], as
well as IL-17, IL-12, and NO, the possible angiogenesis modulators
[12-14,21,22] in SM-exposed patients versus the control group. In
addition, tear concentration of VEGF-C was evaluated in the SM-ex-
posed group.

2. Materials and methods
2.1. Study design and subjects

In this case-control study conducted as part of Mashhad's ocular
screening program for chemical warfare male patients, 128 SM-exposed
subjects aged of 21 to 75years and 31 healthy age/gender-matched
control subjects selected from patients' companions with age range of
25 to 73years, were recruited. In the control group, subjects with
normal ocular examination with no evidence of dry eye disease, no
history of congenital or acquired ocular or systemic diseases and no
history of ocular surgery were included. In the case group, all cases
exposed to SM during Iraq-Iran war (1983-1987) and had delayed
ocular complications with no history of congenital or acquired ocular or
systemic diseases or malignancies other than SM-induced ocular com-
plications, were included. Based on the severity of ocular manifesta-
tions following 19 to 25 years of SM exposure, patients were classified
to three subgroups of mild (19 cases), moderate (31 cases) and severe
(78 cases) forms of the disease according to chart of the foundation of
martyrs and veterans affairs (Iranian ophthalmic committee of chemical
warfare veterans) [23,24]. A comprehensive ocular and clinical eva-
luation, including assessment of the severity of ocular symptoms and
signs conducted by an expert ophthalmologist, according to the earlier
definition for classification of ocular involvement, was performed for
both groups. Ocular surface condition divided into three subgroups:
mild, moderate, and severe in SM-exposed group. Most patients were in
the severe SM-induced ocular complications group, followed by mod-
erate and mild forms.

2.2. Ethical considerations

The study protocol was approved by the Ethics Board of the
Immunoregulation Research Center (IRRC) and ethical approval was
received. Signed informed consent was received from all the study
subjects following explanation of the steps of the study in detail and
after fulfilling the inclusion and exclusion criteria. The Declaration of
Helsinki was considered.

2.3. Clinical evaluation

All subjects were asked about common ocular symptoms, including
blurred vision, foreign body and burning sensation, tearing, red eye,
photophobia, etc., followed by a comprehensive anterior and posterior
segments examination using slit-lamp (Nidek, Gamagori, Japan), direct
ophthalmoscope (Heine BETA 200® ophthalmoscope, Heine, Germany)
by an ophthalmologist. Thereafter, a pre-designed examination form
and questionnaire was completed for each subject, according to the
symptoms reported by each person as well as the findings found in the
examination.
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2.4. Serum collection

Peripheral blood samples were collected in a vacutainer tube (BD
Biosciences). Following centrifugation for 20 min at 2000 x g (4 °C),
patient's sera were extracted, aliquoted and saved at —80 °C for mea-
surement of blood markers in the future.

2.5. Tear collection

After instillation of one drop (200 L) of sterile 5% sodium chloride
in both eyes' inferior fornices, tear samples were collected and prepared
as described before [25] to be stored at — 80 °C for measurement of tear
VEGF-C concentration in the future.

2.6. Measuring cytokines level

IL-17, IL-12, VEGF-C, and VEGF-D DuoSet ELISA kits were obtained
from R&D Systems (Minneapolis, MN, USA). Using the ELISA method,
in accordance with the manufacturer's instructions, the serum levels of
IL-17, IL-12, VEGF-C, and VEGF-D as well as tear level of VEGF-C were
detected. Stat-Fax 2100 and Stat-Fax 2600 (USA) were used as ELISA
reader and washer, correspondingly.

2.7. Nitrite assay

Based on the Griess reaction, nitrite level was measured in the
serum using a Cayman product kit (USA). An equal volume of the serum
sample (100 pL) and Griess reagent (a solution of 1% sulfanilamide, 5%
phosphoric acid and 0.1% naphthalene diamine dihydrochloride) were
mixed and incubated at room temperature for 10 min. The absorbance
was measured in a plate reader at 540 nm (Stat-Fax 2100). Nitrite
concentration of the unknown samples was determined using a stan-
dard curve generated by serial dilution of sodium nitrite.

2.8. Statistical analysis

Data were analyzed using the SPSS software (version 22.0, SPSS,
Inc., Chicago, IL). Due to non-normally distributed data; comparison of
cytokine level between the study groups was performed by nonpara-
metric Mann-Whitney U test. Correlation between the IL-12, NO, and
IL-17 with VEGF-C and D was computed using spearman correlation.
The significance level was defined as p-values < 0.05.

3. Results

All the study subjects were male and mean = standard deviation
(SD) of age in case and control groups were 44.9 = 8.8 and
40.9 = 10.1years, respectively, with an insignificant age distribution
difference between the two study groups; 28 (90.3%) individuals in the
control group and 104 (82.5%) in the SM-exposed group were below
50 years old (p-value = 0.289).

3.1. Local and systemic release of VEGF-C and VEGF-D

Table 1 shows the presence of ocular surface complications among
the SM-exposed group. A total of 128 SM-exposed patients had an
ocular complication, divided in three subgroups which were severe in
60.9%, moderate in 24.2% and mild in 14.8%, yet none of the controls
had this complication.

Table 2 reveals serum VEGF-D levels in the both groups, in three
subgroups of SM-exposed patients as well as in SM-exposed patients
with ocular surface complications. As shown in this table, level of this
cytokine was not significantly different between the control and ex-
posed groups (p = 0.342), between the three subgroups of SM-exposed
patients (mild-moderate p = 0.670; mild-severe p = 0.584 and mod-
erate-severe p = 0.138), and between the SM-exposed patients with
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Table 1
Presence of ocular surface complications in the study groups.
n %
Group Control 31  19.5%
Exposed 128  80.5%
Abnormally dilated and tortuous conjunctival vessels  No 22 17.2%
Yes 106  82.8%
Abnormal limbal vessels No 35  27.3%
Yes 93  72.7%
Corneal pannus No 87  68.0%
Yes 41 32.0%
Corneal melting No 70  54.7%
Yes 58 45.3%
Severity of ophthalmic assessment Normal 0 0.0%
Mild 19 14.8%
Moderate 31 24.2%
Severe 78  60.9%

n: number; %: percentage.

and without different ocular complications, except being significantly
lower in SM-exposed with corneal pannus (p = 0.025); with median
and quartiles of 10.400 ng/mL (Q1: 4.457, Q3: 22.286) and 22.286 ng/
mL (Q1: 5.943, Q3: 29.714) in subjects with and without corneal
pannus, respectively. Although, this difference was statistically insig-
nificant in SM-exposed patients with corneal pannus compared to the
control group (p = 0.058), but clinically was noticeable.

Table 3 shows serum VEGF-C levels in the both groups, in three
subgroups of SM-exposed patients as well as in SM-exposed patients
with ocular surface complications. As shown in this table, level of this
cytokine was not significantly different between the control and ex-
posed groups (p = 0.356), between the three subgroups of SM-exposed
patients (mild-moderate p = 0.278; mild-severe p = 0.609 and mod-
erate-severe p = 0.331), and between SM-exposed patients with and
without different ocular complications.

Table 4 shows tear VEGF-C concentration in three subgroups of SM-
exposed patients as well as in SM-exposed patients with ocular surface
complications. As shown in this table, level of this cytokine was not
significantly different between the three subgroups of SM-exposed pa-
tients (mild-moderate p = 0.292; mild-severe p = 0.785 and moderate-
severe p = 0.124), and between SM-exposed patients with and without
different ocular complications, except being significantly lower in SM-
exposed cases with abnormally dilated and tortuous conjunctival ves-
sels (p = 0.011); with median and quartiles of 27.340 ng/mL (Q1: 0.00,

Table 2
Serum VEGF-D level in the both study groups.
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Q3: 100.69) and 104.170 ng/mL (Q1: 58.59, Q3: 190.97) in subjects
with and without abnormally dilated and tortuous conjunctival vessels,
respectively.

3.2. Serum levels of IL-17 in SM-exposed patients with ocular complications

Table 5 shows serum IL-17 levels in the both groups, in three sub-
groups of SM-exposed patients as well as in SM-exposed patients with
ocular surface complications. As shown in this table, level of this cy-
tokine was significantly lower in exposed cases compared to the control
group (p < 0.001), yet not between the three subgroups of SM-exposed
patients (mild-moderate p = 0.356; mild-severe p = 0.858, and mod-
erate-severe p = 0.448), and SM-exposed patients with and without
different ocular complications.

3.3. Serum levels of IL-12 and NO in SM-exposed patients with ocular
complications

Serum levels of IL-12 were investigated in SM-exposed patients and
control group using ELISA. There was no significant change between
both study groups (p = 0.464, Table 6). For the further investigation,
the serum level of IL-12 was evaluated in SM-exposed objects with or
without different ocular complications and only patients with corneal
pannus showed the lower level of IL-12 compared with the patients
without this complication (p = 0.015, Table 6), with median and
quartiles of 0.00 ng/mL (Q1: 0.00, Q3: 116.10) and 33.290 ng/mL (Q1:
0.00, Q3: 196.00), respectively. In addition, the concentration of this
cytokine was analyzed between the three subgroups of SM-exposed
patients and no significant changes were found (mild-moderate,
p = 0.434; mild-severe, p = 0.981, and moderate-severe p = 0.333,
Table 6). The serum level of NO in both study groups presented in
Table 7. Compared to the control group, SM-exposed group displayed a
significantly lower level of NO (p = 0.003, Table 7). However, NO le-
vels were not significantly different between patients with or without
different ocular complications and the three subgroups of SM-exposed
patients (mild-moderate, p = 0.599; mild-severe, p = 0.795, and
moderate-severe p = 0.223, Table 7).

3.4. Correlation between the serum levels of IL-12, NO, and IL-17 with
angiogenesis stimulators

Correlation between the serum levels of IL-12, NO, and IL-17 with

VEGF-D (serum) (pg/mL)

n Median Q1 Q3 p-Valuel p-Value2 p-Value3

Group Control 25 20.800 7.429 29.714

Exposed 110 18.572 5.943 28.229 0.342
Abnormally dilated and tortuous conjunctival vessels No 19 20.800 5.943 28.229 0.661

Yes 91 17.829 4.457 28.229 0.316 0.663
Abnormal limbal vessels No 28 22.286 6.686 38.282 0.957

Yes 82 15.600 4.457 25.257 0.225 0.145
Corneal pannus No 73 22.286 5.943 29.714 0.772

Yes 37 10.400 4.457 22.286 0.058 0.025
Corneal melting No 61 16.343 4.457 28.229 0.338

Yes 49 19.314 5.943 28.229 0.443 0.845
Severity of ophthalmic assessment Mild 14 20.800 7.429 29.714 0.696

Moderate 26 22.286 5.943 46.850 0.910 0.670

Severe 70 16.343 4.457 25.257 0.210 0.584 0.138

VEGF-D: Vascular endothelial growth factor D; pg/mL: pico-grams per milliliter; n: number. p-value < 0.05 in bold (Mann-Whitney).

Q1: First quartile.

Q3: Third quartile.

pl: Comparison with the control group.

p2: Between SM-exposed with and without ocular complications.
p3: Between moderate and severe SM-exposed subgroups.
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Table 3
Serum VEGF-C level in the both study groups.

International Immunopharmacology 76 (2019) 105843

VEGF-C (serum) (pg/mL)

n Median Q1 Q3 p-Valuel p-Value2 p-Value3

Group Control 22 1700.00 1448.78 2006.17

Exposed 107 1892.68 1412.06 2166.67 0.356
Abnormally dilated and tortuous conjunctival vessels No 20 1816.94 1515.92 2099.70 0.696

Yes 87 1921.95 1376.88 2166.67 0.319 0.562
Abnormal limbal vessels No 30 1789.30 1341.71 2165.38 0.934

Yes 77 1912.20 1482.93 2166.67 0.229 0.392
Corneal pannus No 72 1886.04 1433.01 2155.04 0.358

Yes 35 1904.52 1311.56 2191.21 0.466 0.958
Corneal melting No 60 1868.45 1329.27 2237.73 0.608

Yes 47 1921.95 1587.94 2160.49 0.205 0.568
Severity of ophthalmic assessment Mild 17 1912.20 1246.23 2144.7 0.856

Moderate 27 2018.52 1658.29 2299.74 0.115 0.278

Severe 63 1844.22 1422.11 2134.37 0.531 0.609 0.331

VEGF-C: vascular endothelial growth factor C; pg/mL: pico-grams per milliliter; n: number. p-value (Mann-Whitney).

Q1: First quartile.

Q3: Third quartile.

pl: Comparison with the control group.

p2: Between SM-exposed with and without ocular complications.
p3: Between moderate and severe SM-exposed subgroups.

the serum levels of VEGF-C and VEGF-D in both study groups and with
the tear concentrations of VEGF-C in SM-exposed group were in-
vestigated (Tables 8, 9, and 10). No significant correlation between IL-
12 and NO with the serum levels of VEGF-C and VEGF-D and the tear
concentrations of VEGF-C was observed in SM-exposed group (Tables 8
and 10). Similar results about the correlation between IL-12 and NO
with angiogenesis stimulators were found in the control group (Tables 8
and 9). However, Serum levels of IL-17 showed direct correlation with
IL-12 (r = 0.447, p = 0.012) and VEGF-D (r = 0.468, p = 0.018) in the
control group (Table 9). Although, there was no significant correlation
of IL-17 with VEGF-C, VEGF-D, IL-12, and NO in the SM-exposed group
(Table 10).

4. Discussion

In this case-control study, 128 SM-exposed patients and 31 healthy
control subjects were included. In the case group, based on the severity
of ocular manifestations, patients were classified into three subgroups
of mild (19 cases), moderate (31 cases) and severe (78 cases) forms of

Table 4
Tear VEGF-C level in SM-exposed patients.

the disease. Serum levels of VEGF-C, VEGF-D, IL-17, IL-12, and NO in
all participants, and tear concentration of VEGF-C in the SM-exposed
group were determined. All the study subjects were male and
mean * SD of age in the case and control groups were 44.9 + 8.8 and
40.9 + 10.1 years, respectively. Except for a decreased serum level of
IL-17, and NO in SM-exposed group, other values were not significantly
different between the study groups and between the three subgroups in
the SM-exposed group. The tear concentration of VEGF-C was not dif-
ferent between the subgroups in the SM-exposed group, yet was sig-
nificantly (p = 0.01) lower among those with abnormally dilated and
tortuous conjunctival vessels.

Studies have discussed the major role of VEGF signaling in patho-
logical angiogenesis [26]. Disruption in the balance of VEGF related
pathways is highly associated with corneal angiogenesis, a typical
clinical feature in various corneal disorders. Recently, anti-VEGF
therapy is an extremely effective treatment for a number of patients
with blinding ocular disorders [27]. Panahi et al. in their cross-sectional
study [28] evaluated 25 eyes from 18 patients with chemical injury of
ocular complications of SM exposure. They measured total protein and

VEGF-C (tear) (pg/mL)

n Median Q1 Q3 p-Valuel p-Value2

Group Control 0

Exposed 75 39.06 0.00 111.11
Abnormally dilated and tortuous conjunctival vessels No 10 104.17 58.59 190.97

Yes 65 27.34 0.00 100.69 0.011
Abnormal limbal vessels No 18 62.95 0.00 104.17

Yes 57 31.25 0.00 111.11 0.485
Corneal pannus No 46 37.11 0.00 100.69

Yes 29 53.57 7.81 138.89 0.243
Corneal melting No 44 54.69 0.00 127.14

Yes 31 23.44 0.00 86.54 0.300
Severity of Ophthalmic Assessment Mild 9 44.64 19.53 67.31

Moderate 17 86.54 23.44 149.31 0.292

Severe 49 27.34 0.00 104.17 0.785 0.124

VEGF-C: Vascular endothelial growth factor C; pg/mL: pico-grams per milliliter; n: number. p-value < 0.05 in bold (Mann-Whitney)

Q1: First quartile.

Q3: Third quartile.

pl: Between SM-exposed with and without ocular complications.
p2: Between moderate and severe SM-exposed subgroups.
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Table 5
Serum IL-17 level in the both study groups.
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IL-17 (serum) (pg/mL)

N Median Q1 Q3 p-Valuel p-Value2 p-Value3
Group Control 31 26.700 13.880 47.86
Exposed 127 9.401 7.304 12.22 < 0.001
Abnormally dilated and tortuous conjunctival vessels No 21 9.401 7.407 11.32 < 0.001
Yes 106 9.340 7.281 12.27 < 0.001 0.805
Abnormal limbal vessels No 34 9.090 7.407 10.62 < 0.001
Yes 93 9.535 7.281 12.40 < 0.001 0.454
Corneal pannus No 86 9.326 7.407 12.27 < 0.001
Yes 41 9.429 7.099 11.91 < 0.001 0.628
Corneal melting No 69 9.646 7.485 12.27 < 0.001
Yes 58 8.508 7.281 11.34 < 0.001 0.300
Severity of Ophthalmic Assessment Mild 18 9.074 7.795 10.07 < 0.001
Moderate 31 10.170 7.485 13.07 < 0.001 0.356
Severe 78 9.090 7.164 12.22 < 0.001 0.858 0.448
IL-17: interleukin 17; pg/mL: pico-grams per milliliter; n: number. p-Value < 0.05 in bold (Mann-Whitney).
Q1: First quartile.
Q3: Third quartile.
pl: Comparison with the control group.
p2: Between SM-exposed with and without ocular complications.
p3: Between moderate and severe SM-exposed subgroups.
Table 6
Serum IL-12 level in the both study groups.
IL-12 (serum) (pg/mL)
N Median Q1 Q3 p-Valuel p-Value2 p-Value3
Group Control 31 15.110 0.000 81.470
Exposed 127 22.315 0.000 150.800 0.464
Abnormally dilated and tortuous conjunctival vessels No 21 11.034 0.000 132.200 0.985
Yes 106 24.550 0.000 152.900 0.390 0.488
Abnormal limbal vessels No 34 10.620 0.000 78.870 0.484
Yes 93 22.900 0.000 196.000 0.291 0.224
Corneal pannus No 86 33.290 0.000 196.000 0.123
Yes 41 0.000 0.000 116.100 0.310 0.015
Corneal melting No 69 28.475 0.000 150.000 0.362
Yes 58 19.575 0.000 196.000 0.703 0.708
Severity of ophthalmic assessment Mild 18 20.880 0.000 78.870 0.676
Moderate 31 62.320 0.000 152.900 0.222 0.434
Severe 78 22.315 0.000 158.100 0.687 0.981 0.333

IL-12: interleukin 12; pg/mL: pico-grams per milliliter; n: number. p-Value < 0.05 in bold (Mann-Whitney).

Q1: First quartile.

Q3: Third quartile.

pl: Comparison with the control group.

p2: Between SM-exposed with and without ocular complications.
p3: Between moderate and severe SM-exposed subgroups.

VEGF concentrations in tear. Significantly lower total tear protein, as
well as a higher level of VEGF and VEGF/total protein, was observed in
the SM-exposed group compared to the healthy controls. Abbaszadeh
et al. [4] in their case-control cross-sectional study observed sig-
nificantly higher tear concentrations of VEGF-A 165 in SM-exposed
subjects with and without corneal neovascularization and significantly
elevated tear concentrations of platelet-derived growth factor-BB
(PDGF-BB) and basic fibroblast growth factor (bFGF) only for those
with corneal neovascularization compared to the healthy controls. In
the current study, serum VEGF-D and VEGF-C values were not sig-
nificantly different between the two study groups, except significantly
lower serum levels of VEGF-D and tear concentrations of VEGF-C in SM-
exposed patients with corneal pannus and abnormally dilated and tor-
tuous conjunctival vessels, respectively. It could be assumed that re-
duction of VEGF-C and VEGF-D in SM-induced corneal complications
probably is negative feedback to regulate angiogenesis in response to
long-term complications.

There is increasing evidence of inflammatory mediators effects on

the regulation of angiogenesis [29]. In this study, the correlation be-
tween IL-17 as an angiogenesis stimulator and IL-12 and NO as the
inhibitors of neovascularization were examined. Our results demon-
strated that serum levels of IL-17 significantly decreased in SM-exposed
patients and it did not make any effect on presentation and severity of
ocular surface complications and had insignificant correlation with IL-
12, NO, VEGF-C, and VEGF-D in SM-exposed patients. IL-17 is a pro-
inflammatory cytokine which expresses by several subsets immune cells
especially type 17 T helper (Th17) cells [30]. While IL-17 mostly pro-
tects against infections, its dysbalance signaling system might play a
crucial role in the pathogenesis of autoimmune diseases, cancer, and
infectious diseases [31]. However, there is no study on the evaluation of
IL-17 in SM-exposed patient with ocular complications to compare with
the current study.

Although, Imani et al. [22], in their analytical cross-sectional study,
found significantly increased IL-17 expression measured by flow cyto-
metry in Peripheral Mononuclear Blood Cells (PBMNCs) of SM-exposed
patients compared to the healthy controls. Likewise, Farahani et al.
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Table 7
Serum NO level in the both study groups.
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Nitric oxide (serum) (pg/mL)

N Median Q1 Q3 p-Valuel p-Value2 p-Value3

Group Control 31 1397.0 1196.0 1750.5

Exposed 127 1172.0 990.3 1555.0 0.003
Abnormally dilated and tortuous conjunctival vessels No 21 1161.0 972.6 1313.0 0.010

Yes 106 1177.0 1001.0 1564.0 0.004 0.765
Abnormal limbal vessels No 34 1084.0 967.0 1285.0 < 0.001

Yes 93 1213.0 1011.0 1589.0 0.018 0.075
Corneal pannus No 86 1162.0 1001.0 1507.0 0.002

Yes 41 1210.0 990.3 1575.0 0.032 0.625
Corneal melting No 69 1118.0 1001.0 1575.0 0.007

Yes 58 1216.0 964.0 1405.0 0.005 0.813
Severity of ophthalmic assessment Mild 18 1087.0 1002.0 1567.0 0.021

Moderate 31 1161.0 946.0 1362.0 0.002 0.599

Severe 78 1213.0 997.2 1593.0 0.015 0.795 0.223

NO: nitric oxide; ug /mL: micrograms per milliliter; n: number. p-Value < 0.05 in bold (Mann-Whitney).

Q1: First quartile.

Q3: Third quartile.

pl: Comparison with the control group.

p2: Between SM-exposed with and without ocular complications.
p3: Between moderate and severe SM-exposed subgroups.

Table 8
Correlation between the serum levels of IL-12, NO with angiogenesis stimula-
tors in the both study groups.

Control Exposed
IL-12 NO IL-12 NO
(serum) (serum) (serum) (serum)
(pg/mL) (ug/mL) (pg/mL) (ug/mL)
VEGF-D (serum) r 0.199 0.068 —0.013 -0.113
(pg/mL) p-Value 0.341 0.758 0.895 0.243
VEGF-C (serum) r 0.084 0.212 —0.032 0.084
(pg/mL) p-Value 0.709 0.369 0.741 0.394
VEGF-C (tear) r - - —0.068 0.011
(pg/mL) p-Value - - 0.561 0.925

NO: nitric oxide; IL-12: interleukin 12; VEGF-D: vascular endothelial growth
factor D; VEGF-C: vascular endothelial growth factor C; pg /mL: micrograms
per milliliter; pg/mL: pico-grams per milliliter. p-value (r: spearman correlation
coefficient).

Table 9
Correlation between the serum levels of IL-12, NO, and IL-17 with angiogenesis
stimulators in control group.

Control group NO IL-12 IL-17 VEGF-D VEGF-C
(serum) (serum) (serum) (serum) (serum)
(ug/mL)  (pg/mL)  (pg/mL)  (pg/mL)  (pg/mlL)
NO (serum) r 0.152 —-0.239 0.068 0.212
(ug/mL)  p-Value 0.440 0.220  0.758 0.369
IL-12 (serum) r 0.152 0.447  0.199 0.084
(pg/mL) p-Value  0.440 0.012  0.341 0.709
IL-17 (serum) r —-0.239  0.447 0.468 0.270
(pg/mL)  p-Value 0.220  0.012 0.018 0.223
VEGF-D r 0.068  0.199 0.468 0.323
(serum) p-Value 0.758 0.341 0.018 0.177
(pg/mL)
VEGF-C r 0.212  0.084 0.270  0.323
(serum) p-Value 0.369 0.709 0.223 0.177
(pg/mL)

NO: nitric oxide; IL-12: interleukin 12; IL-17: interleukin 17; VEGF-D: vascular
endothelial growth factor D; VEGF-C: vascular endothelial growth factor C; pg
/mL: micrograms per milliliter; pg/mL: pico-grams per milliliter. p-
Value < 0.05 in bold (r: spearman correlation coefficient).

[32] found a significantly higher expression of IL-17 gene in PBMNCs,
using real time polymerase chain reaction, in SM-exposed patients
compared to healthy controls. Farahani and Imani's works displayed the
intracellular elevation of IL-17. It could suggest that PBMCs equipped
with IL-17 migrate and have a function in injured tissues and don't have
any influence on systemic levels. According to this suggestion, sig-
nificantly higher amounts of CD4" IL-17*Thl7 were reported in
transbronchial sections of SM-exposed compared to healthy controls
[22]. On the contrary, in the current study, serum IL-17 levels were
significantly lower than healthy controls. A possible justification could
be the difference in the severity of exposure [2] among recruited study
subjects, as in Frahani's study, SM-exposed subjects (n = 15) had one-
time history of exposure > 30years ago associated with moderate
symptoms, whereas most SM-exposed patients (n = 128) of the current
study had a history of more than one-time severe exposure, which was
complicated by ocular involvement. Mishra et al. [33] in their animal
model of SM-induced chronic lung injury found infiltration of IL-17*
cells by immunohistochemical staining in the lung, which was observed
in areas of inflammation or fibrosis. However, they did not measure
serum levels of IL-17 in this well-designed animal model. Serum IL-17
was significantly reduced in SM-exposed subjects of the current study,
but there was no histological evidence for lung IL-17 level in the sub-
jects. Besides, during inflammatory infiltration in the inflammatory
response, despite the accumulation of certain inflammatory mediators
in some organs such as the lung, the serum level of inflammatory cy-
tokines could be variable and not necessarily similarly high in ac-
cordance with its tissue level. Therefore, comparison of the mentioned
animal study and the current work is not sensible. Furthermore, another
justification for this discrepancy could be the difference in the amount
of time elapsed since SM exposure in the current and above mentioned
study, as in the animal model, the definition of chronicity was above
30 days post exposure, which is not comparable with the current case
group, who had been evaluated after 19 to 25 years of SM exposure.
Interestingly, our finding showed a significant correlation of IL-17 and
VEGF-D in the control (r = 0.468, p = 0.018) and near to significant
correlation of them in SM-exposed group (r = 0.161, p = 0.092). Al-
though, the difference in serum VEGF-D levels was statistically insig-
nificant in SM-exposed patients with corneal pannus compared to the
control group (p = 0.058), but clinically was noticeable. IL-17 can
potentiate the angiogenesis effect of VEGF [27]. Chauhan et al. [10]
demonstrated the pro-lymphangiogenic function of IL-17 in the cornea
of the experimental ocular disease by significant increasing VEGF-A,
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Correlation between the serum levels of IL-12, NO, and IL-17 with angiogenesis stimulators in SM-exposed group.

SM-exposed group

NO (serum) (pg/

IL-12 (serum) (pg/

IL-17 (serum) (pg/

VEGF-D (serum) (pg/

VEGF-C (serum) (pg/

VEGF _C (tear) (pg/

mL) mL) mL) mL) mL) mL)

NO (serum) (ug/mL) r 0.152 0.077 -0.113 0.084 0.011

p-Value 0.094 0.394 0.243 0.394 0.925
IL-12 (serum) (pg/mL) T 0.152 0.167 -0.013 —-0.032 —0.068

p-Value 0.094 0.061 0.895 0.741 0.561
IL-17 (serum) (pg/mL) T 0.077 0.167 0.161 —-0.101 —0.059

p-Value 0.394 0.061 0.092 0.300 0.613
VEGF-D (serum) (pg/mL) r —-0.113 —-0.013 0.161 —-0.075 0.048

p-Value 0.243 0.895 0.092 0.460 0.705
VEGF-C (serum) (pg/mL) r 0.084 —0.032 —0.101 -0.075 0.001

p-Value 0.394 0.741 0.300 0.46 0.999
VEGF-C (tear) (pg/mL) r 0.011 —0.068 —0.059 0.048 0.001

p-Value 0.925 0.561 0.613 0.705 0.999

NO: nitric oxide; IL-12: interleukin 12; IL-17: interleukin 17; VEGF-D: vascular endothelial growth factor D; VEGF-C: vascular endothelial growth factor C; ug/mL:
micrograms per milliliter; pg/mL: pico-grams per milliliter. p-value (r: spearman correlation coefficient).

VEGF-C, and VEGF-D expression. In a recently published review article,
the authors underline that the role of IL-17 in neovascularization is
controversial. In this paper, the functional roles of IL-17 in ocular
neovascular diseases have been reviewed with emphasis on diseases
involving the posterior segment such as proliferative diabetic retino-
pathy, age-related macular degeneration, retinopathy of prematurity,
and retinal vein occlusion. The authors suggest that because of the
important role that IL-17 exerts in various ways in ocular neovascular
diseases, inhibition of this cytokine may be a potential treatment for
inhibition of neovascularization in the retina and choroid. However,
effects of IL-17 on neovascularization due to its function through dif-
ferent cell types, cytokines, and factors are complex, suggesting that
further studies should be conducted to investigate the synergistic effects
of anti-IL-17 use and anti-VEGF drugs [34]. In another review article,
the role of IL-17 in the anterior segment diseases is investigated. The
authors conclude that this cytokine plays an important role in the pa-
thogenesis of ocular surface and corneal diseases, especially infective
keratitis and dry eye. IL-17 neutralizing antibodies have raised hopes of
reducing the severity of some diseases. Therefore, targeting it can
provide useful therapies in the future, especially for ocular surface and
corneal diseases [35] which are the dominant findings in the ex-
amination of the anterior segment of SM-exposed subjects. Unlike our
study which evaluated serum levels of IL-17 and revealed significantly
lower serum level, the vast majority of the studies cited in this review
article assessed tear level of IL-17 that had increased. Therefore, further
studies with measuring tear levels of this cytokine in SM-exposed sub-
jects with different severity of ocular manifestations seem necessary.
Nevertheless, presented evidence suggests that serum level of IL-17
alone had no effect on VEGF-C and VEGF-D expression in SM-exposed
patients.

NO, as well as IL-12 has a remarkable role in modulating ocular
neovascularization [13-19]. Also, according to previous investigations
peroxynitrite formation can caused by excess amount of NO and this is
associated with degenerative diseases and diabetic retinopathy
[36-38]. Despite this, our result demonstrated a significant reduction of
NO in SM-exposed group without any association with having ocular
surface disorders and severity of ophthalmic complications. Several
studies have demonstrated the anti-angiogenesis activity of IL-12 beside
its immunological function [16,39]. Our study revealed that serum le-
vels of IL-12 did not change in SM-exposed patients compared to con-
trols. Although, in SM-exposed group only patients with corneal pannus
showed the lower level of IL-12 compared with the patients without this
complication. Also, insignificant correlation found between serum
VEGF-D and VEGF-C as well as tear VEGF-C level with serum IL-12
level.

One of the main limitations of this study was the small sample size
of each group. Therefore, lack of meaningful findings does not mean its

absence. Also, our findings revealed from a case-control study and
further investigations with the cohort study design could be led to more
conclusive results. Angiogenesis is usually observed after SM exposure,
as such, the VEGF family is predictably increased in these patients, as
well established in previous publications. However, it is noticed that
only IL-17 presented significant difference in SM group, however, VEGF
family showed no significance, which is inconsistent with other in-
vestigations, making it even less valuable to test the serum cytokines as
mentioned in this study. Therefore, further studies with measurement
of tear levels of those cytokines seem to be necessary. In spite of these
limitations, the strengths of this study, which included a homogenous
population with a history of SM exposure and chronic ocular compli-
cations, make the findings particularly unique. Mustard gas is con-
sidered an important chemical warfare agent produced and stored in
many countries and is probably the most widely distributed chemical
warfare agent in the world [40]; therefore, knowing the complications
of this potent chemical agent is necessary.

In conclusion, this study found a positive association between serum
level of IL-17 and NO with SM exposure, yet not with VEGF-C, VEGF-D,
or IL-12. Also, insignificant correlation between IL-12, IL 17, and NO
with all VEGF subtypes in SM-exposed group. Possibly, serum levels of
those factors are not related to immunopathogenesis of mustard gas-
induced ocular manifestations; however, further longitudinal studies
are required to prove this rationalization.
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