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Increased Th17 cells and IL-17 in rats
with traumatic optic neuropathy
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Abstract. T helper 17 (Th17) cells are strong inducers of
numerous autoimmune diseases and inflammation. However,
the role of Th17 cells and interleukin (IL)-17 in traumatic optic
neuropathy (TON) are yet to be elucidated. In the present study,
a rat model of TON was established using a fluid percussion
brain injury device. Th17 cells were found to be upregulated
in the spleens of rats in the TON group. In addition, the level
of IL-17 in the retina of rats in the TON group was observed to
increase with the upregulation of the Th17 cells. Furthermore,
the expression of IL-17 in the optic nerve was found to be
upregulated between one and seven days following injury in
the rats in the TON group. These findings strongly suggest
that the ratio of Th17 cells and the expression of IL-17 are
upregulated in rats with TON. These findings also provide a
rationale for developing therapeutic agents to treat TON.

Introduction

Traumatic optic neuropathy (TON) is a serious injury of the
optic nerve, which involves the disruption of visual function.
The injury associated with TON may be permanent or tempo-
rary. Etiological factors associated with TON include head
trauma due to motor vehicle and bicycle accidents, falls or
assault. TON is a type of head trauma (1) and may be divided
into direct and indirect injuries. Direct optic nerve injury
is less common, due to the protection provided by the bony
orbit (2). At present, the pathogenesis, treatment and prognosis
of TON remain to be elucidated. It has been reported that
injury may activate the immune system, which may influence
the prognosis of the disease (3).
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Cluster of differentiation (CD) 4* T helper (Th) cells are
divided into pro- and anti-inflammatory Thl and Th2 cells,
respectively, based on their secretory cytokines (4). Interleukin
(IL)-6 and transforming growth factor (TGF)-f induce naive
CD4* T cells into Th17 cells. Th17 cells secrete IL-1 (5) and
are involved in the pathology of various autoimmune diseases,
including neuromyelitis optica (6), rheumatoid arthritis and
multiple sclerosis (7). High concentrations of TGF-f induce
the development of regulatory T cells (Tregs) and alterations in
the Th17/Treg ratio have been reported in several autoimmune
diseases. Th17 cells are involved in immunological responses
and induce inflammation (8). IL-17 primarily functions to acti-
vate macrophages and promote the secretion of inflammatory
cytokines, including TNF-o and IL-1f (9).

In the present study, an animal model of TON was estab-
lished in rats using a fluid percussion brain injury (FPI) device
and the rate of Th17 cells in the spleen was detected. The
expression of IL-17 in the optic nerve and the levels of IL-17
in the retina were also detected. It was hypothesized that IL-17
may regulate inflammation in TON.

Materials and methods

Chemicals. Lymphocyte separation medium was purchased
from Haoyang Biological Manufacture Co., Ltd (Tianjin,
China). Dulbecco's Modified Eagle Medium (DMEM) and
fetal bovine serum were purchased from Invitrogen Life
Technologies, (Carlsbad, CA, USA). CD4 and IL-17 mono-
clonal antibodies were obtained from BD Biosciences (San
Diego, CA USA).

Induction of TON and treatment protocols. Sixty
Sprague-Dawley rats (age, 4 weeks) were purchased from the
Military Medical Academy of China (Beijing, China). Rats
were randomly divided into normal, control and TON groups.
The normal and control groups consisted of 10 rats and the
experimental TON group consisted of 40 rats. The TON group
was divided into four subgroups (1, 7, 14 and 28 days) of 10 rats
on the basis of different observation times. Rats in the normal
group received no treatment and those in the control group
received the same treatment as the TON groups, but without the
induction of TON. In the rats in the experimental TON groups,
the right eyes were considered experimental eyes and the left
eyes received no treatment. The TON model was established
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Table I. Changes in latent period and amplitude in flash-visual evoked potential examination.
Group Latent period (ms) P-value® Amplitude (V) P-value®
Normal 78.80+£8.52 12.23+1.74
Control 79.70+£9.79 13.45+2.21
TON 1 day 93.60+12.50 <0.001 10.41+1.75 <0.001
TON 7 days 112.00+£9.46 <0.001 7.50+1.34 <0.001
TON 14 days 126.30+£10.48 <0.001 5.89+£1.29 <0.001
TON 28 days 129.30+8.23 <0.001 5.61£1.09 <0.001

Data are presented as the mean + standard deviation (n=10). “TON groups vs. control group in latent period; "TON groups vs. control group in

amplitude. TON, traumatic optic neuropathy.

in accordance with the method described previously (10). In
brief, rats were anaesthetized using 10% chloral hydrate. The
conjunctivas were cut and FPI was used to induce trauma. A
tube of optic nerve was then inserted through the conjunctival
incision and placed ~2 mm into the conjunctival cleft. The
hammer angle was 25°. Subsequent to injury, the right eyes
were treated with Levofloxacin (Santen Pharmaceutical Co.,
Osaka, Janpan) each day.

Flash-visual evoked potential (F-VEP) examination. F-VEP
was performed on the eyes. Rats were anesthetized using
10% chloral hydrate prior to examination. A RETI visual
electrophysiology system (Roland Consult, Brandenburg an
der Havel, Germany) with silver needle electrodes was used.
The recording and reference electrodes were inserted subcu-
taneously into the rat occipital tuberosity (OZ position). The
ground electrode was inserted subcutaneously into the ear
mastoid. Full visual field white flash stimulation was applied,
at a stimulation frequency of 1.6 Hz and a band pass width of
30-100 Hz, for 250 ms per rat. The waveform was superim-
posed 100 times. Each rat was recorded three times with an
interval of 10 min. The parameters recorded were F-VEP latent
period LP2 (the P2 wave response time, ms) and amplitude
N2-P2 (A between N2 wave trough and P2 wave peak, uV).
Three measurements were averaged for each parameter.

Flow cytometry. A splenocyte suspension was generated
from rat spleen samples and the lymphocytes were isolated
using lymphocyte separation medium. Lymphocytes were
collected and washed twice with DMEM and transferred onto
24-well plates at a concentration of 1x107 cells/ml. A total of
50 ng/ml phorbol ester and 1 yg/ml ionomycin were added to
the suspension. Following 5 h of culture at 37°C, lymphocytes
were collected. Cells were incubated using fluorescein isothio-
cyanate (FITC)-conjugated monoclonal antibodies against rat
CD4* and R-phycoerythrin-conjugated monoclonal antibodies
against rat IL-17 for 30 min at room temperature. Impurities
were then filtered from the cells and the number of Th17 cells
in spleen was detected using a flow cytometer (BD Bioscieces,
San Diego, CA, USA).

Immunohistochemistry. IL-17 staining was performed on rat
retinas using a monoclonal antibody against IL-17 at a dilution
of 1:100 and an Immunocruz® staining system (Santa Cruz

Biotechnology, Inc., CA, USA) according to the manufac-
turer's instructions.

Western blot analysis. Optic nerve and tissue lysates were
homogenized and proteins were extracted from the optic nerve
according to the manufacturer's instructions (Sigma-Aldrich,
Munich, German). A total of 20 ug protein was electropho-
resed using 12% SDS-PAGE and transferred to polyvinylidene
fluoride (PVDF) membranes. Following blocking with 25 ml
5% non-fat milk and washing with Tris-buffered saline with
Tween-20 solution three times, PVDF membranes were
probed overnight at 4°C with anti-IL-17 and anti-f-actin anti-
bodies, diluted 1:500 and 1:1,000, respectively. Subsequent to
washing, membranes were incubated with horseradish perox-
idase-conjugated anti-rabbit immunoglobulin G secondary
antibodies diluted 1:5,000 for 1 h at room temperature.
Proteins were then detected using an enhanced chemilumines-
cence system (Millipore, Billerica, MA, USA) and X-ray film
(Thermo, Rockford, IL, USA).

Statistical analysis. All statistical analyses were performed
using the SPSS 17.0 statistical software package (SPSS, Inc.,
Chicago, IL, USA). Baseline characteristics for all groups
are presented as the mean + standard deviation. Differences
between groups were analyzed using Student's paired t-test or
analysis of variance, as appropriate. P<0.05 was considered to
indicate a statistically significant difference.

Results

F-VEP examination of the TON model. To determine the
establishment of the TON rat model, F-VEP examinations
were performed. Rats in all groups were observed to have
NPN waveforms, which the P2 and N2-P2 waveforms were
observed markedly. If the latent period of P2 was prolonged
and the amplitude of N2-P2 was reduced, these means optic
nerve was injured. Following optic nerve injury, the latent
period was markedly prolonged and the amplitude was signifi-
cantly reduced until ~14 days, following which the waveforms
stablized (Fig. 1). No significant difference was identified in
the latent period between the rats in the normal and control
groups (P=0.829). However, the differences in latent period
and amplitude between the rats in the control and experimental
TON groups were found to be statistically significant (Table I).
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Figure 1. F-VEP examination of the TON model in rats. F-VEP examination in the (A) normal and (B) control groups and the TON groups at (C) one, (D) seven,
(E) 14 and (F) 28 days subsequent to the induction of injury. F-VEP, flash-visual evoked potential.
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Figure 2. Th17 cell regulation in rats with TON. Splenocytes from rats in the normal, control and TON groups were analyzed for Th17 cells using flow
cytometry. (A) Ratio of Th17 cells in the spleen of the rats in the normal, control and TON treatment groups 1, 7, 14 and 28 days subsequent to the induction of
injury. (B) Bar graph of the results of flow cytometry. “P<0.01 vs. control. TON, traumatic optic neuropathy; Th17, T helper 17; IL, interleukin.

These findings suggest that the TON model was established
successfully in the rats in the experimental groups.

Changes in Thl7 cells in the spleens of rats with TON. In order
to investigate the changes in the Th17 cells in the spleens of
the rats with TON, flow cytometry was performed. Th17 cells

were identified using FITC-conjugated monoclonal antibodies
against rat CD4" and PE-conjugated monoclonal antibodies
against rat IL-17. As shown in Fig. 2A, the ratio of Th17 cells
in the spleens of the rats in the control group was 0.94+0.13%,
which increased one day following injury and peaked seven
days following injury (Fig. 2A and B). The ratio of Th17 cells in
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Figure 3. Regulation of IL-17 in rats with TON. (A) Immunohistochemistry of IL-17 levels in the retina of the rats with TON. (B) Bar graph of the results of immuno-
histochemistry. (C) Western blot analysis of IL-17 levels in the optic nerve of the rats with TON. Scale bar, 100 ym. IL, interleukin; TON, traumatic optic neuropathy.

the spleens of the TON rats was observed to decrease at 14 and
28 days following injury, but remained higher than that in the
rats in the control group (Fig. 2). These findings suggest that the
ratio of Th17 cells in the spleen was increased in the TON rats.

Changes in IL-17 in the retina and optic nerve of rats with
TON. Th17 cells secrete IL-17, which regulates inflammation.
Therefore, the levels of IL-17 in the retina were analyzed.
Immunohistochemistry revealed that the levels of IL-17
increased in the retina of the TON rats and peaked seven days
following the induction of injury. Results were classified as
either moderate (0% to <25%, gray area) or strong (>25%, dark
area) (Fig. 3B). Compared with the seven day group, levels of
IL-17 were observed to be decreased in the TON rats in the
14 and 28 day groups (Fig. 3A and B), but remained higher
than that in the rats in the control group.

In order to further investigate the changes in IL-17 in the
optic nerve, the expression of IL-17 was assessed using western
blot analysis. IL-17 was observed to be expressed in the rats in
all groups (Fig. 3C), but was lower in the rats in the normal
and control groups than those in the TON groups. Following
the induction of injury, the expression of IL-17 was observed
to increase initially, peak at seven days then decrease. The
differences in IL-17 expression between the control and the
TON groups was statistically significant. These findings show
that the pattern of IL-17 expression correlates with the trend in
the ratio of Th17 cells.

Discussion

TON often occurs in patients with closed head injury. Damage to
the optic nerve includes immediate and secondary damage in a



proportion of retinal ganglion cells (11). It is difficult to treat the
immediate damage to the optic nerve (12) and it is important to
suppress secondary damage (13). A previous study reported that
patients with TON were treated with high doses of intravenous
steroids (14). In the present study, the immunologic mechanism
underlying TON was investigated in order to identify a novel,
efficient method for the therapeutic treatment of TON.

In the present study, FPI was used to establish an
animal model of TON, which has advantages with regard to
experimental repeatability and stability (15). Following the
generation of the model, F-VEP revealed that the latent period
was increased and the amplitude was significantly reduced
until 14 days following the induction of injury. These findings
show that the animal model was successfully established.

The pathogenesis of TON is complex. Clinical and experi-
mental studies have revealed that optic nerve damage involves
numerous mechanisms, which have yet to be elucidated (12,16).
There is no proven effective treatment for TON. High dose
corticosteroids and decompressing surgery have been adopted
in clinical treatment (1,17). Therefore, it is important to inves-
tigate the pathogenesis of TON in order to identify an effective
treatment. The immunologic response has been suggested to be
involved in the pathogenesis of TON. Kipnis et al (18) observed
certain beneficial or destructive autoimmunity following
injury. Furthermore, immunization with myelin basic proteins
emulsified in complete or incomplete Freund's adjuvant was
found to protect optic nerve neurons from secondary degenera-
tion following crush injury. Fisher et al (19) reported that IL-6
inhibited neuronal cell survival. Whether immune-derived
factors are beneficial or harmful to nerve recovery depends on
the phenotype of the immune cells and the timing of the inter-
action with the damaged neural tissue. Based on these reports,
in the present study, it was hypothesized that the ratio of Th17
cells increases in the TON model.

In the present study, dynamic changes in the level of IL-17
were observed in the retina and optic nerves of TON rats,
which correlated with the trend in the ratio of Th17 cells in the
spleen. The levels of Th17 cells and IL-17 initially increased
upon induction of TON, peaking at 7 days and decreasing at
14 and 28 days subsequent to the induction of injury. Th17 cells
are highly auto-pathogenic and induce tissue inflammation
and autoimmune diseases (20). Th17 cells secrete I1L-17, -22
and -21 and express the IL-23 receptor (21). IL-17 is a cytokine
with numerous pro-inflammatory functions and is likely to be
involved in either the causation or progression of inflammatory
diseases and transplant rejection in humans (22). Peng et al (23)
identified that it is possible to detect Th17 cells among activated
auto-reactive and bystander T cells and that Th17 cells may
have a key role in the pathogenesis of experimental autoimmune
uveoretinitis. The results of the present study are consistent
with those of previous reports, which suggest that Th17 cells
and IL-17 may induce or promote inflammation in TON.

In conclusion, the present study has shown the changes
in Th17 cells and IL-17 in TON rats. Furthermore, the find-
ings suggest that the ratio of Th17 cells in the spleen and the
expression of IL-17 in the retina and optic nerve increased in
rats with TON. These findings demonstrate that Th17 cells
may participate in and promote the progression of TON.
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