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SUMMARY

Aims: Spinal cord injury (SCI) occurs following damage to the spinal column. Following

trauma, tissue damage is further exacerbated by a secondary damage due to a SCI-activated

inflammatory process. Control of leukocytes activity is essential to therapeutic inhibition of

the spinal cord damage to ameliorate the patient’s conditions. The mechanisms that regu-

late neuroinflammation following SCI, including T-cell infiltration, have not been com-

pletely clarified. Glucocorticoids (GC) are antiinflammatory drugs widely used in therapy,

including treatment of SCI. GC efficacy may be linked to many molecular mechanisms that

are involved in regulation of leukocytes migration, activation, and differentiation. We have

previously shown that the antiinflammatory activity of GC is in part mediated by glucocorti-

coid-induced leucine zipper (GILZ). Here, we investigated the role of GILZ in inflammation

and spinal cord tissue damage following a spinal trauma. Methods: We address the role of

GILZ in SCI-induced inflammation and tissue damage using a model of SCI in gilz knockout

(gilz KO) and wild-type (WT) mice. Results: We found that GILZ deficiency is associated

with a strong reduction of SCI-induced inflammation and a significantly reduced lesion area

following SCI. Conclusion: These results demonstrate that GILZ is involved in induction of

neuroinflammation and functional outcomes of spinal cord trauma.

Introduction

The central nervous system (CNS) is sensitive to mechanical inju-

ries, causing permanent functional deficits in patients with spinal

cord injury (SCI). The mechanical forces imparted to the spinal

cord cause immediate tissue disruption, with a direct axonal and

neuronal injury, characterized by death of a number of neurons

that can neither be recovered nor regenerated. Moreover, neurons

continue to die for hours after SCI as a result of several mecha-

nisms, including excitotoxicity, vascular abnormalities and

inflammatory response that contribute to evolution of spinal cord

secondary injury [1]. Both innate and adaptive immune responses

play a key role in gravity and extent of spinal cord injury and

repair processes after SCI [2–4]. The degree of accumulation of

leukocytes, especially lymphocytes and granulocytes, in the

injured spinal cord area correlates with the extent of inflamma-

tion and secondary neuronal damage. Lymphocytes, in particular,

are believed to be important for the initiation and progression of

inflammation following SCI because they contain and release a

significant number of inflammatory mediators that may damage

neurons. The humoral components of neuroinflammation, such a

cytokines, are also found to play an important role in the initia-

tion, maintenance, and resolution of inflammation following SCI

[3,5–7].

Despite major progress in pharmacological, surgical, and reha-

bilitative treatment approaches, SCI still remains a very complex

medical and psychological challenge, with no curative therapy

available [8]. The only pharmacological compound that has dem-

onstrated valuable therapeutic efficacy and neuroprotection is the

synthetic glucocorticoid (GC) methylprednisolone, when adminis-

tered at high doses within 3–8 h from the trauma [9–11]. More-

over, recent studies further confirmed the usefulness of such a

treatment [12,13]. GC have also been widely used to treat many

inflammatory and autoimmune diseases [14,15], but a number of

adverse drug reactions, associated with chronic treatment with

GC, represent an important limit that in some circumstances

causes the suspension of therapy [16].

Most of the effects mediated by GC depend on the interaction

with the GC receptor (GR) and consequent modulation of its tran-

scriptional activity. Glucocorticoid-induced leucine zipper (GILZ)
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is a gene rapidly and potently upregulated by GC treatment

[17,18]. Several data support a role for GILZ as a mediator of GC-

activated antiinflammatory effect [19,20]. It mediates a number of

GC effects such as control of cell proliferation, apoptosis, and dif-

ferentiation, including in T cells [21–24]. Notably, GILZ is

expressed in different areas of the CNS, such as forebrain, spinal

cord, and cerebellum [25,26].

Here, we addressed to the role of GILZ in inflammation and

spinal cord tissue damage following a spinal trauma using a mouse

model of SCI. We studied the effects of GILZ deficiency in SCI

using gilz knockout (KO) mice. We found that lack of GILZ deter-

mines a strong reduction of spinal cord tissue damage and of leu-

kocytes infiltration upon SCI. GILZ deficiency is associated with

an altered cytokines expression profile upon SCI induction, with

an increased production of Th1 cytokines and decreased expres-

sion of Th2 and Th17 cytokines, thus suggesting that GILZ is

important for the modulation of inflammatory processes occurring

upon SCI and may represent a new therapeutic target to achieve a

better functional outcome of spinal cord lesions.

Materials and Methods

Mice

Six- to 10-week-old male gilz KO and wild-type (WT) mice with

C57BL/6J background were used and analyzed for genotype and

GILZ expression, as previously described [22]. In each experiment,

gilz KO mice were compared with WT littermates. Animal care

was in compliance with regulations in Italy (DM 116/92 and DL

26/2014) and Europe (2010/63/UE).

Sci

SCI was induced as previously described [27]. Briefly, mice were

anesthetized using an anesthetic cocktail containing 2% xylazine

and 1 mg/mL tiletamine (10 mL/kg body weight). A longitudinal

incision of about 5 cm was made on the midline of the back,

exposing the paravertebral muscles. These muscles were dissected

away exposing T5-T8 vertebrae. The spinal cord was exposed via a

4-level T5-T8 laminectomy, and SCI was produced by a compres-

sion model induced at T6-T7 level using an aneurysm clip with a

closing force of 24 g. In all injured groups, the spinal cord was

compressed for 1 min. Sham animals were only subjected to cuta-

neous excision. Following surgery, 1.0 mL of saline was adminis-

tered subcutaneously to replace the blood volume lost during the

surgery. During recovery from anesthesia, the mice were placed

on a warm heating pad and covered with a warm towel. The mice

were individually housed in a temperature-controlled room at

27°C for a survival period of 7 days. Food and water were pro-

vided to the mice ad libitum. During this time period, the animals’

bladders were manually voided twice a day until the mice were

able to regain normal bladder function.

Mice were randomly allocated into the following groups: (1)

WT SCI group: mice were subjected to SCI; (2) gilz KO SCI group:

mice were subjected to SCI; (3) control WT group (sham WT):

mice were subjected to a cutaneous excision of about 5 cm, as

with the previous groups, without laminectomy so that aneurysm

clip was not applied; and (4) control gilz KO group (sham KO):

mice were subjected a cutaneous excision of about 5 cm, as with

the previous groups, without laminectomy so that the aneurysm

clip was not applied. In each experiment, we used five animals per

group, unless otherwise indicated. Mice from each group were

sacrificed 7 days after SCI to collect samples for the evaluation of

the parameters described as follows.

Histology

Spinal cord tissues were taken 7 days following trauma and were

fixed for 24 h in paraformaldehyde solution (4% in PBS 0.1 M) at

room temperature, dehydrated by graded ethanol, and embedded

in Paraplast (Sherwood Medical, Mahwah, NJ, USA). Tissue sec-

tions (thickness, 7 lm) were deparaffinized with xylene, stained

with hematoxylin and eosin, and studied using light microscopy

(LEICA DM 2000 combined with a LEICA ICC50 HD camera). All

the histological studies were performed in a blinded fashion.

Immunohistochemistry

At the 24 h after SCI induction, the tissues were fixed in 10% (w/

v) PBS-buffered formaldehyde, and 7-lm sections were prepared

from paraffin-embedded tissues. After de-paraffinization, endoge-

nous peroxidase was quenched with 0.3% (v/v) hydrogen perox-

ide in 60% (v/v) methanol for 30 min. Sections were

permeabilized with 0.2% Triton-X 100, and nonspecific binding

sites were subsequently blocked with 10% normal goat serum.

Endogenous biotin or avidin binding sites were blocked by

sequential incubation for 15 min with biotin and avidin (Vector

Laboratories, Burlingame, CA, USA), respectively. Sections were

incubated overnight at 4°C with anti-CD4 rabbit polyclonal anti-

body (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA,

1:100 in PBS, v/v), anti-CD8a rabbit polyclonal antibody (Santa

Cruz Biotechnology, Inc., 1:100 in PBS, v/v), anti-Chymase rabbit

polyclonal antibody (Millipore, Milan, Italy, 1:500 in PBS, v/v),

anti-ICAM-1 rabbit polyclonal antibody (Santa Cruz Biotechnol-

ogy, Inc., 1:200 in PBS, v/v), and anti-P-selectin (Santa Cruz Bio-

technology, Inc., 1:100 in PBS). After washing with PBS, sections

were incubated with HRP-conjugated secondary antibody (Vector

Laboratories, Burlingame, CA, USA) for 30 min at room tempera-

ture, followed by applying DAB regents (Vector Laboratories) for

DAB detection. The counterstain was developed with hematoxy-

lin (blue background). To verify the binding specificity, some

sections were also incubated with only the primary antibody (no

secondary) or with only the secondary antibody (no primary). In

these situations, no positive staining was found in the sections,

indicating that the immunoreaction was positive in all the experi-

ments carried out.

All sections were obtained using light microscopy (LEICA DM

2000 combined with LEICA ICC50 HD camera), and the quantita-

tive analysis was performed using computer program (Leica

Application Suite V4.1; Leica mcrosystems Cambridge/LAS V4.4,

Milano, Italy).

Quantitative Real-time PCR

Total RNA was extracted using TRIzol reagent (Life Technolo-

gies, Monza, Italy). RT-PCR was performed using QuantiTect
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Reverse Transcription (Qiagen, Milano, Italy). PCR was per-

formed in a final volume of 20 lL containing 0.02 lM cDNA,

0.5 lM sense and antisense primers, 1.5 mM MgCl2, and 1 unit

of platinum TaqDNA polymerase (Life Technologies). The PCR

was performed according to the manufacturer’s instructions.

The PCR products were electrophoresed on a 2% agarose gels in

the presence of ethidium bromide. Real-Time quantitative PCR

(qPCR) analysis was performed in Applied Biosystems real-time

PCR machine (ABI7300) using TaqMan Gene Expression Master

Mix (Life Technologies). The real-time PCR primers and probes

(Life Technologies) used were the following: Il12:

Mm00434169; Ifnc: Mm00801778; Il4: Mm99999154; Il10:

Mm01288386; Il17: Mm00439619; Tgfb: Mm00441724; and gilz:

Mm00726417. mRNA expression levels were calculated by the

Comparative DDC(t) method relative to beta-actin (Actb) house-

keeping gene.

Statistical Analysis

Statistical analysis was performed with Prism 6.0 (GraphPad Soft-

ware, Inc., La Jolla, CA, USA). The nonparametric Mann–Whit-

ney U-test or a two-tailed unpaired Student’s t-test were used for

statistical comparisons.

For immunohistochemical densitometric analysis, multiple

group comparisons were conducted by ordinary one-way analysis

of variance (ANOVA) with Bonferroni test. For qPCR analysis, all

experiments were run in triplicate and two-tailed unpaired Stu-

dent’s t-test were used for statistical comparisons. *P < 0.05;

**P < 0.005; ***P < 0.0005; ****P < 0.0001.

Results

Lack of GILZ Reduces Spinal Cord Damage

To evaluate the role of GILZ in spinal cord damage following a trau-

matic event, we applied the SCI protocol to gilz KO andWT control

mice. Body weight was monitored for the period from 1 day before

until day 7 after SCI induction. During this experimental period,

both WT SCI and gilz KO SCI groups showed about 20% decrease

in body weight compared with sham groups (Figure 1). At the end

of follow-up (7 days), mice were sacrificed and the spinal cords

were collected for histological analysis of tissue damage. The spinal

cords were sampled in correspondence to the thoracic portion

lesion to analyze for histomorphological alterations. Results clearly

show major damage at the perilesional area of the spinal cord in

WT SCI mice compared with the gilz KO SCI mice (Figure 2C vs.

2D), the latter showing a similar morphology of the sham group

(Figure 2A and B). These results show that the absence of GILZ

results in a strong reduction of damage following SCI.
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Figure 1 No differences in body weight between WT and gilz KO mice

after SCI. Mice were daily weighted starting from the day just prior SCI

induction (Day 0). Mice n = 5, 6 per group. Error bars, SD; statistical

analysis: two-tailed Student’s t-test.

(A) (B)

(C) (D)

Figure 2 Reduction of tissue damage in gilz

KO compared with WT in spinal cord after SCI.

Spinal cord histological phenotype of WT and

gilz KO mice after SCI. Images of spinal cord

histological section from WT and gilz KO mice

at 7 days post-SCI assessed by H&E staining.

Scale bars 100 lm, 20X. (A) Sham WT; (B)

Sham gilz KO; (C) WT SCI; (D) gilz KO SCI.
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Lack of GILZ Inhibits Leukocytes Infiltration in
Spinal Cord after SCI

SCI leads to a robust and persistent inflammatory response,

which involves cell activation of both innate and adaptive

immune system [2,4,28]. To evaluate possible differences in

leukocytes presence in the damaged area, we have first

assessed the recruitment of leukocytes to the spinal cord

around the site of injury in WT and gilz KO mice by histologi-

cal examinations. As expected, no leukocytes were observed in

spinal cords of sham animals, while mice subjected to SCI

revealed a presence of leukocytes in the spinal cords. A signifi-

cant decrease in the number of CD4 (Figure 3C vs. 3D. See

densitometric analysis bottom graph) and CD8 (Figure 3G vs.

3H. See densitometric analysis bottom graph) positive T cells

was observed in spinal cords of gilz KO mice compared with

controls after SCI induction.

Mast cells are the first line of defense in inflammatory response

to tissue injury, including SCI [29]. We compared the degree of

mast cells infiltration in the spinal cord of WT and gilz KO SCI

mice by evaluating the expression of the protein chymase, a pepti-

dase expressed in mast cells and in pathological conditions includ-

ing inflammation [30]. Immunohistochemical analysis revealed a

positive chymase staining in spinal cord sections of WT SCI ani-

mals and not in sham controls. To the contrary, gilz KO SCI mice

appeared negative for chymase staining, suggesting that granulo-

cyte infiltration into spinal cords does not efficiently occur in

GILZ-deficient mice (Figure 4C. See densitometric analysis bot-

tom graph).

Leukocytes that originate in bone marrow from lymphoid

and myeloid precursors circulate in the peripheral blood and

migrate to the sites of injury in response to damage. Some

authors declare that severe SCI causes leukocyte arrest and

transmigration across spinal cord endothelial barrier facilitated

by endothelial adhesion molecules P-selectin and ICAM-1 expo-

sition [31]. Also, according to Farooque et colleagues, ICAM-1

and P-selectin knockout mice subjected to SCI show a better

functional outcome during an observation period of 14 days

(A) (B)

(C) (D)

(E) (F)

(G) (H)

Figure 3 Decreased numbers of CD4 and CD8 positive cells in gilz KO compared with WT in spinal cord after SCI. CD4 expression in spinal cord after SCI.

Immunohistochemical analyses show that the number of CD4+ lymphocytes in perilesional area of spinal cord is reduced in gilz KO SCI compared with WT

SCI mice. Scale bars 100 lm, 20X. CD4 staining: (A) Sham WT; (B) Sham gilz KO; (C) WT SCI; (D) gilz KO SCI. CD8 staining: (E) Sham WT; (F) Sham gilz KO; (G)

WT SCI; and (H) gilz KO SCI. In the bottom graph is represented the densitometric analysis to quantify and highlight significant differences among

experimental groups. For each staining, results are expressed as “% of positive staining” calculated on the mean of at least n = 3 acquired IHC image/

group. **P < 0.005, ****P < 0.0001, Bonferroni test.
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[32]. In our study, we measured the expression of ICAM-1 and

P-selectin in spinal cords of WT and gilz KO mice. We detected

significant expression of ICAM-1 and P-selectin in SCI wt mice

(Figure 5C and G, respectively. See densitometric analysis bot-

tom graph) but not in gilz KO SCI mice (Figure 5D and H,

respectively. See densitometric analysis bottom graph). Taken

together, these data demonstrate that lack of GILZ ameliorates

spinal cord functional recovery due to a reduced polymorpho-

nuclear leukocytes infiltration.

Lack of GILZ Affects Cytokine Production in
Periphery and Spinal Cord after SCI

In addition to induce local neuroinflammation, SCI represents an

inflammatory signal for peripheral lymphocyte activation [5]. It

has been suggested that the T-cell subsets and activation status

influence the degree of neuronal damage and the functional out-

come after SCI [1]. To characterize the type of the inflammatory

response occurring after SCI, we analyzed the expression of proin-

flammatory cytokines in peripheral lymph nodes of WT and gilz

KO mice at day 7 after SCI induction, a time-point previously

shown to be associated with T-cell activation after SCI induction

in animals [5,6].

We measured the expression of proinflammatory cytokines in

peripheral lymph nodes by quantitative PCR analyses. As

expected, cytokine production in sham animals was minimal or

absent (Figure 6A–F), while it was detectable in WT SCI mice.

However, the pattern of cytokine expression after SCI was clearly

different in gilz KOmice compared withWT animals. Interestingly,

we observed a significant increased expression of Th1-type cyto-

kines IFNc and IL-12 in gilz KO mice (Figure 6A and B) and a

decreased expression of Th2 type cytokines IL-4 and IL-10 (Fig-

ure 6C and D), compared withWTmice. Moreover, the proinflam-

matory cytokine IL-17 was not upregulated in gilz KO peripheral

lymph nodes following SCI as in occurred in WT after SCI induc-

tion (Figure 6E, P value = 0.07). Finally, no differences in TGFb
expression were found betweenWT and gilz KO lymph nodes after

SCI (Figure 6F). We have also not found differences in weight and

cell number of spleens and peripheral lymph nodes isolated from

WT and gilz KO mice after SCI (Table 1). Interestingly, contrary to

what we observed in lymph nodes, we did not detect an increased

production of IFNc in spinal cord of gilz KO mice upon SCI (Fig-

ure 6G). Instead, gilz KO mice upon SCI revealed a significant

upregulation of IL-10 levels in spinal cord (Figure 6I).

These results demonstrate that absence of GILZ leads to the

alteration of inflammatory response induced by SCI resulting in a

(A) (B)

(C) (D)

Figure 4 Decreased numbers of granulocytes

in gilz KO compared with WT in spinal cord

after SCI. Chymase expression in spinal cord

after SCI. Immunohistochemical analyses show

that the number of granulocytes (chymase+

cells) in perilesional area of spinal cord is

reduced in gilz KO SCI compared with WT SCI

mice. Scale bars 100 lm, 20X. (A) Sham WT;

(B) Sham gilz KO; (C) WT SCI; and (D) gilz KO

SCI. In the bottom graph is represented the

densitometric analysis to quantify and highlight

significant differences among experimental

groups. For each staining, results are

expressed as “% of positive staining” calculated

on the mean of at least n = 3 acquired IHC

image/group. ****P < 0.0001, Bonferroni test.
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decreased Th17 and Th2 and increased Th1 cytokine production

in periphery, and in an increased IL-10 production in perilesional

area of spinal cord associated with neuroprotection.

Conclusion

SCI is a devastating lesion of nervous system that is a frequent

cause of motor impairment. SCI causes immediate tissue dis-

ruption, with a direct axonal and neuronal injury, inducing

the death of a number of neurons. At present, this lesion is

irreversible. Moreover, the outcome of SCI depends on the

events that follow the initial lesion. Indeed, neurons continue

to die for hours after SCI as a result of several mechanisms,

including excitotoxicity, vascular abnormalities, and inflamma-

tory response that contribute to the evolution of spinal cord

secondary injury.

Despite major progress in pharmacological, surgical, and reha-

bilitative treatment approaches, SCI still remains a very complex

medical and psychological challenge. In the mid-1960s, the idea

of using GC in the treatment of SCI was based on the empirical

notion that they would attenuate posttraumatic spinal cord

edema. More recently, proposed mechanisms include the inhibi-

tion of inflammatory cytokines, preservation of calcium homeo-

stasis, preservation of spinal cord blood flow, and modulation of

the inflammatory cells activity [33]. The use of GC in the treat-

ment of other CNS inflammatory diseases, such as the Parkinson

disease, has been also proposed on the basis of the antiinflamma-

tory properties of GC [34–36]. To date, the only pharmacological

compound that has demonstrated “neuroprotective” ability is

methylprednisolone that is still administered as the most appropri-

ate therapeutic drug for human SCI [9–11,13].

GILZ gene is one of the few genes potently regulated by

GR transcriptional activity, and data on human diseases sug-

gest that GILZ mediates a number of GC effects [18,37,38].

We have previously reported that GILZ modulates the

immune response after SCI suggesting a potential role due to

(A) (B)

(C) (D)

(E) (F)

(G) (H)

Figure 5 Reduced ICAM-1 and P-selectin positive cells in gilz KO compared with WT in spinal cord after SCI. ICAM-1 and P-selectin expression in spinal

cord after SCI. Immunohistochemical analyses show that both ICAM-1 and P-selectin expression in perilesional area of spinal cord is reduced in gilz KO SCI

compared with WT SCI mice. Scale bars 200 lm, 10X. ICAM-1 staining: (A) Sham WT; (B) Sham gilz KO; (C) WT SCI; (D) gilz KO SCI. P-selectin staining: (E)

Sham WT; (F) Sham gilz KO; (G) WT SCI; and (H) gilz KO SCI. In the bottom graphs are represented the densitometric analysis to quantify and highlight

significant differences among experimental groups. For each staining, results are expressed as “% of positive staining” calculated on the mean of at least

n = 3 acquired IHC image/group. ****P < 0.0001, Bonferroni test.
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therapeutic effects [27]. Moreover, GILZ appears to be a mar-

ker of response to GC and is basally expressed in central ner-

vous system [25,26,39].

In this study, we showed that lack of GILZ determines a reduced

damage in spinal cord after SCI, as evidenced by histological

analyses of the spinal cord following SCI damage in WT and

(A) (B) (C)

(D) (E) (F)

(G) (H) (I)

Figure 6 Altered inflammatory cytokines expression in gilz KO peripheral lymph nodes and spinal cord after SCI. (A–F) qPCR analysis in peripheral lymph

nodes of IFNc (A), IL-12 (B), IL-4 (C), IL-10 (D), Il-17 (E), TGFb (F), mRNA expression or (G–I) in spinal cord of IFNc (G), IL-12 (H), and IL-10 (I) in mice not

subjected to SCI (Sham WT and Sham KO mice) or after SCI (Sci WT and Sci KO). All data are presented relative to the expression of Actb mRNA. Results

are shown as means � SE (error bars); n = 5 mice/group. *P < 0.05; **P < 0.005; ***P < 0.0005, two-tailed Student’s t-test.
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gilz KO mice. Gilz KO mice present a consistent reduction of

leukocytes infiltration into perilesional area of injured spinal cord.

Neuroinflammation plays a central role in the control of dam-

age of injured tissues following primary traumatic damage, and

functional outcomes are largely dependent by the inflammatory

response of the patient and by the SCI treatment, which includes

antiinflammatory drugs such as GC. Inflammatory processes fol-

lowing SCI are controlled not only by innate immunity, such as

microglia activation and granulocytes infiltration, but also by

adaptive immunity, with the activation and migration of lympho-

cytes to the damaged area. However, the biological impact of this

lymphocyte infiltration remains controversial. Recent studies

report that activated microglia might regulate the function and

maintenance of activated T cells in the damaged area [40]. More-

over, experimental and human studies of brain and spinal cord

trauma have revealed the presence of T cells auto-reactive for

cerebral antigens [28]. However, whether neuroprotection may

be conferred by activated or auto-reactive T cells is still controver-

sial.

Comparison of expression levels of adhesion molecules in WT

and GILZ-deficient mice revealed strong differences in ICAM-1

and P-selectin tissue localization. The lower degree of adhesion

molecule expression in this case suggests a reduced leukocyte

infiltration in gilz KO mice. This could be due to: (1) a defect in

the migration capability of leukocytes normally associated to dam-

age; or (2) modulation of activation of adaptive immune response,

or both, resulting in reduced neuroinflammation at the level of

spinal cord.

Altogether, in the present study, we found that GILZ deletion in

thewhole body is associated with spinal postinjury benefit, as mea-

sured by alterations in tissue damage and leukocyte infiltration.

These results do not apparently fit with previous observations sug-

gesting that GILZ overexpression in T cells also protects from SCI

[27]. Genetic ablation or activation of a gene in different cell types

may provide a complex picture of the temporally and tissue-spe-

cific roles of that gene. Specific GILZ overexpression in T cells 24 h

upon SCI mimics the antiinflammatory effects of GC and inhibits

early proinflammatory responses after injury [27]. In the present

article, analysis of SCI in wt and gilz KO mice 7 days postinjury

shows a different picture suggesting that genetic ablation of GILZ

in all tissues may affect in a different way inflammatory response.

It is known that GILZ is involved in the control of activation and

differentiation of lymphoid cells and in the activation of immune

responses [18,19,38,41]. GILZ may have different short and long

term effects on cell growth and differentiation or migration of dif-

ferent cell types. For example, it may regulate both innate and

adaptive immune responses and in this way contributes to the out-

come of SCI. Indeed, we have previously shown that GILZ overex-

pression favors Th2 over Th1 differentiation [42]. Here, we have

found altered pattern of cytokines production in peripheral lymph

nodes upon SCI induction in gilz KOmice compared with controls.

We found an increased production of Th1-type cytokines, such as

IL-12 and IFNc, while expression of Th2 cytokines, such as IL-4

and IL-10, was decreased in lymph nodes of gilz KO mice, indicat-

ing that lack of GILZ promotes the differentiation of T cells to Th1

type in response to damage induced by SCI. This altered cytokine

expression profile correlates with reduced damage in spinal cord of

gilz KO mice. This is not surprising considering that Th1 immune

response might play a neuroprotective role in spinal cord damage

by maintaining activated T cells that could provide beneficial

effects following SCI [40,43,44]. The neuroprotective role of Th1

and Th2 type cells following traumatic events in spinal cord is still

not well defined [45–48]. To note, it has already been proposed

that Th1 cells producing IFNc controls IL10 production by resident

microglia and infiltrating macrophages [49]. Here, we found that

IL-10 is upregulated in perilesional spinal cord of gilz KO mice

upon SCI compared with controls, suggesting that IL-10 increased

production confers neuroprotective role in spinal cord of gilz KO

mice upon SCI. Moreover, we found that IL-17 is not expressed in

gilz KO mice compared with WT after SCI in peripheral lymph

nodes. IL-17 is a proinflammatory cytokine, which is implicated in

chronic inflammatory/autoimmune mediated diseases, including

neurodegenerative diseases [50–52]. The hypothesis that

decreased production of IL-17 observed in gilz KO mice may con-

tribute to reduction of neuroinflammation is supported by other

studies showing that IL-17 KO mice are protected from inflamma-

tory damage secondary to spinal trauma [53,54].

Altogether, our results indicate that lack of GILZ results in

reduced spinal cord lesions after SCI. This neuroprotective phe-

notype in GILZ-deficient mice may be due, at least in part, to

the fact that lack of GILZ affects polymorphonuclear leukocytes

migration and T-cells activation, differentiation, and production

of inflammatory cytokines. These decreased leukocyte infiltra-

tion and unbalanced production of inflammatory cytokines in

gilz KO mice are associated with minor signs of spinal cord dam-

age upon SCI induction. Understanding the mechanisms that are

implicated in the control of GILZ expression and function is war-

ranted for the development of new and effective therapeutic

strategies in the treatment of SCI to reduce tissue damage after

the injury.
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Table 1 Weight and cell numbers of spleen and peripheral lymph

nodes (LN)

Group

Spleen weight

(gr)

Cell count

spleen 9106
Cell count

LN 9106

Sham WT 88.5 � 2.1 61.2 � 12.4 16.2 � 8.83

Sham KO 76.5 � 27 45.6 � 13.2 12.1 � 1.23

SCI WT 71.6 � 14 78.5 � 16.5 11.7 � 4.07

SCI KO 99.5 � 30 74.8 � 22.8 14.1 � 7.2
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