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Renal ischemia/reperfusion injury (IRI) is the major cause of acute kidney injury (AKI) in native 
and transplanted kidneys, with a complex pathogenesis involving leukocyte infiltration, and release 
of proinflammatory mediators by tubular cells. Recent evidences have shown a critical role of the 
CD4+ T cells, and the balance between Th1/Th2 cells as possible effector mechanism. In order to 
evaluate the role of Th1/Th2 immune response in this system, IL-4, IL-10, IL-12 deficient mice 
and IL-12/IL-10 double deficient mice were used. Moreover, for adoptive transference studies
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IRI: Ischemia and Reperfusion Injury; ARF: Acute Renal Failure; DGF: Delayed Graft Function; HO-1: 
Heme Oxygenase-1, BM: Bone Marrow, AKI: acute kidney injury, MCP-1: Monocyte chemotactic protein 
1, TLR: Toll Like Receptor, NLR: nucleotide binding oligomerization domain-like receptor.

CD4 T cells can polarize into distinct subpopulations after priming. This process is dependent of cytokines 
present in the inflammatory milieu and activation of transcription factors. IL-12 is crucial for Th (T helper) 
1 differentiation through Stat4 signaling and activation of the transcription factor T-bet culminating in 
the production of IFN-γ, that down-regulates IL-4 expression. On the other hand IL-4 induces Th2 
differentiation through Stat6 signaling and activation of the transcription factor GATA3, which inhibit 
IFN-γ. Recently, has been demonstrated that this Th1/Th2 balance plays an important role in the pathogenesis 
of kidney provoked by IRI [15].

Recent studies have shown an important role of lymphocytes during the evolution and magnitude of the 
Ischemia and Reperfusion Injury (IRI), although its mechanisms is not well understood [1-10]. Mice 
deficient for CD4 and CD8 T lymphocytes are protected from IRI, revealing that both CD4 and CD8 
T cells participate during the IRI outcome [11,12]. Thymectomized wild-type (WT) mice subsequently 
depleted of resilient CD4+ T cells presented reduction in renal injury, with almost absence in neutrophil 
infiltration as confirmed by Pinheiro and colleagues [13].

Evidences using RAG-1 deficient mice shows that lack of B and T cells reduce renal IRI [14,8]. This 
combined defect is not fully protective, indicating the participation of innate immune cells during the 
development of the renal IRI [14]. However, it still controversial, once adoptive transfer of wild type CD4+ 

T cells to RAG-1 deficient mice aggravates the renal damage [7].

Abbreviations

we generated chimeric mice on C57BL/6 background. Data was collected 24 hours post IRI. Renal 
function was evaluated by serum urea measurement and renal morphometric histology analyses. 
Gene expression of IL-6, MCP-1 and HO-1 were also investigated. Strikingly, IL-4, IL-10 and 
IL-12/IL-10 KO deficient animals presented higher renal dysfunction when compared to controls, 
followed by higher expression of HO-1, IL-6 and MCP-1. Conversely, IL-12 KO and (IL-12 KO 
> WT) chimeric mice were absolutely protected from IRI. We also observed in the (IL-12 KO > 
WT) chimeric mice a reduction in urea levels, a better renal outcome and down-regulation in IL-6 
expression when compared with WT > WT chimeras, suggesting an indirect role of Th1 response. 
Moreover, IL-6 was not detected in the serum of IL-12 deficient mice while neutrophil-recruiting 
chemokine KC was elevated in IL-4, IL-10 and IL-2/IL-10 deficient mice. Yet, IL-4 was absent 
in IL-10 and IL-12/IL-10 deficient mice serum. Thus our results confirm that Th1/Th2 related 
cytokines are critically involved during renal IRI.

Introduction
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IL-4 deficient mice show significant increase in urea levels on the serum, with irreversible tubular injury 
post IRI, compared to wild type. Moreover, it is accompanied by higher expression of T-bet, HO-1 and 
later up-regulation of MCP-1 chemokine in kidneys [15], showing both functional and morphologic renal 
damage in mice lacking Th2 response. IL-12 deficient mice are not affected, suggesting an important role of 
Th1 cytokines, such as IL-12 and IFN-γ, in the disease development following IRI [15,16].

C57BL/6 IL-4, IL-10, IL-12 deficient mice, and IL-12/IL-10 double deficient mice were obtained from 
the University of São Paulo (USP) Animal Facility, São Paulo, Brazil. All procedures were in accordance 
with the internal Ethical Committee of the Institution.

Recent studies have determined an important role of Heme oxigenase-1 (HO-1) expression conferring 
protection to IRI [17,18]. HO-1 is an important immunomodulatory protein with anti-inflammatory and 
cytoprotective properties [19]. It also known that HO-1 can inhibit CD4 T cell differentiation to Th1 by direct 
modulation of T-bet expression [20]. We have previously shown that treatment with cobalt protoporphyrin, 
an HO-1 inducer, reverted renal dysfunction induced by cyclosporine [21]. Herein, we provide evidences 
showing the importance IL-4 and IL-12 during the development of renal lesion following IRI. We also 
show that IL-10 play an important role limiting the inflammation, collaborating for a better renal outcome.

Surgery was performed as previously described [22,23,13]. Mice were anesthetized with a ketamine-xylazine 
combination. A midline incision was made and both renal pedicles were cross-clamped. Animals were 
hydrated with saline and kept at 37°C. Forty-five minutes later, the microsurgery clamps were removed. The 
abdomen was closed in two layers and the animals were placed in single cages, warmed by indirect light. In 
the Sham group, animals were submitted to surgery except for the clamping procedure.

Materials and Methods

Experimental Model of Renal IRI

Mice were weighed before and 24 hours after renal injury. Weight loss was calculated by difference in total 
body weight (grams) before and 24 hours after IRI.

Serum urea levels were measured for the evaluation of renal functions after IRI. Blood samples were 
collected 24 hours post-reperfusion from the ocular plexus immediately before euthanasia. Serum urea 
was measured using the urease enzymatic method (Labtest, São Paulo, Brazil) following manufacture’s 
instructions. Samples were analyzed using a Spectra Max 190 spectrophotometry and the SoftMax® Pro 
Software (Molecular Devices, New Jersey, USA).

Animals

Body Weight Analysis

Analysis of Renal Function
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To generate the Bone Marrow Chimeras, isogenic WT, IL-12 -/-, IL-4 -/- mice all from C57BL/6 background 
were used as previously described [7]. Briefly bone marrow from donor mice was harvested from femur 
and tibia under sterile conditions. The bone marrow was passed sequentially through a 22-gauge needle 
followed by three passages through a 25-gauge needle to obtain single cell suspensions. Cells were washed 
and ressuspended and viable cells were counted. Recipient mice (4-8 week of age; 22-25 g) were irradiated 
with a non-lethal dose (1.200 rad/20 minutes). Immediately following irradiation, 20 x 106 BM cells were 
injected via IP. The resulting chimeric mice were housed for 6 weeks before experimentation.

Total RNA was isolated from kidney tissue using phenol as manufacturer’s instructions. RNA concentration 
was determined by spectrophotometer using Nanodrop® (Nanodrop, Delaware, USA). First strand cDNAs 
were synthesized using the MML-V reverse transcriptase (Promega, USA). RT-PCR was performed using 
the SYBR Green real-time PCR assay (Applied Biosystem, USA). Sequences of mouse primers used were: 
HO-1 (F) 5’ TCA GTC CCA AAC GTC GCG GT 3’and (R) 5’ GCT GTG CAG GTG TTG AGC 
C 3’; IL-6 (F) 5´AGG ATA CCA CTC CCA ACA GAC CT 3´and (R) 5´TTT CTC ATT TCC ACG 
ATT TCC C 3’; MCP-1 (F) 5´TAG AGA TTG AGC TGT CTG CTC ATT C 3´and (R) 5´CCT AAA 
GTA TGG GCT GGA CTG TTT 3´. Target genes were normalized by the endogenous control (HPRT) 
(F) 5’ CTC AT GAC TGA TTA TGG ACA GGA C 3’ and (R) 5’ GCA GGT CAG CAA AGA ACT 
TAT AGC C 3’.

Paraffin embedded sections from kidney samples were stained with hematoxylin and eosin. Renal 
histomorphometry analyses ware performed by a “blinded” renal histologist that scored the percentage 
degrees of the tubular necrosis, using optic light microscopy.

A Bio-Plex mouse Th1/Th2-Plex cytokine assay kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was 
used to test samples for the presence of 6 cytokines: anti-inflammatory cytokines such as IL-4 and IL-10, 
pro-inflammatory cytokines such as IL-6 and IL-1β, RANTES and KC. The assay was read on the Bio-Plex 
suspension array system, and the data were analyzed using Bio-Plex Manager software version 4.0. Standard 
curves ranged from 32,000 to 1.95pg/mL. Lower values were: IL-4 1.93pg/mL; IL-10 1.92pg/mL; IL-1β 
1.94pg/mL; IL-6 1.95pg/mL; RANTES 1.95pg/mL; and KC 2.01pg/mL.

Serum urea data was described as mean ± SD unless otherwise stated. Morphometric and qRT-PCR data 
were presented as a median and ranges. Parametric and nonparametric tests were performed according to 
the sample distribution considered normal or not.

Generation of Chimeric Mice

Histological Morphometric Analysis

Gene Expression Profiles

Cytokine and Chemokine Measurements by Bioplex

Statistical Analysis
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Differences among the groups were compared using ANOVA (Kruskal-Wallis test) followed by Dunn’s 
multiple comparison tests. The null hypothesis was rejected when p<0.05. All statistical analyses were 
performed using GraphPad Prism 6.

The participation of CD4+ T cells causing tissue damage after renal IRI is poorly understood. Data from 
our group shows that following IRI, IL-4 deficient mice develop a more robust inflammatory response, 
characterized by infiltration of Th1 cells, with elevated levels of IL-12 and IFN-γ cytokines, culminating 
for an worse IRI outcome [16]. Here we show that 24 hours post IRI, IL-12-/- mice present better renal 
outcome, represented by Figure 1) maintenance of weight and; 1 b) lower levels of urea in serum (IL-12: 
53.2 ± 0.08 mg/dL, p=0.001), when compared to WT mice (Figure 1a). On the other hand, IL-4-/-, IL-10-/- 
and IL-10-/-/IL-12-/- double deficient mice show elevated serum urea levels (IL-4: 201.2 ± 0.03, p=0.15, IL-
10: 197.0 ± 0.04, p=0.90 and IL-10/IL-12: 200.3 ± 1.23, mg/dL, p=0.74) when compared with WT mice 
(198.9 ± 4.8mg/dL, p=0.38) (Figure 1a). We also observed a more pronounced weight loss when compared 
with WT mice (Figure 1b).

Figure 1: Weight loss animal and renal function after 24 hour of ischemia

IL-10 is Important for Limiting Inflammatory Tissue Injury after Renal IRI

Results

IL-12 -/- had the lowest weight loss at 24 hour after ischemia (B). Renal function was estimated by serum urea (mg/dL) measured 
by colorimetric method. IL-12 -/- protector was observed after 24-hour ischemia, while IL-4 -/-, IL-10 -/- and IL-10/IL-12 
double -/- was not protector after 24 hour of ischemia. Data of sham operated animals are also demonstrated, wild-type, IL-12 
-/-, IL-4 -/-, IL-10 -/- and IL-10/IL-12 double -/- presented values similar to normal, all compared with wild-type animals (A).
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In all experiments, serum urea (mg/dL) was measured from samples obtained from ocular plexus animals at 24 hour after ischemia 
(45 minutes of bilateral clamping), Statistical analyses were performed using ANOVA. # P<0.05.

Histological analysis demonstrated that IL-12-/- mice, show reduced tubular necrosis after IRI, compared 
to WT, 24 hours post ischemia (IL-12: 0%, 0-34,6). The IL-4-/-, IL-10-/-, IL-10-/-/IL-12-/- deficient mice 
presented more areas with tubular necrosis, when compared to control WT (Figure 2A and B). Moreover, 
the histologic assessment also revealed that in the of knockout mice, the tubular acute damage reached the 
medullar area, as compared with WT control group (Figure 2B).

In order to demonstrate the presence of pro-inflammatory cells infiltrating the ischemic kidneys, we 
performed a qRT-PCR for IL-6, MCP-1 and HO-1. The IL-12-/- mice presented the lower levels of IL-6 
expression 24 hours post ischemia, compared to WT control mice (IL-12: 8.15, 5.07-11.55, p=0.005, and 
WT: 30.13, 22.58-42.40). Conversely, IL-4-/-, IL-10-/-, IL-10-/-/IL-12-/- animals that were not protected 
against IRI presented a major up-regulation of IL-6 mRNA expression (IL-4: 50, 28.7-104; IL-10: 58.9, 
43.2-69; IL-10/IL-12: 20, 13-50; p=0.54) when compared to control animals (Figure 3 a and c). Previously 
we have observed that IL-12 deletion decreased HO-1 and IL-6 expression, IL-12-/- deficient mice achieved 
similar results [16].

IL-12 Protects from Acute Tubular Necrosis after IRI

Figure 2: Mouse kidney tissue after 24 hours ischemia
Kidney histology in tissue sections stained with H&E was observed at original magnification X 835. Kidney tissue from IL-12 
-/- mice after 24 hours ischemia, (B, lower painel), shows lower percentage acute tubular necrosis compared with controls animal 
wild-type histology 24 hours after ischemia and IL-4-/-, IL-10 -/-, IL-10/IL-12 double -/- and wild-type after 24 hours ischemia (a 
and b). IL-12 -/- deficient animals presented a lower percentage of acute tubular necrosis and not presentation tubular regeneration 
at 24 hours postichemia IRI. Median values of acute tubular necrosis in wild type, IL-12 -/-, IL-4 -/-, IL-10 -/- and IL-10/IL-12 
double -/- after 24 hours ischemia. Sham operated animals had no quantifiable acute necrosis and tubular regeneration after ward 
(not show in the figure), because the percentage is zero, when percentage of ATN these animals was compared wild type. There 
are statistical differences between IL-12 -/- and Wild-type. Statistical analyses were performed using ANOVA. ***P<0.001.

Deficiency of IL-10 is Associated with Higher Expression of IL-6, MCP-1 and HO-1 in the Kidney
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On the other hand, as the expression of HO-1 has been strongly related to cytoprotection, and its levels 
positively correlated with tissue stress and injury, we tested for HO-1 mRNA expression in IL-12-/- deficient 
mice subjected to IRI. We observed lower levels of HO-1 mRNA expression in IL-12-/- deficient animals 
without statistical difference (1.23, 1.20-1.26, p=0.06), at 24 hours post ischemia. On the other hand, IL-4-

/-, IL-10-/-, IL-10/IL-12-/- double deficient animals, presented a slightly increase in the expression of HO-1 
(IL-4: 3.58, 3.75, 3.85; IL-10: 6.78, 6.51, 5.87; and IL10/IL-12: 3.25, 3.68, 3.95, p=0.13) when submitted 
to IRI, all compared to WT (4.13, 2.39-7.94) (Figure 3 c).

All molecule expression was measured by real time PCR at 24 hours after ischemia. IL-12 -/- group had lower pro-inflammatory 
cytokines and chemokines expression (IL-6 and MCP-1), (A and B) and lower citoprotector gene expression (HO-1), (C). 
Sham operated animals showed neglected values not presented on the graphic all compared wild type. Statistical analyses were 
performed using ANOVA. *** p<0.0001.

Figure 3: Pro-inflammatory cytokines, chemokines and cytoprotector gene expression in IL-12 -/-, IL-4 -/-, IL-10 
-/-, IL-10/IL-12 double -/- and wild-type animals after 24 hours ischemia

The renal tubular epithelium is able to generate MCP-1, thereby determined by the renal injury induced by 
leukocyte infiltration I/R kidney. Thus we investigated the levels of MCP-1 post IRI, and we observed that 
IL-12-/- deficient animals presented significantly lower levels of MCP-1 mRNA expression, 24 hours post 
ischemia, when compared with IL-10/IL-12-/- deficient animals (p=0,003) (Figure 3 b).
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Pro and anti-inflammatory molecules were measured at 24 hours of reperfusion in IL-12 -/-, IL-4 -/-, IL-
10 -/- and IL-10/IL-12 -/- double deficient mice. We observed that the pro-inflammatory cytokines and 
chemokines and the IL-6, IL-1β, RANTES and KC were significantly reduced by IL-12 -/- deficient mice 
(Figure 4 a, c, e and f ). On the other hand, the anti-inflammatory components IL-4 were not presented 
with statistical differences in IL-4 -/-, IL-10 -/- and IL-10/IL-12 -/- deficient mice, specific one response 
Th2 (Figure 4 b) and IL-10 were not presented in IL-10 -/- deficient mice with statistical differences 
and presented lower levels in IL-4 -/- and IL-10/IL-12 -/- double deficient mice after 24 hours ischemia 
(Figure 4 d). The pro-inflammatory cytokine IL-1ß and RANTES were increased after 24 hours of renal 
reperfusion in serum of the Th2 polarization deficient mice (IL-4 and IL-10 deficient and IL-10/IL-12 
double deficient). The IL-12 -/- deficient mice are protected from injury.

Pro and Anti-Inflammatory Molecules Presence in Serum Th1 and Th2 Deficient Mice after Renal IRI

Figure 4: Pro and anti-inflammatory molecules presence in IL-12 -/-, IL-4 -/-, IL-10 -/-, IL-10/IL-12 double 
-/- and wild-type animals after 24 hours ischemia



Vanessa Nunes de Paiva, et al. (2018). Th1 and Th2 Related Cytokines Influence Systemic Inflammatory 
Responses in Renal Injuries Induced by Ischemia and Reperfusion. CPQ Medicine, 3(6), 01-15.

Vanessa Nunes de Paiva, et al., CPQ Medicine (2018) 3:6 Page 9 of 15

These results suggest that Th2 response contributes significantly to renal IRI; in its absence kidneys are not 
protected from IRI. These results indirectly implicate cytokines participation one Th1 and Th2 response 
mediating renal IRI.

All molecules are present in serum these animals and were measured by bioplex at 24 hours after ischemia. IL-12 -/- group 
had lower pro-inflammatory cytokines and chemokines (IL-6, IL-1β, KC and RANTES), (A, C, E and F) had highest anti-
inflammatory cytokines (IL-4 and IL-10), (B and D). All compared with wild-type animals. Sham operated animals showed 
neglected values not presented on the graphic and presented values similar to normal animals. Statistical analyses were performed 
using ANOVA. * and **P<0.01.

We sought to determine the specific role of IL-12 and IL-4 cytokines in IRI. Using a total bone marrow 
these animals we were prepared for adoptive transfer into wild-type mice. We injected bone marrow cells 
the IL-12-/- and IL-4 deficient mice into wild-type mice via intraperitoneal, the spleen and blood were 
analyzed for CD3 +, CD4 + and CD8+ T lymphocyte after the bone marrow were replaced by FACS 
analyses. The resulting chimeric mice were housed for 6 weeks before experimentation. Reconstitution 
percentage of CD3+, CD4+ and CD8+ T cells was 82%, 84% and 91% respectively. Prior to cell transference 
those numbers were 0,01%, 0,02% and 0,05%, respectively (data not show).

The IL-12 Cytokine Confer Protection after Bone Marrow Reconstitution in Wild-Type Mice, and 
Down Regulate Effect Pro-Inflammatory Cytokine IL-6 after Renal IRI

The IL-12 -/- → WT chimeric mice presented better renal function and lower weight loss after renal 
ischemia and reperfusion injury compared to control wild type mice (WT → WT). IL-12 -/- → WT 
chimeric mice showed decrease in serum urea at 24 hours post ischemia (IL-12 -/-: 0.60 ± 0.04 mg/dL, 
p=0.04), when compared to wild type (WT → WT). (Figure 5 b and c). Knockout sham-operated animals 
presented similar serum urea levels to the normal animals, with statistical differences. When we performed 
the opposite experiment where the bone marrow of WT mice were transferred to IL-12 -/- mice showed 
lower serum urea levels and lower weight loss compared with wild-type mice at 24 hours post IRI (Figure 
5 b and c).

On the other hand, IL4 -/- → WT and WT → IL-4 -/- chimerics mice showed higher serum urea levels and 
higher weight loss compared with wild-type mice at 24 hours post ischemia (Data not show).

These results indicate that kidneys from IL-12 -/- deficient mice were protected from IRI and that adoptive 
transfer provides additional tissue protection, suggesting that the protective effect of IL-12 could be mediated 
through one defect Th1 response.

The IL-12 -/- → WT chimerics mice presented lower levels of IL-6 expression at 24 hours postischemia, 
compared to wild-type (WT → WT), (IL-12 KO: 8.15, 5.07-11.55, p=0.027; IFN-g/IL-12 KO: 19.69, 
7.60-29.51, p=0.30; wild-type: 30.13, 22.58-42.40). Conversely, WT → IL-12 -/-, IL-4 -/- → WT and WT 
→ IL-4 -/- that were not protected against IRI presented a major up-regulation of IL-6 mRNA expression 
still when compared to control animals (WT → WT) (Figure 5 a).

Effect Pro-Inflammatory Cytokine IL-6 in Chimera Mice After Renal IRI
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Figure 5: Effect of renal IRI on weight loss and serum urea in chimeric mice

IL-12 -/- → WT had lowest weight loss, but WT → IL-12 -/- had highest weight loss when compare WT → WT controls 
chimeric mice (B). The IL-4 -/- → WT and WT → IL-4 -/- chimeric mice had highest weight loss at 24 hours after ischemia 
(C and D). Renal function was estimated by serum urea (mg/dL) measured by colorimetric method. IL-12 -/- → WT protector 
function and WT → IL-12 -/-, IL-4 -/- → WT and WT → IL-4 -/- (F, G and H) are not protector renal function when compare 
WT → WT control chimeric mice was observed after 24 hour ischemia. Data of sham operated animals are also demonstrated, 
IL-12 -/- → WT, WT → IL-12 -/-, IL-4 -/- → WT and WT → IL-4 -/- presented values similar to normal, all compared with 
wild-type animals. In all experiments, serum urea (mg/dL) was measured from samples obtained from ocular plexus animals at 24 
hour after ischemia (45 minutes of bilateral clamping), Statistical analyses were performed using ANOVA. * P<0.05.

Renal IRI, is accompanied of up-regulation of proinflammatory molecules on kidneys, that drives the 
immune response to a Th1 pattern, such as IFN- γ and IL-12 [24]. We observed in IL-12 deficient animals 
following IRI, a reduced inflammation with reduced acute tubular necrosis. On the other hand, when we 

Discussion
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In all groups, data from kidney morphometric analysis were in agreement with the biochemical and qRT-
PCR data. In summary, our data demonstrate that the presence of IL-12, which could be associated with 
a Th1 immune response, is harmful to the kidney following IRI. In accordance with this, the level of both 
IL-6 and MCP-1 mRNA levels were decreased in the IL-12-/- group. Moreover, the animals lacking 
IL-4, IL-10 and IL-10/IL-12 cytokines showed higher expression levels of IL-6. Thus, our data show 
that IL-6 is involved in the process of renal IRI. When we evaluate the levels of MCP-1, which is an 
important chemokine for macrophage infiltration, we observed that animals deficient in both IL-10/IL-12 
lost protection. These findings are consistent with the morphometric analysis, where we observed a higher 
degree of renal dysfunction and macrophage infiltration (data not show). This data enforces the role of IL-
10 in control the inflammatory response and protection to renal IRI.

observed animals depleted of IL-4, IL-10 or IL-10/IL-12 cytokines, protection was lost, similar to control 
WT. Marques and colleagues have demonstrated the involvement of Th1 and Th2 cytokines in renal IRI, 
and that a Th2 immune response was not related to protective tissue injury [15]. In addition, Yokota and 
colleagues using animals deficient to STAT-4, lacking the ability to CD4 T cells respond to IL-12 stimulus, 
presented protective response from renal IRI [25].

Herein, protection observed in IL-12 deficient animals, clearly demonstrates that the abrogation of a Th1 
response is deleterious to the renal IRI. We also showed that the protection observed in IL-12-/- mice was 
lost when we used the IL-12-/-/IL-10-/- mice, suggesting an import role of IL-10 regulating the immune 
response even on the absence of IL-12.

It is known that IL-12-/- mice have elevated IL-10 plasma levels, culminating in an inability to adequately 
remove bacteria after infection. In contrast, IL-10 deficient mice when infected with Pneumocystis carinii, 
have high concentrations of IFN-γ and IL-12, demonstrating an intimate association between these 
cytokines [26].

Furthermore, we observed a slightly down regulation of HO-1 in the IL-10/IL-12 deficient mice. It is in 
accordance with the literature, where some studies have shown a negative feedback between the expression 
of MCP-1 and HO-1 [19]. The early expression of higher levels of HO-1 is accompanied by inhibition 
of MCP-1 expression. Thus, these data reinforce the protective influence of IL-10, as Lee and colleagues 
demonstrated that IL-10 acts on macrophages to produce HO-1 [27]. It would explain our findings, where 
in the absence of IL-10 and IL-12 we observed higher expression of MCP-1.

The induction of HO-1 expression post-acute renal failure (ARF) has been described in experimental 
models of induced by I/R [19]. It is known that the inhibition of HO-1 expression in the kidneys subjected 
to ischemic insult, results in a worsening of renal function. Thus, HO-1 expression seems to have a crucial 
effect in the cytoprotection of renal tissue subjected to I/R [20,21]. 
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The chemokine KC was shown the highest concentration in the serum of animals that were not protected 
of injury from I/R kidney, indicating that these animals may have a greater infiltration of neutrophils in 
the kidney in 24 hours. Moreover, the concentration the cytokine IL-4 and IL-10 had higher in serum of 
animals protected from injury from I/R kidney, as in the deficient animals to IL-12 and absent in deficient 
animals to IL-4, IL-10 and double deficient for IL-10/IL-12. These results only reinforce the idea that the 
IRI the pro and anti-inflammatory cytokines have systemic function.

Therefore, the findings observed in mice deficient in IL-4 and IL-10 (representing a defect in the Th2 immune 
response pathway), were directly related to a higher degree of morphologic damage and kidney dysfunction, 
compared with mice deficient in IL-12 (representing a defect of the Th1 pathway). Strengthening our data, 
we performed the adoptive transfer of total bone marrow cells from IL-12 deficient mice to previously 
non-lethal irradiated wild-type mice. What we observed was a complete protection of renal injury post I/R, 
favouring the hypothesis of that IL-12 drives the response through a Th1 pathway, resulting in IRI. This 
protection was confirmed by histological data and the low expression of IL-6.

Few studies show results with chimeric animals underwent injury of I/R. Okusa and colleagues using Rag-
1 deficient mice, observed that these animals were protected from injury post kidney I/R. This effect was 
abolished when animals were reconstituted with CD4+ T lymphocytes [7]. Another group published that 
knockout animals for the CCR2 chemokine were protected from injury from I/R kidney, but after the 
adoptive transfer of total bone marrow cells from wild animals, the lesion was restored.

Finally, we examine the presence of cytokines pro-and anti-inflammatory serum of normal animals 
ischemia. The cytokine IL-4, mainly involved with the Th2 profile, IL-6, a pro-inflammatory cytokines, KC, 
a chemokine that causes chemotaxis to neutrophils and are produced mainly by macrophages, RANTES 
are able to activate T cells, triggering the synthesis of IL-2 and IFN-γ without the presence of antigens, and 
this activation was mediated by protein-kinases and that this property was not shared by other chemokines, 
other pro-inflammatory cytokine IL-1β and anti-inflammatory cytokines such as IL-4 and IL-10. Detected 
higher concentration of cytokine IL-6 in serum of animals that were not protected from injury of I/R, as 
the deficient animals to IL-4, IL-10 and double deficient IL-10/IL-12, whereas animals had not protected 
the presence of IL-6 in serum. These data corroborate the data found in the analysis of mRNA expression 
of IL-6.

Taken together, our data show that IL-12 is the major cytokine involved during the process of renal failure 
following kidney I/R and IL-10 seems to be involved in the modulation of the Th1 immune response. 
Our results encourage new studies on the activation of macrophages and its involvement with CD4+ T 
lymphocytes during the IRI outcome.

Such findings favour the hypothesis of the deleterious effects of Th1 cells with profile and the protective role 
of Th2 cells in ischemic renal injury. These novel insights may provide basis for the better pathophysiological 
understanding, as well as for development of preventive and therapeutic methods for the ischemic acute 
renal failure.

Conclusions
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