
INTRODUCTION
Chronic kidney diseases (CKDs) are

progressive scarring conditions charac-
terized by a decrease in renal function
over time affecting millions of people
worldwide. A common final pathway of
CKD is tubule-interstitial fibrosis, caused
by excessive extracellular matrix deposi-
tion after chronic insults (1,2).

Independently of which renal com-
partment is affected, an inflammatory
process is usually present in kidney dis-
eases, and such a process can be resumed

in some steps. First, a physical or chemi-
cal injury (for example, hypertension,
drugs and obstruction) may cause a re-
lease of inflammatory mediators, which
recruit inflammatory cells to the site.
Such an inflammatory process affects tu-
bular cells and may lead to apoptosis,
necrosis or activation of interstitial fi-
broblasts, which produce collagens lead-
ing to a fibrotic scar (3–5).

In 1985, Yokozawa et al. (6) demon-
strated that an excessive intake of ade-
nine would lead to renal injury. Adenine

is produced endogenously but its long-
term ingestion results in 2,8-dihydrox-
yadenine precipitation inside the renal
tubules, leading to the formation of kid-
ney stones, with extensive tubular dila-
tion, inflammation, necrosis and fibrosis.
The inflammatory process in this model
is known to comprise the activation of
toll-like receptors, inflammasome and
nuclear factor (NF)-κB (2,7–9).

Furthermore, the involvement of im-
mune cells is also a central step in the
development of renal diseases. Various
cell types infiltrate the kidney during the
inflammatory process, for example, neu-
trophils, macrophages, T cells and others.
A distinct subtype of T cells, called natu-
ral killer T (NKT) cells, might also be
present in some kidney diseases.

NKT cells constitute a distinct popu-
lation of lymphocytes found at low fre-
quency (<1% in the peripheral blood of
mice and humans) and characterized by
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their reactivity to glycolipids presented
by CD1d, a molecule similar to MHC
class I (10). Two major subtypes of NKT
cells are currently recognized: type I
and type II (11,12). Type I NKT cells,
also called invariant NKT (iNKT), ex-
press a T-cell receptor (TCR) with a
canonical rearrangement formed by a
constant α chain (Vα14Jα18 in mice and
Vα24Jα18 in humans) paired with a
strict repertoire of β chains (Vβ8, Vβ7,
Vβ2 in mice and Vβ11 in humans). iNKT
cells correspond to >90% of the total
population of NKT and react to the gly-
colipid α-galactosylceramide (αGalCer,
also called KRN7000) and its analogs.
αGalCer is a potent activator of both
human and murine NKT cells and pro-
motes a complex mixture of Th1 and
Th2 cytokines, with an explosive release
of interleukin (IL)-4 and large quantities
of interferon (IFN)-γ (13–15).

IFN-γ is a potent cytokine with impor-
tant and distinct functions. It is essential
to host protection against intracellular
pathogens but it can also contribute to
autoimmunity (16). Thus, IFN-γ has dif-
ferent roles in inflammation and immune
regulation depending on the conditions
and influences from the microenviron-
ment.

Since the role of NKT cell, and its cy-
tokines (for example, IFN-γ), in renal dis-
eases is still not fully elucidated, we
aimed to analyze the involvement of
these cells in an experimental model of
tubule-interstitial nephritis.

MATERIALS AND METHODS

Animals
We used male C57BL/6J, Jα18KO and

IFN-γKO mice, 8–10 wks old. The
Jα18KO mice were a gift from Dr.
Masaru Taniguchi at the RIKEN Research
Center for Allergy and Immunology
(Japan) (17). All mice were kept in well-
controlled animal housing facilities and
had free access to water and food. Ani-
mals were provided by the animal facil-
ity of the Center for Development of Ex-
perimental Models for Medicine and
Biology (CEDEME-UNIFESP, São Paulo,

Brazil). All animal experiments were per-
formed according to the Ethics Commit-
tee of the Federal University of São
Paulo (number 2010/1517).

Tubule-Interstitial Nephritis Induction
To induce tubule-interstitial nephritis

(TIN), mice were fed a diet containing
0.25% adenine (Rhoster) ad libitum for 
10 d (8). Control mice were fed the stan-
dard diet. Blood and kidney samples
were collected for analysis at d 4 and 10.
Serum creatinine was measured by
Jaffé’s modified method by using com-
mercially purchased kits (Creatinine Kit,
Labtest). Serum samples were depro-
teinizated before the colorimetric assay.
NGAL (neutrophil gelatinase- associated
lipocalin) (18) was measured in kidney
tissue extract by using the commercially
purchased kit Mouse NGAL ELISA Kit
(BIOPORTO Diagnostics) according to
the manufacturer’s protocol. NGAL is a
type 1 acute phase protein that is upreg-
ulated in mouse kidney cells after some
virus infection and in postischemic and
nephrotoxic 
injury (19–21).

Another parameter used to assess TIN
induction was kidney injury molecule-1
(KIM-1) mRNA expression. KIM-1 is a
transmembrane protein that has been de-
scribed to be highly expressed in the kid-
ney after ischemia (22).

αGalCer Administration
C57BL/6J wild-type (WT) and IFN-

γKO mice were injected intraperi-
toneally with 5 μg αGalCer in 200 μL
phosphate-buffered saline (PBS) + 0.5%
polysorbate-20. αGalCer is a potent acti-
vator of both murine and human iNKT
cells and induces the production of a
complex mixture of Th1 and Th2 cy-
tokines (14). αGalCer was obtained from
Alexis Biochemicals, and it was initially
solubilized in chloroform:methanol (2:1)
to make aliquots. Solvent was removed
from the aliquots by drying in nitrogen
atmosphere; for use, the glycolipid was
then resuspended to PBS + 0.5%
polysorbate-20 and sonicated for 90 min
at 60°C.

Quantitative Real-Time Polymerase
Chain Reaction

Total RNA was extracted from a kidney
section by using TRIzol Reagent (Invitro-
gen). First-strand cDNAs were synthe-
sized using the Moloney murine leukemia
virus (M-MLV) reverse- transcriptase kit
(Promega). Real-time polymerase chain
reaction (PCR) was performed on a 
GeneAmp 7300 Sequence Detection Sys-
tem (Applied Biosystems) by using SYBR
Green, TaqMan Gene expression assays
(Applied Biosystems) and PrimeTime®
qPCR primers (Integrated DNA Tech-
nologies). Messenger RNA expression for
each signal was calculated by using the
delta threshold cycle (ΔCt) procedure.
Hypoxanthine-guanine phosphoribosyl-
transferase (HPRT) was used as a refer-
ence gene. The primer sets are summa-
rized in Supplementary Tables S1 and S2.
Samples were run in triplicate. The rela-
tive expression amounts of the target
mRNA to HPRT were calculated with the
following equations. Relative expression
level of the target mRNA = 2–ΔΔCt.

Histological Analysis
Formalin-fixed, paraffin-embedded

kidney sections were deparaffinized and
stained with Sirius red for histological
analysis. Renal tissues were then visual-
ized under polarized light, and the per-
centage of cortex fibrosis was quantified
by using the ImageJ software.

A histopathologist, unaware of the type
of treatment, evaluated histological
changes semiquantitatively. Twenty fields
per kidney at 200× magnification were
examined for tubular injury by using a
semiquantitative scale (23). Scores were
assigned according to the percentage of
cortical tubules having alterations, as fol-
lows: 0.0%; 1, unchanged, <10%; 2, slight
change, 10–25%; 3, moderate alteration,
26–75%; or 4, intense alteration, >75%.

Immunohistochemistry for Fibroblast-
Specific Protein-1 (FSP-1) and
α–Smooth Muscle Actin (α-SMA)

Renal interstitial fibrosis is also char-
acterized by excessive deposition of ex-
tracellular matrix and accumulation of 
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fibroblasts (24). Although other cell types
may be involved, the fibroblasts can be
considered as key mediators of renal fi-
brosis (25,26). Given the important role
of fibroblasts, we analyzed in our study
the FSP-1 expression in renal tissue and
also α-SMA, which is related to the con-
tractile function acquired by the myofi-
broblasts during the fibrotic process.

Thin sections of the renal tissue were
deparaffinized and dehydrated by a se-
ries of xylene and alcohol washes. For
antigen retrieval, sections were mi-
crowaved (10 min) in Tris-EDTA (ethyl-
enediaminetetraacetic acid) buffer. En-
dogenous peroxidase activity was
blocked with 3% (v/v) H2O2 for 10 min.
Tissues were incubated with Protein
Block (DAKO) and then with mono-
clonal antibody S100A4 (1:500) for 4 h at
room temperature or with α-SMA anti-
body (1:50) overnight. The slides with
tissue sections were incubated with the
polymer (Envision, DAKO) for 30 min.
The reaction was stained with di-
aminobenzidine followed by hema-
toxylin counterstaining. The presence of
FSP-1 and α-SMA in renal tissue was
quantified as a percentage in the cortex
using software for image analysis (NIS,
Elements Advanced Research).

Cytometric Bead Array
Cytometric bead array for mouse cy-

tokines (BD Biosciences) was performed
to quantify IL-6 and tumor necrosis fac-
tor (TNF)-α in serum and kidney ex-
tracts, as described by the manufacturer.

Statistical Analysis
Results are expressed as mean ± stan-

dard deviation. One-way analysis of var-
iance (ANOVA) and Tukey posttest were
performed to compare groups using
GraphPad Prism 5.0 (GraphPad Soft-
ware). Reverse transcriptase PCR results
are presented as a ratio of the calibrator
gene HPRT and presented in arbitrary
units. Differences were considered statis-
tically significant when p was <0.05.

All supplementary materials are available
online at www.molmed.org.

RESULTS

Adenine-Fed Jα18KO Mice Presented
Higher Expression of KIM-1, TNF-α and
Type I Collagen

To determine if the absence of iNKT
cells would play a role in adenine-in-
duced TIN, C57Bl/6J and Jα18KO mice
were fed a 0.25% adenine diet for 10 d.
Jα18KO mice lack iNKT cells. Com-
pared to basal levels, serum creatinine
levels increased in WT mice fed an ade-
nine diet. Jα18KO mice presented an in-
crement on serum creatinine, but it was
not statistically different from basal lev-
els (Figure 1A). Furthermore, we also
analyzed kidney mRNA expression of

some molecules related to kidney injury
as TNF-α and KIM-1. We observed a
significant increase in mRNA expres-
sion of KIM-1 in Jα18KO mice that were
fed the adenine diet compared with WT
on the same adenine diet (Figure 1B).
Furthermore, mRNA expression of
TNF-α was also increased in adenine-
fed Jα18KO mice compared with ade-
nine-fed WT mice (Figure 1C). TNF-α
was also measured in the serum, and
the same pattern was observed (Figure
1D). Another parameter analyzed was
NGAL. In our groups, NGAL was sig-
nificantly increased in both adenine-fed
WT and Jα18KO mice when compared
with controls, but there was no differ-
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Figure 1. Analysis of renal injury parameters in adenine-fed WT and Jα18KO mice. (A)
Renal function was assessed by serum creatinine levels from WT control, WT + adenine,
Jα18KO control, and Jα18KO + adenine. n = 4–5 animals/group. Renal tissue from WT and
Jα18KO mice was processed to determine: KIM-1 mRNA expression (B), TNF-α mRNA ex-
pression (C), serum TNF-α levels (D), NGAL levels (E) and type I collagen mRNA expression
(F). n = 3–5 animals/group. ANOVA, with Tukey posttest, *p < 0.05.



ence between the adenine-fed groups
(Figure 1E).

After insults and tissue injury, there
is an attempt to heal the tissue with an

increased production of extracellular
matrix. If the insult persists, interstitial
fibrosis may develop. Type I collagen is
one of the components of extracellular

matrix, and it is synthesized in re-
sponse to injury (27); therefore, we ana-
lyzed mRNA expression of type I colla-
gen (Figure 1F) and we performed the
Sirius-red staining of the kidney tissue
and analyzed it under polarized light to
quantify the percentage of renal fibrosis
(Figure 2). Type I collagen was signifi-
cantly increased after adenine feeding
in Jα18KO mice compared with Jα18KO
control and to adenine-fed WT animals.
Renal fibrosis was significantly in-
creased after adenine ingestion in both
WT and Jα18KO mice, and there was a
tendency to higher fibrosis in adenine-
fed Jα18KO mice. We also analyzed the
histological changes after adenine feed-
ing (Supplementary Figure S1) and ob-
served that adenine-fed Jα18KO mice
exhibited higher scores of tubular
necrosis and tubular degeneration than
adenine-fed WT mice. Also, transform-
ing growth factor (TGF)-β is known to
participate in the process of fibrogene-
sis, so we analyzed the mRNA expres-
sion of TGF-β, and we observed a sig-
nificant increase only in adenine-fed
Jα18KO mice compared with their con-
trols (Figure 3).

To further investigate a role for iNKT
cells in our renal injury model, we de-
cided to activate them before tissue in-
jury. This step could be relevant since
other immune cells are involved in 
the process, and those cells could be
masking the effect of iNKT cells 
deficiency.
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Figure 2. Quantification of renal fibrosis in adenine-fed WT and Jα18KO mice. Images are
shown under common and polarized light in the panel. (A) WT control under common
light. (B) WT control under polarized light. (C) WT + adenine under common light. (D) WT +
adenine under polarized light. (E) Jα18KO control under common light. (F) Jα18KO control
under polarized light. (G) Jα18KO + adenine under common light. (H) Jα18KO + adenine
under polarized light. (I) Graphic quantification of collagen deposition by polarized light.
ANOVA, with Tukey posttest, *p < 0.05. n = 3–5 animals/group.

Figure 3. Analysis of TGF-β mRNA expres-
sion in renal tissue. Renal tissue from WT
and Jα18KO mice were processed to de-
termine mRNA expression of TGF-β. n = 3–4
animals/group. ANOVA, with Tukey posttest,
*p < 0.05.



Administration of αGalCer Reduced
Creatinine Levels and Adenine-
Induced Expression of IL-6 and TNF-α
in WT Mice at d 10

WT mice were injected once with 5 μg
αGalCer (iNKT cells potent agonist) in-
traperitoneally on the same day they
started receiving adenine diet (d 0). Ani-
mals were euthanized at d 4 and 10.

The 10th day is the late time point for
this model, when we can detect the de-
velopment of renal injury and fibrosis
but not mortality. At this time point,
serum creatinine was significantly re-
duced after αGalCer administration in
adenine-fed WT mice (Figure 4A); how-
ever, NGAL levels (Figure 4B) were not.
We also analyzed two proinflammatory
cytokines, IL-6 and TNF-α. There was a
significant reduction of IL-6 mRNA ex-
pression (Figure 4C) in WT adenine-fed
mice after αGalCer administration when
compared with WT fed with adenine
diet. mRNA expression of TNF-α had no
difference between the groups (Figure
4D), but serum levels of TNF-α (Figure
4E) were significantly reduced after
αGalCer administration in adenine-fed
WT mice.

The activation of iNKT cells is a rapid
process, and perhaps the late time point
is showing only the final result of their
activation early in the process; hence, we
also analyzed some parameters in an
early time point on the fourth day of
adenine feeding. We analyzed serum cre-
atinine levels and mRNA expression of
TNF-α, IL-6, IFN-γ, signal transducer and
activator of transcription-1 (STAT-1) and
IL-10, and the results are shown in Fig-
ure 5. Although there was no difference
in creatinine serum levels (Figure 5A) at
d 4, the increased mRNA expression of
IL-6 (Figure 5B) and TNF-α (Figure 5C)
in the adenine-fed groups shows that an
inflammatory process may already be
present in the kidney, and, at that time
point, TNF-α is already decreasing in the
group that received αGalCer. Concerning
the other genes analyzed, we observed a
significant increase in IFN-γ (Figure 5D),
STAT-1 (Figure 5E) and IL-10 (Figure 5F)
mRNA expression in the group that re-

ceived αGalCer compared with control
mice. We also observed, at this time
point and not at d 10 (Figure 4F), a sig-
nificant decrease in TGF-β mRNA ex-
pression (Figure 5G) in the group that re-
ceived αGalCer compared with
adenine-fed WT mice.

αGalCer Challenge Reduced Renal
Fibrosis and FSP-1 and α-SMA Staining
in Renal Tissue

Because renal fibrosis is an important
parameter of renal injury, we also quanti-
fied it using different methods. We ana-
lyzed renal tissue sections from the three
groups (WT control, WT + adenine, and
WT + αGalCer + adenine) at d 10. There
was a significant decrease in renal fibro-
sis after αGalCer administration in ade-

nine-fed WT mice compared with ade-
nine-fed WT mice without αGalCer injec-
tion (Figure 6). To verify whether such
reduction of renal fibrosis observed in
our experiments was a consequence of a
reduced number of fibroblasts and my-
ofibroblasts, we analyzed immunohisto-
chemistry staining for FSP-1 and α-SMA,
respectively. According to our results,
αGalCer challenge in adenine-fed WT
mice was capable of decreasing both
FSP-1 and α-SMA staining in renal tissue
(Figures 7 and 8, respectively).

αGalCer Challenge Did Not
Ameliorate Adenine-Induced Renal
Injury in IFN-γKO Mice

It is still unclear how αGalCer attenu-
ates the development of renal fibrosis.
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Figure 4. Administration of αGalCer improves renal function. Renal function was assessed
at d 10 by serum creatinine levels (A) from WT control (ctr), WT + adenine (WT + Ad) and
WT + adenine + αGalCer (WT + Ad + αGC). n = 5 animals/group. (B) NGAL levels were
quantified in kidney extracts. mRNA expression of IL-6 (C) and TNF-α (D) were quantified
from kidney extracts. (E) TNF-α serum levels. (F) mRNA expression of TGF-β in the kidney. n =
3–5 animals/group. ANOVA, with Tukey posttest, *p < 0.05.



However, among NKT cell–produced
cytokines, IFN-γ is known to have anti-
fibrotic effects in experimental models,
including the bleomycin-induced pul-
monary fibrosis model (28,29). Yet, as
shown above, we observed an increase
in IFN-γ and STAT-1 (which is activated
by IFN-γ and activates IFN-stimulated
genes) gene expression after αGalCer
administration.

To gain insight into the mechanism of
protection conferred by αGalCer, we ana-
lyzed the role of IFN-γ in adenine-
 induced renal injury after αGalCer ad-
ministration. Therefore, we submitted
IFN-γKO mice to adenine feeding and
also to αGalCer challenge.

Adenine ingestion was capable of in-
ducing renal injury in IFN-γKO mice as-
sessed by serum creatinine. However,

αGalCer challenge could not improve
renal function in these mice. We ob-
served that there was no change in the
parameters analyzed (serum creatinine;
NGAL levels; KIM-1, TNF-α and IL-6
mRNA expression; and renal fibrosis)
(Figure 9) after αGalCer administration
in adenine-fed IFN-γKO mice compared
to adenine-fed IFN-γKO mice. Neither
FSP-1 nor α-SMA staining was reduced
after αGalCer challenge and adenine
feeding (Supplementary Figure S2).
Panels with representative images of
renal fibrosis are shown in Supplemen-
tary Figure S3. These results may show
that IFN-γ is an important factor in this
model of renal injury, since αGalCer ad-
ministration could not improve renal
function in adenine-fed IFN-γKO mice.

DISCUSSION
The inflammatory process in kidney

diseases is quite varied and involves the
participation of cells, cytokines,
chemokines and other factors. Several
cell types participate in this process, with
the contribution of T lymphocytes, neu-
trophils and macrophages. However, the
role of NKT cells in renal diseases is still
unclear. Our study demonstrated that
αGalCer administration might improve
renal function and injury in a model of
adenine-induced tubule-interstitial
nephritis.

The absence of NKT cells in KO mice
had no significant influence on creatinine
measurement, but led to a significant in-
crease in gene expression of KIM-1, indi-
cating that a deficiency in these cells may
be detrimental to the kidney in this
model. Another protein related to kidney
injury is NGAL, and it was also in-
creased after adenine feeding. These two
tubular proteins might reflect a direct ag-
gression of adenine crystals to renal
tubules.

Since TNF-α is a proinflammatory cy-
tokine and it is related to interstitial fi-
brosis, we also analyzed it. In our re-
sults, we observed a significant increase
in gene expression of TNF-α and TGF-β
in Jα18KO mice, indicating that the ab-
sence of invariant NKT cells may aggra-
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Figure 5. Analysis of serum creatinine and cytokine mRNA expression at d 4. (A) Serum lev-
els of creatinine were assessed at d 4 of adenine feeding. mRNA expression of IL-6 (B),
TNF-α (C), IFN-γ (D), STAT-1 (E) and IL-10 (F) was also analyzed at d 4. n = 4–8 animals/group.
ANOVA, with Tukey posttest, *p < 0.05.



vate the inflammatory process and con-
sequently the renal interstitial fibrosis.
Quantifying tubule-interstitial fibrosis
and mRNA expression of type I colla-
gen could best assess the involvement
of these proinflammatory and profi-
brotic cytokines. mRNA expression of
type I collagen was significantly in-
creased in adenine-fed Jα18KO mice
when compared with adenine-fed WT
mice, which could indicate increased fi-
brosis. Renal fibrosis was increased in
both WT and Jα18KO mice submitted to
adenine feeding, but there was no dif-
ference between these two groups.
Hence, we evaluated other histological
changes besides fibrosis, and we ana-
lyzed tubular degeneration, tubular
necrosis, inflammatory infiltrate and 
tubular hypertrophy. In two of these
parameters, adenine-fed Jα18KO mice
had higher scores, which could corrobo-
rate the other results suggesting that
these KO mice present worse renal 
injury.

Because the inflammatory process in
kidney diseases is complex and in-
volves other immune cells, the absence
of iNKT cells by themselves may not be
the best method to assess their role.
Thus, we also tested another technique
to see how activated iNKT cells could
participate in the injury process. To ac-
tivate iNKT cells, we administered a
known agonist of these cells, the glycol-
ipid αGalCer. αGalCer is presented by
antigen-presenting cells through the
molecule CD1d. This complex binds to
the TCR of NKT cells with high affinity,
and such attachment activates iNKT
cells (30,31). In our experiments, we 
observed that the administration of
αGalCer could improve renal function
in our model, since there was a de-
crease in serum creatinine levels, IL-6
gene expression, serum TNF-α and
renal fibrosis. Although NGAL levels
were not reduced after αGalCer admin-
istration, this might imply that the tu-
bular injury still exists because of the
physical presence of crystals, but the in-
flammatory process could be mini-
mized. A later time point analysis

should be addressed in future studies
to confirm this idea.

Renal interstitial fibrosis is character-
ized by tubular atrophy, leukocyte infil-
tration, excessive deposition of extracel-
lular matrix and accumulation of
fibroblasts (24). Although other cells
may be involved, the fibroblasts can be
considered as key mediators of renal fi-
brosis (25,26), especially through the
process of epithelial-mesenchymal 
transition. In this process, epithelial

renal cells undergo transition to a fi-
broblast phenotype and contribute to
the production of extracellular matrix
components (4).

Given the important role of fibroblasts,
we also analyzed in our study the FSP-1
expression in renal tissue. We observed
that the administration of αGalCer in
adenine-fed animals caused a significant
reduction of FSP-1 and α-SMA compared
with adenine-fed WT mice without 
αGalCer. Labeling of α-SMA is related to
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Figure 6. Reduction of renal fibrosis after αGalCer administration. Images of renal tissue:
WT control (A), WT + adenine (C) and WT + adenine + αGalCer (E) under common light
and WT control (B), WT + adenine (D) and WT + adenine + αGalCer (F) under polarized
light. Graphic quantification of fibrosis deposition is shown in (G). n = 3–5 animals/group.
ANOVA, with Tukey posttest, *p < 0.05.



the contractile function acquired by the
myofibroblasts during the fibrotic pro-
cess. The acquisition of the myofibroblast
phenotype may represent the response of
the kidney fibroblasts to a stress that was
recently proposed to be due to intratubu-
lar hydrodynamic forces and tubular
stretch (for example, by obstruction, or in
the case of our study, due to the deposi-
tion of adenine crystals within the
tubules) (32).

The involvement of NKT cells in the
process of fibrogenesis has been demon-
strated in several studies with experi-
mental models of liver, lung and kidney
diseases. However, the role of NKT cells
in some of these models is still contro-
versial. In experimental models of liver
diseases, Park et al. (33) demonstrated
that carbon tetrachloride–induced liver
injury led to increased hepatic fibrosis in
Jα18KO mice. In experimental models of
lung diseases, Kimura et al. (34) observed
that the administration of αGalCer in-
creased survival and reduced pulmonary
fibrosis and TGF-β levels in the
bleomycin model. In renal diseases,
Pereira et al. (35) found that GSL-1 (an-
other NKT agonist) modulates the devel-
opment of experimental focal and seg-
mental glomerulosclerosis (EFSG) and, in
the study by Mesnard et al. (36), Jα18KO
mice demonstrated worse renal function
in anti–glomerular basement membrane
(anti-GBM) glomerulonephritis. These
data support our findings that Jα18
knockout mice are prone to a higher per-
centage of fibrosis and that administra-
tion of αGalCer was effective in reducing
this process.

The study by Kimura et al. (34) also
highlights an increase in IFN-γ levels
after αGalCer treatment with a protec-
tive role in the bleomycin model. IFN-γ
is the type II interferon synthesized by
CD4+ Th1 and CD8+ lymphocytes, NK,
B and NKT cells (37–41); it is consid-
ered to be a key player in Th1 immune
responses with immunomodulatory 
effects on several immune cells (42),
stimulating tumor cell cytotoxicity and
antimicrobial activity and downregulat-
ing TGF-β and type I and II procolla-
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Figure 7. FSP-1 staining in renal tissue after αGalCer administration. Images of renal tissue
after FSP-1 immunohistochemistry. (A) WT control. (B) WT + adenine. (C) WT + adenine +
αGalCer. (D) Graphic quantification of positive staining. n = 3–5 animals/group. ANOVA,
with Tukey posttest, *p < 0.05.

Figure 8. α-SMA staining in renal tissue after αGalCer administration. Images of renal tissue
after α-SMA immunohistochemistry. (A) WT control. (B) WT + adenine. (C) WT + adenine +
αGalCer. (D) Graphic quantification of positive staining. n = 3–5 animals/group. ANOVA,
with Tukey posttest, *p < 0.05.



gens gene expression in lung fibrosis
models (28,43). In renal diseases mod-
els, Kimura et al. (44) reported a protec-
tive role of IFN-γ in cisplatin-induced
renal injury. In this case, IFN-γ can ac-
celerate autophagic flux and therefore
increase the viability of renal tubular
cells. In our study, we observed in-
creased mRNA expression of IFN-γ and
STAT-1 at d 4 in mice receiving αGalCer
and adenine diet. We also used IFN-
γKO mice to observe its contribution in
the adenine-induced renal injury
model. The excessive ingestion of ade-
nine in IFN-γKO mice also caused renal
injury, but it was not improved after
αGalCer administration, as we ob-
served in WT mice. Our findings may
indicate that the release of IFN-γ is one
of the main factors contributing to the
improvement in renal function after
αGalCer administration. The pathways

by which IFN-γ mediates the improve-
ment observed in our study must be an-
alyzed in further studies.

Taken together, previous studies and
ours show that NKT cells may have dif-
ferent functions depending on the
organ and/or the stimuli of the mi-
croenvironment in which they are set.
However, their participation in the pro-
cess of fibrogenesis and the mecha-
nisms involved in it are not fully under-
stood, which demonstrates the
contribution of our work in attempting
to elucidate the plasticity of these cells
and their mechanisms of action in 
diseases.
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Figure 9. Renal function in IFN-γKO mice after adenine feeding. Renal function was assessed by serum creatinine levels (A), mRNA ex-
pression of KIM-1 (B), NGAL levels (C), mRNA expression of TNF-α (D), mRNA expression of IL-6 (E) and graphic quantification of fibrosis
deposition (F), from IFN-γKO control, IFN-γKO + adenine and IFN-γKO + adenine + αGalCer. n = 3–5 animals/group. ANOVA, with Tukey
posttest, *p < 0.05.
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