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Th17	cells	are	a	subset	of	CD4+	T	cells	with	an	important	role	in	clearing	certain	bacterial	and	fungal	patho-
gens.	However,	they	have	also	been	implicated	in	autoimmune	diseases	such	as	multiple	sclerosis.	Exposure	
of	naive	CD4+	T	cells	to	IL-6	and	TGF-β	leads	to	Th17	cell	differentiation	through	a	process	in	which	many	
proteins	have	been	implicated.	We	report	here	that	ectopic	expression	of	liver	X	receptor	(LXR)	inhibits	Th17	
polarization	of	mouse	CD4+	T	cells,	while	LXR	deficiency	promotes	Th17	differentiation	in	vitro.	LXR	activa-
tion	in	mice	ameliorated	disease	in	the	experimental	autoimmune	encephalomyelitis	(EAE)	model	of	multiple	
sclerosis,	whereas	LXR	deficiency	exacerbated	disease.	Further	analysis	revealed	that	Srebp-1,	which	is	encoded	
by	an	LXR	target	gene,	mediated	the	suppression	of	Th17	differentiation	by	binding	to	the	E-box	element	on	
the	Il17	promoter,	physically	interacting	with	aryl	hydrocarbon	receptor	(Ahr)	and	inhibiting	Ahr-controlled	
Il17	transcription.	The	putative	active	site	(PAS)	domain	of	Ahr	and	the	N-terminal	acidic	region	of	Srebp-1	
were	essential	for	this	interaction.	Additional	analyses	suggested	that	similar	LXR-dependent	mechanisms	
were	operational	during	human	Th17	differentiation	in	vitro.	This	study	reports	what	we	believe	to	be	a	novel	
signaling	pathway	underlying	LXR-mediated	regulation	of	Th17	cell	differentiation	and	autoimmunity.

Introduction
Th17 cells, a subset of CD4+ T cells characterized by the secretion 
of high levels of IL-17A, IL-17F, and IL-22, play an important role 
in both the immune response to invading pathogens and autoim-
munity (1, 2). Naive CD4+ T cells differentiate into Th17 cells in 
the presence of TGF-β, IL-6, and antibodies against IL-4 and IFN-γ 
(3), with Stat3 (4), the nuclear receptor RAR-related orphan recep-
tor RORγt (5), and RORα (6) implicated in this process. Besides 
these transcription factors, a host of other proteins have been 
reported to positively or negatively regulate Th17 differentiation. 
For example, aryl hydrocarbon receptor (Ahr), a cellular sensor of 
environmental toxins, promotes Th17 polarization through sup-
pression of STAT1 phosphorylation (7–9). Runx1 (10), IRF4 (11), 
BATF (12), NLRP3 (13), and microRNA miR-326 (14) are reported 
to positively regulate Th17 cell differentiation, while Foxp3 (15), 
STAT5 (16), Ets-1 (17), IRF-4–binding protein (18), NR2F6 (19), 
Gfi1 (20), PPARγ (21), PKB/Akt (22), SOCS3 (23), and retinoic acid 
(24, 25) constrain Th17 generation.

Liver X receptor (LXR) is an orphan nuclear receptor with two 
isoforms: LXRα, which is specifically expressed in liver, fat, and 
macrophages; and LXRβ, ubiquitously expressed in various tissues 
(26–30). Walcher et al. reported that both isoforms are expressed in 
CD4+ T cells, implying that LXR may have a role in T cell function 
and effector T cell generation (31). LXR binds to DNA as a het-
erodimer with the retinoid X receptor (RXR) and acts as an impor-
tant modulator of cholesterol homeostasis by regulating certain 
genes involved in cholesterol and fatty acid metabolism, such as 
ABCA1, ABCG1, SREBP1C, and fatty acid synthase (32). Recently,  

the role of LXR has been extended to the modulation of the 
immune response, with negative or positive effects under different 
circumstances. It has been reported that LXR is essential for mac-
rophage survival and clearance of invading bacteria in protective 
immune responses (33, 34), whereas LXR activation also inhibited 
lymphocyte proliferation (35) and prevented the exposure of self-
reactive antigens to T cells by regulating apoptotic cell clearance 
(36). Animal studies also showed LXR to be a double-edged sword 
in autoimmune disorders, as activation of LXR relieved EAE in 
one experimental model, but exacerbated articular inflammation 
and cartilage destruction in a collagen-induced arthritis model 
(37, 38). A recent study showed that an agonist of LXR, T0901317, 
suppressed EAE by inhibiting the expression of IL-23 receptor and 
other Th17 cytokines (39). However, the underlying mechanism 
remains elusive, because T0901317 has also been reported to be an 
farnesoid X receptor (FXR) agonist (40).

In the present study, using LXR-deficient mice and another well-
defined agonist of LXR, GW3965, in addition to T0901317, we 
demonstrated that T0901317 and GW3965 ameliorated EAE in 
an LXR-dependent manner. More importantly, our results suggest 
that the LXR protein itself is a negative regulator of the initiation 
and perpetuation of EAE, as LXR deficiency caused exacerbation 
of EAE. The mechanism underlying LXR-mediated suppression of 
Th17 differentiation was investigated. We found that LXR overex-
pression significantly decreased in vitro cytokine-driven Th17 dif-
ferentiation, while LXR deficiency promoted Th17 polarization. We 
further showed that Srebp-1 was recruited to the E-box element on 
the Il17 promoter upon LXR activation and interacted with Ahr to 
inhibit Il17 transcriptional activity. LXR activation also suppressed 
human Th17 differentiation, promoted SREBP-1 expression, and 
decreased AHR expression. Our study revealed what we believe to 
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be a previously unreported pathway of Srebp-1 antagonism of Ahr 
in suppressing Th17 generation and autoimmunity.

Results
LXR is a negative regulator of EAE development and in vivo Th17 dif-
ferentiation. Previous investigation had suggested that T0901317 
suppressed EAE, but considering the dual activator property of 
T0901317, it was urgent to clarify the underlying mechanism. 
EAE was induced in LXR KO mice and WT littermate control mice 
with or without the LXR agonist T0901317 or GW3965 treatment. 
Administration of either GW3965 or T0901317 reduced the clinical 
scores and EAE maximum disease incidence in WT mice, but not 

in LXR KO mice (Figure 1, A and B). Histological data also revealed 
severe demyelination and prominent inflammatory infiltration in 
the spinal cords of both WT and LXR KO mice. The demyelination 
and inflammation were dramatically ameliorated after LXR agonist 
treatment in WT mice but not in LXR KO mice (Figure 1C). These 
results suggest that T0901317 and GW3965 acted through LXR. 
It was interesting to note that LXR KO mice developed even more 
severe EAE than WT mice, which indicated that the LXR protein 
itself is a negative regulator of EAE development.

Because Th17 is dominant in the development of EAE, we also 
investigated the in vivo production of the inflammatory cytokines 
IL-17 and IFN-γ. IL-17 secretion in the CNS, spleen, and lymph 

Figure 1
Oral administration of LXR agonists ameliorates EAE in LXR WT mice but not in LXR KO mice. (A) EAE was induced in LXR KO mice or WT litter-
mate control mice with or without daily oral administration of LXR agonist from day 3 after immunization to day 17 (6 or 7 mice per group). Data are 
expressed as mean ± SEM and represent 2 independent experiments with similar results. P = 0.009, WT control versus WT T0901317; P = 0.006, 
WT control group versus WT GW3965; P = 0.832, KO control versus KO T0901317; P = 0.651, KO control versus KO GW3965; P = 0.039, WT 
control versus KO control. (B) Maximum (Max) disease was set with a clinical score ≥3. P = 0.002, WT control versus WT T0901317; P = 0.002, WT 
control versus WT GW3965; P = 0.857, KO control versus KO T0901317; P = 0.807, KO control versus KO GW3965; P = 0.007, WT control versus 
KO control. (C) Histological staining of spinal cord sections from each group on day 15 after immunization. The white boxes in the upper panels (×4 
objective) are enlarged in the lower panels (×10 objective). Total original magnification is ×40 and ×100, respectively.
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node was markedly suppressed after drug administration in WT 
mice, but not LXR KO mice, while IFN-γ was only moderately 
affected (Figure 2). Next, we focused on the mechanisms underly-
ing the Th17 regulation by LXR in an in vitro setting.

LXR negatively regulates in vitro Th17 differentiation. The Th17 dif-
ferentiation system was established by stimulating naive CD4+  
T cells with TGF-β and IL-6 in the presence of TCR activation. 
The inclusion of GW3965 and T0901317 led to substantial sup-
pression of Th17 cells in a dose-dependent manner (Figure 3, A 
and B). Abca1, a downstream target of LXR, was induced following 
the addition of GW3965 and T0901317, suggesting that LXR was 
functionally activated (Figure 3C).

To study the individual role of LXRα and LXRβ in Th17 differ-
entiation, these two isoforms of LXR were ectopically expressed in 
primary CD4+ T cells during Th17 induction. Western blot analysis 
with antibodies to LXRα and LXRβ (Figure 4A) and real-time PCR 
assay of the LXR target gene Abca1 (Figure 4B) indicated that LXRα 
and LXRβ were functionally expressed in CD4+ T cells. Overexpres-
sion of either LXRα or LXRβ caused a decrease in the expression 
of IL-17, while the combination of the two isoforms had a syner-
gistic effect (Figure 4C), suggesting that both were involved in the 
regulation of Th17 differentiation. Furthermore, the LXR agonists 
GW3965 and T0901317 suppressed Th17 differentiation in LXR 
WT or LXR-overexpressing T cells (Figure 4D). Single deficiency 
of either gene resulted in a partial abrogation of the suppression 
of Th17 in response to LXR ligation, while the absence of both 
isoforms led to a resistance to Th17 repression upon LXR activa-
tion. This experimental evidence supported the notion that both 
isoforms of LXR were involved in regulation of Th17 generation 
(Figure 4E). Moreover, T cells from LXRα single-KO mice, LXRβ 

single-KO mice, or LXRα/β double-KO mice displayed increased 
Th17 induction compared with T cells from LXR WT littermate 
control mice (Figure 4E), suggesting a negative regulatory role of 
LXRα and LXRβ in Th17 cell differentiation.

LXR agonists decrease expression of RORγt and other Th17-related 
genes in Th17 cells. RORγt is a key transcription factor and plays an 
important role in Th17 cell differentiation. To clarify whether 
LXR activation reduces expression of RORγt and other Th17-relat-
ed genes, we performed real-time PCR and found that T0901317 
and GW3965 treatment resulted in decreased expression of RORγt 
mRNA levels and suppressed Th17-related genes including Il17, 
Il17f, Il22, Il23r, and Ahr, whereas Il21 and Rora mRNA expression 
levels remained unchanged (Figure 5A). This is in accordance with 
a recent study reporting that LXR agonist T0901317 exhibited an 
inverse agonistic effect on transcriptional factor RORγt (41). How-
ever, the suppressive effect of LXR agonists on Th17 cell genera-
tion was not totally abolished in RORγt-deficient cells (Figure 5B), 
suggesting that other pathways were also involved in Th17 differ-
entiation suppression by LXR.

LXR controls Th17 cell differentiation through Srebp-1a and Srebp-1c 
activation. We next investigated the mechanisms underlying LXR 
inhibition of Th17 cell differentiation through an Il17 promoter 
activity assay. A series of Il17 promoter deletions linked to firefly 
luciferase constructs were transfected into Jurkat cells and cultured 
in the presence or absence of T0901317. Interestingly, T0901317 
significantly decreased the promoter activity until the promoter 
was shortened to –249 bp upstream of the transcription initiation 
site (Figure 6A). Analysis of this region of the Il17 promoter (span-
ning –261 bp to –249 bp) using the Transcription Element Search 
System (TESS) program (provided by the Computational Biol-

Figure 2
Oral administration of LXR agonists decreases IL-17 production in vivo in LXR WT mice but not in LXR KO mice. Intracellular staining of IL-17 
and IFN-γ on CD4+ T cells isolated from the CNS, groin lymph nodes, and spleen, as indicated, 15 days after immunization (6 mice per group). 
Values in the quadrants indicate the percentage of IL-17+IFN-γ– cells, IL-17+IFN-γ+ cells, and IL-17–IFN-γ+ cells.



research article

	 The	Journal	of	Clinical	Investigation   http://www.jci.org   Volume 121   Number 2   February 2011 661

ogy and Informatics Laboratory at the University of Pennsylvania 
Schools of Medicine Engineering and Applied Science) revealed an 
E-box element, a putative Srebp-1–binding site. Deletion or muta-
tion of this putative binding site for Srebp-1 (ΔD and ΔE) abro-
gated the suppression of Il17 transcriptional activity by T0901317, 
suggesting that Srebp-1 may be responsible for the suppression of 
Th17 cell differentiation through LXR activation. Therefore, we 
investigated whether LXR agonists regulated the expression lev-
els of the two isoforms of Srebp-1, Srebp-1a and Srebp-1c, during 
Th17 differentiation. A previous study had indicated that Srebp-
1c, rather than Srebp-1a, was selectively induced after LXR acti-
vation in the liver, intestine, and white fat (42). This finding was 
confirmed in a macrophage cell line and a hepatocyte cell line in 
our study using real-time PCR (Figure 6B). T cell subsets (Th1, 
Th2, and Treg) except for Th17 cells showed a similar selectivity 
of Srebp1c upon LXR activation. However, in Th17 cells, not only 
Srebp1c, but also Srebp1a, was induced in response to LXR agonists, 
implying a specific role of Srebp-1a in Th17 cell differentiation 
(Figure 6B). These data suggest there may be different regulatory 
mechanisms for Srebp-1 isoforms in various types of cells.

To determine whether Srebp-1 could physically bind to this 
putative Srebp-1–binding site in the Il17 promoter, we performed 
EMSA (Figure 6C) and ChIP assays (Figure 6D). A synthesized 
probe containing this –261 bp to –249 bp region of the Il17 pro-
moter bound to Srebp-1. Inclusion of anti–Srebp-1 in the protein/

probe binding mixture led to a supershift, whereas the nonspecific 
control IgG had no effect. Moreover, unlabeled probes were able 
to compete for binding to the Srebp-1 protein, whereas mutant 
unlabeled probes had no competitive effect (Figure 6C). Further-
more, as shown by the ChIP assay results, Srebp-1 was recruited to 
a region containing the E-box element, but not an adjacent region 
of the Il17 promoter after LXR activation (Figure 6D and Supple-
mental Figure 1; supplemental material available online with this 
article; doi:10.1172/JCI42974DS1).

The role of Srebp-1 in Il17 transcription was investigated using 
the Il17 promoter activity assay (Figure 6E). Both Srebp-1a and 
Srebp-1c dose-dependently suppressed Il17 transcriptional activ-
ity, as long as the deletion construct contained an intact Srebp-1– 
binding site. To further investigate the role of Srebp-1a and Srebp-
1c in Th17 cell differentiation, we performed retroviral overexpres-
sion or knockdown of Srebp-1 by shRNA. The efficiency of Srebp-1  
overexpression or knockdown in CD4+ T cells was determined by 
real-time PCR, as there is currently no antibody available to dis-
criminate between the two isoforms (Supplemental Figure 2). As 
expected, forced expression of Srebp-1a and Srebp-1c inhibited 
Th17 cell differentiation, while the knockdown of either isoform 
of Srebp-1 led to increased Th17 cell differentiation (Figure 6F). 
These data suggest that the LXR-induced suppression of Th17 cell 
differentiation is mediated through Srebp-1.

Srebp-1 physically interacts with Ahr to interfere with Th17 cell differ-
entiation. Detailed analysis of the Il17 promoter using the TESS 
program revealed a putative binding site for Ahr adjacent to the 
Srebp-1–binding site (Figure 7A). Ahr positively regulates Th17 cell 
differentiation, and the overlapping locations of the two binding 
sites suggest that Srebp-1 may negatively regulate Th17 cell differ-
entiation by disrupting Ahr-induced Th17 promotion. ChIP assay 
with antibody to Ahr showed binding of Ahr to Il17 promoter,  
and this binding was affected by LXR activation in Th17 cells 
(Supplemental Figure 3), while LXR agonists treatment promoted 
Srebp-1 binding onto the Il17 promoter at the same region (Fig-
ure 6D). These data suggest that Ahr may be displaced by Srebp-1 
following LXR activation. To determine whether Srebp-1 and Ahr 
physically interacted with each other, lysates from in vitro differ-
entiated Th17 cells with or without T0901317 or GW3965 treat-
ment were immunoprecipitated by anti–Srebp-1 antibody and 
immunoblotted with anti-Ahr antibody. Ahr was detected among 
the immunoprecipitated proteins (Figure 7B). This coimmuno-
precipitation experiment was also performed in another direc-
tion (Supplemental Figure 4). Interestingly, a weaker interaction 
between Ahr and Srebp-1 was also observed in Th17 cells without 
LXR agonist treatment, implying that Srebp-1–dependent antag-
onism of Ahr might act as an intrinsic restraint on Th17 polariza-
tion and maintain a healthy balance in the immune system. We 
also examined the localization of Ahr and Srebp-1 in Th17 cells 
by immunostaining. Before activation, Srebp-1 was located in the 
cytoplasm and attached to the nuclear envelope and endoplas-
mic reticulum. In the presence of LXR agonists, mature Srebp-1  
was generated through proteolytic cleavage of the N-terminal 
of the pre-mature Srebp-1 and translocated into the nucleus, 
as shown in Figure 7C. Ahr, as a positive regulator of the Th17 
program, was highly expressed under Th17-inducing conditions 
and colocalized with Srebp-1 at a few sites in the nucleus (Figure 
7C, top row). Confocal microscopy examination suggested that 
colocalization of Ahr and Srebp-1 in the nucleus of Th17 cells 
was dramatically enhanced following LXR activation (Figure 7C, 

Figure 3
LXR activation suppresses in vitro Th17 cell differentiation. (A) 
Mouse naive CD4+ T cells were cultured under Th17-inducing con-
ditions for 4 days in the presence of LXR agonists T0901317 (0.5 
μM, 1 μM, 2 μM) and GW3965 (2.5 μM, 5 μM, 10 μM) and sub-
jected to intracellular staining of IL-17 and IFN-γ. This experiment 
was repeated more than 10 times with similar results. Values in the 
quadrants indicate the percentage of IL-17+IFN-γ– cells, IL-17+IFN-γ+ 
cells, and IL-17–IFN-γ+ cells. Cells from A were harvested for real-
time PCR analysis of the Il17 (B) and Abca1 (C) mRNA levels. Data 
are expressed as mean ± SD in B and C.
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Figure 4
LXRα/β negatively regulates in vitro Th17 differentiation. (A) Mouse naive CD4+ T cells were cultured under Th17-inducing conditions with or 
without retroviral expression of LXRα and LXRβ for 4 days before protein isolation and Western blot analysis. Protein prepared from LXR KO CD4+ 
T cells was loaded as a control. (B) Cells from A were harvested for real-time PCR analysis of the Abca1 mRNA levels. **P < 0.01. Data in B are 
expressed as mean ± SD. (C) Naive CD4+ T cells were cultured under Th17- or Th0-inducing conditions with or without retroviral expression of 
LXRα and LXRβ for 4 days before IL-17 staining, with the gate set on GFP+CD4+ cells. This experiment was repeated at least 3 times with similar 
results. (D) Naive CD4+ T cells were cultured under Th17-inducing conditions with or without retroviral expression of LXRα/β and subjected to  
IL-17 staining with the gate set on GFP+CD4+ cells. LXR agonists T0901317 (2 μM) and GW3965 (10 μM) were added as indicated. This experi-
ment was repeated at least 3 times with similar results. (E) Naive CD4+ T cells from LXR WT littermate control mice, LXRα KO, LXRβ KO, and 
LXRα/β KO mice were cultured under Th17-inducing conditions for 4 days in the presence of LXR agonists T0901317 (0.5 μM, 1 μM, 2 μM) and 
GW3965 (2.5 μM, 5 μM, 10 μM) before IL-17 and IFN-γ staining (3 mice per group). Values in C–E indicate the percentage of IL-17+ cells.
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middle and bottom rows, and Supplemental Figure 5). We also 
noted that LXR agonists decreased Ahr expression levels in the 
nucleus (Figure 7C).

To determine the exact domains responsible for the contact 
between Ahr and Srebp-1, we expressed myc-tagged Srebp-1a, 
Srebp-1c, or a deletion construct (Srebp-1ΔN) together with 
FLAG-tagged full-length Ahr (A1) or a series of deletion con-
structs (A2–A5) in HEK293 cells, and performed coimmuno-
precipitation (Figure 7, D–G). As shown in Figure 7E, anti-Myc 
immunoprecipitated FLAG-tagged protein, and vice versa. More-
over, when the PAS domain of Ahr was deleted, the physical inter-
action was disrupted (Figure 7F), a result that was also obtained 
following deletion of the N-terminal acidic region of Srebp-1 (Fig-
ure 7G), suggesting a critical role of the PAS domain of Ahr and 
the N-terminal acidic region of Srebp-1 in the physical interaction 
between these two proteins.

After confirmation of the physical interaction between Srebp-1 
and Ahr, the effect of Srebp-1 on the transcriptional activity of 
Ahr was investigated. Ectopic expression of Ahr upregulated Il17 
transcriptional activity, but this was disrupted by cotransfection 
with either Srebp-1a or Srebp-1c, but not Srebp-1ΔN (Figure 8B). 

Interestingly, when the E-box element on the Il17 promoter was 
mutated, the suppressive effect of Srebp-1 was no longer observed 
(Figure 8B). Furthermore, in naive CD4+ T cells, either LXR activa-
tion or Ahr knockdown by shRNA (#1) led to a dramatic decrease 
in IL-17 expression, while shRNA (#2 and #3) without an effective 
knockdown of Ahr had no influence on Th17 cells (Figure 8, A 
and C). Taken together, these data indicate that Srebp-1 inhibited 
Th17 cell differentiation by physically interacting with the PAS 
domain of Ahr to suppress Ahr-induced Il17 transcription.

LXR activation decreases in vitro human Th17 differentiation. We fur-
ther investigated the role of LXR in human Th17 cell differentia-
tion in relation to SREBP-1–dependent antagonism of AHR. The 
addition of GW3965 or T0901317 dose-dependently decreased 
Th17 polarization (Figure 9A). This was also confirmed by the 
finding that the IL17 and IL17F mRNA levels were inhibited by 
T0901317 or GW3965 (Figure 9, B and C). The induction of ABCA1 
suggested that LXR was functionally activated (Figure 9D). The 
SREBP1 mRNA level was promoted, while expression of AHR and 
RORγt was decreased (Figure 9, E–G). These results suggest that 
LXR’s suppressive role in Th17 cell differentiation in the human 
was similar to that in the mouse immune system.

Figure 5
LXR agonists suppress expression of RORγt and other Th17-related genes. (A) Naive CD4+ T cells were cultured under Th17-inducing condi-
tions for 4 days in the presence of vehicle control (C), T0901317 (T), and GW3965 (G) before cells were harvested for real-time PCR analysis 
of the genes as indicated above. Data are expressed as mean ± SD, and this experiment was repeated at least 3 times with similar results.  
*P < 0.05; **P < 0.01. (B) Naive CD4+ T cells isolated from RORγt WT mice or RORγt KO mice were cultured under Th17-inducing conditions 
with or without LXR agonists T0901317 (0 μM, 0.5 μM, 1 μM, 2 μM) and GW3965 (0 μM, 2.5 μM, 5 μM, 10 μM) for 4 days and subjected to 
intracellular staining of IL-17 and IFN-γ. This experiment was repeated at least 3 times with similar results. Values in the quadrants indicate the 
percentage of IL-17+IFN-γ– cells, IL-17+IFN-γ+ cells, and IL-17–IFN-γ+ cells.



research article

664	 The	Journal	of	Clinical	Investigation   http://www.jci.org   Volume 121   Number 2   February 2011



research article

	 The	Journal	of	Clinical	Investigation   http://www.jci.org   Volume 121   Number 2   February 2011 665

Discussion
The role of LXR in immune regulation is still under investigation. 
Studies of LXR in macrophages (33, 36) and T cells (35) suggested 
that the role of LXR in immunity was very complicated, with either 
activating or suppressive functions under different conditions. In 
2006, Hindinger et al. reported that the LXR agonist T0901317 
ameliorated EAE by inhibiting T cell activation (38). A more recent 
study also showed that T0901317 inhibited IL-23 receptor expres-
sion and suppressed IL-17 production in CD90+ splenocytes from 
EAE mice (39). Because T0901317 is a dual agonist of both LXR 
and FXR (40), it is difficult to differentiate the pathway of the drug 
activity, and to understand the mechanism underlying the drug 
effect. To clarify this point, we used LXR gene KO mice and anoth-
er agonist of LXR, GW3965, in addition to T0901317, to investi-
gate the role of LXR in EAE development and Th17 differentiation 
from naive CD4+ T cells. T0901317 and GW3965 ameliorated EAE 
in WT mice, but not in LXR KO mice, suggesting both agonists 
suppressed autoimmunity via LXR. Furthermore, LXR activa-
tion and deficiency repressed and exacerbated EAE development, 
respectively. Both agonists exhibited dose-dependent inhibition of 
the differentiation of Th17 cells from human and mouse naive 
CD4+ T cells, but not in LXR-deficient cells. Overexpression of LXR 
in naive CD4+ T cells inhibited differentiation toward Th17 polar-
ization, while deficiency of LXR promoted this process. These data 
strongly suggest that LXR plays a critical negative regulatory role 
during EAE development and Th17 differentiation. Further inves-
tigation with adoptively transferred naive CD4+ T cells from LXR 
WT or LXR KO mice to irradiated Rag1–/– mice before EAE induc-
tion demonstrated an intrinsic role of LXR in EAE development 
and Th17 differentiation (Supplemental Figure 6). As Rag1–/– mice 
lack mature T cells and B cells, and irradiation results in impair-
ment of the growth of antigen-presenting cells, EAE development 
would be highly dependent on the adoptively transferred CD4+  
T cells. LXR KO CD4+ T cells conferred much stronger susceptibil-
ity to EAE induction than LXR WT cells.

Kumar et al. have demonstrated recently that LXR agonist 
T0901317 is a novel RORα/γ inverse agonist (41). Our data also 
showed that LXR activation led to decreased RORγt expression, 

although RORα was not affected. However, further investiga-
tion revealed that LXR agonists were still effective in suppress-
ing Th17 cell differentiation in RORγt-deficient cells. This result 
indicates that mechanisms in addition to RORγt inhibition are 
likely involved in this process. To elucidate the precise mechanism 
underlying the suppression of Th17 differentiation by LXR, we per-
formed an Il17 promoter deletion assay and analyzed the Il17 pro-
moter with the TESS program. We found that a putative Srebp-1– 
binding site may be involved in Th17 cell suppression by LXR. 
Two isoforms of Srebp-1, Srebp-1a and Srebp-1c, are traditionally 
considered to be modulators of cholesterol homeostasis and fatty 
acid synthesis (43, 44). Srebp1c has been suggested to be a target 
gene of LXR, because LXR activation selectively promotes Srebp1c 
transcription in the intestine, liver, and white fat (42). In our study, 
upon LXR activation, expression of both of the Srebp-1a and 
Srebp-1c isoforms was increased, and this event was involved in 
the suppression of Th17 cell differentiation. Because Srebp-1 has 
a transactivation domain in its N-terminus, Srebp-1 may indirectly 
exert an inhibitory effect on the Il17 promoter so as to reduce Il17 
transcription after translocation into the nucleus following LXR 
activation. Detailed analysis of the Il17 promoter using the TESS 
program revealed a putative binding site for Ahr adjacent to the 
Srebp-1–binding site. Ahr positively regulates Th17 cell differen-
tiation, and the overlapping of the two binding sites suggests that 
Srebp-1 may negatively regulate Th17 cell differentiation by dis-
rupting Ahr-induced Th17 promotion.

Ahr is an important positive regulator of Th17 cell differentia-
tion (7, 8). Kimura et al. suggested that Ahr directly interacted with 
the inhibitory factors STAT1 and STAT5 during Th17 differentia-
tion, inhibiting STAT1 phosphorylation and activation and thus 
promoting Th17 polarization (9). Our data also showed that Ahr 
activated Il17 transcription, and this effect was suppressed by LXR-
activated Srebp-1. These results suggest that Srebp-1–dependent 
antagonism of Ahr plays a very important role in LXR-mediated 
suppression of Th17 cell differentiation. It is noteworthy that LXR 
agonists were still effective in inhibiting Th17 cells even in Ahr 
knockdown cells, although to a much lesser extent than in cells 
containing wild-type Ahr. This indicates that Ahr antagonism is 
the major contributor to Th17 suppression after LXR activation, 
but that it does not act exclusively. It is interesting to note that 
the Ahr expression level in the nuclei of Th17 cells was moderately 
decreased in the presence of LXR agonists, which implies that LXR 
downregulated not only Ahr transcriptional activity, but also its 
protein level, an observation that is currently under further inves-
tigation. The physical interaction between Ahr and Srebp-1 and 
their colocalization were remarkably enhanced by the LXR ago-
nists. However, in the absence of LXR activation treatment, a weak 
interaction between these two proteins and colocalization were still 
detectable, suggesting that Srebp-1–dependent antagonism of Ahr 
transcriptional activity may be an intrinsic mechanism during Th17 
cell differentiation. The process of Th17 cell differentiation is prob-
ably controlled by the critical balance between Ahr and Srebp-1. A 
cytokine milieu of TGF-β and IL-6 contributes to Ahr expression 
and shifts the balance to Th17 cell differentiation, whereas LXR-
activated Srebp-1 interferes with the Th17-promoting activity of 
Ahr and reduces the differentiation of this subset of inflammatory 
T cells, thus maintaining a healthy balance in the immune system.

Since the discovery of the subset of Th17 inflammatory T cells, 
RORα (NR1F1), RORγ (NR1F3), NR2F6, and a ligand-regulated 
PAS superfamily member, Ahr, have been reported to play impor-

Figure 6
LXR activation suppresses IL-17 transcriptional activity through the pro-
motion of Srebp-1 binding to the E-box element on the Il17 promoter. 
(A) Jurkat cells were transfected with fragments of the mouse Il17 pro-
moter linked to a firefly luciferase construct and cultured with or without 
T0901317 (2 μM) before luciferase reporter assays. (B) Mouse naive 
CD4+ T cells were cultured under Th1-, Th2-, Treg-, or Th17-inducing 
conditions for 4 days in the presence of the indicated drugs before real-
time PCR analysis of Srebp1a and Srebp1c. Mouse macrophage cell 
line RAW264.7 (MF) and hepatocyte cell line Hepa 1-6 were included 
as controls. (C and D) Srebp-1 binding to the E-box element on the Il17 
promoter in in vitro differentiated Th17 cells was assessed by EMSA 
(C) and ChIP (D). The primers used to detect ChIP signals are sche-
matically represented in Supplemental Figure 1. Statistical analysis was 
performed between the LXR agonist–treated and untreated groups. 
(E) Srebp-1a and Srebp-1c expression plasmids were transfected 
into Jurkat cells for luciferase reporter assay. (F) Naive CD4+ T cells 
were cultured under Th17-inducing conditions with or without retroviral 
overexpression or knockdown of Srebp-1a/c before IL-17 staining. This 
experiment was repeated at least 3 times with similar results. Values 
indicate the percentage of IL-17+ cells.*P < 0.05, #P < 0.01, §P > 0.05. 
Data are expressed as mean ± SD in A, B, D, and E.
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tant roles during their differentiation. In this study, we addressed 
the role of LXR, an important orphan nuclear receptor for cho-
lesterol homeostasis, as a critical negative regulator of Th17 cell 
differentiation, along with its underlying mechanism. We demon-
strated that LXRα (NR1H3) and LXRβ (NR1H2) negatively regu-
lated Th17 cell differentiation through the activation of Srebp-1,  
which subsequently bound to the Il17 promoter and directly 
interacted with AHR, a positive regulator of Th17 differentiation, 
antagonizing its promotion of Il17 transcription.

Furthermore, LXR, which serves as a cholesterol sensor and 
metabolic checkpoint during inflammatory T cell differentiation, 
provides a link between cellular cholesterol levels and cell differ-

entiation. Cholesterol may provide a metabolic negative signal 
to restrain T cell differentiation into the Th17 subset and thus 
impact the development of autoimmune diseases such as multiple 
sclerosis (MS). More than 50 years ago, two clinical studies (45, 
46) suggested that MS patients had lower cholesterol levels than 
healthy people. Our study may provide an explanation for this 
observation given that a lower cholesterol level favors Th17 polar-
ization and hence the subsequent development of Th17 inflam-
matory cell-dominant autoimmune diseases such as MS.

In conclusion, we report a signaling pathway in which Srebp-1– 
dependent antagonism of Ahr mediates the suppression of Th17 
cell differentiation by LXR. This study also provides evidence 

Figure 7
Srebp-1 physically interacts with Ahr. (A) Schematic representation of a fragment of the mouse Il17 promoter containing putative binding sites for 
Srebp-1 and Ahr. (B to C) Naive CD4+ T cells were cultured under Th17-inducing conditions with the indicated drugs before (B) coimmunoprecipi-
tation and (C) confocal microscopy (×40 oil objective). A differential interference contrast (DIC) photo reveals the overall cellular structure, and 
the nucleus was stained with DAPI. The vertical line in B indicates that the lanes were run on the same gel but were noncontiguous. (D) Sche-
matic representations of Ahr or Srebp-1 or deletion constructs (A1, A2, A3, A4, and A5 for Ahr; Srebp-1a, Srebp-1c, and Srebp-1ΔN for Srebp-1). 
bHLH, basic helix-loop-helix. (E–G) Flag-tagged Ahr and Myc-tagged Srebp-1 (E), Flag-tagged Ahr or deletions and Myc-tagged Srebp-1 (F), or 
Flag-tagged Ahr and Myc-tagged Srebp-1 or deletion mutants (G) were transiently transfected into HEK293T cells for coimmunoprecipitation.
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for the role of LXR as a negative regulator of autoimmunity and 
inflammatory T cell differentiation and reveals crosstalk between 
different regulators of Th17 polarization.

Methods
Study subjects. Blood samples were obtained from healthy volunteers with 
the help of Xuhui Central Hospital. Samples were collected after written 
informed consent was obtained, and the study was reviewed and approved 
by the Institutional Review Board of the Institute for Nutritional Sciences, 
Chinese Academy of Sciences in Shanghai, China.

Animals. LXR KO mice were provided by David Mangelsdorf (Univer-
sity of Texas Southwestern, Dallas, Texas, USA). Exons 3–6 of LXRα were 
replaced with the neo resistance gene (47). Exons 5–6 of LXRβ were replaced 
with the neo resistance gene. Briefly, a BglII and SacII fragment of the gene 
that cut out the entire DBD exon and part of the next LBD exon (exons 
5–6) was replaced with a PGK-neo cassette by homologous recombination. 
The expression of DBD and LBD was entirely eliminated in KO mice (48). 
WT littermate mice were used as controls, as indicated. RORγt KO mice 

were obtained from The Jackson Laboratory. Mice were maintained under 
pathogen-free conditions, and the animal study was reviewed and approved 
by the Institutional Review Board of the Institute for Nutritional Sciences, 
Chinese Academy of Sciences in Shanghai, China.

Induction and treatment of EAE. LXR KO mice or WT littermate control 
mice (8–10 weeks) were immunized subcutaneously with a synthetic 
peptide of myelin oligodendrocyte glycoprotein peptide (MOG residues 
35–55) (BioAsia Biotechnology) in complete Freund’s adjuvant (CFA) 
(Difco Laboratories). Pertussis toxin (List Biological Laboratories) was 
administered i.p. on the day of immunization and 48 hours later. Mice 
were orally administered vehicle, GW3965 (20 mg/kg body weight), or 
T0901317 (25 mg/kg body weight) daily from day 3 to day 17. Disease 
symptoms were scored according to the standard scale: 0, no sign; 1, limp 
tail; 2, paraparesis (incomplete paralysis of 1 or 2 hind limbs); 3, paraplegia 
(complete paralysis of 2 hind limbs); 4, paraplegia with forelimb weakness 
or paralysis; 5, moribund state or death.

Histology. Mice were sacrificed, and spinal cords were removed and fixed in 
4% PFA before being embedded in paraffin. Spinal cord sections (10 μm thick) 

Figure 8
Srebp-1 interferes with Ahr-promoted 
ILI7 transcription. (A) Western blot was 
performed using cells (C) to assess the 
efficiency of Ahr knockdown. (B) Ahr, 
Srebp-1a, or Srebp-1c constructs were 
transfected into Jurkat cells for lucifer-
ase reporter assay. #P < 0.01, §P > 0.05 
compared with the Ahr single transfection 
group. Data are expressed as mean ± SD. 
(C) Mouse naive CD4+ T cells were cul-
tured under Th17-inducing conditions with 
the indicated drugs and retroviral shRNA 
for 4 days before intracellular staining. This 
experiment was repeated at least 3 times 
with similar results. Values in the quad-
rants indicate the percentage of IL-17+ 

IFN-γ– cells, IL-17+IFN-γ+ cells, and IL-17– 

IFN-γ+ cells.
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were transferred to gelatin-coated slides. Sections were stained with H&E for 
detection of mononuclear cell infiltration or Luxol fast blue (Sigma-Aldrich) 
to determine demyelination and examined under a light microscope.

Preparation of mononuclear cells from mouse CNS tissue. Mononuclear cells 
from CNS tissue were isolated from the brain and spinal cord using gradi-
ent centrifugation. Mice were perfused with PBS to eliminate blood before 
brain and spinal cord tissue were dissected. The cell suspension was centri-
fuged on a Percoll gradient (GE Healthcare). Cells at the interface between 
the two gradients were considered to be mononuclear cells.

Cell purification. Mouse CD4+ T cells were isolated from splenocytes 
using a mouse CD4-negative selection kit (Dynal Biotech). For isolation of 
CD4+CD25– T cells, the purified CD4+ T cell populations were incubated with 
PE-labeled anti-CD25 antibody and anti-PE magnetic beads and isolated  
using a MACS separation column (Miltenyi Biotec). Naive CD4+CD25–

CD62L+ T cells were prepared after a further purification using the CD62L 
microbeads component from a CD4+CD62L+ T cell isolation kit (Miltenyi 
Biotec). For human naive CD4+ T cell isolation, mononuclear cells were iso-
lated from peripheral blood through Ficoll-Hypaque centrifugation before 
purification of CD4+CD25– T cells using a kit from Miltenyi Biotec.

Cell culture. For mouse T cell differentiation, the above purified naive CD4+ 
T cells from 8- to 10-week-old mice were cultured in RPMI supplemented 
with 10% fetal bovine serum in the presence of anti-CD3/28 antibodies. 10 
ng/ml IL-12 and 10 μg/ml anti–IL-4 antibody (for Th1); 10 ng/ml IL-4 and 
10 μg/ml anti–IFN-γ (for Th2); 2 ng/ml TGF-β, 10 μg/ml anti–IL-4, and 10 
μg/ml anti–IFN-γ (for Treg); or 10 ng/ml IL-6, 2 ng/ml TGF-β, 10 μg/ml 
anti–IL-4, and 10 μg/ml anti–IFN-γ (for Th17) were added to drive T cell 
polarization. For human Th17 differentiation, human CD4+CD25– T cells 
were activated with anti-CD3/28 antibodies in the presence of 50 ng/ml 
IL-6, 10 ng/ml IL-1β, 10 μg/ml anti–IL-4, and 10 μg/ml anti–IFN-γ. After  
4 days, cells were restimulated with 50 ng/ml PMA (Sigma-Aldrich) and 500 
ng/ml ionomycin (Sigma-Aldrich) in the presence of GolgiPlug (BD Biosci-
ences — Pharmingen) for 5 hours before intracellular staining.

Flow cytometry. For surface staining of CD4, T cells were resuspended 
in PBS containing 1% BSA and were incubated on ice for 30 minutes with 
fluorochrome-conjugated antibody (eBioscience). For intracellular stain-
ing of IL-17 and IFN-γ, cells were fixed, permeabilized, and stained with 
fluorochrome-conjugated antibodies (BD). The stained cells were then 
analyzed using a FACSCalibur or BD FACSAria instrument.

Figure 9
LXR activation suppresses in vitro 
human Th17 cell differentiation. (A) 
Human naive CD4+ T cells isolated 
from the peripheral blood mononuclear 
cells of a healthy donor were cultured 
under Th17-inducing conditions for 4 
days in the presence of LXR agonists 
T0901317 (0.5 μM, 1 μM, 2 μM) and 
GW3965 (2.5 μM, 5 μM, 10 μM) and 
subjected to the intracellular staining of 
IL-17 and IFN-γ. Fifteen individual speci-
mens were studied, with similar results. 
Values in the quadrants indicate the 
percentage of IL-17+IFN-γ– cells, IL-17+ 

IFN-γ+ cells, and IL-17–IFN-γ+ cells. 
(B–E) Cells from A were harvested for 
real-time PCR analysis of the mRNA 
levels of IL17 (B), IL17F (C), ABCA1 
(D), SREBP1 (E), AHR (F), and RORγt 
(G). The y-axis in B–G represents the 
relative expression level of genes using 
arbitrary unit. T0901317 decreased the 
IL17 (P < 0.01), IL17F (P < 0.01), AHR 
(P < 0.01), and RORγt (P < 0.05) mRNA 
levels and increased ABCA1 (P < 0.01) 
and SREBP1 (P < 0.01). GW3965 sup-
pressed the expression of IL17 (P < 0.01),  
IL17F (P < 0.01), AHR (P < 0.01), and 
RORγt (P < 0.05) and increased the 
mRNA level of ABCA1 (P < 0.01) and 
SREBP1 (P < 0.01).
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Retroviral transduction. To overexpress genes of interest in CD4+ T cells, 
cDNAs of the genes were cloned into the retroviral vector pMXs-IRES-
GFP (Cell Biolabs Inc.). To knock down expression of Srebp-1 or Ahr, 
synthesized DNA short-hairpin sequences targeting Srebp-1 (#1 shRNA, 
5′-AACAGACACTGGCCGAGATGT-3′; #2 shRNA, 5′-AAGACATGCTC-
CAGCTCATCA-3′; #3 shRNA, 5′-AAAGCTTGGCCTCCCAGCAGC-3′) 
or Ahr (#1 shRNA, 5′-AACATCACCTATGCCAGCCGC-3′; #2 shRNA,  
5′-AACACAGAGTTAGACCGCCTG-3′; #3 shRNA, 5′-AAAGTCAT-
GGGATAAACTCAC-3′) were ligated into pSilencer 5.1 Retro (Ambion). 
These constructs were transfected into a Platinum-E cell line (Cell Biolabs 
Inc.) to generate retrovirus supernatant. Naive CD4+ T cells (0.5 × 106) were 
activated under Th17 or Th0 culture conditions for 16–24 hours before incu-
bation with Platinum-E supernatant containing retroviruses supplemented 
with 8 μg/ml Polybrene (Sigma-Alrich) and centrifuged for 1 hour at 600 g  
at 30°C. Two to 3 days after infection, the cells were tested for IL-17 pro-
duction using intracellular staining.

Real-time PCR. RNA (0.5–1 μg) was reverse transcribed into cDNA 
using an oligo (dT) primer (Takara), and 1 μl of the synthesized cDNA 
product was then added to the PCR reaction mixture. Quantitative real-
time RT-PCR was performed using an ABI Prism 7500 sequence detec-
tion system (Applied Biosystems). Gene expression was normalized to 
the level of β-actin in each sample. The sequences of the primers were: 
mouse Il17 forward: 5′-CTCCAGAAGGCCCTCAGACTAC-3′, mouse 
Il17 reverse: 5′-AGCTTTCCCTCCGCATTGACACAG-3′; mouse Il17f for-
ward: 5′-GAGGATAACACTGTGAGAGTTGAC-3′, mouse Il17f reverse: 
5′-GAGTTCATGGTGCTGTCTTCC-3′; mouse Il21 forward: 5′-GGC-
CAAACTCAAGCCATCAA-3′, mouse Il21 reverse: 5′-GCCACGAGGT-
CAATGATGAA-3′; mouse Il22 forward: 5′-CTTTCCTGACCAAACTCAG-
CAA-3′, mouse Il22 reverse: 5′-TGGTCGTCACCGCTGATG-3′; mouse 
Il23r forward: 5′-AGAGGACATCCTGCTTCAGGTAAT-3′, mouse Il23r 
reverse: 5′-GATGGCCAAGAAGACCATTCC-3′; mouse Ahr forward: 5′-
CGAGATCTCCAGCCCTTTCTC-3′, mouse Ahr reverse: 5′-TTGCTTTTG-
GTGCGTATTGG-3′; mouse Rora forward: 5′-GCACCTGACCGAAGAC-
GAA-3′, mouse Rora reverse: 5′-GATCCGCTGACATCAGTACGAA-3′; 
mouse RORγt forward: 5′-CCGCTGAGAGGGCTTCAC-3′, mouse RORγt 
reverse: 5′-TGCAGGAGTAGGCCACATTACA-3′; mouse Srebp1a forward: 
5′-GGCCGAGATGTGCGAACT-3′, mouse Srebp1c forward: 5′-GCCATG-
GATTGCACATTTGA-3′, mouse Srebp1a/c reverse: 5′-GCTGGAGCAT-
GTCTTCGATGT-3′; mouse Abca1 forward: 5′-CACCCCTTGAACCTCAC-
TAAACA-3′, mouse Abca1 reverse: 5′-AAAGGACATCGCAAAGATGACA-3′; 
mouse β-actin forward: 5′-TGACAGGATGCAGAAGGAGA-3′, mouse β-actin 
reverse: 5′-GTACTTGCGCTCAGGAGGAG-3′; human IL17 forward: 5′-
TCTGTGATCTGGGAGGCAAAG-3′, human IL17 reverse: 5′-CGTTCCCAT-
CAGCGTTGAT-3′; human IL17F forward: 5′-GTCCGGAGGAAGCACCAA-
3′, human IL17F reverse: 5′-TCACCAGCACCTTCTCCAACT-3′; human 
RORγt forward: 5′-GCCAAGGCTCAGTCATGAGAA-3′, human RORγt 
reverse: 5′-TTGTCCCCACAGATTTTGCA-3′; human SREBP1 forward: 5′-
CGGAACCATCTTGGCAACA-3′, human SREBP1 reverse: 5′-GCCGGTT-
GATAGGCAGCTT-3′; human ABCA1 forward: 5′-TCCAGGCCAGTACG-
GAATTC-3′, human ABCA1 reverse: 5′-TCCTCGCCAAACCAGTAGGA-3′; 
human β-actin forward: 5′-GCGCGGCTACAGCTTCA-3′, human β-actin 
reverse: 5′-CTTAATGTCACGCACGATTTCC-3′.

Luciferase assay. Forty-two hours after transfection of reporter plasmids, 
expression plasmids, and pSV40-β-gal into Jurkat cells with DMRIE-C 
Reagent (Invitrogen), the transfected Jurkat cells were stimulated with 
PMA and ionomycin for 6 hours before harvesting. The luciferase activity 
was measured with a luciferase assay kit (Promega) using a luminometer 
(Berthold Technologies) and normalized to the β-gal activity.

ChIP. In vitro differentiated Th17 cells with or without LXR ago-
nist treatment were crosslinked using formaldehyde before harvest. 

Extracts were immunoprecipitated with a control antibody or antibody 
against Srebp-1. DNA purified from the immunoprecipitates and input 
extracts were analyzed by PCR with 3 pairs of primers specific for the 
Il17 promoter: primer set 1 forward: 5′-TATGGAGCCCAGCTCTGCAG-
3′, primer set 1 reverse: 5′-CTTTGCTGTGATTCAGTATC-3′; primer 
set 2 forward: 5′-GCAGCAGCTTCAGATATGTCCATA-3′, primer set 2 
reverse: 5′-TGGGAGCTGAACAGAGATGCTT-3′; primer set 3 forward: 
5′-CATGGAGAGGAGAGAACATGAGAGA-3′, primer set 3 reverse: 5′-
TAACAGGAGGAGATGAGGGATGA-3′; β-actin (for ChIP) forward: 5′-
CAGCCAACTTTACGCCTAGC-3′, β-actin (for ChIP) reverse: 5′-TTTGGA-
CAAAGACCCAGAGG-3′.

EMSA. EMSAs were performed using the LightShift Chemiluminescent 
EMSA kit (Pierce) according to the manufacturer’s instructions. Briefly, 
nuclear proteins were prepared from in vitro differentiated Th17 cells with or 
without LXR agonist treatment, incubated with biotin-labeled probes, and 
resolved on a 6% native polyacrylamide gel. The protein-DNA complex was 
transferred to a nylon membrane, crosslinked to the membrane with a UV 
lamp, and incubated with a streptavidin-HRP conjugate. Signals were detect-
ed by chemiluminescence. Unlabeled probes or unlabeled mutant probes 
were included as controls — labeled Il17 probe: biotin-5′-CATACACACATG-
ATACTGAA-3′; unlabeled Il17 probe: 5′-CATACACACATGATACTGAA-3′; 
unlabeled mutant Il17 probe: 5′-CATACATACATGATACTGAA-3′.

Western blot analysis, immunoprecipitation, and immunocytochemistry. Cells 
were lysed and extracted protein resolved by 10% SDS-PAGE before trans-
fer onto PVDF membranes (Millipore). The membranes were blocked with 
5% milk in Tris-buffered saline supplemented with Tween-20 (TBST) and 
incubated overnight at 4°C with antibodies against LXRα, LXRβ (Santa 
Cruz Biotechnology Inc.), actin, Myc, FLAG, Ahr (Abcam), and Srebp-1 
(BD), followed by incubation with appropriate HRP-conjugated second-
ary antibodies for 1 hour at room temperature. Signals were detected by 
enhanced chemiluminescence (Pierce) according to the manufacturer’s 
instructions. For co-immunoprecipitation experiments, cell lysates were 
immunoprecipitated with antibodies against Myc, FLAG, Ahr, or Srebp-1 
and the immunoprecipitates were resolved by 10% SDS-PAGE and trans-
ferred to PVDF membranes. These membranes were blotted with antibod-
ies as indicated. For immunocytochemistry, T cells were fixed with 4% 
formaldehyde and permeabilized with 0.1% Triton X-100, followed by incu-
bation with primary antibody and fluorescent-labeled secondary antibody. 
DAPI was used to stain nuclei, and images were captured with a LSM510 
confocal microscope using a ×40 oil objective.

Statistics. One-way ANOVA was used to compare the clinical score 
between 2 groups at every time point followed by a Mann-Whitney U test 
to determine the differences between the 2 curves in the EAE study. The 
Mann-Whitney U test was used to calculate differences elsewhere, and  
P values less than 0.05 were considered statistically significant.
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