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Here we report that bile acid chenodeoxycholic acid (CDCA) and synthetic farnesoid X receptor (FXR) ago- 
nist GW4064 robustly induced tumor suppressor N-Myc downstream regulated gene 2 (NDRG2) expression 
in human hepatoma cells and primary hepatocytes. Knockdown of FXR abolished the induction by CDCA,
whereas overexpre ssion of a constitutively active form of FXR increased NDRG2 expression. A FXR-response 
element was identified within intronic regions of human and murine genes. Moreover, mice given GW4064 
exhib it an increase of Ndrg2 expression in liver and kidney, where both NDRG2 and FXR are enriched. The 
identification of NDRG2 as a bile acid regulated gene may provide novel knowledge toward the understand- 
ing of NDRG2 physiological function and the link between metabolism and cancer.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction opportun ities for therapeuti c intervention in liver cancer. Interest- 
N-Myc downstre am-regulated gene 2 (NDRG2) belongs to the 
NDRG family, comprised of four members, NDRG1–4, which are 
reportedly involved in cell proliferation and differentiation [1,2].
NDRG2 is highly expressed in many normal tissues, especially in 
the brain, heart, skeletal muscle, liver, and kidney, whereas low ex- 
pressed or undetectabl e in a variety of human cancer cell lines and 
carcinomas [1,2]. Recently, NDRG2 was identified as a novel tumor 
metastasis suppressor in hepatocellul ar carcinoma (HCC) [3].
Although the precise molecula r function of NDRG2 is not yet 
known, accumulate d data indicate that low expression of NDRG2
may serve as a prognostic biomarker for malignant transformation 
in hepatocytes. In addition, it has been demonstrated that NDRG2
overexpress ion diminishes the proliferative, invasive and migra- 
tory abilities of HCC cells [3]. Thus, the identification of factors 
capable of inducing hepatic NDRG2 expression may provide new 
ll rights reserved.
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ingly, Ndrg2 was initially characterized as an early aldosterone -in- 
duced gene in rat kidneys [4]. Thereafte r, it was proposed that 
NDRG2 may affect the function of the epithelial sodium channel 
(ENaC) [5], which is localized in the apical membranes of sodium 
absorbin g epithelia like the distal nephron and hence plays a key 
role in the maintenanc e of blood pressure. Conseque ntly, the phys- 
iological role of NDRG2 may extend beyond cell proliferation.

The farnesoid X receptor a (FXRa, NR1H4, hereafter referred to 
as FXR), a member of the nuclear hormone receptor superfami ly, is 
the chief sensor of intracellul ar levels of bile acids [6]. FXR is highly 
expresse d in the liver, kidney, intestine and the adrenal gland. In 
response to bile acid binding, FXR transcrip tionally regulates a
variety of genes involved in bile acid, lipid and glucose metabolism 
[6]. Since two independent groups reported that the loss of FXR in 
Fxr-null mice resulted in spontaneous hepatocarcinog enesis [7,8],
considerabl e research efforts have been focused on the identifica-
tion of the underlying mechanisms of liver cancer inhibition by 
FXR and its relevance in the pathogenes is of human HCC. Subse- 
quently, it has shown that FXR expression in human HCC samples 
was decrease d compare d to normal liver tissues [9]. Notwithstand -
ing, the specific nature of the FXR target genes involved in the inhi- 
bition of liver cancer is still unknown.
2. Materials and methods 

2.1. Plasmids 

A 2.4-kb fragment spanning from the 50 flanking region to the 
second exon of Ndrg2 gene was amplified from genomic DNA using 
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primers 50-TATCATAAGC GGCGGGACTCG GCTGAGGA G-3 0 and 50-
AGTCGCTAG CCTCCTGAAGTTC TGCAATGGT G-3 0, KpnI/NheI digested,
and subcloned into pGL3-bas ic vector (Promega) to obtain p-437/ 
+1966NDRG 2. Mutagenesi s was performed using QuickChange™
site-directed mutagenesis kit (Stratagene) with primers 50-GGGGA-
GATTAGAAAGAATTAGTGATTCTGGAATCCTGGG TCTTGGC-3 0 and 50-
GCCAAGACCCAGGATTCCAGAATCACTAATTCTTTCTAATCTCCCC-30.
Reporter plasmids p(NDRG2IR1)n-TK (n = 1, 2, 4) were generate d by 
insertion of an oligonucleoti de obtained by annealing 50-GATCCT
TAGAAAGG GTTAGTGACCCTG GAA-3 0 and 50-GATCTTCC AGGGTCAC 
TAACCCTTT CTAAG-3 0 into the BglII site of pGL3-TK [10]. Similarly ,
the four-cop y mutant IR1 construct p(mutNDRG2IR1)4-TK was gen- 
erated by annealing 50-GATCCTTA GAAAG AATTAGTGATTCTGGAA-30

and 50-GATCTTCCAGAATCACTAATTCTTTCTAAG-30. Plasmids express- 
ing human retinoid X receptor a (RXRa, NR2B1) and FXR into pSG5 
have been previously described [10].

2.2. Animal experiments 

Experimental protocols with mice were performed with the ap- 
proval of the animal ethics committee of the University of Barce- 
lona (Spain). C57BL/6J mice and Fxr-null mice [11] (FXR�/�,
#007214) were obtained from The Jackson Laboratory (Bar Harbor,
ME). 10-week-old male mice were injected i.p. with either vehicle 
(corn oil 5% DMSO) or GW4064 (GlaxoSmithKline, RTP, NC) dis- 
solved in vehicle (10 mg/ml) at a dose of 50 mg/kg and then fasted 
for 8 h before sacrificed for tissue collection . Livers and kidney 
were excised, snap-frozen in liquid nitrogen and stored at �80 �C.

2.3. Cell culture and treatment conditions 

Human hepatoma HepG2 and Huh7 cells and mouse hepatoma 
Hepa 1–6 cells were cultured in DMEM supplemented with 10%
FBS. Mouse immortal ized hepatocytes AML12 were grown in 
DMEM/Ham ’s F-12 medium supplemented with 10% FBS,
100 mM dexamet hasone, and ITS (Roche Applied Science). Human 
primary hepatocytes were obtained commerciall y (Ready Heps™
Fresh Hepatocytes, Lonza, Switzerland ) and maintained in Hepato- 
cyte Complete Medium (HCM™ bulletkit, Lonza). Cells were trea- 
ted with ligands in the same medium supplemented with 10%
charcoal stripped FBS (Biological Industries). For each experime nt,
duplicate or triplicate dishes were plated for each condition, as 
indicated in the figures.

2.4. siRNA transfection 

For siRNA-m ediated FXR knockdown experiments , the human 
FXR siGENOME SMARTpool (M-003414-01) or siGENOME Non-Tar- 
geting siRNA #1 (D-001210-01) (Dharmacon, Lafayette, CO) were 
used to transfect Huh7 cells in triplicate with the DharmaFEC T 4
Transfection Reagent at a final concentratio n of 25 nM each for 
48 h, followed by 24 h of treatments as described above.

2.5. Adenoviral infection 

Huh7 and Hepa 1–6 cells were infected at a multiplicity of 
infection (MOI) of 25 or 50 for 48 h with adenoviruses expressing 
VP16 (AdVP16) or VP16FXR chimeras (AdVP16FXR) previousl y de- 
scribed [12].

2.6. Cell transfection and reporter assays 

HepG2 cells were transiently transfected as previously de- 
scribed [10]. After 6 h, cells were treated for 24 h with the vehicle 
(DMSO), 100 lM CDCA, or 1 lM GW4064. All transfections were 
performed in triplicate, and similar results were obtained in at 
least three independent experiments.

2.7. Western blot analysis 

Whole protein cell extracts were obtained from cultured cells or 
liver and kidney of mice. Cells were homogen ized in Nonidet P-40 
lysis buffer (150 mM NaCl, 50 mM Tris–HCl, 1% Nonidet P-40) sup- 
plemente d with a mixture of protease inhibitors and 0.1 mM phen- 
ylmethyl sulfonyl fluoride (Sigma–Aldrich). Equal amounts of 
protein (30–50 lg) were run in 10% polyacrylami de gels, trans- 
ferred onto Immobilon- P membranes (Millipore, Bedford, MA)
and probed with antibodie s: anti-NDRG2 (1:200, Abnova, cat#
H000574 47-M03); anti-FXR (1:1000, Invitrogen, cat# A9033A);
anti-actin (1:1000, Sigma–Aldrich, cat# A2066).

2.8. RNA isolation and real-time quantitative PCR analysis (QPCR)

Total RNA was isolated by using Tri-Reagent and was further 
treated with DNase I (Ambion). cDNA was synthesized from total 
RNA (1 lg) by murine leukemia virus reverse transcriptas e (Invitro-
gen) and p(dN)6 random primers (Roche Diagnost ics). QPCR was 
performed using Platinum � Quantitative PCR SuperMix-U DG with 
ROX (Invitrogen) and TaqMan � Gene Expression Assay probes (Ap-
plied Biosystems): NDRG2, Hs00212263_m1; PLTP, Hs01067287_ 
m1; NR0B2, Hs00222677_m1; NR1H4, Hs00231968_m 1; Ndrg2,
Mm0044 3483_m1; Nr0b2, Mm00442278_ m1. Relative mRNA abun- 
dance was obtained by normalizing to 18S levels.

2.9. In silico analysis of FXR response elements (FXREs)

The analysis of genomic sequences for the identification of 
putative FXREs was performed using NUBIScan computer algo- 
rithms (http://www.nubi scan.unibas.ch /). The alignment of se- 
quences of different mammals was carried out using VISTA tools 
(http://www.genome.lbl.gov /vista/index.shtml ).

2.10. In vitro transcription/tr anslation and electrophore tic mobility 
shift assay (EMSA)

Oligonuc leotides correspond ing to the sequence spanning nt 
+887 to +911 of Ndrg2 (NDRG2IR1) were radiolabeled and used 
as probe as previously described [10]. For competition experiment,
increasing fold molar excess of unlabeled probe NDRG2IR1, or a
modified version harboring mutations in the IR1 hexamers (mut-
NDRG2IR1), were included during a 15 min preincubati on on ice.
A cold probe containing the FXRE of the human ileal-bile acid- 
binding protein (I-BABP) gene was used as a control as previousl y
described [10].

2.11. Chromatin immunoprecipi tation (ChIP) assay 

HepG2 cells were treated with 1% formaldehy de for 10 min, and 
then disrupted in lysis buffer (1% SDS, 10 mM EDTA, 50 mM Tris–
HCl, pH 8) with protease inhibitors for 10 min. Chromati n was son- 
icated to shear DNA, precleared using Protein A/G PLUS Agarose 
(sc-2003, Santa Cruz Biotechn ology), and immunopreci pitated 
overnight with 5 lg of anti-FXR (sc-1204 X, Santa Cruz Biotechnol- 
ogy) or goat IgG (I9140, Sigma–Aldrich). Precipitated DNA was ex- 
tracted with phenol/chlorofor m and resuspended in 50 ll of water.
Input and immunopr ecipitated DNA were subjected to PCR ampli- 
fication using primers encompassing the FXRE in the proximal pro- 
moter of human NR0B2 (50-AGCTAGTGA TAAGGCACTTC C-3 0 and 50-
GTGGCA CTGATATCACC TCAG-3 0), the putative FXRE in the second 
intron of human NDRG2 (50-CCTCTTACC TCCACATCAGC -3 0 and 50-
ACACAGC AACGAGGTGAA TG-3 0), or an unrelated genomic region 
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from human alcohol dehydrogen ase gene cluster lacking any func- 
tional FXRE (C. Langhi and J.C. Rodríguez, unpublished results) (50-
AGGAGACA TCGGATCTTCT GG-3 0 and 50-CTGTCATG CTAG- 
CATCTCTCC- 30). PCR products were electrophorese d in agarose 
gel, visualized with ethidium bromide, quantified by ImageJ and 
normalized by input amplification.
2.12. Statistical analysis 

Data are expressed as mean ± SEM as determined by analysis of 
multiple independen t samples, as indicated in figure legends. Sig- 
nificant differences compared with the corresponding controls 
were assessed using a two-tailed Student’s t test. Values of 
p < 0.05 were considered to be significant.
3. Results 

3.1. Human hepatic NDRG2 mRNA and protein levels are increased by 
FXR ligands 

Microarray analysis revealed that expression of NDRG2 is up- 
regulated by FXR agonists (E. Pedraz and J.C. Rodríguez, unpub- 
lished data). To confirm this observation, human hepatocarcinom a
Huh7 were treated with increasing concentratio ns of CDCA, a nat- 
ural bile acid agonist of FXR, or GW4064, a synthetic FXR agonist,
and the endogenous expression of NDRG2 was determined by 
QPCR. Treatment with both FXR ligands resulted in a dose-depen- 
dent increase in the levels of NDRG2 mRNAs (Fig. 1A). To ensure 
that the induction of NDRG2 by FXR ligands is not limited to a sin- 
gle hepatoma cell line, we also analyzed RNA from HepG2 cells,
obtaining similar results (Fig. 1B). In order to extend our results 
to a more physiolog ically relevant system, we treated human pri- 
mary cultured hepatocytes. Both FXR agonists induced mRNA lev- 
els of NDRG2 and phospholipid transfer protein (PLTP), an 
established FXR target gene [13], to a similar extent 
(Fig. 1C).Next, Western blot analyses performed on whole cell ly- 
sates from Huh7 incubated with CDCA, GW4064 , or vehicle re- 
vealed that the quantity of NDRG2 protein was robustly 
increased (15-fold) by both FXR ligands (Fig. 1D).
3.2. Induction of NDRG2 expression by CDCA and GW4064 requires 
FXR expression 

Since bile acids may exert their actions through FXR-indepen- 
dent pathways, we silenced FXR by siRNA to determine whether 
the induction of NDRG2 expression observed upon treatment with 
CDCA was only dependent on FXR expression. Huh7 cells were 
therefore transfected with non-targeting siRNA or siRNA com- 
plexes directed against FXR (siFXR) before ligand treatments.
siFXR-medi ated knock-down of endogenous FXR levels (Fig. 2A
and B) completely blocked the induction of NDRG2 expression by 
CDCA (Fig. 2C). We also confirmed by siFXR the dependence on 
FXR in the response to GW4064. As a control, CDCA- and 
GW4064-dep endent increase of the mRNA levels of NR0B2 (hereaf-
ter referred to as SHP), a previousl y characteri zed FXR target gene 
[14], was similarly attenuated in siFXR-transfec ted cells (Fig. 2C
and D).
3.3. Gain-of-func tion on FXR induces NDRG2 expression 

We performed gain-of-function studies by ectopically express- 
ing a chimera of FXR and transcriptio nal activator VP16 (VP16FXR)
that is constitutivel y active. Infection of Huh7 cells with increasing 
MOIs of adenoviruses expressing VP16FXR resulted in a dose- 
depende nt response induction of NDRG2 expression compared to 
VP16 alone (Fig. 2E).

3.4. Mouse hepatic Ndrg2 expression is induced by activated FXR 

Activatio n of FXR in AML12 cells, a non tumorige nic established 
cell line from mouse normal liver, strongly induced Ndrg2 mRNA
levels (Fig. 3A). On the other hand, no induction of Ndrg2 expres-
sion was observed in mouse hepatoma Hepa 1–6 cells that do 
not expresses FXR (Fig. 3B and C). However , a significant induction 
of Ndrg2 expression was observed in Hepa 1–6 when FXR was 
ectopical ly overexpres sed (Fig. 3C and D). We next treated mice 
with either vehicle or 50 mg/kg of GW4064 for 8 h and determined 
liver NDRG2 protein levels by Western blot analysis. As shown in 
Fig. 3E, NDRG2 levels were significantly increased by GW4064 
in vivo . Taken together, these expression data indicate that hepatic 
regulatio n of the NDRG2/Ndr g2 gene by FXR shares a conserved 
mechanis m between human and mouse.

3.5. Ndrg2 expression is induced by activated FXR in kidney 

Given the roles of NDRG2 in renal function [4,5] and since both 
FXR and NDRG2 are enriched in kidney, we investigated whether 
Ndrg2 expression was regulated by FXR activation in this organ.
The i.p. administration of GW4064 induced Ndrg2 expression in 
kidneys of wild type, but not FXR �/� mice (Fig. 3F). As expected,
activation of FXR in vivo also increased Shp mRNA levels in the kid- 
neys. In addition, we determined that GW4064 treatment mark- 
edly increased renal NDRG2 protein levels of wild type mice 
(Fig. 3G).

3.6. Characteri zation of an IR1 element within intronic regions of 
NDRG2/N drg2 genes as a functional FXRE 

Most known FXREs consist of an inverted repeat of the hexanu- 
cleotide motif RGGTCA with minor variants spaced by one nucleo- 
tide (IR1) [6]. Therefore, we scanned the 50 flanking regions of 
human and mouse NDRG2/N drg2 genes for putative FXREs using 
the NUBIScan computer algorithm. However, no putative IR1 was 
identified in the region 10 kb upstream of the transcriptio n start 
site (TSS) of any of these genes. Further in silico analysis of the in- 
tronic regions led to the identification, as the best hit, of a putative 
IR1 present within the second intron of human NDRG2 gene (at
+1560 from TSS) and the first intron of murine Ndrg2 gene (at
+894 from TSS) that matched the consensus for FXREs (Fig. 4A). Se- 
quence alignment using VISTA tools revealed that this IR1 is con- 
served in several mammalian species (Fig. 4B).

Treatment of transfected cells with natural (CDCA) or syn- 
thetic (GW4064) FXR agonists significantly increased luciferase 
activity of a reporter construct (p-437/+1966NDRG2) (Fig. 4C).
Cotransfecti on of a FXR expression plasmid robustly enhanced 
gene activation. Mutation of this IR1 element completely abol- 
ished the response to activated FXR (Fig. 4D). Next, this IR1 mo- 
tif was tested in the context of heterologou s promote r to 
evaluate whether it is sufficient to confer FXR-med iated regula- 
tion. Activated FXR enhanced the activity of Ndrg2 IR1-driven
thymidin e kinase (TK) promote r constructs in a copy-dep endent 
manner, whereas a reporter construct with the TK promote r
alone or with four copies of a mutated version of Ndrg2 IR1
was not stimulated at all (Fig. 4E).

EMSAs were performed using in vitro translate d FXR and RXR a
and an oligonucleotid e containing the Ndrg2 IR1 element. Neither 
FXR nor RXR a alone bound to the probe (Fig. 4F, lanes 2 and 3),
but a complex with the probe was formed when both proteins 
were present, indicating that the IR1 element is bound by 
FXR/RXRa heterodime rs (lane 4). The specificity of this retarded 
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complex was demonst rated by competition analysis showing that 
it was competed away by increasing concentr ations of either the 
unlabeled NDRG2IR1 probe (Fig. 4F, lanes 5–7) or a cold probe con- 
taining a well characterized IR1/FXRE from the I-BABP (Fig. 4F,
lanes 11–13), whereas it was relatively unaffected by the presence 
of the unlabeled DNA containing the mutated IR1 sequence (mut-
NDRG2IR1) (Fig. 4F, lanes 8–10). Furthermore, ChIP experiments 
demonstrat ed that FXR binds the identified NDRG2 IR1 in HepG2 
cells (Fig. 4G).
4. Discussion 

Our data show that NDRG2 expression is induced by bile acids.
We have ascertained that these responses depend on FXR and do 
not require the synthesis of intermediate proteins. As demon- 
strated by mutation analysis in transient transfection and binding 
experime nts, induction by FXR may be attributed to an IR1 located 
within intronic regions of human and murine genes. Taken to- 
gether, our results demonst rate that NDRG2 is a direct target of 
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FXR. During the process of submitting our results for publication,
Deuschle and colleagues have reported that FXR synthetic agonist 
PX20606 reduce liver tumor growth and metastas is in an ortho- 
topic mouse xenograft model and proposed that NDRG2 partly 
mediates these effects [15]. These results are coincident to our cur- 
rent report in showing the induction of NDRG2 mRNA by FXR syn- 
thetic agonists in human hepatoma cell lines and livers of mice.
Main data in the present study not addressed in that report in- 
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Fig. 3. Induction of mouse Ndrg2 expression by activated FXR. AML12 (A) and Hepa 1–6 (B) cells were treated in triplicate dishes with vehicle (Control), 50 lM CDCA, or 5 lM
GW4064 for 24 h. (C) Western blot analysis using an antibody against FXR and cell lysates from Huh7 and Hepa 1–6 that were infected or not (No Ad) in duplicate with 50 
MOI of adenovirus expressing either VP16 (AdVP16) or a chimera of VP16 and FXR (AdVP16FXR) for 48 h. Each lane was loaded with 30 lg of total protein lysates prepared 
from individual dishes. (D) Relative mRNA levels of Ndrg2 in Hepa 1–6 infected in triplicate with 50 MOI of the indicated adenovirus. (E) Western blot analysis of cell lysates 
from livers of mice that were treated for 8 h with either vehicle (Control) (n = 4) or 50 mg/kg GW4064 (n = 5). Protein signals were quantified and NDRG2 levels were 
normalized to actin content. (F) Relative mRNA levels of Ndrg2 and Shp in kidneys of wild-type (WT) and FXR �/� mice that were treated as in (E) (n = 5/group). (G) Renal 
protein levels of NDRG2 were determined by Western blot, and signals were quantified and normalized to actin. Significant differences compared with the corresponding 
controls are as follows: ⁄p < 0.05; ⁄⁄p < 0.01; ⁄⁄⁄p < 0.001.
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clude: (a) results showing that natural bile acid CDCA induces 
NDRG2 expression (Fig. 1A–D) and knockdown experiments dem- 
onstrating that the physiologica l regulatio n of NDRG2 by bile acids 
absolutely requires FXR (Fig. 2C); (b) induction of NDRG2 by FXR 
agonists in primary cultures of human hepatocytes (Fig. 1C); and 
(c) induction of Ndrg2 expression in kidneys of wild type, but not 
FXR�/� mice (Fig. 3G). Notably, in addition to tumor suppression,
NDRG2 has also been related to the regulation of sodium gradient 
in several reports. First, NDRG2 was identified as a mineralocorti -
coid-indu ced gene in renal cortical collecting duct, the site of aldo- 
sterone-reg ulated sodium absorption [4]. Later, studies in 
heterologou s expression systems showed that co-expression of 
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Fig. 4. Characterization of an intronic IR1 in NDRG2/Ndrg2 genes as an FXRE. (A) Schematic representation of exon–intron structure of human and mouse NDRG2/Ndrg2 genes 
and localization of the IR1 elements identified as FXREs. Empty boxes and black solid boxes indicate untranslated and translated regions of exons, respectively. (B)
Comparison of sequences of different mammals. (C) HepG2 cells were transfected with a plasmid containing a luciferase reporter gene driven by a 2.4-kb fragment of the 
Ndrg2 gene or the empty pGL3-basic vector along with a plasmid expressing FXR or the empty pSG5 as control. Cells were treated with vehicle (Control), 100 lM CDCA, or 
1 lM GW4064 for 24 h, and luciferase activities were measured. (D) Experiments as in (C) using reporter construct containing wild-type or IR1 site-directed mutated 
sequence, or the empty pGL3-basic vector, together with a plasmid expressing FXR or pSG5, in the presence of vehicle or 1 lM GW4064. (E) Experiments as in (C) with 
reporter constructs containing 1, 2, or 4 copies of the wild-type (NDRG2IR1), or 4 copies of mutant (mutNDRG2IR1) Ndrg2 IR1 site in front of TK promoter-driven luciferase 
gene. Results are expressed as -fold induction over control. ⁄⁄p < 0.01; ⁄⁄⁄p < 0.001. (F) EMSAs were performed using in vitro transcribed/translated FXR, RXR a, or 
unprogrammed reticulocyte lysate (–), and a labeled oligonucleotide containing the Ndrg2 IR1 element (NDRG2IR1). The FXR-RXR a-FXRE complex is indicated by an arrow.
Competition experiments for FXR-RXR a binding were performed by adding a 50-, 200-, and 500-fold molar excess of unlabeled probes. Mutations in the modified version of 
wtNDRG2IR1 (mutNDRG2IR1) are shown in (D). I-BABP, FXRE of I-BABP gene [10]. (G) ChIP assays were performed with chromatin from HepG2 cells and either IgG or FXR- 
specific antibody and primers encompassing FXREs in human NDRG2 and SHP, as positive control, or an unrelated genomic region with no FXRE (Control), as negative control.
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NDRG2 and ENaC resulted in a stimulation of ENaC-me diated Na +

currents [5]. More recently, Yao and co-workers have shown that 
NDRG2 directly binds and stabilizes the b1-subuni t of Na +/K+-ATP-
ase, the motor of sodium reabsorpti on [16]. Based on our data 
showing regulation of Ndrg2 expression by FXR in kidney, we be- 
lieve that characteri zation of a potential role of FXR in regulating 
sodium reabsorption and fluid volume homeostasi s is an interest- 
ing area of future investigation.
In conclusion, our results have demonstrat ed a direct link be- 
tween bile acids and NDRG2, which may help in the elucidation 
of its physiological role.
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