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activators (DEX: also a glucocorticoid receptor ligand (Weikum et al., 2017), RIF, 

phenobarbital, clotrimazole [CLO], spironolactone, PCN, and methyrapone) protected cells 

against staurosporine-induced apoptosis by upregulating Bcl-xL and Bcl-2 in rat and human 

hepatocytes. They observed that the knockdown of PXR expression by antisense technology in 

rat hepatocytes inhibited the Bcl-xL upregulation induced by CLO and that the overexpression of 

PXR in HepG2 cells increased Bcl-2 expression upon CLO treatment and protected the cells 

against Fas-induced apoptosis (Zucchini et al., 2005). This suggests that PXR plays a role in 

promoting hepatocyte survival by upregulating the Bcl-xL and Bcl-2 anti-apoptotic proteins. In a 

later study, Zhou et al. further confirmed that PXR had an antiapoptotic role. They showed that 

the expression of constitutively activated PXR or the pharmacologic activation of PXR by the 

agonist RIF in PXR-overexpressing cells protected HCT116 human colon carcinoma cells from 

deoxycholic acid–induced apoptosis. Interestingly, PXR activation also protected HCT116 cells 

from adriamycin-induced cell death, suggesting that the antiapoptotic effect of PXR is not 

specific to a particular compound but may protect cells from a variety of apoptosis inducers 

(Zhou et al., 2008).  

Pharmacologic activation of endogenous PXR in LS180 colorectal adenocarcinoma cells 

also inhibited staurosporine-induced apoptosis. Mechanistically, the anti-apoptotic effect of PXR 

appeared to be independent of its xenobiotic function, because HCT116 cells exhibited little 

basal or inducible expression of bile acid–detoxifying enzymes that are transcriptional targets of 

PXR. SuperArray analysis showed that PXR-mediated inhibition of deoxycholic acid–induced 

apoptosis was associated with upregulation of multiple antiapoptotic genes, including Bcl-2–

associated athanogene 3 (BAG3) and the genes encoding baculoviral IAP repeat–containing 

protein 2 (BIRC2) and myeloid cell leukemia 1 (MCL-1), and downregulation of proapoptotic 
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genes, such as Bcl-2 antagonist/killer 1 (BAK1) and TP53/p53 (Zhou et al., 2008). The 

antiapoptotic effect was also observed in constitutively activated PXR transgenic mice treated 

with lithocholic acid, a known apoptotic bile acid in vivo. Furthermore, PXR transgenic mice 

were sensitized to dimethylhydrazine-induced colonic carcinogenesis, supporting the idea that 

PXR participates in the malignant transformation of cells (Zhou et al., 2008). 

 Recently, Robbin et al. proposed an intriguing model of the antiapoptotic effect of PXR. 

They showed that PXR bound and sequestered the tumor suppressor p53, thus decreasing the 

binding of p53 to its target gene promoters. The PXR-p53 interaction sequesters p53 thereby 

inhibited p53 transcriptional activity, enhanced malignant transformation, and protected cells 

from drug-induced apoptosis (Elias et al., 2013; Robbins et al., 2016). This recent model of a 

physical and mutually inhibitory interaction between PXR and p53 provides further mechanistic 

insight into the previously observed regulation of pro- and antiapoptotic genes that are targets of 

p53 in response to PXR activators.  

 

PXR in DNA damage 

The DNA of eukaryotic cells is under constant bombardment from chemicals, free radicals, 

and/or ionizing radiation as a result of environmental exposure, the by-products of intracellular 

metabolism, or medical therapy. DNA damage repair proteins sense the damage brought on by 

this constant attack and initiate the recruitment of protein complexes to the site of the genotoxic 

lesion (reviewed in (Hakem, 2008)). DNA damage in terminally differentiated cells (such as 

muscle cells) prompts DNA damage repair to ensure the integrity of the transcribed genome, but 

the induction of DNA damage in dividing cells results in the activation of the cell cycle G1/S, 

intra-S, and G2/M checkpoints. These checkpoints halt the cell-cycle progression to enable the 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on November 7, 2017 as DOI: 10.1124/mol.117.110155

 at A
SPE

T
 Journals on N

ovem
ber 21, 2017

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


MOL #110155 
 

21 
 

DNA damage repair machinery to do its work, thereby avoiding the transmission of incorrect 

genetic information to the progeny. The DNA damage response during any phase of the cell 

cycle follows the same crucial steps. When DNA damage is detected by sensor proteins, signal 

transducer proteins transduce the signal to effector proteins that launch a cascade of events that 

leads to cell-cycle arrest, apoptosis, DNA repair, and/or the activation of damage-induced 

transcription programs (Houtgraaf et al., 2006). It is clear that the downregulation of DNA 

damage surveillance and repair mechanisms plays a critical role in tumor progression and 

increases the genetic and epigenetic instability required for the uncontrolled proliferation and 

adaptability associated with aggressive tumors. 

In a study by Naspinski et al., liver carcinoma cells were exposed to Benzo[a]pyrene 

(BaP), a common environmental contaminant that is found in air, water, soil, sediment, and 

cooked foods and that is also a well-established animal carcinogen and a probable human 

carcinogen. These authors found that PXR protected cells from BaP-induced DNA damage by 

upregulating metabolizing enzymes that contribute to the detoxification of the compound 

(Naspinski et al., 2008). A later study showed that ginsenoside, the main active ingredient in 

Panax ginseng and a functional ligand of PXR, protected human dermal fibroblasts from BaP-

induced DNA damage. A mechanistic study revealed that ginsenoside increased the expression 

of the gene encoding NAD(P)H:quinine oxidoreductase 1, an important phase II detoxifying 

enzyme, by activating the phosphatidylinositol 3-kinase/Akt/Nrf2 pathway. The involvement of 

PXR in the cytoprotective effect of ginsenoside against BaP-induced DNA damage was 

confirmed by subsequent knockdown of PXR with siRNA (Poon et al., 2012). 

 

Conclusion 
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We have just begun to recognize the importance of the non-xenobiotic functions of PXR and the 

impact of factors that redirect PXR signaling. In each of these cases, molecular biology has 

provided us with a variety of concepts as to how PXR and/or its ligands can induce or modulate 

important physiologic programs (Fig. 4). The challenge now is to generate chemical probes that 

selectively interrogate one or some of these functions to achieve the pharmacologically desired 

effects. Can specific nodes in the numerous PXR signaling pathways be identified to specifically 

target a process without affecting others? Undoubtedly, elucidating the other roles of PXR in 

physiologic or pathophysiologic processes represents both a major challenge for PXR 

pharmacology and a potential opportunity to identify new targets for drug discovery. 
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Fig. 4. Schematic summary of non-xenobiotic functions of PXR. It has become clearer that PXR 

plays critical roles in physiologic and pathophysiologic states beyond its canonical xenobiotic 

sensing function. 
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