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Dur ing infec tion and inflam ma tion, expres sion and activ ity 

of key phase I and phase II drug metab o liz ing enzymes (DMEs)1 

and drug trans port ers are altered in the liver, lead ing to impaired 

drug metab o lism and clear ance [1,2]. Gene expres sion of these 

enzymes and trans port ers are reg u lated by mem bers of the 

nuclear recep tor (NR) super fam ily, preg nane X recep tor (PXR), 

con sti tu tive andro stane recep tor (CAR) and ret i noid X recep tor 

(RXRa) [3,4]. Inflam ma tion-med i ated alter a tions in DME and 

trans porter gene expres sion is asso ci ated with reduced expres-

sion and activ ity of the reg u la tory NRs [1,6–12]. How ever, the 

mech a nism of sup pres sion of hepatic DME and trans porter genes 

in inflam ma tion is not fully under stood. Inflam ma tory responses 

in the liver are med i ated by Toll-like recep tors (TLRs) pres ent 

on Ku pf fer cells (KCs) which rec og nize micro bial com po nents 

and endog e nous ligands from dam aged or stressed cells [13–17]. 

TLR2 and TLR4 are acti vated by com po nents of Gram+ve (li potei-

choic acid (LTA)), and Gram-ve (lipo poly sac cha ride (LPS)) bac-

te ria, respec tively [15,16,18,19]. We have recently reported that 

the Gram-ve bac te rial endo toxin, lipo poly sac cha ride (LPS) can 

mod u late expres sion of hepatic DMEs by Toll-like recep tor (TLR) 

4-depen dent mech a nism [8]. How ever, the role of Gram+ve 

bac te rial com po nents and their recep tor, TLR2 in reg u la tion of 

hepatic gene expres sion has never been inves ti gated. In addi tion 

to infec tions by Gram-ve bac te ria, there is also a high inci dence 

of infec tion by Gram+ve bac te ria which can induce inflam ma-

tory responses lead ing to potential alter a tions in metab o lism, 

dis tri bu tion and elim i na tion of drugs and tox ins. In fact, it has 

been reported that Gram+ve organ isms account for »50% cases 

of sep sis from 1979 to 2000 [20]. LTA, derived from the cell-wall 

com po nents of Gram+ve bac te ria like Staph y lo coc cus aureus are 

known to cause sys temic inflam ma tion [21]. LTA has been shown 

to induce release of inter leu kin (IL)-1b, IL-6, tumor necro sis fac-

tor (TNF) a and other inflam ma tory medi a tors from immune 

cells, includ ing mac ro phages [22,23].

It has been pre vi ously shown that LPS-med i ated induc tion of 

pro-inflam ma tory cyto kines results in the acti va tion of a vari ety of 

cell-sig nal ing kinases includ ing c-Jun N-ter mi nal kinase (JNK) and 

NF-jB [8,9,24–26]. These cell-sig nal ing com po nents are involved 

in reg u la tion of DMEs and trans port ers by mod u lat ing the activ-

ity of some of their reg u la tory NRs [26–28]. It has been shown 

that cur cu min, a known inhib i tor of JNK, can block LPS-med i ated 

down-reg u la tion of Cyto chrome P450 (Cyp) enzymes, although the 

under ly ing mech a nism is not known [29]. Fur ther more, we have 

shown that acti va tion of JNK by LPS or IL-1b results in mod i fi ca-

tion and nuclear export of RXRa, lead ing to sup pres sion of RXRa-

depen dent hepatic genes [9,25]. JNK inhib its glu co cor ti coid recep-

tor (GR) activ ity, result ing in sup pres sion of CAR gene  expres sion 
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[26]. Reduc tion in CAR gene expres sion in inflam ma tion has also 

been attrib uted to the dis rup tion of GR-med i ated trans ac ti va tion 

of the CAR gene by NF-jB [24,30]. Recent work has dem on strated 

that NF-jB can inter act with PXR–RXR com plex, lead ing to the 

sup pres sion of Cyp3a4 gene expres sion by LPS [31].

In this study, we sought to deter mine whether the Gram+ve 

bac te rial com po nent, LTA has a role in reg u lat ing gene expres sion 

of key phase I and II DMEs and drug trans port ers in the liver. Our 

results indi cate that LTA treat ment resulted in altered gene expres-

sion of DMEs, trans port ers and their reg u la tory nuclear recep tors 

in the liver. Expres sion of TLR2 and the pro-inflam ma tory cyto-

kines were sig nifi  cantly induced by LTA, and the cell-sig nal ing 

com po nents, JNK and NF-jB were acti vated in the liver. Expres sion 

of the NR, CAR and its tar get genes were rap idly and pro foundly 

repressed by LTA, indi cat ing that CAR is pref er en tially tar geted by 

TLR2-depen dent mech a nisms in inflam ma tion. The effects of LTA 

on hepatic genes were atten u ated by the Ku pf fer cell inhib i tor, gad-

o lin ium chlo ride (GdCl3), which indi cates that cyto kines released 

by KCs may play a role in medi at ing the effects of LTA.

Mate ri als and meth ods

Mate ri als

Li potei choic acid (S. aureus) was pur chased from In viv o Gen 

(San Diego, CA) and freshly diluted to the desired con cen tra tion 

in pyro gen-free 0.9% saline before injec tion. Anti-JNK (#9252), 

anti-phospho-JNK (#9251) (Cell-Sig nal ing, Bev erly, MA), anti-

RXRa (D-20) (#sc-553) and anti-TLR2 (H-175) (#sc-10739) (Santa 

Cruz Bio tech nol ogy, CA) were used accord ing to man u fac turer’s 

instruc tions. Oli go nu cle o tides were obtained from Sigma Geno sys, 

Hous ton, TX. All reagents for real-time PCR were pur chased from 

Applied Bio sys tems (Fos ter City, CA).

Ani mals and treat ments

Adult male C57BL/6 mice were obtained from The Jack son Lab-

o ra tory, Maine. The ani mals were main tained in a tem per a ture- 

and humid ity-con trolled envi ron ment and were pro vided with 

water and rodent chow ad lib. Mice were given intra peri to neal (IP) 

injec tion with 6 mg/kg body wt. LTA in saline or saline alone. Liv ers 

were removed at the time indi cated in the fig ure leg ends (0–16 h) 

after treat ment. For 0 h treat ment, mice were IP-injected with LTA, 

and sac ri ficed imme di ately.

To inac ti vate Ku pf fer cells, mice were given a sin gle dose of 

GdCl3 intra ve nously (10 mg/kg), fol lowed by IP injec tion of LTA 

(6 mg/kg) 24 h after GdCl3 treat ment. This con cen tra tion of GdCl3 

has been pre vi ously shown to inhibit and deplete Ku pf fer cells 

from the liver [6,32]. All ani mal pro to cols were approved by the 

Insti tu tional Ani mal Care and Use Com mit tee. Exper i ments were 

per formed in trip li cate and repeated 3–4 times.

Prep a ra tion and anal y sis of nuclear and whole cell extracts and 

mem brane frac tions

Nuclear and whole cell extracts were prepared as described 

pre vi ously [9,33]. Mem brane frac tions were prepared from mouse 

liver using the Mem-PER® Eukary otic Mem brane Pro tein Extrac-
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Fig. 1. Reg u la tion of DME RNA lev els in mouse liver fol low ing LTA treat ment. Mice were IP-injected with 6 mg/kg LTA and liv ers were har vested from 0 to 16 h (n = 6–8 per 

group). RNA was iso lated from the liv ers and ana lyzed by Taq Man real-time PCR as described in Mate ri als and meth ods. RNA lev els of phase I (A) and phase II (B) enzymes 

were deter mined. All data were pre sented as ±SD and stan dard ized for cy clo phi lin RNA lev els. Expres sion in 0h LTA-injected mice was set to 1, fold change after LTA treat ment 

from 1 to 16 h was com pared to the 0 h LTA-injected con trols. The aster isks indi cate sig nifi  cant dif fer ence (p < 0.05).
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