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Research Report

Background and aims:

The liver and kidney play a major role in the elimination of a wide variety of endo-
xenobiotic anionic substances into bile and urine [1, 2]. Biliary and urinary excretion of
these anionic compounds is mediated by adenosine triphosphate (ATP)-dependent |
conjugate pumps that have been identified as members of the multidrug resistance-
associated protein family. Two members of this family, MRP1/mrpl and MRP2/mrp2
have been demonstrated to have similar substrate specificity and nucleotide sequence 3,
4]). MRP2/mrp2 is located on the canalicular membrane of hepatocytes as well as on the
brush border membrane of renal proximal tubules [5, 6, 7, 8]. The activity of this
transporter is absent in the mutant Groningen Yellow (GY/TIR) rats and Eisai
hyperbilirubinemic rats (EHBR) [9], which are rat models of Dubin-Johnson syndrome
[10, 11, 12, 13]. In MRPI1-transfected hepatic/renal cells and in various multidrug-
resistant tumor cells, MRP1 has been found to be located on the basolateral membrane
[2, 14, 15]. However, no exact localizations of hepatic and renal MRP1/mrp1 have been
as yet demonstrated in cholestatic condition. In the present study, we evaluated
immunohistocher;ﬁcally the intracellular localization of mrpl in liver and kidney during

écutebiliary obstruction.

Materials and Methods

Animals. |

Male Wistar rats weighing 240~260g were purchased from Nihon SLC (Shizuoka, |
Japan). All animals were kept according to the Guide for the Care and Use of
Laboratory Animals (the National Institutes of Health Publication 86-23, revised 1985).
Animals were housed in a temperature and humidity controlled room under a constant
light and dark cycle and allowed free access to feed and water. Animals were
anaesthetized with pentobarbital. All surgical procedures were performed under sterile
. condition. Thé common bile duct was ligated at 2 points and cut between distal and
proximal ligatures as described previously [16]. The liver and kidneys were removed
on O (control group; n=4), 1 (n=3), 3 (n=3), and 5 (n=3) days after BDL. For

immunohistochemistry, liver or kidneys were immediately embedded in OCT



embedding medium (Miles Inc, Eikhart, IN, USA) on dry ice and then stored at -80 °C
until use. Blood and urinary samples were collected from animals, and their billirubin
levels were determined using a standard assay. |

Antibodies. '

Mrpl (m-20), an affinity-purified goat polyclonal antibody raised against a peptide
mapping near the carboxy terminus of mouse mrpl was purchased from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). The mouse monoclonal antibody CD26,
raised against rat dipeptidylpeptidase IV (DPPIV), a canalicular marker enzyme, was
purchased from Serotec Ltd (Oxford, England). Alexa fluor goat anti-rabbit/mouse and
donkey anti-goat IgG (H+L) conjugates were obtained from Molecular Probes Europe
BV (Leicien, Netherlands). Other reagents were of high quality commércially available.
Immunoﬂuorescence staining.

Tissue sec'tions were cut into 8 ¢« m-thickness with a crybstat and placed on poly-L-
lysine-coated glass microscope slide. After air-drying for 2 hours, the tissue sections
were fixed in acetone at -20 °C for 10 min and then rehydrated with Tris buffer
solution (TBS),. pH 7.6. Nonspecific binding sites were blocked with 2 % bovine serum
albumin (BSA) in TBS pH 7.6 for 30 min at room temperature. Thereafter, the tissue
sections were incubated _ovérnight at 4 °C with mrpl (m-20) antibody or CD26
antibody at 1:100 or 1:50, respectively. Unbound antibody was washed from the tissue
with TBS (pH 7.6). Then, the tissue sections were incubated with donkey anti-goat or
goat anti-mqu'se IgG-Alexa in 2% BSA-TBS at 1:400 for 3 hours at room temperature.
After appropriate washing with TBS (pH 7.6), the tissue specimens were mounted with
SlowFade (Molecular Probes Europe BV, Leiden, thherla.hds). Finally, the sections
were observed by epifluorescence microscopy (Nikon UFX, Tokyo, Japan) and confocal
laser scanning microscopy (Lsm410, Carl Zeiss, Jena, Germany) using the excitation
wavelength of argon (488 nm) or helium (543 nm). Negative staining was performed by

incubating the medium without the primary antibody.

Results .

Plasma bilirubin level and liver histological changes

Compared to controls, the serum level of total bilirubin increased 8, 12, and 10 times on
days 1, 3, and 5 after BDL, respectively. Urinary excretion of bilirubin also increased in

parallel with serum bilirubin after BDL.



Immunofluorescence staining of hepatic mrpl

Weak granular staining of mrpl was mainly observed in hepatocyte cytoplasm of
control rats. The green staining with belt- and granule-like appearance gradually
increased in hepatocyte plasma membrane after BDL. Double staining with antibodies
against mrpl (green) and DPPIV (red) revealed that the distribution of belt- and
granule-like staining of mrpl 5 days after BDL was absent in the canalicular membrane
of hepatocytes.

Immunofluorescence staining of renal mrpl

In the present study, no specific immunofluorescence of mrpl was detected in control
rat kidney. The expression of renal mrpl was not significantly different from the control
1 day after BDL. However, mrpl-positive staining was detected in epithelia of some
tubules in the kidney 3 days after BDL. Similar staining patterns were essentially
observed in some renal tubules 5 days after BDL. '

Discussion

Although mrpl has been repdrted to increase in membrane fractions of isolated
hepatocytes in experimental cholestasis [17], subcellular localization of the protein has
not been as yet ;eported. In our study, weak immunostaining of mrpl was observed at
least-in hepotocyte cytoplésm of control rats. In agreement with this, previous reports
[18, 19] have shown that mrpl is predominantly found in the intracellular vesicles of
normal hepatocytes. However, the granular staining of mrpl was observed in both
basolateral'fnembrane and cytoplasm of hepatocytes after BDL. It is inferred from the
staining that the newly synthesized mrpl was being shipped through transcytotic
vesicles from the endoplasmic reticulum to the basolateral membrane.
Immunocytochemical studies have shown that mrpl is located in thé plasma membrane
of mrpl-transfected carcinoma cells [15] and drug-resistant tumor cells [20]. Our data,
together with previous reports, indicate that changes in the localization of mrpl may
depend on the pathophysiological condition of hepatocytes.

The substrate specificity of mrpl appears to be very similar to that of mrp2, also known
as canalicular multispecific organic anjon transporter (cmoat) [21, 22]. In addition,
mrpl knockout mice are hypersensitive to inflammatory stimuli [23]. Thus, the
expression of mrpl may be associated with the cytosolic concentration of both

cholephilic compounds and mediators of inflammatory reaction during cholestasis.



Furthermore, the number of mrpl-positive basolateral membranes of hepatocytes
increased concomitantly with the duration of ligation, suggesting the occurrence of
increased efflux of conjugated organic anions into the systemic circulation.

Elevation of serum bilirubin was consistent with a steady increase in urinary bilirubin,
suggesting that the kidneys may play a significant role in the elimination of conjugated
bilirubin and other organic anions from blood into urine. Mrp2 is expressed in the apical
membrane of renal proximal epithelia where it may function as a pump of amphiphilic
anionic compounds across the luminal membrane [10, 24]. BDL induces high
expression of mrp2 in renal proximal epithelial cells (Kobayashi Y et al. Hepatology
2000:32: 429a [abstract]), This mechanism may facilitate elimination of anionic
constituents into urine. In the present study, we also demonstrated that the location of
mrpl, different from that of mrp2 (date not shown), was in some renal tubules after
BDL. These tubules might be distal ones. Under normal conditions, distal tubules
participate in the transport of ions and H,0. On the other hand, the distal tubules may be
easily exposed to high concentrations of excretory compounds during the course of
water reabsorption [25]. Induction of mrpl might protect distal tubules from these
putative nephotoxic compounds. Polyuria occurring in mrpl knockout mice caused by
some drugs suc}; as etoposide [25] is consistent with this hypothesis.

In brief, the present study demonstrated that granular staining of mrp1 is over-expressed
in basolateral membrane and cytoplasm of rat hepatocytes after BDL. Mrpl was also
detected in some tubules of kidneys. The induction of mrpl may be the results of an
adaptive or.protective -response to impairment of hepato-biliary organic anion transport

during obstructive cholestasis.
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21. Intracellular localization of multidrug resistance-
associated protein 1 (mrp1) and mrp2'in
hepatocytes and renal tubular epithelial cells
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SUMMARY

The liver anld kidney play a major role in the elimination of a wide variety of endo-xenobiotic
-anjonic substrates into bile and urine. They are mediated by adenosine triphosphate (ATP)-
dependent conjugate export pumps, multidrug resistance-associated proteins. In this report,
chronological regulations and localization of mrpl and mrp2 in rat liver and kidney during bile
duct ligation were exanimated using immunoflurescence staining. BDL induced down-regulation
and fuzzy pericanalicular localization of mrp2 in rat liver. This change was accompanied by the
corresponding increase in hepatorenal mrpl, increase in renal mrp2. Reciprocal changes of these
transporters in liver and kidney are probably the results of an adaptation to impaired hepatic

excretion of conjugated organic anions.
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L FOBTRSOMERMESSER L, IHORBCHWLTVE (1, 2) o hLOM
. ﬁd)B B, A7 =4 ofticiIMiEE RcEET S multidrugresistance—-
associated proteins (mrp) LIENBZATPEKEMOINS LV AR—F—
PEISLTW3, mrp®D35 mrpl & mrp2 ZWXATIREE, 7IVBEIEML TN,
LBl mrpl & mrp2 KBSTEENRRETORBRDIEEIORNI LABHESNTSD,
FoB Bl 2 RESHARREER TR, HRIBBEEHEE (bile duct
ligation: BDL) &5y MOEHI>WETVRERL, FBIUBISITZ2mr
p 1BLY mrp 2 ORROEALEHHHBRE L DRE Uik
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Tk, Mrp (m—20) ¥¥&RUZo—FV#itk (Santa Cruz Biotechnolog
vy Inc., Santa Cruz, CA) =2#HAULE. ChoD—FFELENERLE2X
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MFECVIVE EEIX, BDL1H, 3HBXUSHEZEK Y b=V eBRTZHZNHKS,
12, 10f8ickBLE (Fig. 1), mECUYNEVIZIBDL3IHZRKED EFL., SHRICKE
POTRELE,

mr p 2 OHRFHEHSRE

a2y ba—)VIFTik, mrp 2 BERRFMREMEERICERBLCEELE (Fig. 2). BDL
1B&ICE, mrp 2 ORGHERZIY bo—V B LTH< 2. BDL 3 BRI EMBEEMNEC
SEVFFIERICTAERE mrp 2 FRES N, BDL 5 BECIT BMLERIFARNM Eo s
mrp 2 REHIPUREADE L BDS Nk,

—%. BCHWT BD Lk, SERMEARRS L CARICEVEREE mrp 2 EEORIY
- BOBIE,

mrp 1 OREHEBRE

2> FO—VHFTIE, mrp 1 ECFRIEARS 2V LTEEn: (Fig. 3). BDL
L DI LD mrp ]l RRLCHENL, FEREMEEMESLUNUE (latera
1 membrane) KHEIBHONE, —FH. SEADKRITIZ, 2> P o—VBIZBWUE mrp
| OHESPREEIRBTE R ok (Fig. 4)e LAUBDL3ERS5H&TH, mrpl &
BiZW 2O OBRMEHBEICBWTREFBD Sh iz

E-F 3

BDLickb, FREMESAEECBIIZ2mrp28HD down—regulation #
BRIN. FFHIRES L UHRERICBIT 2RBHREEIIRROHE L —B Lz (5~T). HRE
WZ &IZBDL S HREBWTmr p 2 &R OFFIREMEERIRA QBRI X TFIIREAZISES D,
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Fig.1. Time coursk; of plasma bilirubin after BDL.
Fig.2. Immunofluorescence staining of mrp2 in the control rat liver ..
Mrp2 was localized on the canalicular membrane in control rat liver. ( original magnification: X
75)
Fig.3. Immunoflurescence staining of mrp1 in the liver of control rats.
Weak staining of mrpl diffused in hepatic cytoplasm in the absence of clear membrane domains
in control rat liver. (original magnification: X150 )
Fig.4. Inmunoflurescence staining of mrpl in the kidney of control rats.

No specific staining was recognized In the control kidney.



