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Abstract

Non-alcoholic fatty liver disease can result in changes to drug metabolism and disposition
potentiating adverse drug reactions. Furthermore, arsenite exposure during development
compounds the severity of diet-induced fatty liver disease. This study examines the effects of
arsenite potentiated diet-induced fatty liver disease on hepatic transport in male mice. Changes
were detected for Mrp2/3/4 hepatic transporter gene expression as well as for Oatpla4/2b1/1b2.
Plasma concentrations of Mrp and Oatp substrates were increased in arsenic exposure groups
compared to diet-only controls. In addition, murine embryonic hepatocytes and adult primary
hepatocytes show significantly altered transporter expression after exposure to arsenite alone: a
previously unreported phenomenon. These data indicate that developmental exposure to arsenite
leads to changes in hepatic transport which could increase the risk for adverse drug reactions
during fatty liver disease.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent chronic liver disease which
ranges from steatosis to more advanced non-alcoholic steatohepatitis (NASH) which can
progress to cirrhosis and hepatocellular carcinoma (1). The generally accepted prevalence of
NAFLD in adults in the United States is approximately 30% (2). Previous studies have
linked exposures to Arsenite at part per million (ppm) concentrations to the development of
NAFLD (3-6); however, these exposure scenarios are not necessarily representative of more
frequent levels of arsenite present in water (7). Our laboratory recently demonstrated that
exposure to 100 part per billion (ppb) arsenite during development, in conjunction with a
Western style diet, results in significantly worsened NAFLD and NASH in male Swiss
Webster mice (8).

It has been demonstrated that NAFLD results in altered xenobiotic metabolism and
disposition through a variety of different mechanisms. Rats and mice fed a methionine-
choline-deficient (MCD) diet develop NASH, and it has been shown that these rodent
models are similar to human NASH when examining multidrug resistance-associated protein
(Mrp) and organic anion-transporting polypeptide (Oatp) transporters in the liver (9). In a rat
model of MCD NASH, altered disposition of metabolites of acetaminophen occurred, likely
as a result of detected increases in mMRNA and protein of Mrp transporters involved in both
biliary and sinusoidal efflux (10). Similarly, loss of membrane localization of the biliary
efflux transporter Mrp2 occurs in NASH, which decreases the ability to eliminate
xenobiotics and associated metabolites into the bile (11).

Alterations in xenobiotic disposition and metabolism contribute to increased rates of adverse
drug reactions (ADRS) in populations suffering from NAFLD. In rats with NASH, there is
increased susceptibility to hepatic and renal toxicity with administration of methotrexate
(12). The large prevalence of NAFLD in the human population in conjunction with the role
that arsenic exposure may play in predisposition to the disease later in life, suggests that
arsenic-induced NAFLD may also contribute to ADRs as a result of altered disposition of
xenobiotics and their metabolites. NASH also results in altered disposition of arsenic
metabolites including increased liver accumulation of monomethylarsonous acid (13). The
accumulation of this toxic metabolite in the liver in NAFLD likely plays a part in protracted
liver damage. Lastly, to our knowledge, the direct effects of arsenic on transporter
expression have not been examined.

The present study defines the effects of As (111) potentiated diet-induced NAFLD on
transporter gene expression and the disposition of probable hepatic transporter substrates in
male mice with developmental exposure to arsenite. In addition, cultured murine embryonic
hepatocytes and adult primary hepatocytes are examined after exposure to arsenite in both
the presence and absence of Intralipid (a soybean oil based 20% fat emulsion that contains
free fatty acids [FFA]) to determine transporter expression independent of FFA induced
triglyceride (TAG) accumulation. Intralipid, when added to culture media, induces steatosis
in primary hepatocytes (14). The objectives of this study are to determine how As (111)
potentiated diet-induced NAFLD affects hepatic transport and to gain insight into the
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relative contributions of increased hepatic FFAs and As (111) exposure to alterations in
transporter gene expression in embryonic and adult hepatocytes.

Materials and Methods

Animals and Treatment

Animal tissue, plasma, and metabolomic information used in this study were derived from
an initial investigation establishing effects of developmental As (I11) exposure on
susceptibility to diet-induced NAFLD in male Swiss Webster mice. (8). The most severe
NAFLD was present in mice that were exposed to 100 ppb As (111) in the drinking water
starting at embryonic day 5 through birth (1U) or through the end of the study (IU+13W).
Sacrifice was at 13 weeks of age. Water and food were provided ad /ibitum (for all animals)
and dams were provided standard chow (2019 Teklad Global 19% Protein Extruded Rodent
Diet, Harlan Laboratories Inc) through weaning. All pups were provided Western diet
(TestDiet) ad libitum after weaning and water was provided ad /ibitum with either 100 ppb
As (111) as sodium arsenite (NaAsO2, Sigma) or 100 ppb sodium chloride in control animals
(NaCl, VWR). The Arizona Laboratory for Emerging Contaminants (ALEC) verified stock
arsenite concentrations and speciation by inductively coupled plasma mass spectrometry:
ALEC also detected no arsenic species in the diet. Water was replaced and spiked with As
(1) from frozen (-20°C) stocks weekly. All animal use and experimental protocols
followed University of Arizona Institutional Animal Care and Use Committee (IACUC)
regulations and remained in accordance with institutional guidelines ensuring that animals
were treated humanely and with regard for alleviation of suffering. The methods for
performing metabolomic analysis are provided in detail in the previous manuscript (8).

Reverse Transcription Real-Time Polymerase Chain Reaction (RT-gPCR)

TRIzol® was used to isolate RNA from flash frozen tissue samples, or cultured cells,
according to the manufacturer’s protocol (Life Technologies). 1 ug RNA was used to
generate first strand cDNA using the Transcriptor First Strand cDNA Synthesis kit (Roche).
Real-time Polymerase Chain Reaction (QPCR) was performed using the TagMan Master
Primer-Probe System (Roche). 40S Ribosomal Protein 7 (Rps7) was used as a housekeeping
gene for relative quantification of target mMRNA. The genes of interest, the primer sequences,
and the corresponding fluorescein probes from Roche’s Universal ProbeLibrary are listed in
Table 1.

Protein Isolation, Immunoblotting, and Densitometry

Total protein was isolated from the liver as previously described (15). Whole-cell lysate was
combined with Laemmli Sample Buffer (Bio-Rad), separated by SDS-PAGE utilizing 7.5%
polyacrylamide gels, and transferred to polyvinylidene difluoride membrane. The membrane
was then blocked against non-specific binding with 5% nonfat dry milk (NFDM) in 1x PBS
and 0.1% Tween 20. Primary antibodies Mrp3 (sc-5775; Santa Cruz Biotechnology
[SCBT]), Mrp4 (ab15602; Abcam), Oatplal (sc-47265; SCBT), Oatpla4d (sc-18436;
SCBT), and Oatp1b2 (sc-47270; SCBT) were diluted in 1% NFDM at 1:1000. Relative
protein concentration was calculated utilizing ImageJ (NIH) with Erk2 (sc-154: 1:10000;
SCBT) serving as a loading control and housekeeping protein.
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Immunohistochemistry

Formalin fixed paraffin embedded serial liver sections were prepared at 7 um and
deparaffinized in xylene followed by rehydration in a series of ethanol solutions to distilled
water. Following overnight antigen retrieval at 60 °C in Tris-EDTA Buffer (10mM Tris Base,
1mM EDTA Solution, 0.05% Tween 20, pH 9.0) an endogenous peroxidase block was
performed with 3% H,0, in PBS for 20 min. The sections were blocked in 5% serum (of the
secondary antibody species) in PBS for 30 minutes. The sections were probed for Mrp3
(sc-5775, Santa Cruz Biotechnology) and Abcg2 (BXP-53, Kamiya Biomedical Company)
diluted in 5% serum in PBS (donkey for Mrp3 and goat for Abcg2) for 2 hours at room
temperature (RT). Sections were then probed with biotinylated secondary antibody for 30
min at RT (sc-2042 [Mrp3], sc-2041 [Abcg2]; Santa Cruz Biotechnology] in 5% serum in
PBS. Sections were then incubated with Avidin D-HRP complex (sc-2053, Santa Cruz
Biotechnology) for 30 minutes at RT. Sections were then developed with 3,3’-
Diaminobenzidine (DAB) (D-5905, Sigma) and counterstained with hematoxylin (Thermo
Scientific). 10 um sections were stained with hematoxylin and eosin (H&E) (Thermo
Scientific) to demonstrate previously established NAFLD (8). Images were captured using a
bright field microscope.

Embryonic Liver Culture and Primary Hepatocytes for Gene Expression and Triglyceride
Accumulation

Pregnant Swiss Webster mice (Harlan Laboratories Inc) were euthanized via CO, euthanasia
followed by cervical dislocation and tissues were surgically isolated from several E12.5
embryos. Observation of the vaginal plug was considered E0.5 and developmental stage was
verified by somite number. The liver bud was surgically removed and rinsed in sterile
phosphate buffered saline (PBS) multiple times prior to isolation of cells. Embryonic liver
cultures were prepared in DMEM (Dulbecco’s modified Eagle’s medium) with serial
passage through 18 and 25 gauge syringes: single cell suspensions were prepared and cells
were allowed to adhere. All experiments were performed with cells at passage 5 or below.
During passaging, cells were cultured in DMEM with 20% fetal bovine serum (FBS),
antibiotics, and insulin—transferrin—selenium (Invitrogen, Carlsbad, CA). Primary
hepatocytes were isolated as previously described (16) utilizing 2 male C57BL/6 mice.

During experiments, cells were cultured in DMEM with 10% FBS and antibiotics plus the
relevant treatment. Cultures were incubated at 37°C with 5% CO and 95% humidity. Cells
were treated with 100 ppb arsenite as sodium arsenite (NaAsO2, Sigma), 6% (by volume)
Intralipid (Sigma), or both for 48 hr. There was no observed cytotoxicity for arsenite after 48
hr below 750 ppb via MTT assay (Vybrant MTT, Life Technologies) in embryonic liver cells
(data not shown) or in primary hepatocytes as previously reported (17). 6% Intralipid causes
marked steatosis in primary hepatocytes with no observed change in cell viability (14).

For TAG accumulation experiments, cells were freeze/thawed at —20 °C in PBS, scraped,
sonicated, and extracted with 2:1 volume ratio of Chloroform and Methanol. The lipid
fraction was resuspended with 1% Triton X-100 in 100% Ethanol. TAG was quantified using
the TAG reagent set (Pointe Scientific) and normalized to total protein content as determined
by BCA assay (Life Technologies).
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Results
As (Ill) Potentiated Diet-induced NAFLD and Hepatic Transporter Gene Expression

Several hepatic transporters were examined to determine if As (I11) potentiated diet-induced
NAFLD affected a change in their gene expression (Figure 1). Increased expression of
Mrp2, Mirp3, Mrp4, Oatplad, and OatpZbl was detected in the IU+13W animals with
NASH compared to the control group (diet-induced steatosis). These detected changes were
significant and no differences were detected for Oatplal. In the IU+13W and IU (borderline
NASH) groups there were significant decreases in the expression of Oafp1b2 compared to
control animals. No change in expression of Abcg2was detected in any of the experimental
groups (data not shown). Collectively, these data reveal changes in the expression of a
number of hepatic transporters during As (111) potentiated diet-induced NAFLD with the
most robust changes coinciding with severe NAFLD pathology: NASH.

Hepatic Transporter Protein Levels

Following the observed changes in mRNA levels, protein levels of the examined hepatic
transporters were also determined. For the proteins where accurate detection was achieved,
there was no significant alteration in protein level in any examined transporter (Figure 2).
There was a modest increase in detection of Mrp3 in the IU animals compared to controls,
but it did not reach statistical significance (p = 0.0615, n=4). This is consistent with the
increased detection of mMRNA for Mrp3 (Figure 1). In many other studies examining gene
expression and protein quantity of hepatic transporters, there is not always a significant
change detected at both the mRNA and protein level: in some cases, there is even robust
change in one, but no change detected in the other.

Localization of Mrp3 and Abcg2 with As (lll) Potentiated Diet-induced NAFLD

Despite the lack of statistically significant changes at the protein level, transporter
localization could be disrupted and contribute to changes in substrate distribution. For
example, Mrp2 can withdraw from the canalicular membrane during conditions of stress
such as NASH (Hardwick et al. 2011). Therefore, immunohistochemistry (IHC) was utilized
to determine if Mrp2 localization was altered in As (111) potentiated NAFLD, but detection
proved unsuccessful with commercially available antibodies. In Figure 3 there does not
appear to be any change in localization of Mrp3 along the sinusoidal membrane or for
Abcg? detection along the canalicular membrane in any of the treatment groups compared to
controls. This is consistent with previous findings and is indicative of transporter specific
effects (Hardwick et al. 2011). H&E staining of representative sections shows simple
steatosis in the control animals, borderline NASH in the IU group, and definitive NASH
present in the IU+ group as previously reported (Ditzel et al. 2015).

Metabolomic Analysis of Mrp and Oatp Substrates in Plasma

We speculated that disruption in Mrp and Oatp expression will coincide with changes in
their substrates such as metabolites conjugated to glutathione, sulfate, or glucoronate and
other known substrates (18). Therefore, we performed metabolomic analysis to detect
substrates in blood plasma (Table 2). Two sulfated metabolites (possible Mrp substrates),
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catechol sulfate and 3-[3-(sulfooxy)phenyl]propanoic acid, were detected to be significantly
increased in plasma of IU+13W mice. There was a slight increase in catechol sulfate
detected in plasma of 1U mice, but it did not reach statistical significance (p = 0.0587; n=8
for IU and IU+13W and n=7 for controls). Finally, there was a modest increase in
unconjugated bilirubin, an Oatp substrate, in plasma of IU+13W mice, but it did not reach
statistical significance (p = 0.0767). These data provide further evidence that functional
hepatic transport is altered during As (I111) potentiated diet-induced NAFLD. However, it is
important not to overextend the interpretation of this metabolomic data: differences in
sulfotransferase activity and gene expression have been observed in NASH and the substrate
specificity of the two proposed sulfated metabolites for Mrp’s was not determined (19).

Effects of Intralipid and As (lll) on Lipid Accumulation and Transporter Gene Expression
in Embryonic Liver Culture and Primary Hepatocytes

TAG accumulation was determined in embryonic day 12.5 hepatocytes and adult primary
hepatocytes that had been exposed to 6% Intralipid (to replicate increased FFA levels), 100
ppb As (111), or a combination of both. In embryonic cultures, there was no change in TAG
accumulation detected with any of the treatments compared to controls (Figure S1A).
Primary hepatocytes were examined under the same conditions and increased TAG was
detected in the Intralipid and As (I11) with Intralipid treated groups, but no significant
difference between the two was detected (Figure S1B).

Transporter expression was also evaluated in both embryonic and adult liver culture under
the indicated conditions to determine if there was a differential effect in the presences of As
(1) compared to Intralipid alone. Expression of Oafplaland Oatpla4 was not detected in
E12.5 hepatocytes, which is consistent with previous examinations of expression of hepatic
transporters during development (20). There was no statistical difference between any of the
treatment groups for expression of MroZ2or Oatp1b2 (data not shown). In addition,
expression of Mrp2was low or undetectable within all groups and is consistent with
previous findings that show expression to be markedly lower during development with a
75% increase in expression occurring two days before parturition (21). In contrast,
significant changes were detected for Mrp3, Mrp4, and Oatp2b1 between various treatment
groups (Figure 4). Mrp3expression was significantly increased in both Intralipid and As
(1) with Intralipid treated groups compared to control and As (111) alone; however, there is
no significant difference between the Intralipid and As (I11) with Intralipid groups (Figure
4A). When examining Mrp4 expression, there appears to be a significant additive increase in
expression when Intralipid and As (I111) are combined compared to either Intralipid or As
(111) alone. There is a significant increase in expression of Mrp4in the As (111) treatment
group compared to controls, but no such increase was observed with Intralipid alone (Figure
4B). Finally, a robust and significant increase in expression in Oafp2bl is detected in the
Intralipid and As (111) co-treated group constituting a combinational effect, and no other
treatment groups were significantly different than control (Figure 4C).

The expression of the select hepatic transporters was also examined in adult primary
hepatocytes subjected to the same treatments as the embryonic hepatocytes. Expression of
Mrp2 was increased with As (I11) exposure, decreased with Intralipid, and not statistically
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different from the combination of the two compared to controls (Figure 5A). The expression
of Mrp3 was decreased with Intralipid alone and Intralipid and As (111) combined (Figure
5B). As (I11) alone and As (111) with Intralipid caused increased expression of Mrp4
compared to controls (Figure 5C). Compared to controls, there was no statistically
significant change in the expression of Oatplal with any of the treatments, but there was a
significant difference detected between the Intralipid and Intralipid with As (I11)
combination group (Figure 5D). The expression of Oatp1b2 was decreased with As (111)
alone compared to controls (Figure 5E). Finally, the expression of Oatp2b1 was increased
with Intralipid alone and Intralipid with As (111) compared to controls (Figure 5F). No
significant difference in expression of Oatpla4 was detected in any of the culture conditions
(data not shown). These data show that in cultured hepatocytes (adult and embryonic)
transporter expression is altered by exposure to As (111) alone, independent of TAG
accumulation. It is important to note that the hepatocytes examined in these two groups of
studies were derived from different strains of mice, so differences in their response may not
be solely due to the comparison between adult and embryonic liver.

Discussion

The /n vivoalterations in the expression Mrps (Figure 1) are consistent with human and
rodent models of NAFLD (9-11, 22). In Mrp2~/~ mouse models, there is an increased
detection in the expression of Mrp3(23) and Mrp4 (24). Disruption of Mrp2 canalicular
localization would result in similar functional defects to that of Mrp2~/~ mice. Determining
localization of Mrp2 in this model will be necessary to further elucidate potential
mechanisms. Additionally, oxidative stress triggers Mrp2 internalization (25). FFA drives
oxidative stress in NAFLD and hepatocytes treated with FFA undergo oxidative stress (26).
As (111) also generates oxidative stress (27-29) and is capable of activating Nuclear factor
(erythroid-derived 2)-like 2 (Nrf2) (30). During oxidative stress, increased expression of
Mrp3 and Mrp4 is partially dependent on activated Nrf2 (31). Thus, activation of Nrf2 by As
(1) likely plays a role in the alteration of transporter expression.

The increase in Mrp substrates in plasma (Table 2) suggest that there is a functional change
in metabolite disposition during As (I11) potentiated diet-induced NAFLD. This is consistent
with findings that link changes in Mrp function to altered xenobiotic disposition (10, 12, 15).
In a genome wide evaluation of patients with NAFLD, there was a decrease in global hepatic
Oatp expression (32). In mice, the effects are different. In multiple studies examining mouse
models of NAFLD increased expression of Oafpla4was observed (9, 22, 33). In our mouse
model, we detected increased expression of Oatplad and Oatp2b1l (in both cell models as
well), and decreased expression of Oatp1b2 in the IU+13W group (Figures 1, 4C, 5F).
Decreased expression of Oatp transporters is associated with increased systemic exposure to
xenobiotics in rat models of NASH (34, 35). The expression changes observed across our
models and plasma concentration of unconjugated bilirubin (Table 2) suggest that As (111)
mediated alterations of hepatic transport could affect Oatp mediated xenobiotic transport as
well.

Male mice exposed to 100 ppb As (I11) after weaning while on a Western diet do not develop
NASH (8). Increased TAG accumulation was not detected in adult primary hepatocytes from

J Biochem Mol Toxicol. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ditzel et al.

Page 8

combination exposure to Intralipid and As (I11) compared to Intralipid exposure alone
(Figure S1B). This highlights that developmental exposures are necessary for As (I11)-
induced NAFLD. TAG accumulation was undetected in E12.5 hepatocytes, but that is
possibly due to the incomplete differentiation at that stage (Figure S1A). Phase | metabolism
(and the examined transporters) reach adult expression and functionality at different stages
of development (20, 21, 36). This gradient of transport and metabolizing competence could
be one of the reasons for the differences observed between embryonic and adult primary
hepatocytes exposed to identical conditions.

These data represent the first instance where low-level As (111) exposure in cultured
hepatocytes result in alterations of transporter expression. If these effects translate to
populations exposed to As (111), they represent a non-traditional endpoint that could have
significant health effects. Additional /7 vivo studies on the effects of As (111) during
embryogenesis and through development would be needed to verify if exposure to arsenite
can alter hepatic transport independently of NAFLD progression and determine
susceptibility to these alterations at different life stages. These finding suggest that exposure
to As (I11) could contribute to ADRSs as a result of altered disposition of xenobiotics and
their metabolites through direct As (111) mediated changes in transporter expression. The
capability of As (I11) to potentiate the severity of diet-induced NAFLD likely results in
altered transport by virtue of creating a more severe NASH phenotype, but As (111) may be
contributing through overlapping or independent mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. As (111) Potentiated Diet-induced NAFLD Disrupts Hepatic Transporter mRNA

Expression

Transcript levels of select Mrp and Oatp transporter genes are shown as fold change
compared to controls with error bars representing standard error. Analytical duplicates were
used and a one-way ANOVA followed by a Dunnett’s multiple comparison test utilizing
Prism6 (GraphPad) for comparisons between treatment groups and controls: the reported p-
value is the multiplicity adjusted p-value corrected for multiple comparisons. (*** =p <
0.001; **=p<0.01; *=p<0.05 compared to controls). n=5.

J Biochem Mol Toxicol. Author manuscript; available in PMC 2017 July 01.



Oatplb2

-

z 3 Beo g
§pd SPEIz,
nom [ §i:%:s
© 5838

0o S8 % 3

5988

[0U0)) 0] 2ANEB[AY 2Fury)) PIO]

J Biochem Mol Toxicol. Author manuscript; available in PMC 2017 July 01

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Ditzel et al. Page 13

Figure 3. Localization of Mrp3 and Abcg2 with As (111) Potentiated Diet-induced NAFLD
Liver sections were probed with Abcg2 and Mrp3. Mislocalization of Abcg2 to the

canalicular membrane and Mrp3 to the sinusoidal membrane has not been reported in
NALFD models and is not observed. H&E stained sections demonstrate the presence of
NAFLD in IU and IU+13W treatment groups.
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Figure 4. Effects of Intralipid and As (I11) on Transporter Gene Expression in Embryonic Liver
Culture

MRNA levels of select Mrp and Oatp transporter genes found to be statistically different
than control with described treatments are shown as fold change compared to control. The
box extends from 25t to 75! percentile and whiskers show the entire distribution: the
horizontal line is the median and the + is the mean. Analytical duplicates were used and a
one-way ANOVA followed by a Tukey’s multiple comparison test utilizing Prism6
(GraphPad) for comparisons between groups: the reported p-value is the multiplicity
adjusted p-value corrected for multiple comparisons. (**** = p < 0.0001; *** = p < 0.001;
**=p<0.01;*=p<0.05compared to controls). n=4.
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Figure 5. Effects of Intralipid and As (I11) on Transporter Gene Expression in Primary
Hepatocytes

MRNA levels of select Mrp and Oatp transporter genes found to be statistically different in
the indicated treatments compared to control. Fold change compared to control is shown for
each target. The line is the mean and the error bars are the standard deviation. Analytical
duplicates were used and a one-way ANOVA followed by a Tukey’s multiple comparison
test utilizing Prism6 (GraphPad) for comparisons between groups: the reported p-value is the
multiplicity adjusted p-value corrected for multiple comparisons. (**** = p < 0.0001; *** =
p <0.001; ** =p <0.01; *=p < 0.05 compared to controls). Representative results are
shown from a primary hepatocyte isolation with each treatment condition examined in
triplicate. n=3.
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Table 1
Primers and Probes for RT-qPCR.?4
Gene Left (5’-3) Right (5-3) Probe NCBI RefSeq
Mrp2 | CAAATCCAATTCTCTACCTATGCAC GCCTGCAGTGTTGGATCA 92 NM_013806.2
Mrp3 CTTCATGGTGGTTGTCTTGC ACATAGAAGCGCTGCACAAA 76 NM_029600.3
Mrp4 CCACATGATTTACCGGAAGG AGGTTAACTATCTGGCCTGTGG 60 | NM_001033336.3
Abcg2 GCCTTGGAGTACTTTGCATCA AAATCCGCAGGGTTGTTGTA 100 NM_011920.3
Rps7 AGCACGTGGTCTTCATTGCT CTGTCAGGGTACGGCTTCTG 101 NM_011300.3
Oatplal | GGAAAACCTTGGAATCACTAAAGA | GGAGCACACTCGTAAGACTGAA 84 NM_013797.5
Oatplad GGTGGCGATAGAAACTAACCA ATAGGAGGGACTTGCATTGG 22 NM_030687.1
Oatp1b2 CCCGTGACTAATCCAACAACA GCTTCTCAGAGACCATAGAAAACC | 51 NM_020495.1
Oatp2b1 GCCACATCGCTTCCAGTTAT CAGGATGCCAGGGTAGATTAAC 41 NM_175316.3

aThe examined genes are: ATP-Binding Cassette Sub-Family C Member 2/3/4 (Mrp2/3/4), ATP-Binding Cassette Sub-Family G Member 2
(Abcg?2), 40S ribosomal protein S7 (Rps7), and Solute Carrier Organic Anion Transporter Family Member 1al/la4/1b2/2b1
(Oatplal/lad4/1b2/2b1).
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