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o-1 Antitrypsin deficiency (A1ATD) can progress to cirrhosis and hepatocellular carcinoma; however, not all
patients are susceptible to severe liver disease. In A1ATD, a toxic gain-of-function mutation generates insol-
uble ATZ “globules” in hepatocytes, overwhelming protein clearance mechanisms. The relationship between
bile acids and hepatocytic autophagy is less clear but may involve altered gene expression pathways. Based
on previous findings that bile duct ligation (BDL) induces autophagy, we hypothesized that retained bile acids
may have hepatoprotective effects in PiZZ transgenic mice, which model A1ATD. We performed BDL and par-
tial BDL (pBDL) in PiZZ mice, followed by analysis of liver tissues. PiZZ liver subjected to BDL showed up
to 50% clearance of ATZ globules, with increased expression of autophagy proteins. Analysis of transcription
factors revealed significant changes. Surprisingly nuclear TFEB, a master regulator of autophagy, remained
unchanged. pBDL confirmed that ATZ globule clearance was induced by localized stimuli rather than diet or
systemic effects. Several genes involved in bile metabolism were overexpressed in globule-devoid hepatocytes,
compared to globule-containing cells. Retained bile acids led to a dramatic reduction of ATZ globules, with
enhanced hepatocyte regeneration and autophagy. These findings support investigation of synthetic bile acids

as potential autophagy-enhancing agents.
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INTRODUCTION

o-1 Antitrypsin deficiency (A1ATD) is the most com-
mon inherited pediatric liver disorder and the most fre-
quent genetic cause of liver transplantation (reviewed in
Ghouse et al."). The classical form of AIATD involves
homozygosity for the Z allele (PiZZ) in the SERPINAI
gene, causing accumulation of misfolded ATZ protein
monomers in the endoplasmic reticulum (ER) of hepa-
tocytes. These toxic insoluble globules are periodic
acid-Schiff (PAS)*/diastase resistant. Chronic hepato-
cyte injury from ER stress can progress to cirrhosis and
hepatocellular carcinoma®. Although liver transplantation
remains the only cure for patients with severe liver dis-
ease, prospective studies in PiZZ newborns found that
only ~8% of homozygotes develop clinically significant
liver disease by adulthood, suggesting the role of other
genetic or environmental modifiers of susceptibility”.

The PiZZ transgenic mouse overexpresses human ATZ
protein, providing a useful model to study A1ATD-related
liver disease®. Histologically, two main hepatocyte popu-
lations exist, described as “globule containing” (GC) or
“globule devoid” (GD)’. In vivo studies have shown that
stressed GC hepatocytes demonstrate decreased prolif-
eration and increased apoptosis compared to healthier
GD hepatocytes™®”. These differential capabilities can be
exploited with autophagy-enhancing agents to promote
ATZ globule clearance”".

At the transcriptional level, regulation of autophagy is
tightly coordinated with induction of nuclear transcription
factors' . Nuclear receptor pathways offer promising
targets for pharmacologic agonists, such as synthetic bile
acids, in treating chronic liver diseases'*. The relationship
of bile acids and hepatocytic autophagy is less clear™'°.
A recent study found that although bile duct ligation
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(BDL) led to cholestatic liver injury in mice, activation
of autophagy in hepatocytes was protective". In human
liver, biliary obstruction induces transcriptional repro-
gramming in hepatocytes'’. Thus, altered gene expression
may be a common survival mechanism following BDL.
We therefore hypothesized that BDL may also lead to
hepatoprotective effects in PiZZ mice. In this study, we
show that retained bile acids trigger alternate transcrip-
tional pathways and enhance hepatocyte regeneration and
autophagy, leading to ATZ globule clearance.

MATERIALS AND METHODS
Animal Surgeries

We used 3-month-old mice, since ATZ globules in
PiZZ mouse liver peak at ages 2—-3 months. We used male
PiZZ (c57/b6) mice, given sex-dependent phenotypic
variations. Female PiZZ mice have significantly less ATZ
globules compared to male PiZZ mice, making them less
suitable for our studies'. Mice were maintained on 12-h
light/dark cycles, with ad libitum mouse chow and water in
an approved barrier facility. Surgery was performed under
isoflurane anesthesia. The mouse was positioned on the
surgical table under a surgical microscopy apparatus, and
a midline abdominal incision exposed the hepatic hilum
and hepatoduodenal ligament. For total BDL, the common
bile duct was dissected from the hepatoduodenal ligament
and ligated with 7-0 silk. A double ligature was made.
Sham operations for BDL were performed in the same
way without bile duct dissection and ligation. For partial
BDL (pBDL), the unligated right lobe served as an internal
control for the ligated left lobe, subjected to the same sys-
temic effects, such as diet or circulating factors activated
by BDL. Previous studies have observed less fibrosis and
necrosis in the internal control lobe in pBDL". For pBDL,
the main biliary confluence of the right and left bile duct
was carefully visualized at the hepatic hilum, and only the
left bile duct was ligated with 10-0 nylon. The abdomi-
nal incision was closed in two layers using a continuous

Table 1. List of Antibodies Used in This Study
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running suture. Liver tissues were harvested at days 3,
7, and 14 after surgery (n=3-5 mice per time point). All
procedures were in accordance with ethical guidelines of
the Institutional Animal Care and Use Committee of the
University of Pittsburgh (#15035202).

Histology and Globule Morphometry

Immunohistochemistry and confocal immunofluo-
rescence microscopy were performed as previously
described”. See Table 1 for the list of antibodies. PASD
staining was performed according to the manufacturer’s
protocol (Sigma-Aldrich). For quantitative ATZ glob-
ule morphometry, formalin-fixed paraffin sections were
costained with PASD and DAPI nuclear stain, and whole
slides of tissue sections from each liver lobe were imaged
and reconstructed on a Nikon Al tiling fluorescence
microscope. The percent area of ATZ globules per cell
nucleus was quantified blindly using an automated algo-
rithm designed with the Nikon Elements software.

Western Blots

Total cell lysates or nuclear extracts were separated on
SDS-PAGE, followed by Western blotting as previously
described” (antibodies listed in Table 1).

Laser Capture Analysis

Frozen unfixed liver tissue sections (n=3) were stained
with cresyl violet, and clusters of GC and GD cells were
isolated via laser capture microdissection (LCM) for total
RNA isolation, as previously described®. Gene array anal-
ysis of RNA expression was performed using Affymetrix
mouse 2.0 ST arrays.

RESULTS

BDL Induces Clearance of ATZ Globules
in PiZZ Mouse Liver

We performed BDL in PiZZ mice to provide a stimu-
lus for biliary-driven regeneration. Serum biochemistries

Antibody Clone (Source) Dilution Method
A1AT Goat pAb #A80-122A (Bethyl) 1:1,000 IF
ATGS5 Rabbit mAb D5F5U (Cell Signaling) 1:1,000 WB
ATGI12 Rabbit mAb D888H11 (Cell Signaling) 1:1,000 WB
Activated caspase 3~ Rabbit pAb #9661 (Cell Signaling) 1:200 IHC
C/EBP-a Rabbit pAb 14AA (Santa Cruz) 1:1,000 WB
C/EBP-f Rabbit pAb C-19 (Santa Cruz) 1:1,000 WB
LC3A/B Rabbit mAb D3U4C (Cell Signaling) 1:1,000 WB
LC3B Rabbit pAB #NB100-2220 (Novus Biologicals) 1:200 IF
Ki-67 Rabbit mAb SP6 (ThermoFisher) 1:50 IHC
TBP Mouse mAb 1TBP18 (Abcam) 1:200 WB
TFEB Goat pAb V-17 (Santa Cruz) 1:1,000 WB

IF, immunofluorescence; IHC, immunohistochemistry; mAb, monoclonal; pAb, polyclonal; WB, Western blot.
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(Fig. 1A) confirmed acute liver injury at day 3, followed
by chronic cholestasis at days 7 and 14 after BDL*'. We
observed a remarkable decrease in PASD staining in BDL
livers compared to age- and sex-matched sham controls,
as early as 3 days after BDL (Fig. 1B). We then performed
blinded automated globule morphometry of whole-tissue
sections from multiple liver lobes and found as high as
50% reduction in ATZ globules compared to sham con-
trols (Fig. 1C). This indicates more accelerated globule
clearance than expected with aging alone. Interestingly,
residual GC cells localized to periportal regions between
proliferating intralobular bile ducts (Fig. 1D).

BDL Induces an Early Regenerative Response
in GD Hepatocytes

Given our findings of increased ATZ globule clearance
as early as day 3 after BDL, corresponding to the period
of acute liver injury, we investigated PASD costain-
ing with markers of cellular proliferation and apoptosis
(Fig. 2). In day 3 sham, Ki-67" cells are an infrequent
but distinguishing feature of small clusters of repopulat-
ing GD hepatocytes, which is a typical finding in PiZZ
mice (Fig. 2A, left). In contrast, robust Ki-67" prolifera-
tive activity was observed in GD hepatocytes 3 days after
BDL in response to the acute liver injury (Fig. 2A, right),
and a very small subset of GC hepatocytes were Ki-67"
(Fig. 2C). Similarly, activated caspase 3 colocalized with
GC hepatocytes in day 3 sham but was surprisingly dimin-
ished 3 days after BDL (Fig. 2B). These results suggest
that regeneration of new GD hepatocytes may contribute
to the “cleared” regions of GD cells; however, this turn-
over is not completely balanced by increased apoptosis of
GC hepatocytes.

BDL Induces Increased Expression of Autophagic
Proteins in PiZZ Mouse Liver

Given our findings of increased proliferation of GD
cells without comparable increase in apoptosis of GC
cells, we hypothesized that the reduction in ATZ glob-
ules may involve intracellular protein clearance pathways
rather than exclusive proliferation of new GD hepato-
cytes. Autophagy involves conjugation of Atg proteins
and conversion of LC3I to LC3II. To further investigate
possible intracellular mechanisms for ATZ globule clear-
ance, we performed Western blotting for members of the
autophagy pathway, including beclin-1, Atg3, Atg7, Atg5,
Atgl2, Atgl6L, and LC3A/B. BDL liver had increased
expression of Atg5/12 (days 3 and 7) (Fig. 3A) and
LC3A/B (days 3, 7, and 14) (Fig. 3A and B). These pro-
teins signify later events in ubiquitin-like conjugation and
the formation of autophagosomes. Specifically, Atg5 is
an acceptor protein for the ubiquitin-like protein Atg12%.
To further compare autophagic changes in GC and GD
cells, we performed immunofluorescence microscopy
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for LC3 (green) and A1AT (red). As shown in Figure 3C
and D, there was differential localization of LC3B in GD
hepatocytes, compared to a very small subset of GC cells
with ATAT globules. This suggests enhanced autophagy
and protein clearance in GD hepatocytes after BDL.

BDL Induces Transcriptional Reprogramming
in PiZZ Mouse Liver

To further investigate altered gene expression path-
ways after BDL, we performed Western blots on nuclear
extracts for selected transcription factors known to regu-
late autophagy (Fig. 4). As expected, increased nuclear
FXR was observed early after BDL (Fig. 4A), which
appeared to trend down at later time points (Fig. 4B)".
Surprisingly, nuclear TFEB, a master regulator of auto-
phagy, was not significantly induced after BDL'">. Com-
pared to wild-type and sham PiZZ mice, we did observe
a significant decrease in nuclear C/EBP-o after BDL,
while the expression of C/EBP-B appears to fluctuate.
Both C/EBP isoforms are well-described regulators of
liver regeneration™.

Partial BDL Induces Localized ATZ Globule
Clearance in PiZZ Mouse Liver

To determine if ATZ globule clearance was induced by
retained bile acids versus systemic effects, we performed
pBDL on PiZZ mice, where only the left bile duct was
ligated; thus, the unligated right lobe served as an inter-
nal control, subjected to the same dietary and systemic
exposures as the left lobe. Although there was clear evi-
dence of cholestasis in the ligated lobe after pBDL, serum
biochemistries were less severely affected in pBDL mice
(Fig. 5A), confirming compensatory hepatic function
from the unligated lobes. We then analyzed both ligated
and unligated (control) lobes by globule morphometry,
which again demonstrated approximately 50% reduc-
tion in ATZ globules in the ligated lobe compared to the
unligated lobe (Fig. 5B). Similar to total BDL, PASD
stain (Fig. 5C) confirmed large areas of clearing and
bile ductular proliferation in the ligated lobe. These
results confirm that localized retained bile acids trigger
a direct microenvironmental stimulus on signaling path-
ways leading to ATZ globule clearance. Given that pBDL
mice were overall healthier appearing with less severe
lab abnormalities than BDL mice, systemic effects such
as diet/starvation-induced autophagy, gut-liver axis, or
other circulating factors are less likely causes for the dra-
matic reduction in globules.

Relationship of ATZ Globule Clearance
to Regeneration and Autophagy in Partial BDL

To identify mechanisms of ATZ globule clear-
ance in the ligated lobe, we performed PASD costain-
ing for Ki-67 and activated caspase 3 (Fig. 6), as well
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Figure 1. Bile duct ligation induces clearance of ATZ globules in PiZZ mouse liver. (A) Serum ALT, alkaline phosphatase, and total
bilirubin levels at days 3, 7, and 14 after BDL or sham operations. (B) Low-power views of PASD stains show dramatic clearance
of ATZ globules from the liver lobe (magnification: 40x). (C) Quantitative results of ATZ globule morphometry showing percent of
PASD globules present in the tissue section. (D) PASD stain showing “cleared” region after 14d BDL (magnification: 100x). Arrow
points to residual GC hepatocytes intermixed within areas of ductal proliferation.
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Figure 2. Bile duct ligation induces an early regenerative response in GD hepatocytes 3 days after surgery. (A) Ki-67 immunohis-
tochemistry costained with PASD shows regenerating Ki-67" GD hepatocytes (arrows). Inset shows a rare mitosis within a repopulat-
ing cluster of GD cells in sham control. (B) Activated caspase 3 immunohistochemistry costained with PASD does not show significant
apoptosis in GC hepatocytes after BDL (magnification: 200x). (C) Quantitative immunofluorescence data for the cell proliferation
marker Ki-67 and anti-human A1AT. Graph depicts a small subset of percentage of Ki-67" cells colocalizing with ATZ GC cells (nor-

malized to total number of cells).

as immunofluorescence staining for LC3B (Fig. 7B). In
pBDL, we observed Ki-67" proliferating GD hepatocytes
(Fig. 6A, right), as well as an absence of activated cas-
pase 3 (Fig. 6B, right) in the ligated lobe. We observed
increased LC3B staining in the ligated lobe (Fig. 7B,
right) compared to the unligated lobe (Fig. 7B, left),
confirming increased autophagosome activity in GD
cells. Coupled to our findings in total BDL, hepatocyte

regeneration of GD cells appears to be an early response
driven by local stimuli.

Differential Expression of CYP-Related Genes
in GC Versus GD Cells

To further investigate altered gene expression path-
ways in PiZZ mouse liver, we performed LCM on clus-
ters of GC and GD hepatocytes, followed by gene array
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Figure 4. Bile duct ligation induces transcriptional reprogramming in PiZZ mouse liver. (A, B). Western blot of nuclear proteins
showing decreased nuclear C/EBP-o. and C/EBP-f isoforms in BDL livers compared to sham-operated and wild-type (WT) control

liver. Nuclear FXR is decreased after BDL at later time points.

Nuclear TFEB is not significantly changed in BDL and sham livers.

TATA-binding protein (TBP) serves as the nuclear protein-loading control.

analysis. Interestingly, several genes involved in lipid
metabolism, along with bile transport (Slc10al), were
upregulated in GD cells (Table 2). Surprisingly, CYP8bl1,
a key regulator of bile acid composition, was the second
highest expressed gene in GD cells, with a 10.50-fold
change over GC cells (p=0.000338). Increased expres-
sion was also noted for CYP2c54, CYP4a32, CYP2c50,
and CYP2c44, all of which are involved in arachidonic
acid pathways. The complete gene array data set was
deposited in the NIH Gene Expression Omnibus (http://
www.ncbi.nlm.nih.gov/geo/), accession ID# GSE84763.

DISCUSSION

In summary, we found that retained bile acids trig-
ger alternate transcriptional pathways and enhanced
autophagy, leading to ATZ globule clearance in PiZZ
mouse liver. Mice subjected to pBDL showed lobe-specific
reduction in ATZ globules independent of dietary or sys-
temic exposures, suggesting a localized effect when
bile flow is obstructed. The increase in GD hepatocytes
after BDL is an early regenerative response, coinciding
with stimulation of proliferation, but not with increased
apoptosis of GC hepatocytes. Overall, our data point to a
hepatoprotective role for bile acids in A1ATD.

Numerous studies have reported the role of bile acid
signaling in liver injury and protection. Elevated bile
acids have been shown to accelerate liver regenera-
tion*'. Bile acid composition has been used as a tool to
assess graft function following liver transplantation®™’.

Hydrophilic bile acids are cytoprotective. BDL in wild-
type mice resulted in altered bile acid composition, with
a significant increase in hydrophilic taurine-conjugated
bile acids®. Similarly, the bile acid receptor TGRS main-
tains hepatoprotective effects by limiting bile acid hydro-
phobicity™. In contrast, hydrophobic bile acids have been
implicated in ER stress-induced apoptosis™. In relation
to this, we found CYP8bl to be highly expressed in
GD cells compared to GC cells, unlike in normal liver,
where it is diffusely expressed™. CYP8b1 catalyzes ste-
rol hydroxylation, which in turn determines the ratio of
primary bile acids and solubility”. Whether such changes
would affect the solubility of polymerized ATZ protein
is not yet known, and our attempts to compare bile acid
composition in BDL versus sham-operated PiZZ mice
were unsuccessful due to technical issues.

Regulation of bile acid signaling also involves interac-
tion of hepatic nuclear transcription factors, growth fac-
tors (FGF15/19), and bile acid receptors (FXR and TGRS)
with the gut-liver axis'"'****. BDL also upregulates the
nuclear transcription factor PPARa, although the latter
is not directly affected by bile acids. PPAR«. is a mas-
ter regulator of hepatic lipid metabolism®. Furthermore,
the nuclear receptors FXR and PPARo both regulate
autophagy, making these promising pharmacologic tar-
gets for enhancing ATZ clearance'"". It was recently
reported that FXR suppresses autophagy by repressing
CREB in the “fed” state, while PPAR can reverse this
suppression in the “fasted” state'""”. Our analysis of key
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Figure 5. Partial bile duct ligation induces localized ATZ globule clearance in PiZZ mouse liver. (A) Serum ALT, alkaline phos-
phatase, and total bilirubin levels in mice 14 days after pPBDL are comparable to age- and sex-matched unoperated PiZZ (control)
mice. As expected, biochemical parameters in BDL mice (shown in Fig. 1A) are significantly worse compared to pBDL values.
(B) Quantitative results of ATZ globule morphometry showing decreased percentage of PASD globules present in the ligated left lobe
(pBDL) compared to the unligated right control lobe. (C) PASD staining showing the cleared areas of ATZ globules in pBDL (ligated
left lobe, right) compared to control (unligated right lobe, left). Arrows point to residual GC hepatocytes intermixed within areas of
ductal proliferation, similar to total BDL (magnification: 200x).
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Figure 6. Relationship of ATZ globule clearance to regeneration in partial bile duct ligation. (A) Ki-67 immunohistochemistry
costained with PASD shows persistence of regenerating Ki-67 GD hepatocytes 14 days after pBDL (right, arrows). (B) Activated
caspase 3 immunohistochemistry costained with PASD does not show significant apoptosis in GC hepatocytes 14 days after pBDL
(right) compared to unligated right control lobe (left, arrows; magnification: 200x).

transcription factors after BDL (Fig. 4) revealed several
interesting findings. First, with increased exposure to
retained bile acids after BDL, we observed downtrending
of nuclear FXR, a transcription factor that acts as a bile
acid receptor. Unfortunately, fasting in PiZZ mice can be
lethal due to impaired glycogen stores™. Since our mice
were not fasted prior to sacrifice, our results may support
FXR’s role in suppressing autophagy'’. Decreased FXR
in the setting of BDL is intriguing, since that would, in
theory, cause a decrease in SHP-1-mediated repression of
CYP7al (cholesterol 7o-hydroxylase), which catalyzes
the first step of bile acid synthesis™.

Given our findings of increased Atg5, Atgl2, and
LC3A/B after BDL (Fig. 3), we were also surprised to
see no increase in nuclear translocation of TFEB after
BDL, as this transcription factor is a master regulator of
autophagy. Cytoplasmic TFEB is dephosphorylated in
the fasted state and translocates to the nucleus to induce
autophagy-related gene expression’’. TFEB gene trans-
fer was previously shown to correct the liver disease in
PiZZ mice, leading to increased degradation of poly-
merized ATZ in autolysosomes and decreased expression
of ATZ monomers'>. Additional studies on PPARo. and
other transcriptional regulators (mTORC1 and NCoR1)

may help to define the transcriptional program associated
with autophagy in A1ATD.

Perhaps the most striking transcriptional change we
observed was the fluctuation of both C/EBP-o and C/EBP-
isoforms after BDL (Fig. 4), which is intriguing given the
increased proliferation of GD hepatocytes. Normal liver
regeneration following partial hepatectomy is regulated by
the ratio of these two isoforms. During liver regeneration,
C/EBP-f increases and favors hepatocyte proliferation,
while C/EBP-o decreases and has an opposing effect™*'.
C/EBP-o. was recently shown in liver to be suppressed in
conditions favoring autophagy and fibrosis”. Similar to
our findings, Tao et al. found a reduction in hepatocyte C/
EBP-0. and an increase in Atg5 with autophagy®. Taken
together, the C/EBP isoforms may represent novel regula-
tors of autophagy; therefore, further investigation of hepa-
tocyte regeneration in this setting is warranted.

In human liver, biliary obstruction activates cholan-
giocyte-associated transcription factors, and hepatocytes
undergo gene expression reprogramming'’. Thus, altered
gene expression may be a common survival mechanism
following BDL-induced liver injury. BDL causes chole-
static injury, ductular proliferation, and activation of liver
progenitor cells in rodents*”. Our data support those of Gao
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Figure 7. Relationship of ATZ globule clearance to autophagy in partial bile duct ligation. (A) Confocal immunofluorescence micros-
copy showing the cleared areas of red ATZ globules in pBDL lobe (right, arrow) compared to unligated control lobe (left). *Residual
GC hepatocytes intermixed within areas of ductal proliferation (magnification: 100x). (B) Increased LC3B staining (green, right,
arrow) in GD hepatocytes in the ligated pBDL lobe (magnification: 200x).

et al., who recently found that in mice subjected to BDL,
activation of autophagy in hepatocytes was protective
against cholestatic liver injury". It is interesting to note
that our findings differ from a previous report of BDL in
PIZZ mice by Mencin et al.**. They found increased fibro-
sis, apoptosis, and stellate cell activation in PiZZ mouse
liver after BDL. However, since their study focused on
fibrosis as an endpoint, the mice were sacrificed 21 days
after BDL, when more chronic severe liver injury was
apparent. In contrast, we used earlier endpoints in our stud-
ies (days 3, 7, and 14) to better characterize the dynamics
of ATZ globule load and transcriptional changes. At these
earlier time points, we observed increased ductular prolif-
eration as expected, but less fibrosis.

In our experiments, the few remaining GC hepatocytes
consistently resided adjacent to areas of proliferating bile
ducts (Figs. 1D, 5C, and 7A). This is interesting, since
developmentally ATZ globules first appear in periportal
hepatocytes and then progress pericentrally, and the pat-
tern of globule clearance appears to be a reversal of this.
Although the significance of this varied localization is
unknown, it may represent active remodeling of the liver
lobule in response to intercellular crosstalk.

Since the hepatic manifestations and clinical prognosis
of A1ATD are highly variable, understanding these early
changes after BDL may identify which factors predispose
some patients to develop severe liver disease while spar-
ing others. Although BDL is obviously not a viable option in
patients, it does provide mechanistic clues for future inves-
tigation. Most children diagnosed with A1ATD present
with neonatal cholestasis that peaks, but over time it can
spontaneously resolve without overt liver disease®. Bile
acid derivatives and their receptor agonists/antagonists are
already in clinical development and could potentially be
repurposed for their autophagy-enhancing properties®*.
Similarly, as a cytoprotective bile acid, ursodeoxycholic
acid has been beneficial in children with mild to mod-
erate AIATD liver disease"’. Tauroursodeoxycholic acid
also inhibited apoptosis induced by mutant ATZ protein®®.
While our manuscript was in preparation, Tang et al. pub-
lished that PiZZ mice treated with the exogenous bile
acid nor-ursodeoxycholic acid showed a 32% increase in
hepatic autophagy and >70% reduction of ATZ protein,
with reduced apoptosis and liver injury”’. Our findings
are consistent with those of Tang et al. and support com-
parable hepatoprotective effects. Clearly, a more focused
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Table 2. Differential Expression of Bile-Related Genes in Microdissected PiZZ Mouse Liver

Fold Change

(GD/GC) Gene ID Gene Name

10.50 Cyp8bl Cytochrome P450, family 8, subfamily b, polypeptide 1
5.79 Cyp2c54 Cytochrome P450, family 2, subfamily c, polypeptide 54
4.66 Cyp4a32 Cytochrome P450, family 4, subfamily a, polypeptide 32
4.65 Cyp2c50 Cytochrome P450, family 2, subfamily ¢, polypeptide 50
4.32 Cyp2c44 Cytochrome P450, family 2, subfamily c, polypeptide 44
4.08 Slc10al Solute carrier family 10 (sodium/bile acid cotransporter family), member 1
3.60 Cyp2c37 Cytochrome P450, family 2. subfamily c, polypeptide 37
3.23 Cyp4al0 Cytochrome P450, family 4, subfamily a, polypeptide 10
3.21 Cyp2f2 Cytochrome P450, family 2, subfamily f, polypeptide 2
3.03 Cyp4al4d Cytochrome P450, family 4, subfamily a, polypeptide 14
2.49 Cyp4a31 Cytochrome P450, family 4, subfamily a, polypeptide 31
2.23 Cyp4f15 Cytochrome P450, family 4, subfamily f, polypeptide 15
1.97 Cyp2j9 Cytochrome P450, family 2, subfamily j, polypeptide 9
1.94 Cyp2d13 Cytochrome P450, family 2, subfamily d, polypeptide 13;
1.90 Cyp2c68 Cytochrome P450, family 2, subfamily c, polypeptide 68
1.89 Cyp7bl Cytochrome P450, family 7, subfamily b, polypeptide 1
1.74 Cyp2j5 Cytochrome P450, family 2, subfamily j, polypeptide 5
1.70 Cyp26al Cytochrome P450, family 26, subfamily a, polypeptide 1
1.70 Cyp2c67 Cytochrome P450, family 2, subfamily c, polypeptide 67
1.68 Klkbl; Cyp4v3  Kallikrein B, plasma 1; cytochrome P450, family 4, subfamily v, polypeptide 3
1.67 Cyp2ul Cytochrome P450, family 2, subfamily u, polypeptide 1
1.63 Cyp2d40 Cytochrome P450, family 2, subfamily d, polypeptide 40
1.61 Cyp3al3 Cytochrome P450, family 3, subfamily a, polypeptide 13
1.60 Cyp2d26 Cytochrome P450, family 2, subfamily d, polypeptide 26
1.59 Cyp2d22 Cytochrome P450, family 2, subfamily d, polypeptide 22
1.57 Cyp4fl4 Cytochrome P450, family 4, subfamily f, polypeptide 14
1.57 Cyp2c40 Cytochrome P450, family 2, subfamily c, polypeptide 40
1.56 Cyp39al Cytochrome P450, family 39, subfamily a, polypeptide 1
1.54 Cyp2al2 Cytochrome P450, family 2, subfamily a, polypeptide 12
1.52 Cyp2c69 Cytochrome P450, family 2, subfamily c, polypeptide 69
1.41 Cyp2gl Cytochrome P450, family 2, subfamily g, polypeptide 1
1.48 Slc10as Solute carrier family 10 (sodium/bile acid cotransporter family), member 5

approach to metabolomics and transcriptional regulation
will offer a better understanding of A1ATD liver disease,
so that novel therapeutic strategies can be tested.
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