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Abstract

In this study, we showed that proteasome inhibitors selectively
suppress the synthesis of Alpha One Antitrypsin (a1AT) by induc-
ing phosphorylation of eukaryotic translation initiation factor 2a and
increasing the association of stress granule RNA binding proteins
with a1AT mRNA. Further, we showed that proteasome inhibitors
could also cause selective translational inhibition of mutant a1AT in
induced pluripotent stem cell-derived hepatocytes from patients with
a1AT deficiency. Thus, our study reveals that the proteasome is not
only responsible for a1ATdegradation, it also regulates a1AT trans-
lation.
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Introduction

Alpha One Antitrypsin (a1AT), encoded by the gene SERPINALI,
is a glycoprotein synthesized by the liver and functions as an elastase
inhibitor in the lung, where it protects the pulmonary tissues from
clastase-mediated degradation. Mutation in SERPINAT1 results in
the retention of nonfunctional misfolded a1 AT mutant protein inside
liver cells leading to the deficiency of alAT in circulation, thereby
exposing the lung to the elastase-mediated digestion [1,2]. This
SERPINAlgene mutation resulted symptom is called Alpha One
Antitrypsin Deficiency (a1 ATD). Patients with al ATD often develop
chronic obstructive pulmonary disorder and liver cirrhosis. Though
Intravenous alAT augmentation therapy is available to alleviate
lung damage, there is very limited effective therapy to mitigate
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liver damage which leaves the patient with liver transplantation as
the only option [3]. Different strategies have been tried to reduce
alATD liver damage. These methods focused on suppressing al AT
mRNA transcription, removing aggregated proteins and blocking the
mutant protein polymerization [4]. Even though suppressing mutant
alAT synthesis could be a practical strategy to alleviate liver toxicity,
there has been little focus on this area of research. Our study started
with the finding that PS-341, an FDA approved anticancer drug [5],
has a strong inhibitory effect on the synthesis of alAT in human
hepatocytes. As PS-341 usually acts as a typical proteasome inhibitor,
it thus suggested that proteasome inhibition could lead to alAT
synthesis suppression. Other proteasome antagonists like MG132,
lactacystin, and epoxomicin could all cause significant inhibition
of al AT expression, thereby supporting the notion that proteasome
inhibition suppresses the production of a1 AT.

By comparing the protein synthesis level using isotope labeling and
polyribosome profiling assays we showed that proteasome inhibitor
MG132 selectively suppressed alAT translation. It significantly
affected the translation of a1 AT whereas the general protein synthesis
remained nearly unchanged [6]. To identify how the proteasome
inhibitors selectively suppressed olAT translation, we analyzed
different signaling pathways involved in translational control of
protein synthesis. We found a correlation of eukaryotic translation
initiation factor 2 a (eiF20) phosphorylation with the decreased
expression of alAT. Besides, overexpression of eiF2a specific
phosphatase GADD34 could partially restore the al AT translational
inhibition, indicating that elF2a phosphorylation contributes to
the inhibition of alAT protein synthesis. However, a typical ER
stress inducer thapsigargin caused robust phosphorylation of elF2a
but only a slight inhibition of alAT, indicating that proteasome
inhibitor-mediated alAT inhibition only partially depends on elF2a
phosphorylation [6].

In different cells, proteasome inhibitors could induce stress
granules and mediate mRNA translation inhibition [7]. In our study,
we also observed that proteasome inhibitors induced stress granule
formation in hepatocytes, and importantly we found an increased
association of RNA Binding Proteins (RBPs) with al AT mRNA.
Overexpression of one of the identified RBPs G3BP1 could enhance
proteasome inhibitor-induced al AT translational repression. It thus
indicated that proteasome inhibitors induce stress granule formation
and association of RBPs with alAT to suppress mRNA translation.
Overall, we propose that proteasome inhibitors inhibit the translation
of alAT, which is a combinatorial effect of eIF20 phosphorylation
and stress granule protein association (Figure 1) [6]. This selective
inhibition of proteins synthesis by proteasome inhibitors could
also apply to other hepatic secretory proteins because we have also
observed a similar phenomenon on albumin and fetoprotein [6].

After showing the effects of proteasome inhibitors on translational
inhibition of wild type al AT, we tried to identify if the mutant a1l AT
could also be affected similarly. We used the same proteasome
inhibitors on induced Pluripotent Stem Cells (iPSC) derived
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hepatocytes from ol ATD patients. We found that the translation of
mutant a1 AT in iPSC derived hepatocytes was also downregulated
following proteasome inhibition. Previous research showed that the
proteasome is partially responsible for degrading the intracellular
mutant ol AT aggregates [8], our funding that proteasome inhibitors
suppress mutant alAT synthesis provides a new hint on drug
development for al ATD treatment.

Figure 1: Mechanism of proteasome inhibition regulates a1 AT translation.

Proteasome inhibitors inhibits the proteasome and induce ER
Stress. During ER stress, ER-resident transmembrane proteins
(PERK) activate phosphorylation of the elF2a and represses
general protein translation. Proteasome inhibition also triggers
the accumulation of elF2a specific phosphatase GADD34 which
attenuates elF-2a phosphorylation. Meanwhile, proteasome inhibitors
caused the formation of stress granules which recruit the ol AT mRNA
and related RNA binding proteins like G3BP1 and prevent the mRNA
from translation. As a whole, a1 AT translation was severely inhibited
by proteasome inhibitor.
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