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The Z variant (Glu342Lys) causes alpha-1 antitrypsin (AAT) to self-assemble into polymer

chains that accumulate within hepatocytes, causing liver disease and exposing a cryptic

epitope recognized by the 2C1 monoclonal antibody (mAb). They can be blocked by the small
molecule GSK716 (‘716) that stabilizes an intermediate on the polymerization pathway. We

have characterized 23 mutants of AAT in a cellular model to establish: (a) their ability to form
intracellular polymers, (b) whether polymer formation could be prevented by ‘716, and (c) whether
the polymers expose the 2C1 cryptic epitope. Most of the variants, including Mprocida (Leu41Pro),
Mherleen (Pro369Leu), Mduarte (Asp256Val), Lfrankfurt (Pro255Thr), Yorzinuovi (Pro391His),
Mwurzburg (Pro369Ser), and p.289S accumulated as intracellular polymers. Eleven formed
polymers that were resistant to ‘716, including Mprocida, Mmalton (APhe51), Lfrankfurt, Mduarte,
S (Glu264Val), Mherleen, and Yorzinuovi. The ‘716 resistant mutants localize to a region of the AAT
molecule separate from the binding site of the small molecule and form polymers that are less well
recognized by the 2C1 mAb. They are fully recognized by a novel 8A7 mAb that we developed to
have a broader specificity. Our data suggest that individuals with these mutations are unlikely to
benefit from treatment with ‘716 or its derivatives.

Introduction
Alpha-1 antitrypsin (AAT) deficiency (AATD) is a monogenic condition resulting from mutations in the
SERPINAI gene. It is associated with a wide a range of phenotypes and pathological manifestations. Vari-
ants characterized by the complete absence of AAT production (often due to nonsense mutations, early
stop codons, or gene deletions) are termed Null and are generally described in the literature as Q, alleles (1).
Less frequent are the dysfunctional variants that produce normal plasma levels of AAT but with reduced
inhibitory activity against neutrophil elastase (2). The most widespread mutations associated with AATD
lead to intracellular polymerization of misfolded AAT within hepatocytes. These mutants are classified
using the protease inhibitor (Pi) system, based on their electrophoretic mobility in isoelectric focusing. The
most common severe deficiency variant is the Z allele (Glu342Lys) that causes the synthesized protein to
assemble into polymers with a beads-on-a-string appearance (3). These polymers accumulate within the
endoplasmic reticulum (ER) of hepatocytes forming the periodic acid—Schiff* (PAS*) inclusions that are
characteristic of the condition (4). The misfolding of AAT and accumulation of polymers does not initiate
the unfolded protein response within hepatocytes (5—7) but does induce an ER overload response that, in
combination with obesity, alcohol excess, and other genetic factors, leads to the development of cirrhosis.
The intracellular retention of AAT results in a lack of circulating protein, uncontrolled activity of neutro-
phil elastase within the lung, and a predisposition to early-onset emphysema (4).

The Z and S (Glu264Val) alleles are universally recognized as the most prevalent disease-associated
variants in AATD (8), with Z representing the highest-risk allele, followed by the milder S variant. These
pathological alleles have a frequency in non-Finnish European populations of 1.8 x 102 and 3.7 x 102,
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respectively (8). In recent years, an increased focus on screening for this still largely underdiagnosed condi-
tion has led to the identification of a growing number of rare AAT variants, many of which are now known
to be associated with AATD. With over 2,200 reported cases, the combined frequency of pathological
variants such as F (Arg223Cys), I (Arg39Cys), Mmalton (APhe51), and Mduarte (Asp256Val) approaches
the prevalence of the Z allele, in regions where screening is more accurate and cohorts are larger (9). The
penetrance of AATD varies depending on genotype, with a high but incomplete risk of lung and liver dis-
ease in individuals homozygous for Z-AAT (PiZZ) and a lower and environment-related risk in individuals
with the SZ and MZ alleles. The effects of rare or null alleles on the penetrance of the phenotype is variable
and heterogeneous, and these effects depend on the phenotypes’ heterozygosity with other mild or severe
alleles such as S or Z and external factors (10).

In the last 3 decades, various models have been proposed to describe the aberrant protein linkage under-
lying the pathological polymers of AAT (10). Our recent data, based on purified Z AAT polymers from
explanted liver, supports a model in which the C-terminal domain is exchanged sequentially between neigh-
boring AAT molecules of the polymeric chain (11-15). These polymers then condense to form intracellular
inclusions (3, 16).

We have developed a mAb, 2C1, that recognizes only the polymeric form of AAT (17). It binds to
polymers formed by Z AAT, the antigen used for its development, and to polymers formed by the Siiya-
ma (Ser53Phe), King’s (His334Asp), Pbrescia (Gly225Arg), Baghdad (Ala336Pro), Bologna (Asn186Tyr),
and Sydney (Gly192Cys) variants (17-23). These polymers are recognized in cell models of disease and,
where this has been assessed, in clinical samples (17, 20, 21, 23). The mAb 2C1 shows a lower affinity
for polymers of the Trento variant (Glu75Val) (24). We have also developed a small molecule chaperone
(GSK716; ‘716) that blocks polymerization and promotes secretion of monomeric AAT (18, 19). It does
this by stabilizing a monomeric, near-native folding intermediate on the polymerization pathway that is
favored by the Z variant (18, 19, 25). This molecule is active in vitro, in cells, and in a mouse model of
disease, demonstrating that the target AAT conformation is present in all 3 contexts. We report here the
characterization of a diverse set of 23 variants of AAT, to establish if they form polymers and whether
they are similarly amenable to the polymer-blocking modality of ‘716. Many of the variants have not been
fully biochemically characterized; some have been identified in individuals already diagnosed with lung or
liver disease associated with AATD, while others have been predicted to be polymerogenic through in silico
analysis (26). Assessment of effect of ‘716 has important implications for the generality of the therapeutic
prevention of polymerization by monomer stabilization as small molecule polymer blocker therapy is now
in clinical trials (27). We also describe the generation of a potentially novel mAb that recognizes all types
of polymers, including those formed by the AAT mutants resistant to ‘716.

Results
AAT accumulation within the insoluble cellular fraction is observed with multiple variants. Twenty-four natural-
ly occurring variants of AAT, including the WT M and the common severe Z deficiency mutant, were
selected from the literature and the gnomAD gene variation database (Table 1) (26). The behavior of these
variants was analyzed in the murine hepatoma Hepa 1.6 cell line (28). The AAT protein present in 1%
v/v NP40-insoluble cell extract has been shown to be composed exclusively of AAT polymers (19), and
this fraction was used to assess the propensity for polymer formation (Figure 1A and Supplemental Data;
supplemental material available online with this article; https://doi.org/10.1172/jci.insight.194354DS1).
WT M AAT did not form polymers, while variants previously found to do so — Mmalton, Siiyama, Tren-
to, Bologna, S, King’s, Baghdad, and Z AAT (3, 17, 20, 23, 24, 29-31) — accumulated within the insol-
uble fraction. There was evidence of accumulation for most of the other variants not previously charac-
terized in this way; this was most apparent for Mprocida, Lfrankfurt, Mduarte (also referred as Plowell),
p-289S, Mwurzburg, Mherleen, and Yorzinuovi AAT (26, 31-37). For most of these mutants, the degree
of accumulation correlated with defective secretion of AAT into the extracellular fraction (Figure 1B); the
more severe the accumulation inside the cell, the more severe the secretory deficit (Figure 1C). Plyon/Psalt
lake and p.373R (38, 39) showed both little accumulation in the intracellular fraction and poor secretion,
suggesting that these mutants undergo degradation rather than polymerization. Zbristol (40) disrupts an
NXS/T N-linked-glycosylation motif and so migrated faster in both fractions.

The small molecule ‘716 inhibits polymerization of many, but not all variants of AAT. The small molecule ‘716
blocks the polymerization of Z AAT by specifically recognizing and stabilizing a nearly native, monomeric
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Table 1. Variants of AAT evaluated in this study

Name
M
Mprocida
Mmalton
Siiyama
Mineral Springs
Q0 lisbon
Trento
Zbristol
p.154Lc
Bologna
Lfrankfurt
Mduarte
S
p.289S
p.331R¢
p.333M¢
King's
Baghdad
z
Plyon/Psalt lake
Mwurzburg
Mherleen
p.373R¢
Yorzinuovi

Mutation ‘716 sensitivity Allele frequency® Number of reports® Ref.
Leu41Pro Resistant 5.52 x 10°° 87 (32)
Phe51del Resistant 1.81x 10 355 (29)
Ser57Phe Partial 1.24 x 10°® 74 (30)
Gly67Glu Sensitive N/A 3 (50)
Thre8lle Sensitive 149 x 10~ 4 (51)
Glu75Val Sensitive N/A 1 (24)
Thr85Met Sensitive 3.29x10°° 8 (40)
Phel130Leu Sensitive 1.24 x 10°® N/A (45)
Asn186Tyr Sensitive N/A 10 (23)
Pro255Thr Resistant 496 x10°° (35)
Asp256Val Resistant 3.67 x 10 157 (36)
Glu264Val Resistant 3.64 x 107 N/A (52)
Pro289Ser Resistant 1.86 x10°° N/A (33)
Gly307Arg Resistant 744 x10°® N/A (26)
Val333Met Sensitive 2.08 x10* N/A (53)
His334Asp Sensitive N/A 1 (17)
Ala336Pro Sensitive 5.58 x10°® N/A (20)
Glu342Lys Sensitive 1.59 x 1072 N/A (3)
Pro320GIu Sensitive N/A 4 (38)
Pro369Ser Resistant 3.29 x10°® 64 (31)
Pro369Leu Resistant 6.82x10° 18 (34)
Gly349Arg Resistant 3.10 x 10°° N/A (39)
Pro391His Resistant N/A 7 (37)

The nomenclature is taken from the literature; letter designations refer to mobility on an isoelectric focusing gel with the location of the index case

in the format Xlocation. In some cases, only the name of the mutation has been given. *Allelic frequency data of the variants were obtained from the
gnomAD browser (26). BThe number of reports refers to the total number of rare AATD variants reported worldwide (9). “Mutations identified in population
databases that have been predicted in silico to be deleterious to protein stability or function (26).

M* intermediate on the polymerization pathway and thereby promoting its secretion (18, 25, 41). The cryp-
tic binding pocket that binds ‘716, with both polar and hydrophobic characters, is formed more readily by
the Z variant than WT AAT, which is the basis for ‘716 selectivity toward the mutated form (18). Treatment
of the cells with 10 uM ‘716, corresponding to a 20-fold excess over the IC, for Z AAT, revealed different
behaviors within the panel of mutants (Figure 1, A and B). Variants such as Trento, Bologna, and Baghdad
showed sensitivity to treatment with ‘716, while others were resistant, as evidenced by unchanged levels
of 1% v/v NP40-insoluble polymers after treatment and no increase in the quantity of secreted AAT. The
resistant variants included Mprocida, Mmalton, Lfrankfurt, Mduarte, S, Mherleen, Yorzinuovi, and p.289S
(Figure 1, A and B). Siiyama showed partial resistance to treatment with ‘716.

The mutations of the 23 variants were distributed throughout the protein (Table 1). The susceptibility
of a mutant to treatment by the small molecule did not correlate with the position of the amino acid sub-
stitution within the polypeptide chain. However, there was a striking partition between the mutants when
mapped onto the structure of AAT (Figure 2A). Those variants that were resistant to treatment with ‘716
cluster in a distinct lobe of the protein (Figure 2A) that includes the C-terminal B-strands 4B and 5B (Figure
2A); these secondary structural elements are involved in polymer formation by the Z variant (13, 14, 42). In
contrast, those variants that were susceptible to compound treatment are located within a cluster of helices
in an opposing quadrant of AAT and the central B-sheet A (Figure 2A).

The substitutions associated with ‘716 susceptibility or resistance do not show a consistent physico-
chemical character. However, the former mostly involve loss of polar contacts, and the latter largely involve
residues that form hydrophobic contacts with the protein core, with the introduction of unfavorable pack-
ing and likely altered local backbone conformation (Table 2). Among the exceptions, the resistant S and
Mduarte mutations disrupt stabilizing polar ionic bonds. The resistant mutations would not be expected
to directly affect the binding pocket, and therefore, this resistance likely arises through other effects on the
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Figure 1. Characterization of AAT mutants and assessment of resistance to the polymerization inhibitor ‘716. (A and B) Retention within the 1% v/v
NP40-insoluble fraction (A) and secretion of mutants of AAT (B). Cells treated with DMSO (upper panels) or 10 uM ‘716 (lower panels) were analyzed by
4%-12% w/v SDS-PAGE and Western blot after 48 hours following transfection. Black and white arrowheads indicate the mature and immature glyco-

sylated forms of AAT, respectively. (C) Densitometric quantification of 1% NP40 insoluble and extracellular fraction of AAT expressed as ratios over the Z
and M AAT controls, respectively. The graph shows the mean + SD (n = 3).
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molecule; the outlier, p.289S, affects a proline that contributes to the shape and nonpolar character of the
pocket and whose substitution would therefore be more likely to directly affect affinity (Figure 2B). The
mutations associated with susceptibility to compound treatment were similarly varied in the effects that
they would be predicted to have on the molecule (Table 2).

AAT variants resistant to ‘716 show mixed dose-response effects. Experiments were performed to establish
if the resistance to ‘716 could be overcome at higher concentrations of the small molecule. Hepa 1.6 cells
transfected with each AAT mutant were incubated with 10, 50, and 100 uM ‘716 (equivalent to 20-, 100-
and 200-fold of the Z AAT IC,,
Higher concentrations of ‘716 resulted in an apparent reduction in intracellular inclusions for Siiyama, S,

respectively) for 48 hours. Z AAT was included as a positive control.

Mwurzburg, Mheerlen, and Yorzinuovi (Figure 3, A and B). There was also a reduction in the retention of
p-289S AAT, although the retention of this mutant was much lower than the others. However, the changes
were not statistically significant. There was an increase in the secretion of Mprocida, Mmalton, Siiyama,
Lfrankfurt, and Yorzinuovi AAT with increasing concentrations of ‘716 when assessed by ELISA (Figure
3C); thus, only Siiyama and Yorzinuovi showed a recovery by both parameters at high concentrations of
the inhibitor.

Decreased reactivity of the 2C1 mAb against polymers formed by ‘716-resistant AAT variants. The ‘716-resistant
mutants were assessed to determine whether the resulting polymers were detected by the 2C1 mAb, which
recognizes a cryptic epitope that is exposed by polymers formed by the canonical Z AAT polymerization
pathway (17, 25, 43) (Figure 2B). The 1% v/v NP40-insoluble fractions from cells expressing the mutants
were immunoprecipitated with the 2C1 mAb and resolved by SDS-PAGE. Cells expressing Z AAT were
included as a positive control (Figure 4, A and B). As expected, Z AAT polymers were completely pre-
cipitated by the 2C1 mAb, while polymers of the other variants were less well recognized by the antibody
(Figure 4, A and B). This was most marked for Mprocida, Mmalton, Mduarte, S, Mwurzburg, Mherleen,
p.373R, or the Yorzinuovi mutants. The sites of these mutations are well separated from the 2C1 mAb epi-
tope (24, 42) and, therefore, would not directly interfere with antibody recognition (Figure 2B).

Development of a novel mAb that recognizes a cryptic epitope with broader antipolymer reactivity. The accu-
mulation of ‘716-resistant mutants of AAT in the 1% v/v NP40-insoluble fraction suggests that they form
polymers, even though they are less well recognized by the 2C1 mAb. A new mAb to detect a broader
range of AAT polymers was therefore developed. The 8A7 mADb recognized all polymeric forms of AAT
by sandwich ELISA, irrespective of their source or means of production (Figure 5). The highest affinity
was for heat-induced polymers made from M AAT purified from plasma (Figure 5A) that are comparable
with the Z AAT polymers that deposit in liver tissue (17) and also are strongly recognized by the 2C1 mAb
(Figure 5B). The high affinity for denaturant-induced polymers by 8 A7 mAb contrasts with the low affinity
of the 2C1 mAb (Figure 5B) (17). There was little recognition of monomeric AAT by either the 2C1 or 8A7
mAD, and there was no evidence of competition between the 2 mAbs when used to detect heat-induced
M polymers, supporting that they bind to different epitopes (Figure 5C). An electrophoretic mobility shift
assay (EMSA) similarly confirmed binding of 8 A7 to polymeric AAT but not to monomer in contrast to the
nonconformation selective 3C11 mAb (44) (Figure 5D). Heat-induced AAT polymers visualized by nega-
tive stain electron microscopy (Figure 5E) exhibited readily identifiable protrusions upon incubation with
the antibody fragment (Fab) domain of 8A7. Hence, the potentially novel 8A7 mAb is polymer selective but
with a broader reactivity than the 2C1 mAb.

The ‘716-resistant variants produce polymers detectable with the 847 mAb. The 8A7 mADb was used to
determine whether the poor recognition of the ‘716-resistant AAT variants by the 2C1 mAb was due to
an alternate polymer form or an absence of polymer formation. In immunoprecipitation experiments,
the 8A7 mAb was able to capture these variants in proportion to the amount of the input, indicating
that they do accumulate as polymers (Figure 4, A and B). When stained by immunofluorescence with
the 8A7 mAb, 2 of the variants, Mduarte and Mmalton AAT, exhibited an extensive punctate distri-
bution consistent with the accumulation of material in inclusion bodies, despite limited recognition by
2C1 mAb (Figure 6).

Discussion

Over 120 different missense variants of AAT have been described, of which approximately 50 are asso-
ciated with some degree of deficiency in AAT levels (45). Among the 23 variants that we have analyzed
here, the majority form intracellular polymers that can be abrogated by treatment with the polymerization
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Figure 2. Localization of the
mutants assessed in this study
on the structure of AAT. (A)
‘716-Resistant (blue) and sensitive
(red) mutants mapped onto the
crystal structure of AAT (PDB
1QLP) (49). The Siiyama mutation
is shown in gray. The sensitive and
resistant mutations cluster into
distinct regions of the protein.
Right: AAT in different orientations,
with B-sheet A (red) and strands
4B and 5B of the C-terminus (blue)
highlighted. (B) Top: The ‘716
binding pocket (PDB 7AEL) (18) is
affected by the p.289S mutation.
Bottom: The 2C1 mAb binding site
is located in the vicinity of His139
(pink spheres) (24).

inhibitor ‘716. The biochemical behavior of these variants is in keeping with that described previously for
the common severe Z deficiency variant (18, 19). In addition to sensitivity to ‘716, the polymers of these

mutants are readily recognized by the 2C1 mAb (17).

A subset of the polymerogenic AAT mutants showed partial or complete resistance to ‘716 treatment. In

these cases, there was no rescue of their intracellular accumulation as assessed by reduction in the insoluble

fraction and increase in secretion. This was despite increasing the concentration of ‘716 to up to 200 times the
IC,, determined for Z AAT. For one of these mutations, p.289S, the lack of effect can be readily explained as

JCl Insight 2025;10(15):e194354 https://doi.org/10.1172/jci.insight.194354
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Table 2. Effect of the mutations on AAT structure

Name

Mprocida
Mmalton
Siiyama
Lfrankfurt
Mduarte
S
p.289S
p.331R*
Mwurzburg
Mherleen
p.373RA
Yorzinuovi
Mineral Springs
Q0 lisbon
Trento
Zbristol
p.154LA
Bologna
p.333MA
King's
Baghdad
z
Plyon/Psalt lake

Mutation Pack Pol BB ‘716 Sensitivity
Leu41Pro & L -
Phe51del A A -
Ser57Phe + - -
Pro255Thr + A -
Asp256Val - -
Glu264Val - -
Pro289Ser + & -
Gly307Arg A -
Pro369Ser + 2 -
Pro369Leu + A -
Gly349Arg A =
Pro391His + A -
Gly67Glu + +
Thre8lle - +
Glu75Val - +
Thr85Met - +
Phe130Leu - +
Asn186Tyr + -
Val333Met + +
His334Asp - A +
Ala336Pro - & +
Glu342Lys A +
Pro320GIu & +

Predicted effects of mutations on packing of nonpolar atoms (pack), local polar environment (pol), and backbone conformation (BB); - denotes reduction,
and + indicates increase. “Represents a change.

it affects an amino acid that forms part of the ‘716 binding pocket. Its effect on compound binding is therefore
likely to be direct. Individuals with mutations that are resistant to ‘716 are unlikely to benefit from this therapy.

It is notable that resistance to ‘716 treatment corresponded with poor recognition by the 2C1 mAb of
material within the insoluble cellular fraction. The 2C1 antibody recognizes a cryptic epitope that is pre-
sented by naturally arising Z AAT polymers and is absent in pH and denaturant-induced AAT polymers
(46). This suggests that these variants may give rise to a different structural polymorph. Our development
of the 8A7 mADb with broader recognition of a range of polymers has allowed us to conclude that these
variants do indeed produce polymers but with a different immunorecognition profile. The correspondence
between insensitivity to ‘716 and lower recognition by the 2C1 mAb, together with strong binding by the
8A7 mADb, suggests that the combined use of these antibodies could provide a means to predict polymero-
genic mutants of AAT that are resistant to ‘716.

A derivative of ‘716, BMN349, is now in clinical trials (27) for individuals who are either PiZZ homo-
zygotes or PIMZ heterozygotes (carrying 1 M- and 1 Z-AAT allele) with metabolic dysfunction—associated
steatohepatitis. Our data suggest that there is a wider group of individuals with AAT variants who may
respond to therapy with ‘716 or its derivatives.

Methods
Sex as a biological variable. As the work was performed in cell lines, sex was not considered as a biological
variable in our studies.

Cell lines, transfection and characterization of intracellular and extracellular AAT. The Hepa 1.6 mouse hepa-
toma cell line (ATCC CRL-1830) was cultured in DMEM. Cells were transfected with plasmids encoding
the AAT variants, as described previously (28), and lysed at a concentration of 2.5 x 10° cells/mL in 1%
v/v NP-40 buffer (10 mM Tris [pH 7.4], 300 mM NacCl, 1% v/v NP-40) supplemented with protease inhib-
itors (Roche Ltd.). Cell lysates were then mixed on a rotator for 30 minutes at 4°C. 1% v/v NP-40-soluble
and —insoluble fractions were separated by centrifugation at 16,000g for 15 minutes at 4°C. The superna-
tant (1% v/v NP-40-soluble fraction) was retained; the pellet representing the 1% v/v NP-40—-insoluble

JCl Insight 2025;10(15):e194354 https://doi.org/10.1172/jci.insight.194354 7
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A 1% NP40-insoluble fraction Figure 3. Dose-response treatment of resistant AAT variants with
‘716. (A) The 1% v/v NP40-insoluble fraction of Hepa 1.6 cells trans-
fected with plasmids expressing AAT mutants and treated for 48
0.1% DMSO L L L L N T R ol hours with increasing concentrations of ‘716 or with vehicle (0.1%
. v/v DMSO0) were analyzed by 4%-12% w/v SDS-PAGE and Western
blot. (B) Densitometric analysis of the blots in A. (C) Secreted AAT
of Hepa 1.6 cells transfected and treated as in A was quantified
- o by sandwich ELISA. The data are expressed relative to untreated
10uM 716 SIS .4 cells expressing Z AAT. The graphs show the mean + SD (n = 4) with
significance determined by ordinary 1-way ANOVA.
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A 1% NP40-insoluble fraction Figure 4. Recognition of
‘716-resistant polymers by the
antipolymer 2C1 mAb. (A) The 1%
Input v/v NP40 insoluble fractions from
cells expressing ‘716-resistant
mutants were immunoprecip-
itated with either the 2C1 mAb
(middle panel) or 8A7 mAb (lower
panel) and resolved on 4%-12%
IP2C1 mAb w/v acrylamide SDS-PAGE. (B)
Densitometry after Western blot
analysis was performed using
Image Studio Lite (LI-COR) and
are representative of the mean
IP 8A7 mAb + SD (n = 3). The data for the 2C1
mAb (above) and the 8A7 mAb
(below) are expressed relative to
cells expressing Z AAT.
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fraction was then washed twice in 1% v/v NP-40 buffer and mechanically resuspended in an equal volume
of lysis buffer and disrupted (max amplitude for 3x 15 seconds) in a chilled cup horn sonicator (Qsonica).
The resulting 1% v/v NP-40-soluble and —insoluble intracellular and secreted AAT was assessed by SDS-
PAGE and nondenaturing PAGE, immunoblots, ELISA, and EMSA (17, 19, 25, 47).

Secretion assay. Sixteen hours before the lysis, cells were washed twice in prewarmed PBS and incubated
at 37°C with Opti-MEM (Thermo Fisher Scientific). Cell media were then collected, centrifuged at 300g for
5 minutes at 4 °C, and transferred into a clean tube to be subjected to SDS PAGE or immunoprecipitation.

Immunoprecipitation and Western blot. Cell lysates or culture media were mixed on a rotator with 1 pg of
suitable mAb for 1 hours and recombinant protein G agarose beads (Thermo Fisher Scientific) overnight at
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Figure 5. Assessment of the specificity of the novel 8A7 mAb. (A and B) The 8A7 (A) and 2C1 (B) mAbs were assessed against different AAT conform-
ers (generated as specified in Methods). (C) Competition ELISA between HRP-labeled 8A7 and 2C1 and a nonconformationally selective mAb (3C11), or
unlabeled 8A7 as a positive control, against heat-induced M polymers in an antigen ELISA (19, 44, 48). (D) Electrophoretic mobility shift assays show-
ing reactivity of the 8A7 mAb against polymeric AAT. (E) Negative stain electron microscopy was used to visualize the interaction between plasma M
heat-induced polymers made with M AAT from plasma and the 8A7 fragment antigen-binding (Fab) domain. Scale bar: 20 nm. Images were low-pass
filtered to 8A to enhance contrast.
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Figure 6. The 8A7 mAb recognizes polymers of AAT variants poorly recognized by the 2C1 mAb. Immunofluorescence of transfected Hepa 1.6 cells
stained with the 2C1 mAb directly conjugated with ATT0-594 (red) and the 8A7 mAb directly conjugated with ATT0-488 (green). Scale bar: 10 pm.

4°C. Beads were then collected by centrifugation (15,000g at 4°C), washed 3 times with 1% v/v NP-40 buffer,
washed once with 10 mM Tris (pH 7.4), and eluted in loading buffer (New England Biolabs) in reducing condi-
tions at 93°C for 5 minutes. The eluate was then resolved on 4%—12% w/v acrylamide SDS-PAGE (Bio-Rad).
Following SDS-PAGE, samples were transferred to LF-PVDF membrane (MilliporeSigma), saturated
in 5% w/v low-fat milk (New England Biolabs) in PBS-0.1% v/v Tween, probed with polyclonal rabbit
anti-AAT (Dako, Agilent; A0012), and detected with goat anti—rabbit antibody conjugated to Alexa Fluor
488 (Thermo Fisher Scientific, A32731). Western blot images were acquired with the iBright1500 (Thermo
Fisher Scientific) and analyzed with IMAGE STUDIOLITE software (LI-COR Biosciences).
Immunofluorescence analysis. Hepa 1.6 cells were seeded onto 2 cm? coverslips (MilliporeSigma), transfect-
ed with vectors encoding AAT variants, fixed after 48 hours with ice-cold methanol, permeabilized with 0.1%
v/v Triton X-100, and immunodecorated overnight at 4°C with (a) anti-AAT polymer 2C1 mAb (17) (1.5 pg/
mL) conjugated with Atto-488 (ATTO-TEC GmbH) or (b) anti-AAT polymer 8A7 mAb (1.5 ug/mL) conju-
gated with Atto-594 (ATTO-TEC GmbH). Nuclei were stained with Hoechst (Thermo Fisher Scientific), and
the cells were analyzed on a Zeiss Airyscan 880 confocal microscope with a 63X objective (1.4 oil).
Production of the 8A7 anti-AAT polymer mAb. Z AAT monomers and polymers, and M AAT monomers
were purified from human plasma as described previously (24, 43). Artificial polymers of WT M AAT were
produced over 48 hours through destabilization by: (a) heating M AAT at 55°C, (b) pH 4.5 at 25°C, or (c) in
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the presence of 4 M urea at 25°C (46). After dialysis into 20 mM Tris (pH 8.0), the resulting polymers were
separated from residual monomers by anion exchange chromatography (13). Hybridomas were generated from
the splenocytes of mice immunized with these polymers and characterized by ELISA as described previously
(17). mAbs were purified from the culture media using a HiTrap Protein G column (Cytiva) (48) and stored
in phosphate-buffered saline (PBS) with 0.02% (w/v) sodium azide. Fab fragments of 8 A7 were generated by
limited proteolysis using ficin according to the manufacturer’s instructions (Thermo Fisher Scientific) with the
subsequent addition of 1 mM E-64 inhibitor. Liver polymers were extracted as previously described (13).

Negative stain electron microscopy of M AAT polymer in complex with 847 monoclonal Fab. Heat-induced plas-
ma M AAT polymers were incubated with a 3-fold molar excess of 8A7 Fab for 3 hours at room temperature,
and the sample repurified by gel filtration chromatography on a Superdex 200 Increase 10/30 GL column
(Cytiva) in EM buffer (5 mM EDTA, 50 mM NaCl, and 50 mM Tris [pH 7.4]). In total, 3 L. of sample were
negatively stained in 2% w/v uranyl acetate on 300 mesh copper grids (Agar Scientific) at ~0.05 mg/mL,
as described previously (13). Single-frame high-contrast micrographs of the samples were recorded using an
FEI Tecnai T12 microscope operating at 120 kV from a LaB6 emitter; data were recorded on a Gatan CCD
MultiScan camera at an effective magnification of x67,000 and a defocus range of 2-3 um.

Statistics. All statistical analyses was performed with GraphPad Prism 10.4.1. The significance of the
differences related to the intracellular fraction 1% NP40-insoluble and the extracellular fraction (cell media)
of cells treated with the maximum amount of ‘716 (100 uM) or with the vehicle (0.1% v/v DMSO). The
data shown in Figure 3 were evaluated using ordinary 1-way ANOVA on 4 independent replicates.

Study approval. As the work was performed in cell lines, study approval was not necessary.

Data availability. The data generated in this study are provided in the main manuscript. Values for all
data points in graphs are reported in the Supporting Data Values file.
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