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Abstract Serine protease inhibitors (serpins) are evolution-
ary old, structurally conserved molecules which encompass
nearly all branches of life. More than 1,000 serpins were
characterized to date which are subdivided into 16 sub-
groups (A–P) according to their common ancestry; among
them, 37 are found in humans. Serpins were termed after
their capability to inhibit serine proteases, but mounting
evidence suggests that they may achieve a greater deal of
functions, ranging from embryological growth to synaptic
plasticity, development of both myeloid and lymphoid im-
mune cells, and modulation of apoptosis. Serpins are mainly
extracellular molecules, although some of them (namely, ov-
serpins or clade B serpins) mostly act inside the cells, being
either ubiquitously or tissue-specifically expressed. Among
newly characterized serpin functions, regulation of cellular
proliferation through apoptosis modulation and proteasome
disturbance seems to play a major role. Accordingly, several
serpins were found to be hyperexpressed in tumor cells.
Indeed, apoptosis dysregulation is likely to be a cornerstone
in both tumorigenesis and autoimmunity, since uncontrolled

cellular viability results in tumor proliferation, while ineffi-
cient disposal of apoptotic debris may favor the rescue of
autoreactive immune cells. Such a process was widely docu-
mented in systemic lupus erythematosus (SLE). Interesting-
ly, alterations in the expression of some serpins, e.g., the ov-
serpin SERPINB3, are being unraveled in patients affected
with SLE and other autoimmune disorders, suggesting that a
failure in serpin function might affect immune homeostasis
and self-tolerance, thereby contributing to autoimmunity.
Here, we provide an overview of serpin origin, function,
and dysfunction, focusing on human serpins and ov-serpins,
with a hub on SERPINB3.
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General Features of the Serpin Superfamily

Serine protease inhibitors (serpins) are a superfamily of
functionally distinct but structurally conserved proteins
named after their capability to inhibit serine proteases [1,
2], although some of them can bind cysteine proteases as
well (so-called cross-class serpins), while others do not
possess any binding activity, carrying out other cellular
functions [1]. Serpins are the greatest group of peptidase
inhibitors identified to date [3].

Both inhibitory and non-inhibitory serpins may
achieve a number of biological tasks beyond or irre-
spective of proteinase inhibition, including hormone
transport (SERPINA6 or corticosteroid-binding globulin,
SERPINA7 or thyroxin-binding globulin), blood pres-
sure regulation and renal development (SERPINA8 or
angiotensinogen), B cell development (SERPINA9 or
centerin), neurological development (SERPINI1 or neu-
roserpin), and still others [4]. However, the roles of
many serpins remain elusive.
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Nomenclature and Structure of the Serpins

Globally, more than 1,000 serpins have been identified to date
across all the living kingdoms, encompassing viruses as well as
simple organisms, humans, and plants [2, 5, 6], which can be
subdivided into 16 subgroups (clades) from A to P, according
to their phylogenetic relationship. Actually, an additional
group exists comprising “orphan” serpins that have not been
located in any other clade yet [1]. Sorting of serpins into
different clades is based on the conservation in their amino
acidic sequence that may underlie a common kinship [7].
Among the 16 clades, P and K comprise plant and insect
serpins, while viral serpins fall into the N and O clades. The
remaining 12 subgroups contain animal serpins, 3 clades (J, L,
and M) being species-based (nematodes, trematodes, and
horseshoe crab) and 9 (A–I) comprising high-animal serpins
(including human serpins) which segregate according to func-
tion rather than species [7]. The nomenclature bywhich serpins
are termed is SERPINXY, with X being the clade and Y being
the number within the clade [5], and newly discovered serpins
that are further added proceed sequentially in this way.

Although serpins are very ancient molecules, they are
prevalent among eukaryotes, suggesting that they may have
developed after prokaryotes/eukaryotes separation or that
simpler organisms might have lost them during evolution
[8]. Moreover, since serpins are more widely found in
metazoans, they could have scattered to other branches of
life (i.e., plants) by lateral gene transfer [8], or plant serpins
might have evolved as a separate evolutionary unit, since no
orthology links them to animal serpins [7].

Serpins are encoded by genes mapping on different chro-
mosomes (human serpin genes map on 10 chromosomes, see
succeeding paragraphs), so that one clade may have its mem-
bers split throughout the genome; however, serpin-encoding
genes are often clustered and, within each cluster, all serpins
belong to the same clade [1]. Notably, all serpins share a

conserved tertiary structure, made of 3 beta-sheets, 8 or 9
alpha-helices, and a reactive center loop (RCL) which is about
17 amino acids long and is tethered between the A and C beta-
sheets [1, 2, 5] (Fig. 1). Despite their common folding, the
homology in their primary structure accounts for <25 % [1].

The RCL is essential to serpin specificity and function [1]
since residues within the RCL match with amino acids of
the protease active site, thus defining which proteases will
be recognized. The most critical residue for RCL specificity
is called P1, which is flanked by recognition residues named
P4–P4′ [9, 10]. P1–P1′ is called the scissile bond [2] and
consists of some residues extending from the aminoacyl-
terminal (P1) to the carboxyl-terminal (P1′) [5, 10].

Serpins usually act at an extracellular level [1] and exist in
two alternative conformations, switching from the native meta-
stable stressed form to a relaxed stable form when binding the
protease (i.e., stressed-to-relaxed transition), thus reaching a
firmer conformation during inhibition [2, 11]. Indeed, during
activation, the RCL inserts itself into the center of the beta-sheet
A, forming an extra strand [1, 11] and leading to a hyperstable
state [2]. Only serpins displaying an effective inhibitory behav-
ior are able to incorporate the RCL into the beta-sheet A [2].
Incorporation of subsequent residues causes the thermodynam-
ic stability of the RCL insertion to increase, thus rendering the
process favorable and prone to self-perpetuation [1, 12].

At steady conditions, native serpins are restrained from
reaching their stable form by disadvantageous energetic inter-
actions (so-called unfavorable interactions, e.g., overpacking
of side chains, presence of hydrophobic pockets, polar–non-
polar interactions or burial of polar groups) accomplished by
critical amino acids in the molecule [11], so that a dynamic
balance between stability and metastability is provided over-
all. Nevertheless, such interactions may be overcome, result-
ing in spontaneous conversion of the native form into a more
stable one, i.e., the latent form, by which the RCL inserts into
the beta-sheet A irrespective of the interaction with a protease,
thus resulting in burial of the serpin binding site and premature
loss of function [4, 10, 12].

Serpin Functions

Inhibitory serpins drive the inhibition of several serine pro-
teases, thereby modulating their function. Serine proteases
are enzymes with a lytic behavior that carry out several
tasks, e.g., bacterial killing and inflammation: neutrophil
elastase, granzymes; coagulation: thrombin, factor XI; fibri-
nolysis: plasmin, tissue plasminogen activator; complement
activation: C1q; and others. Tissue damage due to protease
hyperactivation is usually avoided because protease activity
is tightly regulated by different mechanisms, including
serpin-mediated inhibition [9].

Serpins may proceed along two alternative pathways to
interact with proteases, termed the inhibitory pathway and

SERPINB3

Alpha helices 
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beta sheets

RCL

Fig. 1 All serpins share a conserved tertiary structure made of 3 beta-
sheets, 8 or 9 alpha-helices, and an RCL which is about 17 amino acids
long and is tethered between the A and C beta-sheets
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the substrate pathway [6], which are not mutually exclusive
and result in protease inhibition through a suicide mechanism,
meaning that the serpin undergoes irreversible structural
changes in order to inhibit the protease, thereby losing its
function [2, 13] (Fig. 2). Along the inhibitory pathway, the
RCL binds the protease and is then cleaved at the P1–P1′
bond, subsequently slipping in the beta-sheet A and shuttling
the protease from one extremity of the molecule to the other.
As a consequence, the protease is crushed against the bottom
of the serpin and undergoes a dramatic distortion, thus com-
pletely mislaying its lytic capability [2, 9]. The energy re-
quired for protease distortion is released during the stressed-
to-relaxed transition [4] and it is estimated to be as great as
−32 kcal/mol [14]. During this process, a covalent complex is
formed that irreversibly links the serpin to the protease (Fig. 2).

According to the substrate pathway, serpin serves as a
real substrate for the protease that is not structurally modi-
fied but has its function transiently hindered by the binding
with the RCL [13]. Some serpins, namely, SERPINB3 and
SERPINB4, proceed along a different pathway which has
not been elucidated yet, resulting in alteration of both the
serpin and the protease, thereby blunting protease function
[13] (Fig. 2). Whether the inhibitory pathway or the sub-
strate pathway predominates is determined by two kinetic
parameters, namely, the association constant (Kass) and the
stoichiometry of inhibition (SI) [10, 13], i.e., the rate of
RCL insertion (Kass) and the amount of serpins required to
inhibit a single molecule of protease (SI); the greater the SI,
the rarer the effective inhibition. In fact, relevant interac-
tions take place when SI approaches 1; conversely, the
substrate pathway is favored when the RCL resembles the
protease target too closely [10]. Additionally, cofactors that
enhance serpin activity may skew toward the inhibitory
pathway rather than the substrate pathway (Fig. 2).

Cofactors are a compelling device for serpins to have their
functions regulated and to be activated specifically when and
where they are needed. In fact, many serpin cofactors are
glycosaminoglycans whose expression varies across different
tissues in the body according to the ongoing biological pro-
cesses, e.g., heparin availability increases after endothelial
damage and coagulation initiation or vitronectin–plasminogen
activator inhibitor (PAI-1, SERPINE1) complexes at wounded
sites may control both fibrinolysis and wound healing [1].
Cofactors may serve as bridging molecules that bring the
serpin and the protease together, thus favoring their encounter
and inhibition, or they can bind the serpin only, causing it to
undergo a conformational change that enables interaction with
the protease [1]. Such mechanisms are not mutually exclusive
and may occur contemporaneously, as is the case of heparin,
which is a well-characterized serpin cofactor [1, 2, 5].

Cofactors may also guarantee that serpin metastability
and responsiveness are maintained, preventing serpins from
undergoing latency before they have bound their target
protease; this is likely the case with PAI-1 binding to vitro-
nectin, by which circulating PAI-1 is preserved, leading to a
modulation of plasminogen activation [1, 12]. Furthermore,
the cleavage of serpins, either inhibitory or not, elsewhere
from the scissile bond by nontarget proteinases (especially
metalloproteinases) may effectively hinder serpin function
[1], decreasing its binding affinity for the substrate. Notably,
SERPINA6 (corticosteroid-binding globulin) undergoes
such a nonspecific cleavage by neutrophil elastase, thereby
releasing the glucocorticoids at the site of inflammation [1].

Beside cofactors and nonspecific cleavage, other mech-
anisms still have to be addressed that may regulate serpin
activation and function. Hence, inhibitory serpins modu-
late the activity of a wide array of proteases mainly through
the establishment of a tight binding with their substrate,

Native serpin 
+ 

protease

Irreversible 
inhibition

Unknown pathway 
(SERPINB3and B4)

Inhibitory pathwaySubstrate pathway

Release of intact 
protease

Covalent complex

Cofactors

SI >1 SI  1 

SI, stoichiometryof inhibition 

Fig. 2 Serpins interact with proteases through two alternative path-
ways, termed the inhibitory pathway and the substrate pathway, which
are not mutually exclusive and result in protease inhibition through a
suicide mechanism. In addition, SERPINB3 and SERPINB4 proceed
along a different pathway which has not been elucidated yet, resulting

in a decrease of protease function. SI refers to the amount of serpins
required to inhibit a single molecule of protease: the effective inhibi-
tion occurs when SI approaches 1; conversely, the substrate pathway is
favored when SI is >1. SI stoichiometry of inhibition
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after a profound conformational change has occurred. Such
a conformational inhibition is quite different from the
standard reversible lock-and-key mechanism which is
widespread among living organisms and is carried out by
all nonserpin protease inhibitors [14]. The mechanisms
diverge in that serpins change their conformation dramat-
ically, inhibit their substrate irreversibly, and need P1 res-
idue to interact with protease-catalytic serine to function
properly [15]. Serpin binding hence ensures inhibition to
be at the same time tough (since a covalent complex is
formed) and very finely tuned, according to what is needed
in a given tissue at a given moment [1, 2].

Human Serpins

Origin and Genomic Organization

In high animals, including humans, nine serpin clades
(A–I) are found, the largest being clade A and B (alpha-
1-antitrypsin (α1AT)-like serpins and ov-serpins, with 13
members each) [5]. In humans, 37 serpins have been
described so far, among which at least 26 show an
inhibitory attitude, while the remainder carry out other
notable functions, e.g., hormone transport (corticosteroid-
binding globulin, thyroxin-binding globulin) or tumor
suppression (maspin) [1, 5]. The majority of human
serpins act at an extracellular level, with the exception
of ov-serpins which are intracellular molecules (reviewed
in the next paragraph) [1]. The first human serpins to be
identified were antithrombin and α1AT which were un-
expectedly found to share a common tertiary structure
with chicken ovalbumin, suggesting that they could de-
rive from a common ancestor [16]. Afterwards, anti-
thrombin and α1AT were located in clade C and clade
A, respectively, and they can somewhat be seen as the
founding elements of their series. Moreover, α1AT is
sometimes referred to as the prototype serpin, since other
serpins share with it as much as 30 % of similarity in
their primary sequence [1, 9, 17].

Genes encoding human serpins map on 10 different
chromosomes and 25 out of 37 are clustered on chromo-
somes 6, 14, and 18, with a smaller group on chromo-
some 3 [1]. Notably, clusters on chromosome 6 and 18
build up the serpin clade B (ov-serpins), and all but two
of the serpins belonging to clade A are encoded by the
gene cluster on chromosome 14 [1]. Serpin gene cluster-
ing might be explained either by chromosomal duplica-
tions (including large chromatin fragment duplications as
well as multiple intrachromosomal duplications) or con-
versely by splitting of an ancestral locus [1, 18], which
might particularly fit the origin of the ov-serpins (see
further). Genes clustered on chromosome 6 show high

homology with each other, as do the serpins they encode,
meaning that they have similar amino acidic sequences
[17]. On the other hand, genes mapping on chromosome
18 are not so similar to each other and rather seem to be
related to distant counterparts on chromosome 6 [19],
suggesting that they might have arisen as paralogues
(genes derived from duplication of a common ancestor).
Hence, gene analysis may inform about serpin evolution-
ary roots, while protein structure may account for their
function and intragroup relationships [8], so a compari-
son between the two may increase classification reliabil-
ity. Tables 1, 2, and 3 summarize the general features of
human serpins known to date [20–34].

Serpin Perturbations and Homeostatic Failure

Although non-inhibitory serpins exist, the master func-
tion of serpin appears to be the inhibition of several
proteases through an irreversible conformational-based
mechanism (see previous section), which provides high
inhibitory efficiency, but on the other hand, renders ser-
pins susceptible to even subtle changes in their sequence.
Indeed, since protease binding requires specific interac-
tions between matching residues, mutations of critical
amino acids may impair serpin affinity and effectiveness
[2], by either slowing or abnormally promoting RCL
insertion in the beta-sheet A. For instance, the Cam-
bridge I and II variants of antithrombin result in in-
creased risk of venous thrombosis since they hamper
antithrombin conformational transition and thrombin flip-
ping through the serpin molecule; conversely, the Rouen
VI, Wibble, and Wobble variants of antithrombin cause
the RCL to be incorporated too efficiently in the beta-
sheet, irrespective of peptidase binding, thus reaching the
latent state and again increasing the risk of thrombosis
[14]. Moreover, substitution of specific residues may
change serpin specificity with harmful effects, e.g., the
Pittsburgh variant of α1AT (Met to Arg in P1), recog-
nizing thrombin in spite of neutrophil elastase and lead-
ing to fatal bleeding [1, 5, 10].

Besides point mutations causing functional failure,
abnormal serpin folding may occur as well, leading to
latency of the serpin molecules (see previous paragraph)
as well as to anomalous insertion of the RCL of one
serpin into the beta-sheet of another, thereby chaining
the serpins and causing them to polymerize [4]. Unlike
latency, polymerization occurs only if serpins display
any polymerogenic mutations in their sequence, with
the exception of PAI-2 (SERPINB2) which tends to
polymerize spontaneously and reversibly under physio-
logical conditions [22]. Recently, a new challenging
mechanism has been proposed, postulating that serpin
polymerization occurs during the folding process [35,
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36], and not after it is accomplished; however, the
precise mechanisms are not fully understood.

Transition in serpin conformation is unlikely to occur
as a sudden one-step mechanism, rather encompassing
diverse intermediates with different thermodynamic sta-
bilities [1, 35, 37] among which a dynamic balance may
be established [37]. Moreover, the presence of intermedi-
ates along the pathway toward polymerization may slow
the folding rate since noncovalent interactions take place
inside the alpha-helixes [37], which preserve native
metastable conformation. However, since both polymers
and latent forms are far more stable than the native shape
[13, 35], the folding transition might accelerate once it
has started. It has to be highlighted that serpin polymer-
ization generates ordered polymers and lateral associa-
tions may occur [35, 36], causing insoluble serpin
aggregates to form and precipitate either in or out of
the cells, thereby resulting in cellular toxicity.

The mechanisms by which precipitated serpin poly-
mers may harm the cells concern both the loss of serpin
function with uncontrolled protease activity (e.g., unbal-
anced elastase activation and emphysema, C1-inhibitor
(INH) deficiency and angioedema, antithrombin defi-
ciency and thrombosis [38]) and the accumulation of

serpin chains with subsequent endoplasmic reticulum
(ER) overload, resulting in abnormal activation of nu-
clear factor-kappa B (NF-κB) proinflammatory signaling
(e.g., liver cirrhosis due to α1AT accumulation or neu-
ronal tangles of mutated neuroserpin) [39, 40]. More-
over, accumulation of polymers outside the cells may
result in increased inflammation, since some of the
polymers (e.g., α1AT polymer) may recruit and trap
neutrophils from circulation, thereafter favoring their
local degranulation [38]. Therefore, whatever the mech-
anism and although further evidence is needed, poly-
merization of neighbor serpins results in cytotoxic
accumulation of polymers inside the ER, a pathological
condition known as serpinopathy [1, 41, 42].

Two major serpinopathies have been reported to date, i.e.,
liver cirrhosis due to the accumulation of mutated α1AT (Z
null allele Glu342Lys) and familial encephalopathy with
neuroserpin inclusion bodies dementia due to the accumu-
lation of mutated neuroserpin [38, 42, 43]. Moreover, other
serpinopathies are likely to affect other districts in the body,
e.g., overexpression of megsin in glomerular and tubular
cells may account for renal damage and increased protein-
uria both in rats and humans, being involved in different
types of glomerulopathies [44].

Table 1 General features of human serpins belonging to clade A

SERPIN (alternative names) Location Target molecule or function Biochemical behavior Ref.

Gene Cells or tissues displaying high expression

SERPINA1 (α1antitrypsin,
α1proteinase inhibitor)

14q Extracellular; liver, neutrophils, monocytes,
macrophages, alveolar macrophages, gut
epithelium, cornea, and some carcinoma
cells

Neutrophil elastase proteinase
3

Inhibitory [1, 5,
20]

SERPINA2 (antitrypsin-
related protein)

14q Extracellular Not characterized; probable
pseudogene

Inhibitory [1, 5]

SERPINA3 (α1-
antichymotrypsin)

14q Extracellular; bronchial epithelial cells,
activated astrocytes, monocytes

Cathepsin G Inhibitory [20]

SERPINA4 (kallistatin, PI4) 14q Extracellular Tissue kallikrein Inhibitory [1, 5]

SERPINA5 (protein C
inhibitor, PAI-3)

14q Extracellular Active protein C, uPA, plasma
kallikrein

Inhibitory [1, 5]

SERPINA6 (corticosteroid-
binding globulin)

14q Extracellular; produced by liver and to
a lesser extent by kidney; circulates
in plasma

Corticosteroid transport Non-inhibitory,
hormone transport

[1, 5]

SERPINA7 (thyroxin-
binding globulin)

Xq Extracellular; produced by the liver;
circulates in plasma

Thyroxin transport Non-inhibitory,
hormone transport

[1, 5]

SERPINA8
(angiotensinogen)

1q Extracellular Gives angiotensin I Non-inhibitory [1, 5]

SERPINA9 (centerin) 14q Extracellular Maturation of naïve B cells Noncharacterized [17]

SERPINA10 (protein Z-
dependent proteinase
inhibitor)

14q Extracellular Inhibition of factors Xa and
XIa

Inhibitory [17]

SERPINA11 14q Extracellular Not characterized Noncharacterized [5]

SERPINA12 (vaspin) 14q Extracellular Insulin-sensitizing
adipocytokine

Noncharacterized [5]

SERPINA13 14q Extracellular Not characterized Noncharacterized [5]

uPA urokinase plasminogen activator

Clinic Rev Allerg Immunol (2013) 45:267–280 271



T
ab

le
2

G
en
er
al

fe
at
ur
es

of
hu

m
an

se
rp
in
s
be
lo
ng

in
g
to

cl
ad
e
B

S
E
R
P
IN

(a
lte
rn
at
iv
e
na
m
es
)

L
oc
at
io
n

Ta
rg
et

m
ol
ec
ul
e
or

fu
nc
tio

n
B
io
ch
em

ic
al

be
ha
vi
or

R
ef
.

G
en
e

C
el
ls
or

tis
su
es

di
sp
la
yi
ng

hi
gh

ex
pr
es
si
on

S
E
R
P
IN

B
1
(m

on
oc
yt
e/
ne
ut
ro
ph
il

el
as
ta
se

in
hi
bi
to
r,
P
I2
)

6p
In
tr
ac
el
lu
la
r;
gr
an
ul
oc
yt
es
,
m
on
oc
yt
es
,
m
ac
ro
ph
ag
es
;

w
id
e
ra
ng
e
of

no
rm

al
tis
su
es

N
eu
tr
op
hi
l
el
as
ta
se
,
ca
th
ep
si
n
G
,
pr
ot
ei
na
se

3;
re
gu
la
te
s
N
E
T-
os
is

In
hi
bi
to
ry

[1
,
9,

13
,
21
]

S
E
R
P
IN

B
2
(P
A
I-
2)

18
q

In
tr
ac
el
lu
la
r;
m
on
oc
yt
es
/m

ac
ro
ph
ag
es
;
pl
ac
en
ta
;

ke
ra
tin

oc
yt
es

uP
A
;
m
od
ul
at
es

ce
ll
pr
ol
if
er
at
io
n
an
d
di
ff
er
en
tia
tio

n;
pr
ot
ec
tio

n
fr
om

T
N
F
-m

ed
ia
te
d
de
at
h;

in
vo
lv
em

en
t

in
tis
su
e
re
m
od
el
in
g
an
d
tu
m
or

m
et
as
ta
si
s

In
hi
bi
to
ry

[1
,
9,

22
]

S
E
R
P
IN

B
3
(s
qu
am

ou
s
ce
ll
ca
rc
in
om

a
an
tig

en
1,

S
C
C
A
1)

18
q

In
tr
ac
el
lu
la
r;
to
ng
ue
,
to
ns
ils
,
ut
er
us
,
ce
rv
ix
,
va
gi
na

an
d
up
pe
r
ai
rw

ay
s,
th
ym

us
,
H
as
sa
ll
’s
co
rp
us
cl
es
;
a

va
ri
et
y
of

ep
ith

el
ia
l
sq
ua
m
ou
s
an
d
no
ns
qu
am

ou
s

ca
rc
in
om

as

P
ap
ai
n,

ca
th
ep
si
n
L
,
K
,
S
;
pa
ra
si
te
-d
er
iv
ed

ca
th
ep
si
n
L

In
hi
bi
to
ry

[1
,
13

]

S
E
R
P
IN

B
4
(S
C
C
A
2,

le
up
in
)

18
q

In
tr
ac
el
lu
la
r;
ep
ith

el
ia
l
ce
lls

C
at
he
ps
in

G
,
m
as
t
ce
ll
ch
yn
as
e

In
hi
bi
to
ry

[1
,
9,

13
]

S
E
R
P
IN

B
5
(m

as
pi
n)

18
q

In
tr
ac
el
lu
la
r,
m
ay

be
se
cr
et
ed
;
br
ea
st
ep
ith

el
ia
l
an
d

m
yo
ep
ith

el
ia
l
ce
lls
;
th
ym

us
,
te
st
is
,
lu
ng
,
sm

al
l
in
te
st
in
e,

sk
in
,
pr
os
ta
te

P
ri
m
ar
ily

in
hi
bi
ts
tu
m
or

m
et
as
ta
si
s;
an
tia
ng
io
ge
ne
tic

ac
tiv

ity
;
lim

its
tr
op
ho
bl
as
t
in
va
si
on

du
ri
ng

im
pl
an
ta
tio

n

U
nc
ha
ra
ct
er
iz
ed

m
ec
ha
ni
sm

of
tu
m
or

su
pp
re
ss
io
n

[8
,
17

]

S
E
R
P
IN

B
6
(c
yt
op
la
sm

ic
an
tip

ro
te
as
e

1
C
A
P
1,

P
I6
)

6p
In
tr
ac
el
lu
la
r;
en
do
th
el
ia
l
ce
lls
,
ep
ith

el
ia
l
ce
lls
,

ke
ra
tin

oc
yt
es
,
gr
an
ul
oc
yt
es
;
m
on
oc
yt
es
/m

ac
ro
ph
ag
es
,

di
ff
er
en
tia
tin

g
m
ye
lo
m
on
oc
yt
ic

ce
lls
,
ly
m
ph
ob
la
st
s,

pl
at
el
et
s

C
at
he
ps
in

G
In
hi
bi
to
ry

[9
,
17

]

S
E
R
P
IN

B
7
(m

eg
si
n)

18
q

In
tr
ac
el
lu
la
r;
w
id
e
va
ri
et
y
of

tis
su
es

(b
ra
in
,
br
ea
st
,

pa
nc
re
as
,
ki
dn
ey
,
es
op
ha
gu
s,
ov
ar
y,
bl
oo
d
ve
ss
el
s,
sk
in
)

In
hi
bi
ts
pl
as
m
in
;
m
eg
ak
ar
yo
cy
te

m
at
ur
at
io
n;

up
re
gu
la
te
d
in

gl
om

er
ul
ar

di
se
as
es

In
hi
bi
to
ry

[8
,
17

,
23

]

S
E
R
P
IN

B
8
(C
A
P
2,

P
I8
)

18
q

In
tr
ac
el
lu
la
r;
sk
el
et
al

m
us
cl
e,
liv

er
,
lu
ng
,
pl
ac
en
ta
,

m
on
oc
yt
es
,
ne
ur
oe
nd
oc
ri
ne

pa
nc
re
at
ic

ce
lls
,
hy
po
ph
ys
is
,

pl
at
el
et
s,
ga
st
ro
in
te
st
in
al

tr
ac
t

F
ur
in
,
tr
yp
si
n,

th
ro
m
bi
n,

fa
ct
or

X
a,
ch
ym

ot
ry
ps
in
,

su
bt
ili
si
n
A

In
hi
bi
to
ry

[8
,
9,

13
,
17
]

S
E
R
P
IN

B
9
(C
A
P
3,

P
I9
)

6p
In
tr
ac
el
lu
la
r;
w
id
e
ra
ng
e
of

no
rm

al
tis
su
es
,
D
C
,
T
an
d
B

ce
lls

G
ra
nz
ym

e
B
,
su
bt
ili
si
n
A
,
ca
sp
as
e
1,

4,
8,

10
;

pr
ot
ec
ts
ce
lls

fr
om

gr
an
zy
m
e-
m
ed
ia
te
d
de
at
h

In
hi
bi
to
ry

[8
,
9,

13
]

S
E
R
P
IN

B
10

(b
om

ap
in
,
P
I1
0)

18
q

In
tr
ac
el
lu
la
r;
ce
lls

of
m
on
oc
yt
ic

lin
ea
ge

T
hr
om

bi
n,

tr
yp
si
n

In
hi
bi
to
ry

[9
,
13

,
17

]

S
E
R
P
IN

B
11

(e
pi
pi
n)

18
q

In
tr
ac
el
lu
la
r;
lu
ng
,
pr
os
ta
te
,
ly
m
ph

no
de
s

N
ot

ch
ar
ac
te
ri
ze
d

N
ot

ch
ar
ac
te
ri
ze
d

[8
,
13

]

S
E
R
P
IN

B
12

(y
uk
op
in
)

18
q

In
tr
ac
el
lu
la
r;
br
ai
n,

m
us
cl
e,
lu
ng
,
pa
nc
re
as
,
bo
ne

m
ar
ro
w
,

ly
m
ph

no
de
s,
to
ns
ils
,
sp
le
en
,
liv

er
,
ki
dn
ey
,
te
st
is
,
ut
er
us
,

ov
ar
y,
he
ar
t

T
ry
ps
in
,
pl
as
m
in

In
hi
bi
to
ry

[5
,
8,

13
]

S
E
R
P
IN

B
13

(h
ea
dp
in
,
hu
rp
in
,
P
I1
3)

18
q

In
tr
ac
el
lu
la
r;
br
ai
n,

br
ea
st
,
co
lo
n,

ce
rv
ix
,
sk
in

C
at
he
ps
in

K
,
L
,
V

In
hi
bi
to
ry

[5
,
8,

13
,
17
]

N
E
T
ne
ut
ro
ph

il
ex
tr
ac
el
lu
la
r
tr
ap
s,
uP
A
ur
ok

in
as
e
pl
as
m
in
og

en
ac
tiv

at
or
,
T
N
F
tu
m
or

ne
cr
os
is
fa
ct
or

272 Clinic Rev Allerg Immunol (2013) 45:267–280



T
ab

le
3

G
en
er
al

fe
at
ur
es

of
hu

m
an

se
rp
in
s
be
lo
ng

in
g
to

cl
ad
es

C
,
D
,
E
,
F,

G
,
H
,
an
d
I

S
E
R
P
IN

(a
lte
rn
at
iv
e
na
m
es
)

L
oc
at
io
n

Ta
rg
et

m
ol
ec
ul
e
or

fu
nc
tio

n
B
io
ch
em

ic
al

be
ha
vi
or

R
ef
.

G
en
e

C
el
ls
or

tis
su
es

di
sp
la
yi
ng

hi
gh

ex
pr
es
si
on

S
E
R
P
IN

C
1
(a
nt
ith

ro
m
bi
n)

1q
E
xt
ra
ce
llu

la
r;
ci
rc
ul
at
es

in
pl
as
m
a
in

al
ph

a
an
d
be
ta

is
of
or
m
s

T
hr
om

bi
n,

fX
a;

pr
ot
ec
ts
fr
om

is
ch
em

ia
/r
ep
er
fu
si
on

in
ju
ry

th
ro
ug

h
in
hi
bi
tio

n
of

N
F
-κ
B
si
gn

al
in
g

In
hi
bi
to
ry

[1
,
24
]

S
E
R
P
IN

D
1
(h
ep
ar
in

co
fa
ct
or

II
)

22
q

E
xt
ra
ce
llu

la
r;
ci
rc
ul
at
es

in
bl
oo

d;
af
te
r
en
do

th
el
ia
l
di
sr
up

tio
n

ac
cu
m
ul
at
es

in
th
e
ad
ve
nt
iti
a

T
hr
om

bi
n

In
hi
bi
to
ry

[1
,
25
]

S
E
R
P
IN

E
1
(P
A
I-
1)

7q
E
xt
ra
ce
llu

la
r;
st
ro
m
al

m
yo

fi
br
ob

la
st
s;
hy

pe
re
xp

re
ss
io
n
in

so
m
e
hu

m
an

m
al
ig
na
nt

tu
m
or
s

uP
A
,
tP
A
,
th
ro
m
bi
n,

ac
tiv

at
ed

pr
ot
ei
n
C
;
m
ay

fa
vo

r
tu
m
or

in
va
si
on

In
hi
bi
to
ry

[2
6]

S
E
R
P
IN

E
2
(p
ro
te
as
e
ne
xi
n,
P
I7
)

2q
E
xt
ra
ce
llu

la
r;
fi
br
ob

la
st
,
va
sc
ul
ar

en
do

th
el
ia
l
ce
lls
,
va
sc
ul
ar

sm
oo

th
m
us
cl
e
ce
lls
,
bl
oo

d
ce
lls
,
pl
at
el
et

su
rf
ac
e
an
d

al
ph

a-
gr
an
ul
es

uP
A
,
tP
A
,
th
ro
m
bi
n,

fX
Ia
,
pl
as
m
in
;
an
tia
ng

io
ge
ne
tic

ac
tiv

ity
th
ro
ug

h
in
hi
bi
tio

n
of

V
E
G
F
-i
nd

uc
ed

en
do

th
el
ia
l
ce
lls

re
sp
on

se
s

In
hi
bi
to
ry

[2
7,

28
]

S
E
R
P
IN

F
1
(p
ig
m
en
t

ep
ith

el
iu
m
-d
er
iv
ed

fa
ct
or
)

17
p

E
xt
ra
ce
llu

la
r;
ex
pr
es
si
on

in
ne
ur
al

st
em

ce
lls

an
d
in

so
m
e

tu
m
or

ce
lls

(e
.g
.,
br
ea
st
ca
nc
er
)

A
nt
ia
ng

io
ge
ni
c,
ne
ur
ot
ro
ph

ic
fa
ct
or
;
tu
m
or

su
pp

re
ss
iv
e

ac
tiv

ity
an
d
ne
ur
op

ro
te
ct
io
n
ag
ai
ns
t
br
ai
n
m
et
as
ta
si
s

an
d
ox

id
at
iv
e
st
re
ss

N
on

-i
nh

ib
ito

ry
[5
,
29
,
30

]

S
E
R
P
IN

F
2
(α
2-
an
tip

la
sm

in
)

17
p

E
xt
ra
ce
llu

la
r

P
la
sm

in
In
hi
bi
to
ry

[5
]

S
E
R
P
IN

G
1
(C
1-
IN

H
)

11
q

E
xt
ra
ce
llu

la
r

C
1r
,
C
1s
,
pl
as
m
a
ka
lli
kr
ei
n

In
hi
bi
to
ry

[1
,
5]

S
E
R
P
IN

H
1
(h
ea
t
sh
oc
k

pr
ot
ei
n
47

,
co
lla
ge
n

bi
nd

in
g
pr
ot
ei
n
1
C
B
P
1)

11
p

E
xt
ra
ce
llu

la
r

M
ol
ec
ul
ar

ch
ap
er
on

e
fo
r
co
lla
ge
ns

N
on

-i
nh

ib
ito

ry
[1
7]

S
E
R
P
IN

H
2
(C
B
P
2)

11
q

E
xt
ra
ce
llu

la
r

R
he
um

at
oi
d
ar
th
ri
tis

re
la
te
d
an
tig

en
N
on

-i
nh

ib
ito

ry
[5
]

S
E
R
P
IN

I1
(n
eu
ro
se
rp
in
)

3q
E
xt
ra
ce
llu

la
r;
br
ai
n;

ex
pr
es
si
on

au
gm

en
te
d
in

hi
pp

oc
am

pu
s

an
d
co
rt
ex

af
te
r
su
bl
et
ha
l
hy

po
xi
a

uP
A
,
tP
A
,
pl
as
m
in
;
su
st
ai
ns

br
ai
n
de
ve
lo
pm

en
t
an
d

sy
na
pt
ic

pl
as
tic
ity

;
in
du

ce
s
br
ai
n
is
ch
em

ic
to
le
ra
nc
e;

in
hi
bi
ts
pl
as
m
in
-m

ed
ia
te
d
ex
ci
to
to
xi
n-
in
du

ce
d
ce
ll

de
at
h;

fa
vo

rs
ex
pa
ns
io
n
of

m
et
as
ta
tic

cl
on

es
in

th
e

br
ai
n
pa
re
nc
hy

m
a
(o
pp

os
ite
s
to

P
E
D
F
-m

ed
ia
te
d

tu
m
or

su
pp

re
ss
io
n)

In
hi
bi
to
ry

[1
,
31
–
33
]

S
E
R
P
IN

I2
(m

yo
ep
ith

el
iu
m
-

de
ri
ve
d
se
ri
ne

pr
ot
ea
se

in
hi
bi
to
r,
pa
nc
pi
n)

3q
E
xt
ra
ce
llu

la
r;
lo
ca
liz
es

in
pa
nc
re
at
ic

ce
lls

in
zy
m
og

en
gr
an
ul
es

an
d
G
ol
gi

co
m
pl
ex

of
ac
in
ar

ce
lls
;
do

w
n
re
gu

la
te
d

in
pa
nc
re
at
ic

ca
nc
er

P
ro
te
ct
io
n
ag
ai
ns
t
pr
em

at
ur
e
zy
m
og

en
ac
tiv

at
io
n;

in
hi
bi
tio

n
of

ca
nc
er

m
et
as
ta
si
s
(?
)

In
hi
bi
to
ry

[1
,
17
,
34

]

fX
a
ac
tiv

at
ed

fa
ct
or

X
,N

F
-κ
B
nu

cl
ea
r
fa
ct
or
-k
ap
pa

B
,C

1
co
m
pl
em

en
t
1,

uP
A
ur
ok

in
as
e
pl
as
m
in
og

en
ac
tiv

at
or
,t
PA

tis
su
e
pl
as
m
in
og

en
ac
tiv

at
or
,V

E
G
F
va
sc
ul
ar

en
do

th
el
ia
l
gr
ow

th
fa
ct
or
,P

E
D
F

pi
gm

en
t
ep
ith

el
iu
m
-d
er
iv
ed

fa
ct
or

Clinic Rev Allerg Immunol (2013) 45:267–280 273



Human Ov-serpins and SERPINB3

Genes and Cellular Localization

Serpins falling into clade B were originally termed ov-
serpins since chicken ovalbumin represented the arche-
typal member of that group [8]. Initially, five molecules,
i.e., chicken ovalbumin, chicken gene Y, PAI-2, squa-
mous cell carcinoma antigen (SCCA), and elastase inhib-
itor, were classified as being ov-serpins according to
some common features [45], and to date, 13 clade B
serpins (SERPINB1–SERPINB13) have been found in
humans (Table 2).

Human ov-serpins are intracellular molecules that carry
out several functions, including protease inhibition, tumor
suppression, regulation of apoptosis and inflammation, reg-
ulation of angiogenesis, and others [8, 13], and map on two
different loci at 6p25 (three genes: SERPINB1, SERPINB6,
and SERPINB9) and 18q21 (10 genes: SERPINB2, SER-
PINB3, SERPINB4, SERPINB5, SERPINB7, SERPINB8,
SERPINB10, SERPINB11, SERPINB12, and SERPINB13)
[8, 46]. Mammals appear to be the only class to have clade
B genes split into two separate loci, whereas fish, amphib-
ians, and birds all display a single ov-serpin locus [18, 46].
Therefore, it was suggested that the two mammalian loci
resulted from an early chromosomal breakage, and this was
strikingly supported by the finding that human clade B
genes from both loci have several orthologues on the chick-
en single clade B locus, and moreover, the chicken locus is
flanked by upstream and downstream genes that have
corresponding human orthologues in the same positions
[18]. Gene duplications rather than splitting may likewise
occur in living beings. In this regard, a recent comparison
between the human 6p25 and the mouse chromosome 13
has shown a broadened serpin repertoire in the mouse ge-
nome, with 15 expanded members [47] which probably
arose through subsequent duplications under selective evo-
lutionary pressure [8].

All human ov-serpins are found in the cytoplasm or
associated with cytoplasmic organelles and usually require
an ATP-independent active process to be driven to the
nucleus [8]. Since they lack the N-terminal signal peptide
required in the secretory pathway [1, 8, 13], human ov-
serpins are retained in the cell where they probably play a
cytoprotective role owing to their protease inhibitory atti-
tude [10, 12, 48], as well as to their antiapoptotic capability
[49]. Nevertheless, modest secretion of some ov-serpins
(e.g., SERPINB2, SERPINB3, SERPINB5, SERPINB7)
has been reported [12, 50, 51], but in the majority of cases,
extracellular distribution might be due to passive loss or
cellular lysis (e.g., ripping of tumor cell and SCCA1 release
in plasma) [8]. Compelling evidence was drawn only for
SERPINB5 (which may be found in secretory vesicles at the

cell surface) [52] and SERPINB2 [53], although the export-
ing mechanisms remain elusive [12, 54].

Ov-serpin Functions with a Focus on Immunity and Cell
Death

All human ov-serpins, except SERPINB5 (maspin) and
SERPINB11 (epipin), display an inhibitory phenotype,
mainly targeting trypsin-like or chymotrypsin-like serine
proteases; in fact, ov-serpins can inhibit a great deal of
molecules, including caspases, subtilisins, pepsin, allergens,
and papain-like cysteine proteases [13]. SERPINB4 and
SERPINB9 are cross-class serpins, while SERPINB3 and
SERPINB13 can only inhibit cysteine proteases [1, 13]. The
mechanisms of cysteine protease inhibition probably over-
lap those of serine protease inhibition, but it has to be
mentioned that SERPINB3 and SERPINB13 are intrinsical-
ly predisposed to inhibit papain-like cysteine proteases ow-
ing to their structural conformation [55]. Although ov-serpin
functions are not fully characterized (Table 2), one of their
major tasks appears to be cellular protection against cell
own cytotoxic molecules that are released during cellular
activation (e.g., granzyme B) or may otherwise leak in the
cytoplasm, e.g., by lysosome loss (cathepsins) [10, 12, 56].
Ov-serpins are expressed by a wide variety of cells and
tissues, e.g., skin, placenta (PAI-2) [36], endothelial cells
(SERPINB9, SERPINB6) [6, 57], platelets (SERPINB6)
[6], and noteworthy, in immune-competent cells, such as
monocytes (SERPINB2), dendritic cells (DC; SERPINB9),
or lymphocytes (SERPINB9) [20, 58], where they may
rescue cells from unwanted apoptosis and sustain along their
development. Several ov-serpins are thought to help mye-
loid cell maturation in physiological conditions, and varia-
tions in their levels of expression were seen to correlate with
the cell maturation state [59].

It should be noted that ov-serpins target molecules that
are seldom targeted by extracellular serpins as well (e.g.,
neutrophil elastase, cathepsin G, and proteinase 3 are targets
of both SERPINB6 and SERPINA1) [20, 57], consistent
with the fact that such proteinases play a dual role, acting
both at the intracellular and extracellular levels (i.e., inside
phagocytic vesicles to dispose ingested material and as
inflammatory mediators released by granules). Accordingly,
ov-serpins exert a cytoprotective effect, whereas serpins
belonging to other clades are more likely to protect the
surrounding cells and tissues. However, ov-serpins may
safeguard neighboring cells from cytolytic death as well.
In this regard, SERPINB9 is thought to be paramount in
cytotoxic lymphocyte (CTL) protection from endogenous
granzyme B which is inactivated in the cytoplasm [10] as
well as in shielding activated DC which are exposed to
proteolytic peptides, including granzymes [58]. This may
in turn preserve DC contribution to the maintenance of
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cytotoxic responses, since DC are required in CTL activa-
tion or the response would prematurely fade. Clustering of
death receptors is another mechanism by which CTL may
kill target cells, and although SERPINB9 was said not to
interact with caspases [60], conflicting observations have
been reported [10, 57], suggesting that SERPINB9 may
actually interact with caspase 8 and caspase 10 and thereby
modulate Fas-mediated and TNFα-mediated cytotoxicity,
albeit in a cell-specific fashion [57]. Besides the cytotoxic
pathways to cell death, serpins may interfere with the in-
trinsic apoptotic pathway as well [6, 22, 61]. Some ov-
serpins were found to be involved in tumor genesis or
progression, particularly SERPINB2 and SERPINB5
expressions were reported to hamper tumor spreading and
metastasis and thereby ameliorate the prognosis; conversely,
SERPINB3 was reported to correlate with a poor prognosis
in diverse epithelial or endodermal cancers [62], since it
might interfere with canonical apoptosis and, therefore,
rescue cancer cells from death.

SERPINB3

SERPINB3 was originally named SCCA since it was found
to be highly expressed in some squamous epithelial cancers,
such as uterine cervix carcinoma, esophagus carcinoma, and
head and neck carcinomas [13]; more recently, increased
SERPINB3 expression was reported in liver carcinoma as
well [63]. Originally, SERPINB3 was reported to inhibit
apoptosis in cancer cells, thus favoring their spreading and
worsening the prognosis [64]. The mechanisms by which
SERPINB3 may hamper apoptosis are not clear; however, it
was recently hypothesized to interfere with mitochondrial
release of cytochrome c [61] or it might be responsible for
resistance to anticancer drugs as well as to TNFα-induced
apoptosis through inhibition of caspase 3 or upstream pro-
teins [64] (Fig. 3). Previous findings also demonstrated that
TNFα could elicit SERPINB3 expression in tumor cells
[65], thus establishing a prosurvival loop for cancer cells.

In normal conditions, SERPINB3 and its close homo-
logue SERPINB4 are widely coexpressed in a variety of
epithelia, including tongue, tonsils, uterus, cervix, vagina,
and upper airways, as well as in thymus or Hassall’s cor-
puscles [13]; moreover, SERPINB3 was recently reported to
be expressed on CD27+ B cells [66]. Despite such a broad-
ened expression, however, the physiological functions of
SERPINB3 remain elusive. Actually, SERPINB3 looks in-
triguingly involved in the regulation of apoptosis and cell
death, and a great deal of functions may be attributed to this
serpin encompassing cell death and immunity [67]. As a
protease inhibitor, SERPINB3 is able to inhibit cysteine
proteases (cathepsins, papain) and it may be found either
outside or inside the cells (mainly in the cytoplasm), al-
though whether its secretion plays a physiological role

remains to be addressed [13, 68]. SERPINB3 antiprotease
activity may also be involved in the dampening of antican-
cer drug-induced apoptosis; however, SERPINB3 was
shown to trigger a decreased phosphorylation of the proa-
poptotic p38 mitogen-activated protein kinase and to halt
ultraviolet-induced apoptosis [67] in a way which does not
seem to be related to its antiprotease activity.

Although SERPINB3 antiapoptotic capability is likely
to explain at least in part how SERPINB3 may prolong
cellular survival, recent evidence suggests that SER-
PINB3 may avoid cell death triggered by intracellular
damage (e.g., by lysosome loss of lytic enzymes) but
may actually favor ER stress-induced apoptosis [62],
thus modulating cell survival in both directions. Lyso-
some damage, induced by various types of stress, includ-
ing hypotonic stress, hypoxia, heat shock, or DNA
alkylation, leads to intracellular release of cathepsins,
which are targeted by SERPINB3, and indeed, cell death
owing to aberrant hydrolase release is avoided [62].
However, SERPINB3 hyperexpression (as seen in some
tumor cells) causes inhibition of the proteasome function
(Fig. 3), leading to accumulation and aggregation of
polyubiquitinated proteins including caspase 8 which is
pushed to activation, thus initiating an apoptotic cascade.
Such a process begins with an aberrant ER stress, mean-
ing that an abortive unfolded protein response (UPR) is
carried out which loses the capability to dispose the
unfolded material because of proteasome inhibition, thus
skewing the pathway toward a caspase 8-driven cell
death [62]. However, cells may survive until proteasome
function is not completely overcome; therefore, tumor
cells may escape lysosome stress (e.g., by alkylating
agents) without undergoing ER stress-induced apoptosis,
thereby resulting in anticancer drug resistance. Accord-
ingly, SERPINB3 expression was seen to correlate with a
poor prognosis in breast cancer patients [69].

Not only tumor cells but also viruses may exploit the
serpin repertoire to induce cell survival and, therefore,
escape killing by immune cells. In this regard, SER-
PINB3 expression was shown to be induced in human
cells infected with Toxoplasma gondii [70], thus preserv-
ing parasite viability. Moreover, SERPINB3 was reported
to serve as a surface binding receptor for human hepatitis
B virus, not only in hepatocytes but also in peripheral
blood mononuclear cells [71, 72]. Finally, serum concen-
trations of SERPINB3 were found to be elevated not
only in patients with squamous carcinomas but also in
some of those affected with systemic sclerosis (especially
if lung fibrosis or diffuse skin involvement occurred) and
psoriasis [73, 74]. In psoriatic patients, autoreactive IgG
may be produced, which target SERPINB3 [75]. These
findings, together with the knowledge that apoptosis
dysregulation is likely to play a role in the induction of
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aberrant immune responses, raise the question whether
SERPINB3 might be involved in the development of
autoimmunity [67].

Serpins in Autoimmunity and SLE

Failure in serpin function was shown to associate with
dysregulation in cell survival (detailed in the previous sec-
tion) as well as with some autoimmune traits, meaning that
people carrying serpin dysfunction often display an altered
immune response. For instance, hereditary C1-INH-
deficient patients are prone to develop autoantibodies (es-
pecially antinuclear antibodies) and immunoregulatory dis-
orders [76, 77], and patients affected with autoimmune
diseases (e.g., systemic lupus erythematosus [SLE]) may
develop anti-C1-INH antibodies and may acquire C1-INH
deficiency [78, 79], displaying severe clinical features [80].
On the other hand, it has recently been observed that auto-
antibodies against SERPINB13 may delay diabetes onset in
nonobese diabetic mice and that children who experience
early diabetes lack effective anti-clade B serpin activity
[81], thus suggesting that there are multiple ways by which
clade B serpins are implied in immune homeostasis, al-
though many of them remain elusive.

Of interest, serpins may be double-faced in modulat-
ing immunity. Administration of α1-antichymotrypsin
(α1ACT, SERPINA3) was shown to ameliorate disease
and delay autoimmunity in a mouse model of arthritis,
the treated mice displaying lower levels of anticollagen
autoantibodies and of B cell activating factor, suggest-
ing that α1ACT may somehow influence B cell func-
tion [82]. On the other hand, α1ACT is found in
amyloid plaques in Alzheimer’s disease and is thought
to accelerate disease onset and severity [20, 83].

Abnormal accumulation of serpins inside the ER (i.e.,
serpinopathies) may also fuel aberrant autoimmune
responses. Classically, abnormal accumulation of misfolded
proteins within the ER leads to ER stress and initiation of
salvage pathways, i.e., the UPR, which can prevent the
suffering cells from being flooded by an excessive protein
load [84]. Misfolded polypeptides that cannot be properly
refolded are delivered to the proteasome in the cytoplasm
and undergo ER-associated degradation (ERAD). If all these
measures fail, the UPR leads to the activation of apoptosis
and cellular death [85–87]. Notably, serpin polymers do not
evoke an effective UPR on their own, being rather associ-
ated with endoplasmic overload response (EOR) or autoph-
agy hyperactivation [43, 88, 89], most probably because of
the polymers’ ordered structure [43].

UPR and EOR have some common features; most nota-
bly, they both culminate in the activation of NF-κB and
subsequent expression of several genes mostly involved in
antiapoptosis, inflammation, and cellular survival and pro-
liferation [90], and their activating stimuli are sometimes
overlapping.

With regard to polymer degradation, both proteasome
and autophagy are involved, meaning ERAD is somehow
activated despite the scarce UPR response; it could be that
different signaling pathways are initiated, but they still re-
main elusive [91]. In fact, autophagy and ERAD seem to
carry out different tasks, perhaps playing complementary
roles, since autophagy might be responsible for a bulk
degradation of both mutants and wild-type proteins depend-
ing on their abnormal aggregation, whereas ERAD seems to
selectively target mutant monomers, thus shaping the pool
of proteins tagged for degradation [91, 92]. The sorting of
abnormal proteins along the proteasome or the autophagy
pathway may, therefore, depend on their conformation.
However, it has to be pointed out that autophagy plays a
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major role in α1AT polymers degradation, while it may not
be very effective in the removal of neuroserpin polymers
[93], suggesting that further devices are exploited to target
serpin aggregates.

Both autophagy and clearance of misfolded proteins
ensure a kind of cellular homeostasis, thus their alter-
ation may account for aberrant exposition of autoantigens
or modified self-antigens that are not properly removed,
recalling what is likely to happen in dysregulated apo-
ptosis [94–101]. In this regard, autophagy has gained
increased importance as an antigen-presenting mecha-
nism, since it may both enhance major histocompatibility
complex (MHC) I presentation of endogenous antigens
and enable MHC II molecules to be loaded with both
nuclear and cytoplasmic intracellular antigens, thus fa-
voring abnormal presentation and recognition of autoan-
tigens by T CD4+ lymphocytes, eventually triggering an
autoimmune response [102, 103]. Indeed, MHC II mole-
cules are usually charged with extracellular peptides
coming from lysosomal degradation, but autophagosomes
may fuse with MHC class II containing compartments
and aberrantly deliver intracellular antigens to MHC II
pockets [102].

Autophagy is also involved in central lymphocyte
selection and maintenance of peripheral immune homeo-
stasis [104, 105]; accordingly, autophagy perturbations
have been described in several autoimmune conditions,
including SLE [106]. Although ov-serpins mainly act at
the intracellular level, membrane-bound expression of
SERPINB3 was recently demonstrated on peripheral
blood mononuclear cells, especially on CD27+ (antigen-
exposed) B cells [66]. Interestingly, in the same study,
SERPINB3 was found to be absent on SLE B CD27+ B
lymphocytes, consistent with its expression being sup-
pressed by high levels of type I interferon, which is a
typical finding in SLE [66]. Thus, a link between SLE
underlying abnormalities and lack of SERPINB3 on lu-
pus B lymphocytes seems conceivable.

Since SERPINB3 displays an antiapoptotic behavior,
alterations in its expression might contribute to the apo-
ptotic dysregulation seen in SLE, thereby increasing the
autoantigen burden. Furthermore, SERPINB3 expression
and CD27 positivity were found to be directly related,
suggesting that this serpin might also be implied in nor-
mal B cell activation. It has to be noted that the peripheral
B cell repertoire and particularly CD27+ B cell number is
heterogeneously altered in SLE [107–109]. Interestingly,
administration of an α1AT fragment (termed UBE) to
lupus-prone mice was found to be associated with reduced
double-negative lymphocytes and B220+ cells in lymph
nodes and spleen, decreased interleukin-17 secretion, low-
er serum anti-DNA antibodies, and a better prognosis
[110]. Of interest, UBE peptide production was induced

in mice after the administration of the histone fragment
H2A.

In summary, serpins seem to play a relevant role in
maintaining immune homeostasis, and impairment in
serpin function may contribute to the development of
autoimmune disorders. Further analyses are needed to
clearly unravel their mechanism of action and exploit
serpin therapeutic potential.

Take-Home Messages

1. Serpins are a superfamily of functionally distinct but
structurally conserved proteins named after their capa-
bility to inhibit serine proteases, although some of them
can bind cysteine proteases as well.

2. More than 1,000 serpins have been identified to date
across all the living kingdoms, encompassing viruses as
well as simple organisms, humans, and plants. They can
be subdivided into 16 subgroups (clades) from A to P,
according to their phylogenetic relationship.

3. Human ov-serpins (clades A–I) are intracellular mol-
ecules which carry out several functions, including
protease inhibition, tumor suppression, regulation of
apoptosis and inflammation, regulation of angiogen-
esis, and others.

4. Apoptosis dysregulation is a cornerstone in both tumor-
igenesis and autoimmunity, since uncontrolled cellular
viability results in tumor proliferation, while inefficient
disposal of apoptotic debris may favor the rescue of
autoreactive immune cells.

5. SERPINB3 is physiologically expressed on the surface
of CD27+ B lymphocytes, but its expression is not
detectable in SLE patients. These results may suggest
a role for SERPINB3 in B cell defects typically found in
autoimmune disorders.
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