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ARTICLE INFO ABSTRACT

Mutations in the C1 inhibitor (C1INH) encoding gene, SERPING1, are associated with hereditary angioedema
(HAE) which manifests as recurrent submucosal and subcutaneous edema episodes. The major C1INH function is
the complement system inhibition, preventing its spontaneous activation. The presented study is focused on
SERPINGI exon 3, an alternative and extraordinarily long exon (499 bp). Endogenous expression analysis
performed in the HepG2, human liver, and human peripheral blood cells revealed several exon 3 splicing var-
iants alongside exon inclusion: a highly prevalent exon skipping variant and less frequent + 38 and -15 variants
with alternative 3’ splice sites (ss) located 38 and 15 nucleotides downstream and upstream from the authentic 3’
ss, respectively. An exon skipping variant introducing a premature stop codon, represented nearly one third of all
splicing variants and surprisingly appeared not to be degraded by NMD. The alternative -15 3’ ss was used to a
small extent, although predicted to be extremely weak. Its use was shown to be independent of its strength and
highly sensitive to any changes in the surrounding sequence. -15 3’ ss seems to be co-regulated with the au-
thentic 3’ ss, whose use is dependent mainly on its strength and less on the presence of intronic regulatory motifs.
Subtle SERPING1 exon 3 splicing regulation can contribute to overall C1INH plasma levels and HAE patho-
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genesis.

1. Introduction

C1 inhibitor (C1INH), a member of the serine protease inhibitor
(serpin) family, represents a key regulator in several immune and in-
flammatory pathways. Its major function is to prevent inappropriate or
excessive activation of the classical complement pathway by binding to
and inactivating C1lr and Cls proteases (Sim and Porter, 1976). It also
inhibits the lectin complement pathway by inactivating mannan-
binding lectin serine proteases (MASP) and alternative complement
pathway by binding to C3b (Dobé et al., 2011; Hansen et al., 2015;
Jiang et al., 2001). C1INH is also a contact system proteases, factor XII,
kallikrein and factor XI inhibitor (Pixley et al., 1985; Schapira et al.,
1982; van der Graaf et al., 1983; Wuillemin et al., 1995).

C1INH is a heavily glycosylated single chain protein of 500 amino
acids, including a 22 amino acid long signal sequence. It is composed of
two distinct domains: C-terminal domain, similar to other serpins with
conserved nine a-helices and three [3-sheets, and a unique N-terminal
domain, not conserved among other serpin proteins (Beinrohr et al.,
2007; Bock et al., 1986; Odermatt et al., 1981). The C-terminal domain
is responsible for C1INH inhibitory function (Coutinho et al., 1994),
and the N-terminal domain (encoded by exon 3) contains important

cysteine residues forming disulphide bridges with cysteines in serpin
domain, stabilizing the active conformation of C1INH and most of the
glycosylation sites that probably play a role in C1INH clearance and
leukocyte migration inhibition (Bos et al., 2002; Cai and Davis, 2003).

SERPINGI, a gene encoding C1INH, (OMIM no. 606860; GenBank
ID710) extends over a 17,159-bp genomic region located on chromo-
some 11q12-q13.1. It is comprised of eight exons and seven introns,
particularly rich in repetitive Alu sequences (Bock et al., 1986; Carter
et al., 1991). Over 450 SERPING1 mutations related to hereditary an-
gioedema (HAE), the most common human disease due to a genetic
complement protein defect, have been reported up to now. HAE is an
autosomal dominant disorder manifesting as recurrent submucosal and
subcutaneous edema episodes. HAE type I, which accounts for 85% of
cases, is caused by mutations occurring throughout the whole gene and
leading to truncated or misfolded dysfunctional protein that is not se-
creted efficiently, thus the C1INH plasma level is decreased. HAE type
I1, which accounts for 15% of cases, is usually caused by mutations in a
reactive center loop coding part of exon 8, leading to a mutant protein
that is secreted but dysfunctional (Cugno et al., 2009; Rosen et al.,
1971). In both HAE types, kallikrein-kinin system activation is dysre-
gulated, which leads to an excessive generation of bradykinin, the
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major swelling mediator in HAE (Joseph et al., 2008; Nussberger et al.,
1998).

SERPING] is a naturally alternatively spliced gene. Duponchel et al.
(2006) reported SERPING1 exon 3 skipping in monocytes. However,
this isoform’s functional role remains unclear. Although it seems that
the abundance of exon 3 skipping is highly variable (de la Cruz et al.,
2012), there is a possibility that the balance of both full-length and
exon 3 skipped splicing isoforms is subtly regulated and contributes to
the overall C1INH level. It is additionally supported by some exon 3
mutations manifested by the dysregulated proportion of exon 3 skip-
ping (de la Cruz et al., 2012; Grodecka et al., 2017). Up to now, no
study has elucidated SERPING1 exon 3 skipping’s role in immune
pathways or HAE pathogenesis. The aim of this study was to char-
acterize SERPING] splicing regulation in healthy individuals and to
identify elements regulating exon 3 inclusion. First, we analysed exon 3
splicing variants in the HepG2, human liver and human peripheral
blood cells. Next, using nonsense-mediated decay (NMD) inhibition and
PCR mutagenesis followed by splicing minigene assay, we investigated
two of the detected variants in detail: a frameshift exon 3 skipping
variant which introduced a premature stop codon, surprisingly re-
presenting up to approximately one third of all splicing variants; and an
in-frame -15 variant with an extremely weak alternative acceptor splice
site (3’ ss) located 15nt upstream from the authentic one, a slightly
changing signal peptide C-terminal part and prolonging the C1INH
bysix amino acids (AA).

2. Materials and methods
2.1. Biological material

Peripheral blood samples were obtained from two healthy donors,
liver samples were obtained from two liver transplantation patients
from the Centre for Cardiovascular Surgery and Transplantation in
Brno. The study was approved by the Medical Ethics Committee of the
Centre for Cardiovascular Surgery and Transplantation, Brno. Informed
consent was obtained from all the participants before being included in
the study.

2.2. Minigene construction and PCR mutagenesis

The SERPINGI minigene construct was prepared by amplifying
SERPING1 wild-type genomic fragment, containing exon 3 (499 bp) and
parts of flanking introns 2 and 3 (209 and 235 bp respectively) using
Platinum Pfx DNA Polymerase (ThermoFisher Scientific) and
ClIe3_clonF and Clle3_clonR primers (Supplementary Tab. S1), and by
following cloning to Exontrap Cloning Vector pET01 (MoBiTec), using
Apal and Smal restriction enzymes (ThermoFisher Scientific). PCR
mutagenesis was performed using Platinum Pfx DNA Polymerase (Life-
Technologies) and primers listed in Supplementary Tab. S1. The de-
tailed protocol is summarized in Supplementary Tab. S2.

2.3. Cell culture and transfection

HepG2 cell lines (Sigma-Aldrich) were maintained in RPMI 1640
medium (Sigma-Aldrich) supplemented with 10% fetal bovine serum
(FBS, Sigma-Aldrich) and incubated at 37 °C in a 5% CO2 atmosphere.
For splicing minigene assay, HepG2 cells were seeded into a 12-well
plate one day prior to the transfection to achieve 30% confluency. Cells
were transfected with 2.4pl XtremeGENE 9 Transfection Reagent
(Roche) and 800 ng plasmid DNA in RPMI 1640 medium (Roche), ac-
cording to the manufacturer’s instructions and incubated for 24 h. For
NMD inhibition assay, cells were cultured in T25 cell culture flask and
transfected with 32.5pl lipofectamine (ThermoFisher Scientific) and
16 uM siRNA targeting UPF1 (ThermoFisher Scientific) in Opti-MEM I
Reduced Serum Medium (ThermoFisher Scientific), according to the
manufacturer’s instructions and incubated for 48 h.
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2.4. RNA extraction and RT-qPCR

Total RNA was isolated from: cultivated HepG2 cells using an
innuPREP RNA Micro Kit (Analytik Jena), human liver samples using an
mirVana miRNA Isolation Kit (ThermoFisher Scientific), peripheral
blood samples using an RiboPure-Blood Kit (Thermo Fisher Scientific),
according to the manufacturers’ instructions. For nuclear and cyto-
plasmic fractionation, a series of lysis and centrifugation steps were
carried out (lysis buffer composition is reported in Supplementary Tab.
S3; detailed protocol available on request) before standard RNA isola-
tion. Reverse transcription was carried out using anchored dT18 primer
(Supplementary Tab. S1) and Transcriptor First Strand cDNA Synthesis
Kit (Roche), according to the manufacturer’s instructions. Real-time
PCR was performed to determine the exponential phase of PCR am-
plification using Tag DNA Polymerase (ThermoFisher Scientific),
EvaGreen (Biotium) and the following primers: C1Ie2 F and ClIle4 R for
endogenous expression analysis; pET_F and pET R for splicing minigene
assay; GAPDH_F and GAPDH_R, UPF1_F and UPF1 R for NMD inhibition
evaluation (Supplementary Tab. S1). To determine the NMD inhibition
efficiency, UPF1 expression levels normalized to GAPDH expression
levels of inhibited and non-inhibited samples were compared.

2.5. Capillary electrophoresis

Capillary electrophoresis was used to quantify particular SERPING1
exon 3 splicing isoforms. cDNA samples were diluted to unify the spe-
cific cDNA concentration. Thus, PCR of the compared samples could
have been run for the same number of cycles, preserving the ex-
ponential phase of PCR, and amplified using Tag DNA Polymerase
(ThermoFisher Scientific) and the following primers (one of each pair
was FAM-labeled): C1Ie2_F FAM and Clle4_R; pET F_FAM and pET R.
1l of each amplicon was mixed with 12.5ul of HiDiformamide and
0.5ul GeneScan 1000 ROX Size Standard(ThermoFisher Scientific),
denatured and frozen. The capillary electrophoresis was performed on
an ABI 3500 Genetic Analyzer (ThermoFisher Scientific) and the ob-
tained data were analysed using GeneMapper 4.1 (ThermoFisher
Scientific). The exemplary results from capillary electrophoresis are
appended in Supplementary Fig. S1. The peaks with a size which did
not correspond to any previously described splicing variants were fur-
ther identified. The novel splicing variant estimation was based on the
product length and splice site predictions according to Human Splicing
Finder 3.1 (http://www.umd.be/HSF3/), which helps us to identify
weaker 3’ss at the correct distance from the authentic one. To prove the
use of predicted transcripts with alternative 3’ ss, specific primers
ClIe3_-61_F, ClIe3_-51_F, Clle3_+38endo_F, and Clle3_+38_R were
designed to overlap the junction of pET exonl and SERPING1 exon 3 in
predicted transcripts and used for PCR amplification with pET_R and
pET_F primers. Amplicons were then separated on 2% agarose gel
stained with MIDORI Green Advance (Elisabeth Pharmacon), purified
using QIAquick Gel Extraction Kit (Qiagen) and sequenced using ABI
3500 Genetic Analyzer (ThermoFisher Scientific).

3. Results and discussion
3.1. Alternative splicing variants of SERPING1 exon 3

The presented study was focused on SERPINGI exon 3, which is
known to be alternatively spliced. As it is an extraordinarily long exon
(499 bp), a complex system of splicing regulatory factors is supposed to
be implicated.

Endogenous expression analysis performed in the HepG2, human
liver, and human peripheral blood cells, revealed several SERPINGI
exon 3 splicing variants alongside exon inclusion: very common exon
skipping, and the less frequent + 38 variant with alternative 3’ ss 38 nt
downstream from the authentic one, and a -15 variant with an alter-
native 3’ ss 15 nt upstream from the authentic one (Fig. 1). For further
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Fig. 1. Scheme of SERPING]1 splicing variants detected in minigene, HepG2 cells, human liver and human peripheral blood (e - exon, i — intron).

Table 1

Frequencies of SERPINGI1 splicing variants detected in minigene, HepG2,
human liver and human peripheral blood cells are represented as average
value + SD.

splicing variant minigene (%) HepG2 (%) liver (%) peripheral blood (%)

exon skipping 24 + 6 36 =7 32 + 4 35 +6
+38 4 =1 7*0 5+ 04 6 =3

exon inclusion 62 =7 56 = 10 62 * 4 57 = 10
-15 10 = 4 1+x0 1 +003 2=*02

studies of exon 3 splicing variants, a minigene splicing assay was used.
In addition to the abovementioned variants, two more minor (both less
than 1%) variants were detected in the minigene: -51 and -61 with
alternative 3’ ss located 51 and 61 nt upstream from the authentic one,
respectively. The variant proportions are presented in Table 1. It is
evident that the splicing minigene assay provided data consistent with
the results from endogenous expression analysis (with the exception of
-15 3’ ss, which is overestimated to the detriment of the exon skipping
variant in the minigene) (Table 1), so it can be considered a useful and
reliable tool for splicing and its regulation investigation.

Transcripts corresponding to exon skipping and -15 variants have
already been deposited in databases (ENST00000531133.5 and
ENST00000378323.8). Exon 3 skipping variant has already been re-
ported to be expressed in human monocytes, but not in hepatocytes
(Duponchel et al., 2006). To our knowledge, we first described its ex-
pression in the human liver. 4+ 38 is a novel variant first described in
this study.

3.2. Are alternative splicing variants degraded by nonsense-mediated
decay?

As some of the detected exon 3 splicing variants cause a frameshift
and introduce a premature stop codon (Fig. 1), they are supposed to be
degraded by nonsense-mediated decay (NMD) (Behm-Ansmant et al.,
2007). To test this assumption, an evaluation of variants proportions in
nucleus and cytoplasm of HepG2 cells was first performed (Fig. 2). Our
results showed that the exon skipping variant was more abundant in the
cytoplasm (16% vs. 32%), contrary to the +38 variant, which was
more abundant in the nucleus (21% vs. 10%). The exon inclusion var-
iant was present equally in the nucleus and cytoplasm (62% vs. 58%).
As degradation steps of the NMD pathway occur predominantly in the
cytoplasm (Chang et al., 2007), these data suggest that the + 38 variant
could be subjected to degradation, contrary to the exon skipping var-
iant, which surprisingly seems not to be degraded by NMD.

45

70 % ® nucleus

0% cytoplasm
I

50 % -

p=0.031

|

exon inclusion -15

exon skipping +38

Fig. 2. SERPINGI splicing variants in the nucleus and cytoplasm in HepG2 cells
(% of total nuclear/cytoplasmic SERPING1 transcripts). Error bars represent SD.
The significance of changed frequencies was evaluated using t-test.

3.3. Exon skipping variant

As the exon skipping variant represented approximately one third of
all splicing variants, the next experiment was focused on it. NMD in
HepG2 cells was inhibited using siRNA targeting UPF1, coded for one of
the main components in the NMD pathway. It resulted in the UPF1
mRNA level decreasing to 25% compared to the non-inhibited sample.
Nevertheless, the exon skipping variant frequency remained unchanged
(Fig. 3), which further supported this variant not being subject to NMD.

Exon 3 encodes the last five amino acids (AA) of the signal peptide
(Supplementary Fig. S1), the entire N-terminal domain and part of the
serpin domain of C1INH. The N-terminal domain is unique for C1INH,
not conserved among other serpins. It contains important cysteine

100 % -
cntr p=0.82

i m siUPF1
80 % - I

70 % -
60 % -
50 % -
40 % -|
30 % -
20 % - :[
10 % -|

0% T

exon skipping

p=0.88

exon inclusion

Fig. 3. The effect of NMD inhibition using siRNA targeting UPF1 on the ratios of
exon 3 inclusion and exon 3 skipping splicing variants in HepG2 cells. Cntr —
nontreated HepG2 cells. Error bars represent SD.
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residues forming disulphide bridges with cysteines in the serpin do-
main, stabilizing the active conformation of C1INH (Bos et al., 2002).
Therefore, exon 3 mutations either in the N-terminal or the serpin do-
main could be disease-causing and many of them were actually re-
ported in HAE patients (Andrejevic et al., 2015; Bafunno et al., 2014;
Bowen et al., 2001; Cumming et al., 2003). It is even more surprising
that frameshift splicing variant lacking a whole exon 3, giving rise to
transcript coding for only 43 amino acid peptide, is expressed to such
an extent. Mutations causing premature stop codon inclusion in
SERPING]1 typically result in mRNA degradation via NMD (Colobran
et al., 2014; Roche et al., 2005, Hujov4 et al. not yet published), which
is not the case of naturally occurring exon skipping variant. Therefore,
we hypothesize that a specific mechanism helps to bypass the NMD to
allow this variant’s biological function. Among possible explanations
for NMD bypassing, translation reinitiation can play an important role.
Especially in the case of short upstream ORFs, a ribosome can resume
RNA scanning for a downstream start codon and initiate translation
(Kozak, 1999). In the exon skipping variant, next two AUGs are not in
frame, contrary to the third consecutive one. We used the NetStart 1.0
Prediction tool (Pedersen and Nielsen, 1997) to predict translation start
in the exon skipping variant and abovementioned AUG displayed a high
score above the cut-off limit 0.5 (0.746). If the translation is re-in-
itiated, a new 191 amino acid long protein (identical with corre-
sponding part of C1 inhibitor) is produced. As no peptide corresponding
to the transcript lacking exon 3 was detected, neither in the human
plasma nor in a medium from HepG2 cell cultivation using mass
spectrometry (data not shown), its role at the transcript rather than
protein level is suggested. Distinguishing these two possibilities will
require additional experiments. Anyway, it is clear that an exon skip-
ping variant cannot compensate for the full-length transcript function
and has to operate at a different level.

3.4. -15 variant

3.4.1. In silico predictions of -15 variant properties

The -15 variant preserves a reading frame, changes and prolongs a
protein sequence. To predict the presence of signal peptide and AA
composition of the secreted protein derived from the -15 transcript
variant, SignalP-4.1 was used (Petersen et al., 2011). While in a normal
splicing variant, a cleavage site should be between positions 22 and 23,
this site is shifted one AA upstream in the -15 variant, which results in
protein prolonged by six AA (QDRASS) at its N-terminus (Supplemen-
tary Fig. S2), providing two potential glycosylation sites (Van den Steen
et al., 1998). C1 inhibitor is the most heavily glycosylated plasma
protein and most of the glycosylation sites are located in the N-terminal
domain (Bock et al., 1986). Besides contributing to C1INH clearance,
glycosyl residues can participate in the leukocyte rolling down-reg-
ulation during inflammatory reactions via binding to endothelial se-
lectins. C1INH molecules binding to the endothelial surface may also
serve to localize and concentrate the C1INH at inflammatory sites, thus
resulting in more efficient regulation of complement and contact system
activation (Cai and Davis, 2003). Two additional glycosylation sites in
protein arising from -15 transcript may emphasize both this type of
regulation and the C1 inhibitor’s anti-inflammatory activity. As we
observed increased levels of neutrophil activation markers in HAE pa-
tients (even in a symptom-free period) in our previous study (submitted
manuscript), it would be interesting to compare -15 splicing variant
expression in healthy donors and HAE patients.

3.4.2. Determination of -15 3’ ss usage

Using an extremely weak alternative 3’ ss located only 15nt up-
stream from the authentic one and with no preceding polypyrimidine
tract (PPT), this splicing variant is also interesting from a mechanistic
point of view. To decipher the regulatory mechanism of -15 3’ ss re-
cognition, a range of mutations between -15 and the authentic 3’ ss
were performed (Fig. 4).
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Predictions of mutations’ influence on splice site strength according
to MaxEntScan (Yeo and Burge, 2004), and their potential effect on
splicing regulatory elements (SRE) according to SpliceAid2 (Piva et al.,
2012) are summarized in Table 2. The results of the splicing minigene
assay are presented as a ratio of each splicing variant’s abundance
(mutant/wild-type; Fig. 5; Supplementary Tab. S4).

At first, we introduced a -5tc mutation, supposed to disrupt two
overlapping splicing enhancers and slightly strengthen the authentic 3’
ss, which led to -51 and -61 splicing variant upregulation. Exon inclu-
sion and -15 variant representation did not significantly change com-
pared to wild-type, suggesting that the 3’ ss strength is more important
for the authentic and -15 3’ ss use than the presence of an enhancer.

-14aa was designed to disrupt the predicted enhancer binding T-
cell-restricted intracellular antigen-1 (TIA-1)/TIA-1-related protein
(TIAR) and the overlapping predicted silencer binding hnRNP-I,
alongside weakening both the authentic and -15 3’ ss. The effect of this
mutation was so strong that -51 and -61 ss use was markedly preferred.
To distinguish between the influence of the enhancer and 3’ ss strength,
-14cc mutation, supposed not to significantly influence the authentic
and -15 ss strength, was tested. Except the + 38 variant, the transcript
profile was similar to -14aa, suggesting the role of enhancer disruption.
Nevertheless, as the proportions of -51 and -61 variants were lower
compared to -14aa mutation, the effect of the 3’ ss strength could also
be implicated, despite the MaxEntScan predictions that might not cover
the effect of polypyrimidine sequence change (thymidines are preferred
to cytidines) in this specific case (Coolidge et al., 1997).

To evaluate the role of the authentic 3’ ss sequence through its in-
cremental strength, a -9tt mutation was designed. Although the -15, -51
and -61 variants were downregulated, the proportion of the exon in-
clusion variant did not differ from the wild-type variant. These results
suggest that the authentic ss strength either enhances its use only to a
certain extent, or there is another factor implicated, for example a
predicted splicing regulatory element binding Sam68, possibly acting as
a silencer in this case (Lin et al., 1997; Pedrotti et al., 2010).

Regarding -9tt-14aa mutation, -9tt, strengthening the authentic 3’ ss
and weakening the -15 3’ ss should compensate for splicing enhancer
disruption caused by -14aa. According to the results, the compensation
seems to be successful — it positively affected both the authentic and -15
ss usage, further indicating that the authentic ss strength is more im-
portant for the use of both investigated ss than the presence of the
enhancer.

The last mutation, -16_-15 in..g, was designed to evaluate the role of
-15 ss strength, predicted to be increased by this mutation. Although the
authentic 3’ ss was weakened, according to predictions the change of
the authentic 3’ ss MaxEnt score was negligible compared to the -15 3’
ss score change. This mutation preserved the splicing enhancer binding
TIA-1/TIAR sequence, but it also created an overlapping splicing si-
lencer binding, ZRANB2. Exon inclusion and also surprisingly the -15
variants were downregulated, whereas the +38 and -61 variants were
upregulated. The result (together with the -14aa result, where the -15 ss
was weakened) indicated that -15 ss use was not dependent on its
strength. Both exon inclusion and -15 variants’ downregulation suggest
a possible role for the created silencer binding ZRANB2 (Loughlin et al.,
2009).

Altogether, the results of mutagenesis analysis suggest that -15 3’ ss
use is not dependent on its strength and is very sensitive to any changes
in the surrounding sequence. It seems to be co-regulated with the au-
thentic 3’ ss, the use of which is conversely dependent mainly on its
strength, and less on the presence of the enhancer predicted to bind
TIA-1 or TIAR. TIA-1/TIAR binding examination should be a subject of
future experiments. TIA-1 is known to bind U-rich motifs downstream
of 5’ ss, interact with U1C protein, stabilize Ul snRNP recruitment and
thus facilitate 5’ ss recognition (Del Gatto-Konczak et al., 2000; Forch
et al., 2002, 2000). Regarding the role of TIA-1 binding to the SRE in 3’
ss recognition, current knowledge is limited. The recent study in-
vestigating EPB41 exon 16 described TIA-1 (but not TIAR) binding to
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Fig. 4. Scheme of mutations performed between -15 and
the main 3’ ss (upper cases — exon, lower cases — intron,
bold “ag” - 3’ ss, mutated nt underlined, ins — insertion).
All used 3’ss are depicted.

Table 2
Predictions of acceptor splice site (ss) strength (MaxEntScan) and splicing regulatory elements (SpliceAid2) in mutants (m) compared to wild-type (wt). (ISE —
intronic splicing enhancers (underlined), ISS - intronic splicing silencers (in italics), = — potential change cannot be evaluated by MaxEntScan).
mutation authentic 3' ss strength —15 3'ss strength ISE and ISS wt/m
—5tc 4.95 > 5.23 = SF2, SRp30c/ -
—14aa 4.95 > 2.42 -4.08 > -5.38 TIA-1, hnRNPI/ -
—14cc 4.95 > 4.83 —4.08 > -4.24 TIA-1, hnRNPI/ hnRNPK
—ott 495 > 7.1 = SF2/ TIA-1, Sam68
—ott-14aa 4.95 > 5.38 —-4.08 > -5.38 TIA-1, SF2, hnRNPI/ TIA-1, Sam68
—-16_-15in..g 4.95 > 4.45 -4.08 > -2.19 TIA-1/ TIA-1, ZRANB2
100 - submitted manuscript), we showed that a certain proportion of HAE
patients display a shifted expression pattern in some inflammation-re-
104 lated genes in neutrophils. If monocytes/macrophages behave in a si-
milar manner, the heterogeneous exon 3 skipping variant abundance
(de la Cruz et al., 2012) can arise from the “activation state” of these
14 cells. It is not very well known how SERPING1 expression regulation
and subsequent monocyte C1INH production contributes to edema
episode outbreaks. In subsequent studies, HAE severity should be cor-
0.10 related not only with current C1INH plasma levels, but also with
monocyte activation state and SERPING1 splicing patterns.
0.01- m-5tc/wt
:iig;lx 4. Conclusions
0.001- o-9tt/wt
::Z?-if:iar{ ;Ngt/wt ok The study presents a comprehensive description of SERPINGI exon
B 3 splicing variants with a focus on two variants using alternative ac-

exon skipping +38 exon inclusion -15 -51 -61

Fig. 5. The influence of chosen mutations on splicing pattern. Abundances of
particular transcripts are expressed as fold changes compared to wild-type. The
values are depicted on a logarithmic scale (wt — wild-type, ins. — insertion).
Error bars represent SD. *significant results according to t-test; p < 0.05.

the intronic splicing enhancer situated at bp -15 to -24 upstream of the
3’ ss, and thus promoting U2 snRNP binding to a weak branch point.
This requires interaction with PCBP-1 and RBM39 and a following as-
sociation with U2AF65 and SF3B155 proteins (Huang et al., 2017). As
there is no poly-C motif adjacent to the TIA-1 binding site, co-operation
with PCBP-1 cannot be expected in our case and a different mechanism
might be exerted.

All these results show that SERPING1 exon 3 splicing is subtly
regulated, and very small changes in acceptor splice site sequence,
exonic sequence (de la Cruz et al., 2012; Grodecka et al., 2017), or
splicing factor effects can shift the balance of all splicing isoforms and
subsequently functional C1INH production. As HAE I patients typically
display C1INH plasma levels lower than expected 50% (Pappalardo
et al., 2004), a mechanism downregulating wild type SERPING] allele
expression has to be involved, and RNA splicing may participate in this
regulation. We hypothesize that monocytes and macrophages, as the
principal C1INH producing blood cells (Yeung Laiwah et al., 1985), can
play an important role in this process. SERPINGI expression can be
stimulated by interferon-gamma (Lappin et al., 1992), an agent that
forces the polarization of macrophages to M1 cells (Mantovani et al.,
2004). Concurrently, these stimuli can change the splicing pattern (de
Baey et al., 1997; Herova et al., 2015), which could also affect func-
tional SERPING1 expression. In our current work (Grymové et al.,
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ceptor splice sites: exon skipping variant and -15 variant. A frameshift
exon 3 skipping variant was surprisingly shown not to be degraded by
NMD and to represent nearly one third of all transcripts, suggesting its
biological importance. An in-frame -15 variant uses an extremely weak
3’ ss, which is probably recognized in a non-classical manner and co-
regulated with the authentic one. To our knowledge, such co-regulation
between close acceptor splice sites has not yet been described. A tran-
script arising from an in-frame -15 splicing variant presumably leads to
the production of protein prolonged by six AA (QDRASS) at its N-ter-
minus, providing two potential glycosylation sites. It is present in small
amounts and its function is unclear. Further studies are needed to better
understand SERPING]I splicing regulation and alternative transcripts’
significance.
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