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ABSTRACT

INTRODUCTION

Preeclampsia (PE) is associated with an exaggerated maternal systemic inflammatory response.
Throughout gestation, the placenta releases extracellular vesicles through the
syncytiotrophoblast layer (STB) into the maternal circulation and this is increased in PE.
Expression of Siglec-6, a transmembrane receptor of molecular weight 50KDa, is upregulated
in PE placental tissue.

METHODS

Here we investigated respective abundance of Siglec-6 in PE -and normal pregnancy- (NP)
derived placental lysates (PL) and syncytiotrophoblast-derived extracellular vesicles (STBEV).
STBEV from PE and NP placentas were isolated through dual-lobe placental perfusion and
serial ultracentrifugation. Siglec-6 was characterized by immunohistochemistry,
immunoblotting, mass spectrometry (MS), and deglycosylation.

RESULTS

Immunoblotting revealed the expected Siglec-6 (50KDa) band present in both PE and NP PL,
however an additional heavier band was observed at 70KDa only in PE PL, but not in NP.
When interrogating STBEV we saw an absence of the expected 50KDa band but the 70KDa
was present predominantly only in the PE STBEV. Deglycosylation of PL and STBEV from
PE showed that the 70KDa and the 50KDa bands were reduced to 48KDa, suggesting
glycosylation. Both 48KDa and 70KDa bands were subjected to MS, confirming Siglec-6
expression in both.

DISCUSSION

Our data shows that the inability to detect Siglec-6 in circulation might be due to the placenta
secreting STBEV carrying a modified glycosylated form of Siglec-6 with a 70KDa molecular
weight, significantly and uniquely upregulated in PE STBEV.
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INTRODUCTION

Preeclampsia (PE) is a disease affecting 2-8% of pregnancies worldwide [1] and remains a
major cause of fetal and maternal morbidity and mortality, estimated to account for 15% of
maternal deaths worldwide [2]. It is characterised, and currently primarily diagnosed, by new-
onset hypertension and proteinuria or other end organ dysfunction in the second half of
pregnancy. The disease is progressive and can lead to complications such as maternal kidney
and liver failure, intracranial haemorrhage, and death, as well as fetal growth restriction and

many complications of prematurity.

The pathogenesis of PE is yet to be entirely elucidated, though it is widely believed that the
placenta plays a pivotal role in the development of the syndrome and the only definite
resolution of the disease is its delivery [3]. Among the pathogenetic characteristics of PE are
failure to establish sufficient uteroplacental circulation, resulting in hypoxic conditions, and
aggravated sterile maternal systemic inflammatory response, which trigger the release of
proinflammatory, antiangiogenic and procoagulant factors by the placenta [4,5]. The
syncytiotrophoblast (STB) layer of the placenta directly interfaces with the maternal
circulation, into which it constitutively releases extracellular vesicles (EV).
Syncytiotrophoblast-derived extracellular vesicles (STBEV) are potential carriers of these
factors and have been suggested to be possible biomarkers and circulating biopsies of the
placenta [6-9] and may have important signalling functions. STBEV are released in greater
numbers in PE and have been implicated in the pathogenesis of the disease [10].

Siglecs (Sialic acid-binding immunoglobulin-like lectins) are a subgroup of the negatively
charged carbohydrate-binding lectins that specifically bind to sialylated glycans in the
pericellular matrix of all cell types [11] and are thought to be important for recognition of self-
associated glycans. They are transmembrane receptors that are predominantly expressed in
cells of the immune system [12,13]. Several Siglecs, including siglec-6 have a cytosolic
tyrosine-based motif that is inhibitory and regulates cellular activation and clonal expansion
upon binding to the receptor [14-16]. Siglec-6 is expressed in the placenta [17,18] and is
upregulated in placental tissue and maternal blood in PE pregnancy [19-24]. Interestingly,
although the protein is found in B-cells and mast cells in other species, the placental expression
of Siglec-6 is human specific [25], making the elevated levels in PE all the more pertinent as

PE is primarily postulated as a human disease [26].



Although Siglec-6 upregulation in placental tissue from PE patients was previously shown, its
expression has not yet been examined in extracellular vesicles specifically. Is it possible that
STBEV’s derived from PE and normal pregnancy (NP) placentae express Siglec-6 in the same
or a different form to that expressed by the Placenta? and what significance does this portray?
Whilst undertaking this work we discovered a unique glycosylated form of Siglec-6 expressed

on STBEVs which might explain the discrepancies in Siglec-6 detection in the circulation.

METHODS
Human Subjects

Ethical approval for this project was granted by the Central Oxfordshire Research Ethics
Committee C (REFS 07/H0607/74 & 07/H0606/148). Pregnant women undergoing elective
caesarean sections prior to the onset of labor were selected prospectively from the maternity
ward at the Women’s Centre, John Radcliffe Hospital, Oxford. All participating women gave
written, informed consent prior to the collection of their placentas. These were then collected
and perfused within 10 minutes of delivery from women with NP and PE. NP was defined as
a singleton pregnancy with no history of PE or hypertensive disorders. Patients with PE were
defined according to the criteria of the International Society for the Study of Hypertension in
Pregnancy as simultaneous debut of de novo hypertension (blood pressure >140/90 mmHg)

and proteinuria (>300 mg/day) after week 20 of gestation.
Immunohistochemistry

Immunohistochemistry analysis was performed as previously described [7]. Briefly, 801m
formaldehyde fixed paraffin embedded (FFPE) tissue sections from NP were rehydrated and
blocked in 10 % fetal calf serum (FCS) in PBS supplemented with 1 % 0.01M Tween-20
(PBS-T) for 1 hour. Tissue sections were incubated with polyclonal sheep anti-Siglec-6 (2
pg/mlin 1 % FCS in PBS-T, AF2859, R&D systems) at 4 °C overnight. Sections incubated
with 1 % FCS with no antibody served as the negative control. Sections were then incubated
with HRP-conjugated secondary antibody anti-sheep (1/200 in 10 % FCS in PBS-T, P0163,
Dako Cytomation) for 1 hour at room temperature prior to visualisation with DAB (Vector
laboratories) and counterstaining with haematoxylin (ThermoFisher).



Isolation of STBEV by placental dual-lobe perfusion and serial ultracentrifugation

An ex vivo placental dual-lobe perfusion system [27], modified as previously described [28],
and centrifugation were used to pellet and isolate whole STBEV preparations comprising of
microvesicles (MV) and exosomes (EX).

Immunoblotting

Western blots were run under reducing conditions with the same protein mass (20 g,
normalised based on bicinchoninic acid assay results) of either PL or STBEV samples.
Membranes were blocked for 1 h with 5 % Blotto (2BScientific) in 0.1 % TBS-T before
staining overnight with polyclonal Siglec-6 sheep (0.8 pg/ml, AF2859, R&D systems) or
loading control Actin antibody (0.5 pg/ml, A3853, Sigma Aldrich). Membranes were
subsequently incubated with HRP-linked secondary antibodies for 1h: anti-mouse (1/5,000,
Cell Signalling Technology Inc.) and anti-sheep (1/4,000, P0163, Dako Cytomation) before
treatment with enhanced chemiluminescence (ECL) substrates (Thermo Scientific) and
exposure. PL immunoblot normalisation of protein expression was done against loading
control and band intensities were calculated using ImageJ while for STBEV, we loaded the
same mass of total protein.

Deglycosylation

PE PL and STBEV were deglycosylated using the Enzymatic Deglycosylation Kit for N-
Linked & Simple O-linked Glycans (GK80110; Prozyme), following the manufacturer’s
‘Denaturing Protocol’. Following incubation with kit reagents, samples were boiled for 5 min
and cooled to room temperature before 1 pl each of deglycosylating enzymes N-Glycanase,
Sialidase A, and O-Glycanase were added to each sample and incubated for 3 hours at 37 °C.

Glycosylated material was kept at -20 °C until further use.
Coomassie blue SDS-PAGE gel staining

Protein bands in SDS-PAGE gels loaded with deglycosylated and untreated PE PL and STBEV
(20 pg/sample) were visualised by staining with Coomassie blue dye. The gel was imaged and
compared to an identical Western blot, then stored in 5 % v/v glacial acetic acid at 4 °C until

bands were excised under aseptic conditions. Cut out bands were stored at -20 °C in 5 % v/v



acetic acid/dH.0. In-gel digestion and protein mass spectrometry were performed on excised

gel pieces.
Mass Spectrometry

All proteomics and sample preparation was performed at the Discovery Proteomics Facility at
the Target Discovery Institute, University of Oxford. Enriched EV samples were mixed with
100 uL RIPA buffer (Pierce) and lysed on ice for 30min. Proteins were precipitated by
methanol-chloroform precipitation. Proteins were digested with 200ng Trypsin (Promega)
overnight at 37 C. Trypsin digestion was stopped by acidification to a final concentration of
1% FA. Samples were desalted on Sola HRP SPE cartridges (Thermo Scientific) and dried
down in a vacuum centrifuge. Peptides were reconstituted in loading buffer (2%
ACN/0.1%TFA).

LC-MS/MS

Peptides were injected into a LC-MS system comprised of a Dionex Ultimate 3000 nano LC
and a Thermo Q-Exactive. Peptides were separated on a 50-cm-long EasySpray column
(ES803; Thermo Fisher) with a 75-um inner diameter and a 60 minute gradient of 2 to 35%
acetonitrile in 0.1% formic acid and 5% DMSO at flow rate of 250 nL/min.

MS1 spectra were acquired with a resolution of 70,000 and AGC target of 3e6 ions for a
maximum injection time of 100 ms. The Topl5 most abundant peaks were fragmented after
isolation with a mass window of 1.6 That a resolution of 17,500. The normalised collision
energy was set to 28% (HCD).

Data was analysed with Progenesis QI (Waters). Raw data was imported using standard settings
and manually refined retention time alignment. MS/MS data was searched in Mascot (Matrix
Science) against a human database (fused Uniprot/Trembl, 03/2018) with
carbamidomethylation (Cys) as fixed and Oxidation (Met)/Deamidation (GIn/Asn) as variable
modifications. Precursor mass tolerance was set to 10ppm and fragment tolerance to 0.04 Da.
Peptide identifications were FDR adjusted at 1%, and identifications with Mascot score <20

were discarded.



Statistical Analysis

Data was analysed using GraphPad Prism 8 software. Two-tailed, unpaired t-test and Mann-
Whitney’s test were used as appropriate based on the underlying distribution for comparison
of patient characteristics. Values were presented as mean + standard error mean (SEM).
Statistical analysis of immunoblot results was done with two-way ANOVA using multiple

comparisons with Tukey correction. Statistical significance was defined as p <0.05.
RESULTS
Siglec-6 protein levels are upregulated in placental tissue from preeclampsia patients

Siglec-6 has already been shown to be strongly expressed in PE placenta[22]. We confirmed
strong Siglec-6 staining on NP placental tissue compared to 1gG control (Figure 1A). Siglec-6
expression was consistent, localised on the syncytiotrophoblast layer of the chorionic villi, and
confirmed previous findings [22,29]. The expression of Siglec-6 was corroborated by
immunoblotting of NP and PE PL (Figure 1B). All samples displayed Siglec-6 expression in
the form of the expected 50KDa bands, with a stronger signal in PE PL samples compared to
NP (ns, Figure 1C). A previously undescribed 70KDa band was also observed when probing
membranes for Siglec-6 and was strikingly more visible in PE PL compared to NP PL.

70KDa Siglec-6 band is upregulated on STBEV derived from PE

Next, expression of Siglec-6 was investigated in STBEV derived from PE and NP placentae
(Figure 2A). Immunoblotting revealed the absence of the expected 50KDa Siglec-6 band in
both NP and PE STBEV. Instead, we observed again the 70KDa band, which was expressed at
significantly higher levels in PE STBEV than NP STBEV (p<0.05, Figure 2B). In general, as
the gestational age increased, the intensity of the observed 70KDa Siglec-6 band on STBEV
decreased. (Figure 2C).

70KDa Siglec-6 depleted following deglycosylation

We hypothesised that the 70KDa species seen in Siglec-6 immunoblotting of STBEV could be
more heavily glycosylated. We tested this on PL, and STBEV derived from PE placentae using



PNGase F, which specifically targets N- and O-linked glycosylation (Figure 3A). In both
untreated (U) whole PL and STBEV, the 70KDa band was visible, whilst the 50KDa form was
present only in PL. Following deglycosylation, the 70KDa band was no longer detectable by
Western blot in PL and STBEV. Instead, 48KDa bands appeared in the deglycosylated PL and
STBEV samples, yet the 50KDa band in the PL was still apparent after deglycosylation.

As the Siglec-6 70KDa band has not previously been described, we used mass spectrometry
show whether or not this band was secondary to non-specific antibody binding, (Figure 3B).
The 50KDa band is the established molecular weight of Siglec-6 and was therefore not
subjected to mass spectrometry in the PE PL samples. The 70KDa bands in PE PL and STBEV
and the 48KDa band that appeared in the deglycosylated STBEV samples were sent for
analysis. The results of mass spectrometry confirmed the presence of Siglec-6 in the excised
bands of size 70KDa prior to deglycosylation in both PL and STBEV, as well as in the 48KDa
band post-deglycosylation in STBEV (Figure 3)

DISCUSSION

Siglec-6 is expressed in PE placentae at both transcript and protein levels [21,24,30-32]. Its
expression does not vary by gestational age in both normal and preeclamptic placentas[33].
Our data shows that the expected Siglec-6 50KDa band is present in the PE and NP placental
lysates, but absent in their respective STBEVS. Thus, our results revealed that the placenta does
not secrete the expected 50KDa form of Siglec-6 via STBEV into the maternal circulation.
Instead, STBEV seem to carry a glycosylated form of Siglec-6 (70KDa). We demonstrated that
the 70KDa Siglec-6 form can be deglycosylated to an isoform of Siglec-6 with an approximate
molecular mass of 48KDa. The calculated mass of siglec-6 is approximately 48KDa

(https://www.uniprot.org/uniprot/O43699) and the 48KDa band observed in our study may

represent a native unmodified isoform of siglec-6 while the 50KDa form may represent siglec-
6 with some form of posttranslational modification other than that targeted by the
deglycosylation kit. Also, because the western blots were performed under a denaturing and
reducing conditions, it is impossible for the 70KDa form to represent a glycosylation mediated
protein-protein interaction. Protein mass spectrometry confirmed that the 70KDa band and
deglycosylated 48KDa band on PE STBEV express the Siglec-6 protein. This prompts us to
present a novel, N- or O-glycosylated form of Siglec-6 (70KDa) that is highly upregulated in
PE PL and STBEV.


https://www.uniprot.org/uniprot/O43699

Using Western blotting, a technique dependent on antibodies manufactured to be specific to
known epitopes of a protein, Siglec-6 is present in placental tissue but not in maternal serum
[21]. However, in proteomics studies, which use techniques such as protein mass spectrometry
and RNA chip platform sequencing, Siglec-6 is detectable in both placental tissue [21,34] and
maternal blood [24]. Such proteomics techniques lend themselves to a broader, non-epitope-
specific detection of target proteins, which are useful in so far that they confirm Siglec-6 levels
to be elevated in PE pregnancy, however, they do not distinguish epitopes or post-translational
modifications. The difference between the 70KDa Siglec-6 form in placental lysates and
STBEV derived from PE and NP is particularly striking and lends credence to the idea that
there is a modified, glycosylated version of Siglec-6 being exported from the placenta into the
maternal circulation. We were looking for the expression of this novel version in the maternal

circulation when the COVID19 pandemic closed the laboratories.

PE is a disease associated with an exaggerated maternal systemic inflammatory response
compared to normal pregnancy [35]. Pathologic features of the PE syndrome such as
endothelial and circulatory dysfunction are commonalities with inflammation, as are increased
oxidative stress [36], complement system dysregulation and activation of both innate and
adaptive immune system [37-39]. Aberrant glycosylation is known to pertain to the
inflammatory response [40]. Glycosylation is a common post-translational modification of
proteins that entails the enzymatic linking of oligosaccharides to newly synthesised proteins in
the endoplasmic reticulum or the Golgi apparatus [41]. The specific glycan profile can reflect
the tissue origin and biochemical condition in which the protein was produced [42]. Many
major serum proteins such as IgG, IgA, transferrin, haptoglobin, alpha2-macroglobulin, and C-
reactive protein have been found to be glycosylated in inflammation. The glycosylated forms
are able to form complexes with lectins, which have been found to be crucial to initiate the
inflammatory response [43]. It is possible that a similar mechanism may be the case with

Siglec-6 in PE pregnancies.

Glycosylated molecules are already used as biomarkers; glycated haemoglobin (HbALlc) is
used for diagnosis of diabetes mellitus and is more reliable as a long term marker than fasting
glucose [44]. We considered the possibility that the glycosylated forms observed may be
because of gestational or pre-gestational diabetes in our sample population, but none of the

patients whose samples were used had diabetes mellitus (data not shown). While we are yet to



explore the functional significance of this, this interesting observation could reveal a role for

the glycosylated form of Siglec-6 in PE pathology and, potentially, diagnostics.

In conclusion, our data shows that the placenta produces STBEVs that carry a modified
glycosylated form of Siglec-6 with a 70KDa molecular weight which may explain the
challenges associated with the detection of Siglec-6 in the circulation. Further investigations

are underway to assess its role as a diagnostic tool.
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Table 1. Clinical data of human subjects whose placentas were used for isolation of STBEV.
Data presented as Mean + standard error mean (SEM), significant difference shown as
p<0.0001 (****) or not significant (ns).

Figure 1. Siglec-6 expression in placental lysate. A) Representative immunohistochemistry
staining of Siglec-6 expressed on the syncytiotrophoblast layer of NP placental tissue, and
negative control. Scale bar is 200 um. B) Western blot of whole placental lysates of PE (n=7)
and NP pregnancies (n=7). The PE samples are in order of advancing gestation (weeks) while
the NP samples are not as it is impossible to obtain ‘normal’ samples less than 37 gestational
age (weeks). Siglec-6 (50KDa) was absent from STBEV derived from both NP and PE
placentae. Abundant expression of Siglec-6 at 50KDa band in PE and NP placental lysates, and
observation of a 70KDa band mainly expressed in the PE samples. C) Protein normalization
against Actin indicated upregulation of the Siglec-6 (50KDa) in PE subjects (not significant,
ns). Error bars illustrate standard error mean (SEM).



Figure 2. Upregulated and specific expression of 70 KDa form of Siglec-6 on STBEV
derived from PE placentas. A) Western blot analysis of Siglec-6 expression on STBEV from
NP (n=11), and PE (n=11) placentae. The observed 70KDa band was instead present in PE and
NP STBEV. B) Normalized densitometry of the 70KDa bands in PE and NP showed significant
upregulation in PE (p<0.05). C) Normalized densitometry of the 70KDa bands in PE STBEV
(n=1 per gestational age) against placental delivery gestation showed a negative correlation,

suggesting decreasing expression of the Siglec-6 (70KDa) as gestation advances.

Figure 3. The effect of deglycosylation on placental and STBEV Siglec-6 forms. A)
Representative immunoblotting of Siglec-6 expression on Preeclamptic PL and STBEV,
showing untreated PL and STBEV (U), and PL and STBEV that underwent deglycosylation
(D). Upon deglycosylation the 70KDa form was missing from both PL and STBEV, instead
being replaced by a previously not seen ~48KDa form of Siglec-6. B) Coomassie Blue staining
of a SDS gel with the same set up as in Figure 3a C) Mass spectrometry analysis result table

of excised bands confirming the presence of Siglec-6 at ~48KDa and 70KDa protein bands.



