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ABSTRACT

INS4Y transgenic pigs develop a stable diabetic phenotype early after birth and therefore
allow studying the influence of hyperglycemia on primary immune cells in an early stage
of diabetes mellitus in vivo. Since immune response is altered in diabetes mellitus, with
deviant neutrophil function discussed as one of the possible causes in humans and
mouse models, we investigated these immune cells in INS®4Y transgenic pigs and wild
type controls at protein level. A total of 2371 proteins were quantified by label-free LC-
MS/MS. Subsequent differential proteome analysis of transgenic animals and controls

revealed clear differences in protein abundances, indicating a deviant behavior of



granulocytes in the diabetic state. Interestingly, abundance of myosin regulatory light
chain 9 (MLC-2C) was increased 5-fold in cells of diabetic pigs. MLC-2C directly affects
cell contractility by regulating myosin ATPase activity, can act as transcription factor and
was also associated with inflammation. It might contribute to impaired neutrophil cell
adhesion, migration and phagocytosis.

Our study provides novel insights into proteome changes in neutrophils from a large
animal model for permanent neonatal diabetes mellitus and points to dysregulation of
neutrophil function even in an early stage of this disease.

Data are available via ProteomeXchange with identifier PXDu:7274.

SIGNIFICANCE

Our studies provide novel basic information abouf . 2 neutrophil proteome of pigs and
contribute to a better understanding of molecular mec"anisms involved in altered immune
cell function in an early stage diabetes. We ¢ e’'nonstrate proteins that are dysregulated
in neutrophils from a transgenic diabetic 2ig ~nd have not been described in this context
so far. The data presented here are n.>aly relevant for veterinary medicine and have

translational quality for diabetes in humans.
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INTRODUCTION

With increasing prevalz:ice in both developed and developing countries, diabetes mellitus
has become the most important metabolic disease in humans today [1, 2]. A link between
diabetes and increased susceptibility for infections was proven by numerous studies [3].
In addition to this, severe courses of disease like bacteremia are seen more often in
diabetic patients than in people with no disease history [4]. While clinical importance of
these findings is beyond questioning, the underlying mechanisms responsible for the
impaired immune function inthe diabetic condition, poorly understood so far, are unknown

to date.



As first line effector cells of the innate immune system, neutrophils are able to react in
multiple ways to potential threats, namely through phagocytosis, degranulation, ROS
release and formation of DNA-based extracellular traps (NETS) [5, 6]. Besides this
essential defensive function of neutrophils, their role as regulatory elements in the healthy
organism becomes more and more obvious [7]. Lately neutrophil granulocytes, formerly
considered to depend mainly on glycolysis, were proven to adapt their metabolic
pathways via transcriptional regulation to a changed environment [8]. During pathological
condition of diabetes these adaptions include deficiency in ROS production, chemotaxis,
adhesion and phagocytosis [8]. By which regulatory pauways these effects are
transduced inside the cell is not fully understood to date 9] However, recent studies
showed that insulin is not only required for maintaining g"iccse homeostasis but also acts
as an immunomodulatory hormone [9]. It can affer. ~v.2kine release and expression of
adhesion molecules in leukocytes [9]. Whether thes - observations of insulin impacting
the immune system may be mediated solel/ by an increased blood glucose level is
currently under discussion [10].

Pigs are used as large animal models .~ a wide field of biomedical research [11]. Their
close similarity to humans in terms c* size, anatomy, diet and metabolism offers some
significant benefits for diabetes .esearch [11]. Developing pathologic alterations like
diabetic retinopathy, vasculopay and nephropathy, diabetes in pigs mimics the human
diabetic phenotype much b tte, than the commonly used rodent models do [11]. Genetic
engineering made seve:2! znsgenic breeding lines available for different approaches
within the field of diacews research [12]. The INS®#Y transgenic pig model used in this
study develops a stetie diabetic phenotype within the first week of life, similar to
permanent neonatal diabetes mellitus (PNDM) or mutant INS gene-induced diabetes of
youth (MIDY) in humans [13]. Due to a point mutation within the insulin gene and
consequential amino acid sequence (C—Y), the secretion of the protein by beta cells is
impaired in these pigs [13]. Therefore, fasting and postprandial hyperglycemia is
observed, rendering the model suitable to detect hyperglycemia-associated
pathophysiologies [13].

Abnormal behavior of primary polymorphonuclear leukocytes (PMN) in diabetic settings

was reported in humans and in experiments in mice [14, 15]. While studies in man can



display differences between diabetes patients depending on their state of glycemic
control, early stages of diabetes are difficult to observe due to the insidious disease
process. Hence, we used PMN from young INS®#Y transgenic pigs and matched wild
type controls with the aim to gain insight into changes in the neutrophil proteome that

point to dysfunction occurring in the initial stage of diabetes.

MATERIAL AND METHODS

Sample preparation. PMN from heparinized venous whole blood of six 12 week old
INS4Y transgenic (INS©#Y) pigs and six age-matched wilu “pe (wt) littermates were
used in this study. In detail, neutrophils of four INS®4Y an th ee wt animals underwent
mass spectrometric analysis. Immunofluorescence stair.'ng ~vas conducted at a later time
with PMN of the other five individuals (two INS™*, three wt). Relative amount of
leukocyte subsets was determined via DiffQuick sw.:ned blood smears for all pigs and
neutrophil percentages were comparable be wzen both groups (INS©4Y 30 + 13%, wt
28 £ 8%; Supplementary Table 1). As nr21 Sndings in both murine models and humans
suggest differences in the proteomic pr.¥e of circulating neutrophils driven by circadian
rhythms [16, 17], the blood samples ‘'ised in our experiments were all obtained at the
same time of day. Collected data (riezan + SD) of glucose level (one hour post-prandial,
INSS4Y 360+ 77 mg/dl, wt &Y+ 5 mg/dl; Supplementary Table 1) and body weight
(INS®4Y 275+ 2.0 kg, wt 24.7 £5.7 kg; Supplementary Table 1) were in accordance
with the values describez hy "enner et al. for this large animal model [13]. Sedimentation
of erythrocytes was orecz by a first 20 min centrifugation step (RT, 100 x g, brake off).
PMN were then isola:zd from plasma by density gradient centrifugation (RT, 290 x g,
25 min, brake off) with Pancoll separating solution (PAN-Biotech, Aidenbach, Germany).
Cells were then carefully washed (4°C, 400 x g, 10 min) in cold PBS and remaining
erythrocytes were removed by two times 30 second sodium chloride (0.2% NacCl) lysis.
Isotonicity of samples was restored through addition of equal parts of 1.6% NaCl. Cells
were then washed (4°C, 400 x g, 10 min) and resuspended in PBS (pH 7.4).

Blood withdrawal was performed according to the German Animal Welfare Act with
permission from the responsible authority (Government of Upper Bavaria), following the
ARRIVE guidelines and Directive 2010/63/EU.



Magnetic activated cell sorting (MACS) for neutrophils. 1 x 10’ PMN of 3 wt and 4
INS4Y transgenic pigs were incubated with neutrophil-specific anti-pig granulocyte
antibody 6D10 (Bio-Rad AbD Serotec, Puchheim, Germany, isotype mouse IgG2a),
diluted 1:50 in staining buffer (0.5% BSA + 2mM EDTA in PBS pH 7.2) for 20 min at 4°C.
Cells were then washed and resuspended in 80 pl staining buffer before adding 20 ul of
anti-mouse IgG2a/b MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany). After
15 min of incubation at 4°C, cells were washed once again and resuspended in staining
buffer without BSA. From now on only BSA-free buffers we.2 used in order to avoid
contamination with albumin in subsequent mass spectrc mery analysis. LS columns
(Miltenyi Biotec, Bergisch Gladbach, Germany) were lac:d in the magnetic field and
rinsed with buffer solution. Cell suspension was ap...~u followed by three washing steps
to remove unlabeled cells. Then, the column was re 1oved from the magnetic field and
the positive fraction was eluted with 5 ml e solution. After washing twice (4°C,
300x g, 10 min) cells were resuspendzd ‘n 1 ml buffer. Successful enrichment of
neutrophils was monitored by DiffQuick >*ained cytoslides. From each animal used in the
experiment, 6 x 10° cells were pellewcd (4°C, 2300 x g, 10 min) and stored at -20°C for
filter-aided sample preparation (F1SF).

Mass spectrometric analysis Each cell pellet was directly lysed in urea buffer (8M in
0.1M Tris/HCI pH 8.5) Az<i1.*2d by sonication and vortexing. Samples were proteolysed
with LysC and tryps, hy = modified filter-aided sample preparation (FASP) as described
[18]. Acidified eluted pzptides were analyzed on a Q Exactive HF-X mass spectrometer
(Thermo Fisher Scientific, Waltham, MA, USA) in the data-independent mode.
Approximately 0.5 pug per sample spiked with one injection unit of the hyper reaction
monitoring (HRM) calibration kit (Biognosys, Schlieren, Switzerland, cat. no. Ki-3003) for
retention time indexing were automatically loaded to the online coupled ultra-high-
performance liquid chromatography (UHPLC) system (Ultimate 3000, Thermo Fisher
Scientific). A nano trap column was used (300-um ID X 5mm, packed with Acclaim
PepMap100 C18, 5pum, 100 A; LC Packings, Sunnyvale, CA) before separation by
reversed phase chromatography (Acquity UHPLC M-Class HSS T3 Column 75 pum ID X



250 mm, 1.8 um; Waters, Eschborn, Germany) at 40°C. Peptides were eluted from the
column at 250 nL/min using increasing ACN concentration (in 0.1% formic acid) from 3%
to 41% over a linear 105-min gradient. The DIA method consisted of a survey scan from
300 to 1650 mass-to-charge ratio at 120,000 resolution and an automatic gain control
(AGC) target of 3e6 or 120 ms maximum injection time. Fragmentation was performed
with higher energy collisional dissociation and a target value of 3e6 ions determined with
predictive AGC. Precursor peptides were isolated with 37 variable windows spanning
from 300 to 1650 mass-to-charge ratio at 30,000 resolution with an AGC target of 3e6
and automatic injection time. The normalized collision eneryy was 28, and the spectra
were recorded in profile mode. The cycle times were 2.16 s anc an average of seven data
points for quantification per peak was reached.

For label-free quantification of DIA data, the DIA 1.C -MS/MS data set was analyzed by
comparing the MS2 fragment spectra from the recoi.'ed windows (see above) against a
spectral library collected from data-dependent e cuisition data (30 raw files, derived from
high pH fractionated porcine granulocytez a.d lymphocytes) from the same instrument.
The spectral library was generated M'ectly in Spectronaut Pulsar X (Biognosys,
Schlieren, Switzerland; version 12.1,.70491.17.25792) as described [19]. Spectronaut
was equipped with the Ensemki Py database (Release 75 (Sscrofal0.2), 25,859
sequences, https:/mww.ensen.~l.org) containing additional few spiked peptides (e.g.,
Biognosys HRM peptide sexuences). The default settings for database match included:
full trypsin cleavage, pertiac 'ength of between 7 and 52 amino acids and maximally two
missed cleavage sie> Czrbamidomethylation of cysteine was set as fixed modification
and variable modificatuns allowed were deamidation and oxidation of methionine. All
FDRs were set as 0.01 for the peptide-spectrum match (PSM), peptide and protein. To
be included into the final ion library, fragment ions were required to contain a minimum of
three amino acids in length, with a mass range between 300 and 1800 m/z, and a
minimum relative intensity of 5%. The best 3-6 fragments per peptide were included in
the library. The final spectral library generated in Spectronaut contained 4511 protein
groups and 62,248 peptide precursors.

Quantification was based on cumulative MS2 area levels. Briefly, raw files were imported

into Spectronaut and XIC extraction settings were set to dynamic with a correction factor



of one. Normalization was performed by default settings in Spectronaut, based on the
Local Regression Normalization [20]. Automatic calibration mode was chosen with
nonlinear local retention time recalibration based on the spiked HRM peptides enabled.
Interference correction on MS1 and MS2 level was enabled. Peptide identification was
filtered to satisfy an FDR of 1% by the mProphet approach [21]. Only proteotypic peptides
were considered for protein quantification applying summed precursor gquantities based
on MS2 area quantity. A match between runs was enabled with the g-value percentile
mode 0.3 threshold. This setting filters for peptides that fulfill the 1% FDR threshold in at

least 30% of all samples.

Data availability. The mass spectrometry proteomics late have been deposited to the
ProteomeXchange Consortium via the PRIDE [22' .aiuer repository under the Project
Name “The porcine granulocyte proteome: expressic.: changes in a transgenic pig model
for diabetes” with the dataset identifier PXDO0 .7274.

Data analysis. Proteins with an INS®4: "+ ratio of at least 2 were considered differentially
abundant. Statistical analysis was pe.*armed on logz transformed normalized abundance
values using Student’s t-test. Churges in protein abundance between conditions were
considered significant at p < Q.5.

Heatmap was created with ~ocn source software Cluster 3.0 with the following settings:
hierarchical clustering, £ onzan distance for both genes and arrays, complete linkage;
and was illustrated v.> cova TreeView (version 1.1.6r4, http://jtreeview.sourceforge.net)
[23]. Volcano plot was uesigned with GraphPad Prism Software (version 5.04). Pathway
enrichment analysis was done with open source software Reactome (Pathway Browser

version 3.6, https://reactome.org) [24].

Immunofluorescence staining. 8 x 10* PMN of two INS®4Y transgenic animals and
three control were centrifuged (600 x g, 8 min) on microscope slides, fixed in icecold
acetone and air dried or directly stored at -20°C for later analysis. After rehydration in
TBS-T for 15 min, blocking was performed with 5% goat serum (in TBS-T) for 40 min.
Primary antibody (polyclonal rabbit anti-human MYL9 antibody, Dianova, Hamburg



Germany) was diluted 1:100 in staining buffer (TBS-T containing 1% BSA) and incubated
with cells at 4°C overnight. As specified by the manufacturer, cross reactivity of this
antibody was expected and sequence homology of porcine myosin regulatory light chain
9 with human protein was checked via BLASTP (version 2.10.0+, 99.42% identities, E-
value 1le-125) [25, 26]. In western blot the antibody revealed a strong signal at the level
of 15 kDa and two discreet bands at 10 and 18 kDa.

Following three washing steps with staining buffer, secondary antibody (goat anti-rabbit
IgG H+L Alexa568, Invitrogen, Karlsruhe, Germany; 1:500) was applied for 30 minutes.
Cell nuclei were counterstained with 4',6-diamidino-2-pheriy.ndole (DAPI, Invitrogen,
Karlsruhe, Germany; 1:1000) and slides were mounted w'th r.overslips using mounting
medium. Binding pattern of polyclonal MYL9-antibod on PMN was assessed using a
Leica Dmi8 microscope with associated LAS-X-soft..ore (both Leica, Wetzlar, Germany).
Grey value of 71 (wt, n=3) and 51 single cells (INS®4Y n=2), respectively, was
determined and statistics was calculated on r.ean factors of intensity with GraphPad
Prism Software (version 5.04) using Mar:-Whitney U-test.

RESULTS

The porcine neutrophil proteon.e siiows divergent protein abundances in INSC%Y
transgenic pigs. We identifiea 2 towal of 2371 proteins in the whole sample set of primary
pig neutrophils (Supplemen.ary Table 2). Of these, 1680 were identified with at least two
unique peptides. The ce'l fract.on analyzed here consisted of 98.4 + 1.9% neutrophils with
lymphocytes being w2 ost frequent impurity (1.2 £1.2%, Supplementary Fig. 1C).
Quantitative comparic=n of the protein repertoire revealed 51 proteins with significant
differences in abundance between INS®4Y transgenic animals and control group
(Table 1). Whereas 18 proteins were higher abundant in wild type, 33 showed increased
abundances in diabetic pigs compared to controls. To further illustrate the quantifications,
we performed hierarchical cluster analysis with the differentially abundant proteins. As

visualized in Fig. 1, each individual sample clustered to its correct group (wt or INS4Y),

Five proteins display significantly increased abundances in neutrophils of diabetic

pigs. Due to the fact that only 2-fold protein abundance differences were considered



biologically relevant, value for INS®4Y/wt ratio cut-off was set at 22 for further analysis.
Among the 51 differentially abundant proteins, eight passed this threshold (Fig. 2). Out of
these, five candidates were identified with at least two unique peptides. At the top of this
list, COP9 signalosom subunit 2 (SGN2) was 10-fold higher abundant in neutrophils of
diabetic pigs, followed by myosin regulatory light chain 9 (MLC-2C, ratio 4.6) and
myxovirus resistance protein 1 (ratio 3.8). The protein abundance of the open reading
frame 43 on chromosome 19 (C190rf43) showed a 2.8-fold increase in INS®#Y transgenic
pigs compared to controls. Further, advilin was identified with a 2.4-fold higher
abundance in neutrophil granulocytes of diabetic pigs.

Since two of these enriched proteins (myosin regulatory ‘aht chain 9 and aduvillin) are
related to cytoskeletal dynamics and alterations of thic cricial process in granulocytes
are known to affect immune defense [27], we focus_.' o.r further experiments on myosin

regulatory light chain 9, which had the higher fold ch. .ige compared to advillin.

Immunocytology highlights myosin rezuictory light chain 9 abundancedifferences
in PMN of diabetic pigs. To further chc.cterize myosin regulatory light chain 9 in PMN
of diabetic pigs, we performed imi,unofluorescence staining (Fig. 3). As shown by
representative immunofluorescence iniages, myosin regulatory light chain 9 was detected
in most of the mapped PMN both i wild type and diabetic pigs (Fig. 3B, D). Regarding
the subcellular location, myns.» regulatory light chain 9 seems to be associated to a
perinuclear region to a Zim.!zr extent in both groups. However, myosin regulatory light
chain 9 level was irc,~aczd 4-fold (**** p <0.0001) in cells from INS®4Y transgenic pigs

compared to controls (T1g. 3E).

DISCUSSION

Using label-free LC-MS/MS, we obtained a proteomic data set for porcine neutrophils with
an unprecedented high resolution of 2371 identified proteins. Hence our data provide a
basis for further research regarding the innate immune system of pigs. Moreover, the aim
of the present study was to characterize neutrophil granulocytes in INS®*Y transgenic
pigs and gain deeperinsight into proteomic changes related to the early stage of diabetes

mellitus. 51 of all identified proteins differed significantly in abundances between the



diabetic group and controls. Our findings match well with results from recent studies in
humans on this matter, describing 30 differences in the PMN proteome from diabetic
patients compared to healthy controls [15]. While 18 of our identified proteins were also
among the 30 identifications from the human dataset, none of these 18 proteins reached
the set ratio cut-off of 2, which we applied to satisfy stringency. This may originate from
the use of different methodology: analysis of human specimen was performed with 2D-
gelelectrophoresis, as opposed to our non-gel-based approach [15]. Further, the gel-
based experiments of the human study were performed on a mixed population of
neutrophils, eosinophils and basophils, and only included significantly altered spots in
subsequent mass spectrometry analysis [15], wherecs we specifically targeted
neutrophils for proteome analysis in INS®4Y transgen.~ p.gs and controls. In order to
ensure purity of neutrophils used in our experimer.,, w2 performed magnetic activated
cell sorting with a porcine specific antibody whic.- binds to an antigen exclusively
expressed on neutrophil granulocytes [28]. Hcw:vzr, the amount of this antigenic surface
molecule decreases in the course of new*roohil maturation [28]. Interestingly, we could
observe evidence of this process in ou” sorting experiment, as the positive fraction of
sorted cells consisted of both immacre, banded and mature, segmented neutrophils,
while the flow-through contained ui sti'ictly mature neutrophils showing nuclei with more
than four lobes (Supplementa.v Fig.1). Therefore, our mass spectrometry data set
represents the porcine proiroire of 6D10-antigen positive neutrophils in the peripheral
blood.

The protein with the 1..1.02¢ statistically significant fold change in transgenic animals was
subunit 2 of COP9 (CG5N2, Fig. 2, Table 1). The ubiquitous, highly conserved eight-
subunit protein complex COP9 signalosome (CSN) predominantly controls proteolysis via
the ubiquitin-proteasome pathway by influencing the activity of cullin-RING ubiquitin
ligases (CRLs) [29]. Recent findings identified SGN2 as binding partner of the cofactor
IPe, recruiting CRLs and thereby strengthening the CRL-CSN interaction [30]. CSN’s
contribution to regulatory processes in innate immune system is mediated by the
universal transcription factor NF-kB, more precisely through the destabilization of its
inhibitor IkBa [31]. Since bound IKBa masks the nuclear localization sequence of NF-kB,

the complex remains in the cytosol of unstimulated cells [32]. Phosphorylation of the



inhibitor by an kB kinase (IKK) complex triggers IkBa ubiquitination by an active CRL and
subsequent degradation by 26S-proteasome [29]. Requiring NEDDylated cullin for their
active form, CRLs are inhibited by deNEDDylation via CSN leading to impeded induction
of NF-kB target genes [29]. Increased NF-kB activity in type 1 diabetic patients was
already described in various studies and different cells [33, 34]. For instance, positive
correlation of NF-kB activation with the quality of glycemic control (indicated by HbAlc)
was demonstrated for peripheral blood mononuclear cells (PBMC) by Electrophoretic
Mobility Shift Assay (EMSA) technique [33] and RT-PCR [35]. Although blood glucose
levels of the INS®4Y transgenic animals were elevated ovei o period of several weeks
[13], NF-kB abundance in neutrophils of the diabetic anima.~ wis slightly lower compared
to control group in our dataset (ratio 0.9, Table 1), whic\> ne 2ds further assessment.

Besides SGN2, a second protein related to NF-¥xZ signaling was higher abundant in
INS4Y transgenic pigs. Gene product of C190rf43, - protein molecule first described in
2017 as interacting part of the human telomerase RNA and therefore named telomerase
RNA interacting RNAse (TRIR) [36], show~d 3-fold higher abundance compared to
neutrophils of control group (Fig. 2, 1."e 1). Although little is known about its exact
function, Park et al. proved that ovei>xpression of TRIR inhibits protein phosphatase 4
(PP4) activity in numerous cell lines (3. By dephosphorylating its target substrates, PP4
is implicated in various cellule.r piocesses, such as stem cell development, glucose
metabolism, cell migration >nu immune response [37]. Thus, PP4 inactivates the IKK
complex and subseque:rtly 4cts as negative regulator for NF-kB [38]. But also the
opposite effect of Fr.* 0.» 'NF-kB signaling was proven, suggesting a multifaceted role of
this phosphatase in <ellular physiology [37]. This hypothesis is supported by the
observation of Zhan et al. that PP4 suppressed virus-induced type | IFN production in
peritoneal macrophages [39]. In reverse, higher abundance of physiological PP4-inhibitor
exoribonuclease TRIR in neutrophils of INS“®4Y transgenic pigs might be responsible for
increasing IFNa levels. This cytokine recently emerged as a major trigger in the early
state of type 1 diabetes generating an inflammatory milieu facilitating the diabetogenic
adaptive immune response [40]. Although the diabetic condition of the studied animals
was initiated by genetic engineering, our proteomic data nevertheless shows correlation

to elevated IFNa, namely through identification of myxovirus resistance protein 1, a IFN-



induced dynamin-like GTPase related to the interferon stimulated genes (ISGs) [41],
which was 4-fold higher abundant in INS®4Y neutrophils compared to controls (Fig. 2,
Table 1). Usually expression of ISGs increases as part of the antiviral immune defense
mechanism [42, 43]. High levels of myxovirus resistance protein 1 in INS®4Y neutrophils
might therefore point to increased production and activation of type | IFNs through
enhanced TLR signaling in early stage diabetes. However, its exact role in this context
remains elusive and merits further investigations.

A further protein with increased abundance in INS®4Y neutrophils, advillin (ratio 2.1,
Fig. 2, Table 1), belongs to the villin/gelsolin superfamily a.? contributes to filopodia
formation, ciliogenesis and cell motility [44]. Experimenta. ov:rexpression of advillin in
podocytes and gelsolin in fibroblasts increases th»ir migration rate [45, 46], a
phenomenon also described for gelsolin family-ce.. g proteins in pancreatic cancer
cells [47]. Accordingly, we would expect PMN ot “ansgenic animals to show higher
motility than cells of control pigs, which stands curtradictory to the hypothesis of impaired
immune cell function in diabetes mellit.~, =uggesting a two-faced role of the innate
immune system in this disease. Resolvi,.~ this contradiction requires functional testing of
PMN in vitro by migration assays, wr.~h we aim to perform in future experiments.

In the present study, we focused o m,osin regulatory light chain 9, subunit of nonmuscle
myosin Il (NMII), which was significantly increased in diabetic pigs compared to controls
(Fig. 2, Table 1). NMIl exiss .~ almost all cell types and contributes to cell migration,
adhesion, intracellular *a.cport, organelle morphogenesis and actin cytoskeletal
dynamics [48]. Phcsphuryiation of myosin regulatory light chain 9 by multiple kinases
results in both enhanc-d ATPase activity of NMIl and intensified association with actin
filaments [49]. Higher expression of MYL9 was reported in skeletal muscle of myostatin-
knockout pigs suspecting a regulative function in muscle energy metabolism [50]. The
Human Proteome Atlas (https:/mwww.proteinatlas.org/ version 19.1) cites MYL9 with
higher expression in neutrophils and eosinophils compared to other blood cell types [51].
Quantitative analysis of immunostaining with MYL9 antibody on unsorted PMN (Fig. 3)
correlated with the results of mass spectrometry confirming higher abundance of myosin
regulatory light chain 9 in neutrophils of diabetic INS®4Y transgenic pigs compared to wild

type controls.



Higher expression of MYL9 related to diabetic condition was reported solely in gastric
smooth muscle of mice and humans, where the meaning is still uncertain [52]. In the
context of immune cell function, interaction of myosin regulatory light chain 9 with early
activation marker CD69 promoted migration of T cells into inflamed lung tissue [53].
Thereby the authors obtained so called “MYL9 nets”, extracellular structures released by
platelets during activation inside of blood vessels [53]. Former proteomic work detected
myosin regulatory light chain 3, but not myosin regulatory light chain 9 in secretory
vesicles of neutrophil granulocytes [54]. The significantly higher abundance of myosin
regulatory light chain 9 in neutrophils of diabetic pigs is a no.el and interesting finding
and deserves further investigation to clarify its functional 1 =levance in our opinion. First
pathway enrichment analyses with all identified prcteirs, divided into two groups
(enriched vs. diminished in INS®4Y), revealed func*.c~a: association of enriched INS©4Y
PMN proteins to neutrophil degranulation (Supniwnentary Table 3). Ten of the 51
significantly differential abundant proteins ir *hiis study were linked to this biological
process (Table 1), pointing to an aberre=t 1cnction of the innate immune system in the

initial stage of diabetes in response to s.<.@ined hyperglycemia.

CONCLUSION

Our study provides novel infori, ation on the proteome of porcine neutrophil granulocytes
in general and shows that siynificant changes can be detected in an initial stage of
diabetes mellitus in a *ra.cgenic diabetic pig model. We gained insights into the

c

differentiated react.o.> o ieutrophil proteome to permanently elevated blood glucose
levels. Further exper:~.ients are needed to elucidate the exact role of the different
abundant candidates and especially myosin regulatory light chain 9 in the context of

altered innate immune cell function in diabetes.
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TABLES

Table 1. Proteins showing significant differences i1, =~oundance between INS®4Y
transgenic pigs and non-transgenic controls. Cownn 1 (protein ID) contains the
accession number of the identified protein and _olumn 2 (description) the respective
protein name, both as listed in the Ensembl | rotein database (http://Mmww.ensembl.org).
ltalicized names display proteins oricinc'ly 'isted as uncharacterized protein in the
Ensembl database output. Searching L, accession number in the Universal Protein
Resource database (https:/mww.uninrct org) provided the description for these proteins.
Column 3 (gene name) contairs te name of the human orthologue gene. Column 4
(ratio) shows ratio of proteir anundance in INS®4Y transgenic pigs compared to the
control group. The p-value as ~aiculated by Student’s t-test is shown in column 5. Column
6 (peptide counts) dicpi:’s the number of unique peptides used for quantification.
Highlighted proteins a. ~ assigned to the process of neutrophil degranulation by pathway

enrichment analysis in the Reactome Knowledgebase (https://reactome.orq).

FIGURES

Fig. 1. Hierarchical clustering of proteins with a significance level p < 0.05 for comparison
of protein abundances between INS®4Y transgenic pigs and non-transgenic controls.
Yellow color indicates decreased and blue color increased abundance of the identified
proteins labeled on the right with their human orthologue gene names. Each individual

animal was assigned to its respective group by unsupervised clustering.



Fig. 2. Volcano plot of the 2371 proteins identified by differential proteome analysis.
Candidates with significant (p < 0.05) fold change (ratio > 2) which were identified by at
least two unique peptides are marked blue and labeled with their human orthologue gene
name.

Fig. 3. Immunofluorescence staining of PMN for myosin regulatory light chain 9.
Representative images of a control (A, B) and an INS®4Y transgenic (C, D) pig are shown.
Differential interference contrast (DIC) image of each slide is u.~olayed on the left and the
corresponding section as overlay of myosin regulatory light chain 9 (red) and nucleus
(blue, counterstained with DAPI) on the right. Intracellulas dis.tribution of myosin regulatory
light chain 9 was similar in both groups and restricic > a perinuclear region (enlarged
section in B, D). Signal intensity of myosin regtila’ry light chain 9 was significantly
(**** p<0.0001) higher in INS®*Y transgeric pigs compared to controls (E). Bars
represent means of 71 (control) and 57 ‘hvS4Y) single cell values of three (control),

respectively two (INS©#Y) individuals.
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Fig. 1. Hierarchical clustering of pir.te.ns with significance level p < 0.05 for comparison
of protein abundances betwecen INS©4Y transgenic pigs and non-transgenic controls.
Yellow color indicates decicas~d and blue color increased abundance of the identified
proteins labeled on the .. with their human orthologue gene names. Each individual

animal was assignea *0 .z respective group by unsupervised clustering.

Fig. 2. Volcano plot of the 2371 proteins identified by differential proteome analysis.
Candidates with significant (p < 0.05) fold change (ratio > 2) which were identified by at
least two unique peptides are marked blue and labeled with their human orthologue gene

name.

Fig. 3. Immunofluorescence staining of PMN for myosin regulatory light chain 9.

Representative images of a control (A, B) and an INS©4Y transgenic (C, D) pig are shown.



Differential interference contrast (DIC) image of each slide is displayed onthe left and the
corresponding section as overlay of myosin regulatory light chain 9 (red) and nucleus
(blue, counterstained with DAPI) on the right. Intracellular distribution of myosin regulatory
light chain 9 was similar in both groups and restricted to a perinuclear region (enlarged
section in B, D). Signal intensity of myosin regulatory light chain 9 was significantly
(**** p < 0.0001) higher in INS®4Y transgenic pigs compared to controls (E). Bars
represent means of 71 (control) and 51 (INS®4Y) single cell values of three (control),
respectively two (INS®4Y) individuals.
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SIGNIFICANCE

Our studies provide novel basic information about the neutrophil proteome of pigs and
contribute to a better understanding of molecular mechanisms involved in altered immune
cell function in an early stage diabetes. We demonstrate proteins that are dysregulated
in neutrophils from a transgenic diabetic pig model and have not been described in this
context so far. The data presented here are highly relevant for veterinary medicine and

have translational quality for diabetes in humans.

TABLES



Protein ID Description Gene name
ENSSSCP00000005012 COP9 signalosome subunit 2 COPS2
ENSSSCP00000026757 Sus scrofamyosin, light chain 9, regulatory MYL9
ENSSSCP00000012965 Eukaryotic translation initiation factor 2 subunit 3 EIF2S3
ENSSSCP00000029166 Sus scrofamyxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse) MX1
ENSSSCP00000008078 tw eety family member 3 TTYH3
ENSSSCP00000014597 chromosome 19 open reading frame 43 C190rf43
ENSSSCP00000023779 advillin AVIL
ENSSSCP00000024948 enoyl-CoA delta isomerase 1 ECI1
ENSSSCP00000014442 translocase of inner mitochondrial membrane 44 hom g (yeast) TIMM4 4
ENSSSCP00000006805 SLAM family member 6 SLAMF6
ENSSSCP00000014722 Sus scrofatropomyosin 4 TPV
ENSSSCP00000022159 glyoxalase | U GLO1
ENSSSCP00000000040 cytochrome b5 reductase 3 N CYB5R3
ENSSSCP00000009601 Sus scrofafibrinogen beta chain Y FGB
ENSSSCP00000012625 leucine-rich repeats and calponin hon‘r'ogy'f’:H) domain containing 3 LRCH3
ENSSSCP00000014764 microtubule-associated protein 13 MAPLS
ENSSSCP00000025078 Sec1 family domain containir.’ 5 - SCFD2
ENSSSCP00000002105 hexosaminidase A (alp’.a bo Eepude) HEXA
ENSSSCP00000025669 guanosine monophosphat: reductase 2 GMPR2
ENSSSCP00000011592 adenylosuccinate sy. *hetase isozyme 2 ADSS
ENSSSCP00000012502 structural mainte nari »f chromosomes 4 SMC4
ENSSSCP00000016213 retinoblaston . "inuTg protein 5 RBBP5
ENSSSCP00000015747 RAB6C, remw.~r RAS oncogene family RAB6C
ENSSSCP00000016804 UDP-gi. ~0s. glycoprotein glucosyltransferase 1 UGGT1
ENSSSCP00000023332 dow . “egu ator of transcription 1, TBP-binding (negative cofactor 2) DR1
ENSSSCP00000002190 [ro_tea._ome activator complex subunit 2 PSME2
ENSSSCP00000002115 _“ro;n transport protein SEC23 SEC23A
ENSSSCP00000024847 <us scrofalactate dehydrogenase B LDHB
ENSSSCP00000014598 arsA arsenite transporter, ATP-binding, homolog 1 (bacterial) ASNA1
ENSSSCP00000000520 cleavage and polyadenylation specificity factor subunit 6 CPSF6
ENSSSCP00000009333 DEAH (Asp-Glu-Ala-His) box helicase 15 DHX15
ENSSSCP00000003435 aldehyde dehydrogenase 16 family, member Al ALDH16A1
ENSSSCP00000003404 Uncharacterized protein BAX
ENSSSCP00000019539 Uncharacterized protein GBE1
ENSSSCP00000013872 Sus scrofa OTU domain, ubiquitin aldehyde binding 1 OoTuB1
ENSSSCP00000023695 ATP-dependent RNA helicase A DHX9
ENSSSCP00000030177 Sus scrofanuclear factor of kappa light polypeptide gene enhancer in B-cells 1 NFKB1
ENSSSCP00000011895 Uncharacterized protein MCTS1
ENSSSCP00000007947 CSE1l chromosome segregation 1-like (yeast) CSELL




ENSSSCP00000008878 N-acetylglucosamine kinase NAGK
ENSSSCP00000005510 phospholipase A2-activating protein PLAA
ENSSSCP00000021608 Uncharacterized protein UBR4
ENSSSCP00000002642 SMEK homolog 1, suppressor of mekl (Dictyostelium) PPPAR3A
ENSSSCP00000025778 Uncharacterized protein MY O18A
ENSSSCP00000014753 Myosin IXB MY 09B
ENSSSCP00000026257 major vault protein MVP
ENSSSCP00000000801 WNK lysine deficient protein kinase 1 WNK1
ENSSSCP00000002862 Pribosyltran domain-containing protein APRT
ENSSSCP00000006940 Sus scrofafarnesyl diphosphate synthase FDPS
ENSSSCP00000026644 Uncharacterized protein VPS13C
ENSSSCP00000011119 cleavage stimulation factor, 3' pre-RNA, subunit 2, 67“Da, *au variant CSTR2T

Tab. 1. Proteins showing significant differences ir. <hundance between INS4Y
transgenic pigs and non-transgenic controls. Coicmn 1 (protein ID) contains the
accession number of the identified protein and cnlurin 2 (description) the respective

protein name, both as listed in the Ensembl prctein database (http://mww.ensembl.org).

ltalicized names display proteins original'/ wcted as uncharacterized protein in the
Ensembl database output. Searching by accession number in the Universal Protein

Resource database (https://www.urinrot.ory) provided the description for these proteins.

Column 3 (gene name) contains ¢. name of the human orthologue gene. Column 4
(ratio) shows ratio of protein mwonuance in INS®4Y transgenic pigs compared to the
control group. The p-value as ~alcdlated by Student’s t-test is shown in column 5. Column
6 (peptide counts) displcy/s e number of unique peptides used for quantification.
Highlighted proteins ar» assigned to the process of neutrophil degranulation by pathway

enrichment analysis in11e Reactome Knowledgebase (https://reactome.org).

HIGHLIGHTS

Diabetic INS®*Y pig neutrophils show changed proteome compared to wild type

e Higher abundant neutrophil proteins in diabetes associate to cytoskeletal
dynamics

e Myosin regulatory light chain 9 abundance is 5-fold higher in INS®4Y neutrophils

e Altered motility of neutrophils might affect sufficient immune response in diabetes



