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ORIGINAL ARTICLE
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ABSTRACT

Background: Mast cells are significantly involved in IgE-metdid allergic reactions; however,
their roles in health and disease are incompletetierstood.

Objective: We aimed to define the proteome contained in mestreleasates upon activation to
better understand the factors secreted by mast telt are relevant to the contribution of mast
cells in diseases.

Methods: Bone marrow derived-cultured mast cells (BMCMCs}H greritoneal cell-derived
mast cells (PCMCs) were used as “surrogates” focasal and connective tissue mast cells,
respectively, and their releasate proteomes weakyzad by mass spectrometry.

Results: Our studies showed that BMCMCs and PCMCs produsidastantially different
releasates following IgE-mediated activation. Meeo we observed that the transglutaminase,
coagulation factor XIIIA, was one of the most abanid proteins contained in the BMCMC
releasates. Mast cell-deficient mice exhibited éased FXIIIA plasma and activity levels as
well as reduced bleeding times, indicating thattntalis are more efficient in their ability to
down-regulate FXIIIA than in contributing to its aomts and functions in homeostatic
conditions. We found that human chymase and mows# cell protease (MMCP)-4 (the mouse
homologue of human chymase) had the ability to ced&XIllA levels and function via
proteolytic degradation. Moreover, we found thaymhse deficiency led to increased FXIIIA
amounts and activity, as well as reduced bleedmgd in homeostatic conditions and during

sepsis.
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Conclusions: Our study indicates that the mast cell proteasgert can shape its releasate
proteome. Moreover, we found that chymase playisnportant role in the regulation of FXIIIA

via proteolytic degradation.

Clinical implications
Unbiased characterization of mast cell releasagandss spectrometry analysis has the potential

to provide a better understanding of the contrdoubf mast cells to health and disease.

Capsule summary
Mast cell protease content can shape its releaseiéle. Mast cell chymase-mediated
downregulation of factor XIIIA via proteolytic cleage contributes to reduce clotting in normal

conditions and during sepsis.

Key words

Mast cells, proteases, chymase, proteomics

Abbreviations used

BMCMCs: bone marrow derived-cultured mast cells
PCMCs: peritoneal cell-derived mast cells

FXIIIA: coagulation factor XA

mMCP: mouse mast cell protease

CPA: carboxypeptidase A
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MMC: mucosal mast cells

MCTC: connective tissue mast cells

CLP: cecal ligation and puncture

DNP-HSA: 2, 4-Dinitrophenyl-Human Serum Albumin

DIC: disseminated intravascular coagulation

LC-MS/MS: liquid chromatography-mass spectrometgsmspectrometry
ROTEM: rotational thromboelastometry

TNF: tumor necrosis factor
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INTRODUCTION

Mast cells are hematopoietic progenitor-derivedangte-containing immune cells that are
widely distributed in tissues that interact witte taxternal environment, such as the skin and
mucosal tissues. Although it is well known that meslls are significantly involved in IgE-
mediated allergic reactions, recent studies hawve/stithat mast cells and their granule proteases
have pleiotropic regulatory roles in other immurgibal responses and diseases, such as in
bacterial and parasite infections, sepsis, autotimendisease, and canéeMany of these
studies, however, were biased to investigate momeelels in which mast cells were
hypothesized to play key roles basedmxitro studies or conditions in which mast cell numbers
or their mediators were increased, suggestingdhatinderstanding of the contribution of mast
cells to health and disease is limited. In thiglgiuve adopted an unbiased approach with the
potential to provide a more comprehensive assedswiemow mast cells may influence
biological processes by characterizing mast cdbBasate proteomes via mass spectrometry
analysis.

Mast cells express protease profiles that vary @ystospecies and different mast cell subsets. In
humans, mast cells either express tryptasar(d ) only (known as the Mg subclass) or
tryptase, chymase, and mast cell carboxypeptida@éRA) (known as the Mfg subclass). In
mice, mast cells are divided into connective tisf0&@MC) and mucosal mast cell (MMC)
subtypes. CTMCs predominantly express fildhymase, mouse mast cell protease 4 [nMCP-4]
and thea-chymase, mMCP-5, whereas MMCs predominantly expiws different3-chymases,
mMCP-1 and mMCP-2. Additionally, in the C57BL/6 nsaubackground, CTMCs also express

a tetrameric tryptase (MMCP-6) as well as CPAVe and others have shown that mast cell
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proteases can cleave certain mediators releasedaby cells into inactive or active fragments.
For example, we reported that mMCP-4, the mouseolmgnof human chymase in substrate
specificity, ® prevents hyper-inflammation in severe sepsis wiaeplytic degradation of tumor
necrosis factor (TNF)! Consequently, it is important to understand hovstneell phenotypes
and their protease content may shape their mediekesse profile upon activation. Herein, we
characterized the releasates generated by bonewndarived-cultured mast cells (BMCMCs)
and peritoneal cell-derived mast cells (PCMCs) olwlhg IgE-mediated activation as
“surrogates” for MMCs and CTMCs, respectivef).

Our proteomics studies indicate that BMCMCs and RSMroduced substantially different
releasates. As a specific example, we observedthigatransglutaminase, coagulation factor
XA (FXIIIA), was one of the most abundant pratsiin the IgE-mediated BMCMC releasate.
In contrast, the PCMC releasate did not contain IIBXI Therefore, we investigated the
involvement of CTMC-specific proteases in the dawgulation of FXIIIA, and we observed
that mast cell chymase could proteolytic degraddllIFRXand diminish its function during

homeostatic and septic states.
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METHODS
For detailed methods, including the mice used, exmntal protocols and procedures, and
statistical analysis, please see the Methods sedio this article's Online Repository

www.jacionline.org.
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RESULTS

Proteome profiling of mast cell-releasates

To define the BMMC and PCMC releasates followin&-mediated activation, we utilized a
mass spectrometry shotgun proteomics approach.ifiSpg, IgE-DNP sensitized BMCMCs
and PCMCs were stimulated with DNP-HSA antigen &r. Then, the supernatants were
collected, concentrated, and subjected to LC-MStM&lentify the IgE-mediated differentially
produced proteins from these MOsid. 1A). We identified 91 proteins that were unique to
PCMCs (able 1 andSuppl. Table 1), 390 proteins that were unique to BMCMJslle 2 and
Suppl. Table 2), and 674 proteins that were extracellularly paetl by both BMCMCs and
PCMCs (able 3 and Suppl. Table 3) (Fig. 1B). We associated the proteins identified in the
releasates with functional annotations. By genelogy (GO) analysis, the commonly enriched
biological process categories in the BMCMC and PCM({@asates were linked to metabolic
processes (e.g., carbohydrate/protein metabolisinggcolysis) as well as intracellular protein
trafficking, protein folding, cell structure and tility, and endocytosisT{able 3 + Suppl. Table

4). Synthesis of newly formed mediators and medisg¢aretion are two main mast cell functions
upon activation that may require the metabolic aostin cytoskeleton remodeling processes
observed in our GO analysis. Processes associatbdpvotein alteration, such amino acid,
protein metabolism and proteolysis were the maotgsses found amongst the unique proteins
contained in the PCMC releasat&gpl. Table 5). The enriched categories from the unique
BMCMC releasates (not found in the PCMC releasatese associated with blood clotting,
immune response regulation (e.g., cytokine and okem mediated signaling pathways), and

immunity and defenseS@ppl. Table 6). These data suggest not only that BMCMCs produce
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factors related to immune response regulation lsat that PCMCs either do not produce these

factors or they are more efficient in their dowgukation via proteolysis.

Mast cells produce and release FXI 11 A upon activation

Our proteomics study revealed that the transglutasg FXIIIA was one of the most abundant
proteins released by BMCMCs upon activation. Trariagninases are multifunctional proteins
(e.g., enzymatic and scaffolding functions) tha¢ &nown to regulate cellular processes in
homeostatic and disease stafe$=XIIIA is one of 9 transglutaminases in humarispawhich
(with the exception of band 4.2, which is catalglig inactive) share the same catalytic site
sequence. FXIIIA becomes catalytically active oitcdissociates from FXIIIB and a 37 AA
peptide is cleaved from its N-terminus (the acfimen of FXIIIA is called FXllla). FXIIIA is
best known for its involvement in fibrin cross-ling for clot stabilization, and it is the only
transglutaminase known to be involved in the coatiph cascad®FXIlIA-deficiency can result

in moderate to severe hemorrhagic diatheisurthermore, FXIIIA can also contribute to
processes in which mast cells play a key role, sisctvound healing, cell migration and innate
immunity!® FXIIIA is present in the cytoplasm of plateletsdamonocytes/macrophag®s;
however, FXIIIA expression has never been repadriedast cells.

By using western blot analysis, we estimated thdCBICs contained 800 fg FXIIIA per cell
(Suppl. Fig. 1), which is around 10-fold greater than what is regmifor platelet$? There is
evidence for FXIIIA entering the alternative seorgtpathway; however, its secretion by an

immune cell has not been demonstratédur mass spectrometry dgfBable 2) and western

10
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blot analysis(Fig. 2A) indicate that IgE/antigen-activated BMCMCs secrélllA upon
activation.

In contrast to monocytéd, BMCMCs did not display increased FXIIIA mRNA exgsion after
activation Fig. 2B) suggesting that FXIIIA protein is pre-formed inast cells. Indeed, we
observed that intracellular FXIIIA exhibited a tgpl granular pattern in BMCMCdig. 2C),

confirming that FXIIIA is stored in mast cell grdas.

Mast cell deficiency leadsto increased FXII1A levelsand reduced bleeding time
To investigate the relative contribution of mastiscéo FXIIIA plasma levels in homeostatic

conditions, we examined t@pa3-Cre; ROSAPTAPTA

mast cell- and basophil-deficient mice (a c-
kit independent mast cell- and basophil-deficientais)’> We found that Cpa3-Cre;
ROSAP™P™ mice exhibited increased FXIIIA plasnggigs. 3A and 3B) and FXllla activity
levels (Fig. 3C) indicating that mast cells and/or basophils sigaiftly contribute to down-
regulation of FXIIIA levels rather than to contrileuo production of FXIIIA circulating pool in
naive mice. To determine whether basophils corteilia FXIIIA down-regulation we used
Mcpt8°™ mice, which express DTR only in basophils and hicl basophils can be selectively
depleted after a single i.p. injection of BFTPlasma from basophil-depleted midécpt8®™*)
exhibited similar plasma FXIIIA amounts as basoghinpetent miceMcpt8*'*) (Suppl. Fig. 2)
indicating that mast cells, and not basophils, doggulate FXIIIA under homeostatic
conditions.

To determine the physiological impact of the ineeshFXIIIA and FXllla activity levels due to

mast cell deficiency, we assessed bleeding time€gad-Cre; ROSAP™P™ mice because

11
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bleeding time is a measurement that is directlydihto active FXllla levels” We observed that
Cpa3-Cre; ROSAP™P™ mijce exhibited reduced bleeding times than thigiermate controls
(Fig. 3D) suggesting that mast cell-mediated down-regutadibFXIIIA amounts can influence
clotting.

Overall, our findings indicate that despite theligbof mast cells to produce FXIIIA, mast cells
mainly contribute to the down-regulation of FXIllkvels and consequently reduce clotting

during homeostatic conditions.

M ouse chymase down-regulates FXI11A levelsand function via proteolysis

PCMC lysates contain lower FXIIIA amounts than BMCNysates (240 fg FXIIIA per cell).
Moreover, our mass spectrometry data revealed?88MCs do not generate detectable amounts
of FXIIIA in their supernatants upon activationdantrast to BMCMCsTable 1, Fig. 4). This
observation led us to hypothesize that PCMCs ame mificient in FXIIIA down-regulation than

in its production. Therefore, we decided to invgasee mechanisms by which PCMCs down-
regulate FXIIIA levels Prior studies using mouse recombinant mast cellepses and non-
specific protease inhibitors suggested that mdsipoateases are able to down-regulate certain
cytokines and chemokines via proteolytic degradefié* Our proteomics data showed that
IgE/antigen-activated PCMCs generate releasatdsatkaricher in their protease content than
releasates generated by BMCMCs. In fact, mMCP-4& thouse homologue of human
chymasé&? was one of the most abundant proteins found irP@®IC releasate and one of the
least abundant amongst the BMCMC releasate prof€asisdes 1 and 2, Suppl. Tables1 and 2,

and Suppl. Fig. 3). This finding is in agreement with previous repdoy us and other groups

12
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that BMCMCs generated from mice in the C57BL/6 lgmokind express low mMCP-4 levéls.
23,24 As the FXIIIA amino acid sequence contains pé&trileavage sites for chymadeve
investigated whether mMCP-4 can down-regulate EXINia proteolysis. To test this
hypothesis, we used mMCP-4-deficient miMaC|()t4"' mice) which do not exhibit any marked
defects in the concentrations of other mast celbtgases, including mMCP-5, -6 or
carboxypeptidase A, in their peritoneal mast ¢&lil®ur mass spectrometry data indicated that
Mcptd™™ PCMC releasates contained lower FXIIIA spectralintolevels than the releasates
generated byicptd” PCMCs Fig. 4A). Moreover, we found that thdcptd™™ PCMC lysates
caused more extensive FXIIIA degradation thanMoptd” PCMC lysatesKig. 4B), indicating
that chymase contributes to FXIIIA fragmentatiomadysis of IgE/DNP-HSA-activated PCMCs
that were obtained fromcpt4*”* or Mcpt4” mice indicated that chymase does not substantially
influence FXIIIA mRNA production$uppl. Fig. 4), indicating that FXIIIA down-regulation by
chymase mainly occurs at the post-transcriptioell

Similarly to the mast cell- and basophil-deficiembuse, Mcpt4”™ mice exhibited increased
FXIIIA plasma(Figs. 4C and 4D) and FXllla activity levelgFig. 4E) indicating that chymase
significantly contribute to down-regulate FXIIIAels and function. MoreoveNcpt4” mice
exhibited reduced bleeding times thMcptd”* mice Fig. 4F) suggesting that chymase-
mediated down-regulation of FXIIIA amounts alsduehces clotting.

Therefore, our data suggest that FXIIIA may be tempial target for mMCP-4 proteolytic

activity, and hence mast cells contribute to FXItd#wn-regulation.

Human chymase degrades FXI11A and diminishesits activity

13
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mMCP-4 and human chymase share similar substratfisity. 2°> Therefore, we hypothesized
that human chymase may also have the ability tond@gulate FXIIIA via proteolysis. FXIIA
that was incubated with human skin chymase ledktensive fragmentation of FXIIIA, but not
FXIIB (Fig. 5A and mass spectrometry data not shown). We perforimadtro cleavage
reactions containing FXIIIA and increasing chymasencentrations to identify chymase
cleavage sites. By focusing on the peptides idedtih the FXIIIA samples that were incubated
with the lowest utilized chymase concentration @@10), we identified peptides containing non-
tryptic termini that represent 6 potential chyma$eavage sitesF{g. 5B). Using label-free
guantitative mass spectrometry, we found that thesetive chymase cleavage products
increased in abundance with increasing chymaseeotrations, as depicted for the cleavage site
at F574 Fig. 5C). Additionally, for 5 out of 6 of these high afiiy cleavage sites, we found that
chymase cleavage followed aromatic residues (Pit) D). Furthermore, the amino acids that
were two residues upstream and downstream of davage site (P3 and P2’) were enriched for
aliphatic or negatively charged residuEgy( 5D).

These data are consistent with the reported subssgecificity for human chymas@ and
suggest that human chymase is sufficient to spadlyi cleave FXIIIA.

Interestingly, our mass spectrometric analysis &flIR degradation showed that human
chymase did not cleave FXIIIA at all of the potahttleavage sites. One of the possible
explanations is that chymase accessibility to oertdeavage sites may be reduced by the
presence of charged or bulky amino acids in P4+H236P4'. In fact, cleavage at F574 may not
be favored by chymase over other sites accordirsyibstrate specificity; however, 3D structure

analysis revealed that F574 is a very accessitdef@ chymase cleavage (data not shown). To

14



304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

Shubin et al.

confirm that the FXIIIA fragmentation data obtaine@th our mass spectrometry analysis were
derived from chymase activity, we designed a pep{dVP) spanning the chymase site, F574,
which could compete with FXIIIA for chymase-med@ideavagdSuppl. Fig. 5A). Ourin vitro
data indicated that GVP could prevent FXIIIA degréoh by human chymase afdicpt4™”*
PCMC lysateqSuppl. Figs. 5B and 5C) indicating that FXIIIA fragmentation was caused by
chymase proteolytic activity.

To assess whether chymase-mediated FXIIIA deg@udtads to the generation of peptides
with reduced biological activity, we performed a REM clot lysis assay with the FXIIIA
digests. Chymase alone had no effect on fibrin dmation by thromboelastography,
indicating that chymase could not cleave and imat#i thrombin-activated FXIlla when it was
added simultaneously with FXIIIA and thrombin toisthassay (data not shown). FXIIIA
incubation with chymase prior to ROTEM impaired thiaility for FXIIIA to strengthen the
fibrin clot (Fig. 5E); however, it did not affect clot stabilit§#ig. 5F) demonstrating that FXIIIA
cleavage by chymase leads to the generation of I&XHagments with reduced biological

activity.

Chymase-deficient mice exhibit increased plasma FXIIIA levels and activity during
experimental sepsis

Taking into account oum vitro data, we investigated whether chymase-FXIIIA iat&ons
influence disease outcome. For this purpose, wesiigated chymase-FXIIIA interactions in
sepsis because fibrinolysis and its down-regulasacam key component of the septic coagulation

response, and increased FXllla activity levels elate with disease severity and fatality in

15
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sepsis® Mcptd™* mice exhibited a significant reduction in FXIlIAgsma and activity levels

+/+

when compared witmaive Mcpt4™™ mice (Figs. 4C, 6A and 6B) at 24 h after experimental
sepsis induced by cecal ligation and puncture (COR)s observation seemed to indicate that
FXIIIA is consumed during sepsis as observed ftiepbtoagulation factors in this disordér.
Mcpt4” mice exhibited reduced downregulation of FXIIIA siaa and activity levels when
compared with naivécptd” mice orMcptd™ mice at 24 h after CLEFigs. 4A, 6A and 6B)
indicating that FXIIIA consumption during sepsispartially mediated by chymase. On the
contrary, Mcpt4*”* and Mcpt4”™ mice exhibited similar plasma fibrinogen levelseafiCLP
(Suppl. Fig. 6), suggesting that the chymase-mediated effeci8XdHa activity levels were not
an indirect result of changes in upstream mediaibtise coagulation cascade.

We also observed that thécptd” mice did not have increased bleeding times, as wleserved
with theMcptd™™ mice (Fig. 6D), suggesting that mMMCP-4 mediated downregulatioRXifIA
plasma and activity levels at 24 h after CLP imgeitheir capacity to stop bleeding. Therefore,

these data demonstrate that mMMCP-4 not only degrBa@IA in vitro but it also reduces its

function, which likely causes alterations in thettthg system during sepsis.

16
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DISCUSSION

Accumulatingin vitro andin vivo evidence indicates that mast cell functions maynheh
broader than their well-defined contribution to ig&sociated immune-responses. In this study,
we characterized mast cell releasates in ordasrtbdr understand the contribution of mast cells
to health and disease. For this purpose, we usetk@mics as an unbiased approach to
characterize mast cell secretomes. Previous studied mass spectrometry analysis to dissect
signaling pathways that are involved in IgE-mediateast cell activation®® #° * however, a
characterization of the mediators that are releagetiast cells upon activation has not yet been
reported. Therefore, we characterized the releaggrerated by BMCMCs and PCMCs upon
IgE/antigen-mediated activation. BMCMCs and PCMGsewtilized because these cells can be
generated in the large numbers that are requirednfiss spectrometry analysis (25 million
cells/treatment), and they are the closestitro “surrogates” to the two main murine mast cell
subtypes, MMCs and CTMCs. Moreover, our BMCMC a@MZ culture conditions have been
standardized and validated by us and other grddpsever, we cannot dismiss the fact that the
local microenvironment and the mechanisms of me#tactivation (IgE-dependent and IgE-
independent) can influence the spectrum of medigtosduced and released by mast cells from
different locations during normal and pathologicainditions. For example, we found that
BMCMCs released reduced amounts of mast cell pseteaupon IgE/antigen activation;
however, MMCs can up-regulate certain proteasesh) s the mast cell chymase, mMCP-1,
during parasitic infections or following exposurelt-9 or IL-10. 3" Therefore, further studies
using alternative mass spectrometry methods tHatvaior low cell number usage will be

important to replicate our work using freshly igeth cells from naive and challenged mice. In

17
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the meanwhile, the validation of unexpected or wwkm mast cell mediators that are found
studying cultured mast cells may be possible byemahdent verification of their expression
using databases such as the one provided by theurwiogical Genome Project (ImmGen,
http://www.immgen.org/databrowser/) when compleradnuith targeted proteomics. By using
Immgen, we retrieved information that freshly iseth mast cells from the trachea, tongue,
esophagus, skin, and peritoneum express FXIIIA mRidé& we found for BMCMCs and
PCMCs.

The mechanisms that regulate and/or shape theceltriar proteomes that are generated by
different mast cell populations are unclear. Wenfbthat releasates from IgE/antigen-activated
PCMCs were enriched in mediators that are assdciatth proteolysis as a main biological
function(Table 1). In contrast, releasates from IgE/antigen-activ8BtCMC contained a large
number of mediators with immune regulatory captibdiand reduced proteolytic activity. From
this observation, we hypothesized that proteolgteavage is a mechanism that can shape the
profile of mediators produced by mast cells. Foaregle, a mast cell type with a reduced
number and/or diversity of proteases, such as BMEM®@Gay be prone to regulate immune
responses through the production of mediators, saghcytokines or chemokines, after
IgE/antigen-mediated activation. Our proteomicdifigs were especially notable when we
investigated how mast cells that express diffepentease profiles could differentially regulate
the levels of the same mediator, FXIIIA, and affé@st function during healthy and septic
conditions. We focused our attention on FXIIIA dieits high abundance in the BMCMC
releasates and undetectable levels in the PCM@gates. Based on our proteomics findings

pertaining to the protease profiles, we hypothesibat while BMCMCs contribute to FXIIA
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production, PCMCs mainly contribute to FXIIIA dedgdion via proteolysis upon IgE-mediated
activation.

The capability of mast cells to secrete FXIIIA sagty that these cells may contribute to plasma
FXIIA levels in addition to the FXIIIA that is pentially produced by platelets and other
myeloid cells.3* However, we found that mast cell-deficient micéibited increased total and
active FXIIIA plasma levelgFigs. 3A, 3B and 3C). Moreover, mast cell deficient mice also
exhibited reduced bleeding tim@&g. 3D). 1’ Overall, these observations suggest that mast cell
may significantly influence clotting processes tigh FXIIIA down-regulation. Our findings
with mMCP-4 deficient micéFig. 4) suggest that chymase is involved in the down-egui of
FXIIA amounts and function under homeostatic ctiods.

It has been shown that muriffeand rat chymas® can be constitutively secreted by naive mast
cells. Therefore, we think that constant or intétemt release of mast cell-derived chymase
downregulates FXIIIA amounts and function. The natbm by which mast cells release
chymase in unchallenged rodents is unknown butay mnvolve piecemeal degranulation as
observed for mast cells from the human intestihe.

What is the relevance of FXIIIA-chymase interactiaiuring disease? To answer this question,
we utilized the CLP model of sepsis because dimedusfibrinolysis is a key component of the
septic coagulation resporiSeand because we observed that chymase plays adkeyirr
protecting from sepsis by proteolytically cleavimjlammatory mediators that exacerbate the
disease’ We found that chymase deficiency in mice subjette@LP partially restored their
plasma FXIIIA levels to those observed in naive enfEigs. 3B and 6B), suggesting that

chymase released from activated mast cells mayadegiFXIIIA during CLP. Notably,
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neutrophil elastase can also inactivate FXIII, which makes our findings even more
noteworthy considering thaﬂcpt4"' mice exhibit an augmented hyperinflammatory resppns
which is mainly neutrophilic, during CLPSeptic Mcpt4™ mice exhibited reduced bleeding
times, likely as a consequence of their increas¥tld activity levels (Figs. 6C and 6D).
However, we did not detect fibrin deposition in #igneys ofMcpt4” mice, which is indicative
of septic disseminated intravascular coagulatiolC§Pa potential cause of acute kidney injury
that Mcpt4”™ mice develop after CLPThis evidence suggests that the increased FXtizity
levels we observed in the chymase-deficient micg wbt cause significant coagulopathy
alterations. These observations are consistenttivgtiact that severe CLP-induced sepsis, as is
the septic phenotype thistcpt4”™ mice develop after CLP surgery, is a weaker indoé®IC 8
FXIll-deficiency impairs myeloid cell migrati6h*® and inflammation after myocardial
infarction®* Therefore, FXIIIA may be able to contribute to thgper-inflammatory response
thatMcpt4” mice develop after CLEby inducing myeloid cell mobilization.

We can only speculate for now on when mast celliated production of FXIIIA may influence
disease outcomes or may overcome its degradatimmyoyase. For example, mast cell-derived
FXIIIA may prevent pathogen dissemination that cbuates to pathogen entrapment into clots,
“2 or contribute to the coagulopathies that are afesewith systemic mastocytosf§.However,
we should point out that this assumption comes With caveats that mast cells produce other
mediators with the ability to influence coagulatisuch as heparin and tryptésand there are
additional cellular sources of FXIlIAMoreover, mast cell activation in non-allergicatiders
may involve certain IgE-independent stimuli to whi€TMCs may be more responsive than

MMCs, leading to a more pronounced reduction inIlZlevels and activity than that observed
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after IgE-dependent mast cell activation. Therefave believe that further studies will be
necessary to assess the contribution of mast ealletl FXIIIA to health and disease, ideally
using mice with FXIIIA-deficiency in mast cell-spéc subsets.

The relevance of our murine findings regardingdbetribution of FXIIIA-mast cell interactions
in human homeostasis and disease still requiresstigation. We performed a pilot study in
which we investigated FXIIIA expression in nasalypomast cells from chronic rhinosinusitis
patients. We found that a subset of mast cellstéacan the epithelium submucosa and around
the glands of nasal polyps expressed FXIIBudpl. Fig. 7). Interestingly, FXIIIA expressing
cells within glands are rare. These observationselade with the chymase expression levels that
were recently reported for mast cells in nasal pslyn which chymase expression levels were
low in mast cells that were located in the epitimaliand high for mast cells located in the nasal
polyp glands” These findings raise questions regarding the imrton of mast cells in nasal
polyp development. In fact, our findings suggesit thland mast cells may have a beneficial
effect by reducing excessive fibrin deposition asal polyps via chymase-mediated proteolytic

degradation of FXIIIA that is produced by eithersineells themselves or by M2 macrophaffes.

Conclusions

Overall, our studies in mice and humans suggestntlaat cells have the ability to produce and
degrade FXIIIA depending on their chymase exprespiofile: mast cells expressing chymase
degrade FXIIIA, while mast cells that do not exgrefiymase mainly produce FXIIIA. We

believe that our findings exemplify a new level aimplexity for mast cells in health and

disease: the mast cell protease content can stsagetiacellular mediator profile.
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TABLE LEGENDS

Table 1. Top 20 unique PCMC releasate proteins. Ex-vivo IgE-activated mouse peritoneal-
derived mast cell extracellular proteins that waseobserved in the IgE-activated bone marrow-
derived mast cell supernatants (top 20 proteinstifiled, according to spectral counts).

Table 2. Top 20 unique BMCMC releasate proteins. Ex-vivo IgE-activated mouse bone
marrow-derived mast cell extracellular proteinsttheere not observed in the IgE-activated
peritoneal-derived mast cell supernatants (top &ftems identified, according to spectral
counts).

Table 3. Top 20 shared PCMC and BMCMC releasate proteins. Extracellular proteins that
were observed in both ex-vivo IgE-activated mousmeb marrow-derived mast cell and
peritoneal-derived mast cell (PCMC) supernatarap @0 protein PCMC proteins identified,

according to mean shared protein spectral counts).
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FIGURE LEGENDS

Figure 1. Differentially produced extracellular proteins from bone marrow compared with
peritoneal derived mast cells. (A) A schematic overview of the approach used to defire
releasates generated by BMCMCs and PCMCs followgkgmediated activationB) A Venn
diagram showing the number of shared and exclysieteins amongst the BMCMC and PCMC

releasates.

Figure 2. Mast cells produce and release FXI11A. BMCMCs were sensitized with IgE mAb to
DNP (2 pug/ml) overnight and then were challenged with DN8AH(100 ng/ml) for 6 HA) or

for the indicated time poin{®). (A) FXIIIA (83 kDa) was observed by Western blot asayin
BMCMC protein lysate and their extracellular sug¢amt. The data are representative of 2
independent experimentgB) FXIIIA expression was analyzed by gPCFie FXIIIA versus
GAPDH mRNA expression level for the BMCMCs that wencubated in media alone was
assigned a value of 1.0 for calculation of the esponding IgE/antigen stimulated BMCMC
results. The data were pooled from the 3 indepenegmeriments(C) Immunofluorescence of
fixed and permeabilized BMCMCs labeled first withtiaFXIIIA antibody and then with Alexa
Fluor® 594-conjugated anti-mouse donkey polyclaaaibody (red). The cells were mounted
with anti-fade reagent containing DAPI for nuclstining (blue). The images are representative

of 2 experiments.

Figure 3. Cpa3-Cre; ROSA P™PTA mast cell- and basophil-deficient mice exhibit incr eased

plasma FXIIl amounts and activity, as well as reduced bleeding time. (A) Western blot and
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(B) densitometry analyses for plasma FXIIIA levelsdpa3-Cre; ROSA™ (n = 4) andCpa3-
Cre; ROSAP™PT™ mice ( = 7).(C-D) FXllla activity levels(C) and tail tip bleeding time@®) in

Cpa3-Cre;ROSA™* (n = 11-13) andCpa3-Cre; ROSAP ™P™ mice ( = 7-20).

Figure 4. M ouse chymase (mM CP-4) down-regulates FXI11A plasma levels and activity via
proteolytic degradation and contributes to prolonged bleeding times under homeostatic
conditions. (A) Wild type Mctp4™™) (n = 5) and mMCP-4-deficientMcpt4”) (n = 3) mouse
PCMCs andMcptd”* BMCMCs ( = 6) were sensitized with IgE mAb to DNP (@)/ml)
overnight and then were challenged with DNP-HSAO(D@/ml) for 6h. The cell supernatants
were collected, concentrated, and subjected togshoproteomics. The FXIIIA abundance is
expressed in spectral coun{®) PCMC lysates were incubated with human FXIIIA toe
indicated time points at 37° C. The FXIIIA levelsdatheir fragments were assessed with
Western blot analysis. The data are representativdhose obtained in 2 independent
experiments(C) Western blot analysis a{) densitometry values for plasma FXIIIA levels in
Mcpt4™™ (n = 5) andMcptd” mice f = 5). (E-F) FXllla activity levels(E) and tail tip bleeding

times(F) in Mcpt4™" (n = 8-9) andMcpt4” mice ( = 5-8).

Figure 5. Human chymase degrades FXI11A and diminishes its activity. (A) Human FXIIA

was incubated with human skin chymase for 6 h &€ 3EXIIA fragmentation was assessed by
silver stain analysis. The data are representativehose obtained from 3 independent
experiments.(B) A human FXIIIA domain map, including the conservednsglutaminase

regions and the location of the detected chymasavabe sites are showC) FXIIIA was
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incubated with increasing concentrations of humdn shymase for 6 hours at %7 and then
subjected to LC-MS/MS. Six chymase cleavage sited=XIlIA produced a marked dose-
response to the increasing chymase levels, as difiechgfor cleavage site F574D) An
approximation of the consensus peptide sequenganadint patterns containing the detected
chymase cleavage sites. Chymase cleavage occuvsdrePl and P1'. The peptide sequences
shown were sorted in order of their negatively gedrand aliphatic residuee-F) ROTEM
results are reported as maximal clot firmness (M@®&,) which represents fibrin polymerization,
FXllla activity, and the lysis index 60 (LI6OJ), which represents the percentage of the
remaining clot in relation to the MCF value at 6Dhrafter clot onset time. The data were pooled

from 3 independent experiments.

Figure 6. MM CP-4 diminishes FXIITA amounts and FXIII activity levels in mice during
experimental sepsis. (A) Western blot analysis ar{®) densitometry values for FXIIIA plasma
levels,(C) FXllla plasma activity levels, an@®) bleeding times at 24 h after CLPNftptd™™ (n

= 5-9) andMcptd™ mice f = 3-8).
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Table 1:

Gene UniProt ID Uniprot description Normalized Normalized
name PCMC BMCMC
spectral spectral
counts (avg.) counts (avg.)
M cpt4 MCPT4 MOUSE | Mast cell protease4 (MM CP-4) | 62.34 0.81
Ahnak E9Q616 _MOUSE | Protein Ahnak 20.38 0.81
Flna FLNA_MOUSE Filamin-A 19.54 0.00
Mcptl Q496V0_MOUSE | Mast cell protease 1 15.14 0.00
Aoah AOAH_MOUSE Acyloxyacyl hydrolase 12.82 0.40
Cpq CBPQ_MOUSE Carboxypeptidase Q 12.66 0.00
Galc GALC_MOUSE Galactocerebrosidase 12.27 0.28
Ecml ECM1_MOUSE Extracellular matrix protein 1 12.17 ®.0
Ddah2 DDAH2_MOUSE | N(G),N(G)-dimethylarginine 8.65 0.81
dimethylaminohydrolase 2
Papss2 PAPS2_ MOUSE Bifunctional 3'-phosphoadenosi@e64 0.00
5'-phosphosulfate synthase 2
Lap3 AMPL_MOUSE Cytosol aminopeptidase 8.56 0.00
Syngrl SNG1_MOUSE Synaptogyrin-1 7.53 0.81
Ckb KCRB_MOUSE Creatine kinase B-type 7.06 0.00
Aars SYA_MOUSE Alanine--tRNA ligase, 6.45 0.13
cytoplasmic
Rbpl Q58EU7_MOUSE| Rbpl protein 6.38 0.00
Ide IDE_MOUSE Insulin-degrading enzyme 6.19 0.27
Kv2a7 KV2A7_MOUSE | Ig kappa chain V-Il region 26-10  5.89 .60
Ptprg PTPRG_MOUSE | Receptor-type tyrosine-protein| 5.60 0.00
phosphatase gamma
Prkar2b KAP3_MOUSE cAMP-dependent protein kinase5.50 0.14
type ll-beta regulatory subunit
Pacsin2 Q3TDA7_MOUSE| Protein kinase C and casein 5.04 0.68

kinase substrate in neurons 2,




Table 2:

Gene UniProt ID Uniprot description Normalized | Normalized
name PCMC BMCMC
spectral spectral
counts counts
(avg.) (avg.)
Scin ADSV_MOUSE Adseverin 0.26 66.88
M cpt8 Q3UWB6_MOUSE| Mast cell protease 8 0.00 41.26
Akrlcl8 | Q3U538 MOUSE | Aldo-keto reductase family 1, 0.00 33.53
member C18
Napsa Q3U7H1_MOUSE | Putative uncharacterized protejn 0.00 29.36
Jakl JAK1 MOUSE Tyrosine-protein kinase JAK1 0.82 22.41
F13al F13A MOUSE Coagulation factor X111 A chain 0.00 21.94
Histlh2af | H2A1F_MOUSE Histone H2A type 1-F 0.26 21.19
l4ra Q3U905 MOUSE | Interleukin 4 receptor, alpha 0.26 099.
Hist1h2bb | H2B1B_MOUSE Histone H2B type 1-B 0.00 19.00
[fitml IFM1_MOUSE Interferon-induced 0.00 18.63
transmembrane protein 1
Anxa2 Q542G9 MOUSE | Annexin 0.27 18.36
Statba Q9JIA0_MOUSE Signal transducer and activator of 0.00 17.14
transcription 5A
Ccl6 SY06_MOUSE C-C motif chemokine 6 0.00 16.35
Uppl UPP1_MOUSE Uridine phosphorylase 1 0.00 14.67
Ctsg Q059v7_MOUSE | Cathepsin G 0.58 14.66
Myolg MYO1G_MOUSE | Unconventional myosin-Ig 0.00 12.29
Tgfbrl Q4FJL1 MOUSE Tgfbrl protein 0.86 11.64
Atp6vOal | VPP1_MOUSE V-type proton ATPase 116 kDa 0.58 11.15
subunit a isoform 1
Tmem59 | TMM59 MOUSE | Transmembrane protein 59 0.56 10.64
Aldh9al | AL9A1_MOUSE 4-trimethylaminobutyraldehyde 0.58 10.11

dehydrogenase




Table 3:

Gene UniProt ID Uniprot description | Normalized | Nor malized Mean
name PCMC BMCMC spectral
spectral spectral counts of
counts counts shared
(avg.) (avg.) proteins
ALB ALBU BOVIN Serum albumin 190.95 209.58 200.27
Anpep AMPN_ MOUSE Aminopeptidase N 213.66 170.67 192.17
Man2bl MA2B1 _MOUSE | Lysosomal alpha- 162.04 195.21 178.63
mannosidase
Grn Q544Y8 MOUSE | Granulin 137.44 103.40 120.4p
Cpa3 Q542E3 MOUSE | Carboxypeptidase 166.55 46.79 106.67
A3, mast cdl
Man2b2 MA2B2_MOUSE | Epididymis-specific 142.38 48.62 95.50
alpha-mannosidase
Hexb Q3TXR9_MOUSE | Putative 138.51 42.62 90.56
uncharacterized
protein
Glbl Q3TAW7_MOUSE| Beta-galactosidase 106.38 55.50 80.94
Naglu A2BFA6_MOUSE | Alpha-N- 105.93 38.96 72.44
acetylglucosaminidase
Cmal CMA1 MOUSE | Mast cell protease 5 113.96 30.30 7213
Pkm KPYM_MOUSE Pyruvate kinase 45.40 87.59 66.50
isozymes M1/M2
TInl TLN1_MOUSE Talin-1 80.15 51.73 65.94
Tpsb2 B5A5B2 MOUSE | Tryptase beta 2 106.77 24.32 65.54
Pdcd6ip PDC6I_MOUSE Programmed cell degth 89.03 39.59 64.31
6-interacting protein
Lcpl PLSL_MOUSE Plastin-2 61.34 64.68 63.01
Iggapl IQGA1_MOUSE Ras GTPase- 79.60 44.75 62.18
activating-like protein
IQGAP1
Myh9 MYH9_ MOUSE Myosin-9 41.59 81.99 61.79
Aldoa Q5FWB7_MOUSE| Fructose-bisphosphate  68.73 53.66 61.19
aldolase
Lgals3bp | LG3BP_MOUSE | Galectin-3-binding 64.19 51.36 57.78
protein
Vwaba VMAS5A _MOUSE | von Willebrand factor 87.43 26.63 57.03

A domain-containing

protein 5A




Figure 1

Bone marrow-cultured Peritoneal-cultured
mast cells (BMCMCs) mast cells (PCMCs)

IgE-DNP stimulation

BMCMC releasates PCMC releasates
[ Shotgun Proteomics ]
BMCMC releasate PCMC releasate
proteins proteins

| |
|

BMCMC vs. PCMC extracellular proteins in
releasates upon IgE-dependent activation




Figure 2

A BMCMCs

Lysates Supernatants

+ |gE/DNP -
BMCMCs
o 2.01
(@))
C
@
S 1.5-
S
o M
< 1.0 B
zZ
£
g 057
E
O-O L | | ] L |
0 2 4 6
Time (h)
BMCMCs

FXIIIA/DAPI



Figure 3
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Table S1

Genename | UniProt ID Uniprot description Normalized Normalized
PCMC spectral | BMCMC
counts (avg.) spectral counts

(avg.)
Mcpt4 MCPT4_MOUSE Mast cell protease 4 62.34 0.81
(mMCP-4)

Ahnak E9Q616 MOUSE | Protein Ahnak 20.38 0.81

Flna FLNA_MOUSE Filamin-A 19.54 0

Mcptl Q496V0_MOUSE | Mast cell protease 1 1514 0

Aoah AOAH_MOUSE Acyloxyacyl hydrolase 12.82 0.4

Cpqg CBPQ_MOUSE Carboxypeptidase Q 12,66 0

Galc GALC_MOUSE Galactocerebrosidase 12.27 0.28

Ecml ECM1_MOUSE Extracellular matrix 12.17 0

protein 1
Ddah2 DDAH2_MOUSE | N(G),N(G)- 8.65 0.81
dimethylarginine
dimethylaminohydrolase
2
Papss2 PAPS2_MOUSE Bifunctional 3'- 8.64 0
phosphoadenosine 5'-
phosphosulfate synthase
2

Lap3 AMPL_MOUSE Cytosol aminopeptidase 8.56 0

Syngrl SNG1 MOUSE Synaptogyrin-1 7.53 0.81

Ckb KCRB_MOUSE Creatine kinase B-type 7,06 0

Aars SYA MOUSE Alanine--tRNA ligase, 6.45 0.13

cytoplasmic

Rbpl Q58EU7_MOUSE| Rbpl protein 6.38 0

Ide IDE_MOUSE Insulin-degrading 6.19 0.27

enzyme
Kv2a7 KV2A7_MOUSE Ig kappa chain V-II 5.89 0.67
region 26-10

Ptprg PTPRG_MOUSE Receptor-type tyrosine- 5.6 0
protein phosphatase
gamma

Prkar2b KAP3_MOUSE CcAMP-dependent protein 5.5 0.14

kinase type ll-beta
regulatory subunit

Pacsin2 Q3TDA7_MOUSE Protein kinase C and 5.04 0.68

casein kinase substrate in
neurons 2, isoform
CRA a




Sdf4 CAB45 MOUSE 45 kDa calcium-binding 5.03 0
protein

Mcpt4 Q3UN88_MOUSE| Mast cell protease 4 4,79 0

Scpepl RISC_MOUSE Retinoid-inducible serine 4.76 0
carboxypeptidase

Aga A2RSS6_MOUSE | Aspartylglucosaminidase 4.71 0.41

Sars SYSC_MOUSE Serine--tRNA ligase, 4.53 0.81
cytoplasmic

Igh-6 IGHM_MOUSE Ig mu chain C region 451 0.13
secreted form

Ap2bl AP2B1_MOUSE AP-2 complex subunit 4.48 0.8
beta

Dynclhl DYHC1 _MOUSE | Cytoplasmic dynein 1 4.46 0.81
heavy chain 1

Emp3 EMP3_MOUSE Epithelial membrane 4.44 0
protein 3

Pgk2 PGK2_MOUSE Phosphoglycerate kingse 4.22 0.52
2

Myolc MYO1C_MOUSE | Unconventional myosin- 3.96 0.8
Ic

Map4 MAP4_MOUSE Microtubule-associated 3.93 0.14
protein 4

Slc38a7 S38A7_MOUSE Putative sodium-coupled 3.92 0.4
neutral amino acid
transporter 7

Serbpl PAIRB_MOUSE Plasminogen activator 3.92 0.82
inhibitor 1 RNA-binding
protein

Camk2d KCC2D_MOUSE | Calcium/calmodulin- 3.9 0
dependent protein kinase
type Il subunit delta

Cda4 CD44 MOUSE CD44 antigen 3.85 0.81

Prosl Q3TR66_MOUSE| Protein S (Alpha) 3(85 0

Epdrl EPDR1_MOUSE Mammalian ependymin- 3.67 0
related protein 1

Fdps Q4FIJN9 MOUSE| Fdps protein 3163 0.81

Serpinblb | ILEUB_MOUSE Leukocyte elastase 3.55 0.68
inhibitor B

Ddx39b DX39B_MOUSE Spliceosome RNA 3.37 0
helicase Ddx39b

Cth CGL_MOUSE Cystathionine gamma- 3.34 0
lyase

Ufdil UFD1_MOUSE Ubiquitin fusion 3.34 0

degradation protein 1

homolog




Lipa LICH_MOUSE Lysosomal acid 3.34 0.4
lipase/cholesteryl ester
hydrolase

Ncaml NCAM1 MOUSE | Neural cell adhesion 3.32 0
molecule 1

Ca8 A2AKP8 MOUSE| Carbonic anhydrase- 3.08 0
related protein

HnrnpaO ROAO_MOUSE Heterogeneous nuclear 3.07 0
ribonucleoprotein AO

Aimpl AIMP1_MOUSE Aminoacyl tRNA 3.07 0
synthase complex-
interacting
multifunctional protein 1

Eif5b IF2P_MOUSE Eukaryotic translation 3.07 0.13
initiation factor 5B

Psatl Q543K5_MOUSE| Phosphoserine 3.05 0
aminotransferase

Gars SYG_MOUSE Glycine--tRNA ligase 3.04 0.27

Lrpl LRP1_MOUSE Prolow-density 3.03 0.68
lipoprotein receptor-
related protein 1

Csf2 Q5SX78 MOUSE | Colony stimulating 2.84 0.14
factor 2 (Granulocyte-
macrophage)

Rrbpl RRBP1_MOUSE Ribosome-binding 2.84 0.13
protein 1

Akap?2 AKAP2_MOUSE | A-kinase anchor protein 2.81 0
2

Ehd4 Q3TM70_MOUSE| EH-domain containing |4 2/81 0

Slcla4d Q3UTP8_MOUSE| Solute carrier family 1 2.8 0
(Glutamate/neutral
amino acid transporter),
member 4

Pdapl B2RTBO_MOUSE| MCG17262 2.8 0.14

Adh7 Q9D748 MOUSE | Alcohol dehydrogenase 7 2.79 0.67
(Class 1V), mu or sigma
polypeptide

Slcl12a4 Q3TWzZ6_MOUSE Solute carrier family 12, 2.79 0.67
member 4

Plxnd1 PLXD1_MOUSE Plexin-D1 2.79 0.13

Nid1l NID1 MOUSE Nidogen-1 2.79 0

Ptbp1l PTBP1_MOUSE Polypyrimidine tract- 2.78 0.4
binding protein 1

Acly A2A4H2_MOUSE | ATP-citrate synthase 2.77 0

Gc VTDB_MOUSE Vitamin D-binding 2.75 0.54

protein




Cdv3 CDV3 _MOUSE Protein CDV3 2.52 0.81

Tmprss3 TMPS3_MOUSE Transmembrane protease 2.52 0
serine 3

Hspa9 GRP75_MOUSE Stress-70 protein, 2.47 0.81
mitochondrial

Arhgapl8 | RHG18 MOUSE Rho GTPase-activating 2.47 0.14
protein 18

Manla Q544T7_MOUSE | Mannosidase 1, alpha 2.29 0.13
isoform CRA_a

Hnrnphl Q811L7_MOUSE | Heterogeneous nuclear 2.25 0.14
ribonucleoprotein H1

Dars SYDC_MOUSE Aspartate--tRNA ligase, 2.25 0
cytoplasmic

Eprs SYEP_MOUSE Bifunctional 2.23 0.4
glutamate/proline--tRNA
ligase

Mcpt3 MCPT3_MOUSE Mast cell protease 3 2|22 0

Psmc3 PRS6A_MOUSE 26S protease regulatary 2.22 0.13
subunit 6A

Kv3a7 KV3A7_MOUSE Ig kappa chain V-l 2.21 0.54
region TEPC 124

Tsnax TSNAX_MOUSE | Translin-associated 2.2 0.52
protein X

Argl ARGI1_MOUSE Arginase-1 1.98 0

Elmol ELMO1_MOUSE | Engulfment and cell 1.97 0.25
motility protein 1

Numal E9Q7G0_MOUSE| Protein Numal 1|97 0.39

Uba2 A2BH28 MOUSE| SUMO-activating 1.95 0
enzyme subunit 2

Ipo5 IPO5_MOUSE Importin-5 1.9 0

Fus Q564D0_MOUSE | Fusion, derived from 1.95 0
t(12;16) malignant
liposarcoma (Human),
isoform CRA_a

lahl IAH1_MOUSE Isoamyl acetate- 1.93 0.26
hydrolyzing esterase 1
homolog

Ldhb LDHB_MOUSE L-lactate dehydrogenase 1.9 0.55
B chain

Ppplri4b PP14B_MOUSE Protein phosphatase 1 1.71 0
regulatory subunit 14B

Smpdl ASM_MOUSE Sphingomyelin 1.7 0
phosphodiesterase

Gm14192 | B1AQ88 MOUSE| Protein Gm14192 1167 0.26

Hnrnpf HNRPF _MOUSE Heterogeneous nuclear 1.67 0.67




ribonucleoprotein F

Rps21 A2ABWS8_MOUSE 40S ribosomal protein 1.66 0.27
S21
Atp6vOc VATL_MOUSE V-type proton ATPase 1.66 0.81

16 kDa proteolipid
subunit




Table S2

Gene name UniProt ID Uniprot description Normalized Normalized
PCMC BMCMC
spectral spectral
counts(avg.) | counts(avg.)

Scin ADSV_MOUSE Adseverin 0.26 66.88

Mcpt8 Q3UWB6_MOUSE| Mast cell protease 8 0 41.26

Akrlcl8 Q3U538 MOUSE | Aldo-keto reductase family 0 33.53

1, member C18, isoform
CRA a

Napsa Q3U7H1_MOUSE| Putative uncharacterized 0 29.36

protein

Jakl JAK1 MOUSE Tyrosine-protein kinase 0.82 22.41

JAK1

F13al F13A_ MOUSE Coagulation factor XIII A 0 21.94

chain

Histlh2af H2A1F MOUSE Histone H2A type 1-F 0.26 21.19

ll4ra Q3U905_MOUSE | Interleukin 4 receptor, alpha 2a0. 19.09

Histlh2bb H2B1B_MOUSE Histone H2B type 1-B 0 19

Ifitm1 IFM1 _MOUSE Interferon-induced 0 18.63

transmembrane protein 1

Anxa2 Q542G9 _MOUSE | Annexin 0.27 18.36

Statba Q9JIA0_MOUSE Signal transducer and 0 17.14

activator of transcription 5A

Cclé SY06_MOUSE C-C motif chemokine 6 0 16.35

Uppl UPP1_MOUSE Uridine phosphorylase 1 0 14.67

Ctsg Q059V7_MOUSE | Cathepsin G 0.58 14.66

Myolg MYO1G_MOUSE | Unconventional myosin-Iig 0 12.29

Tgfbrl Q4FJL1_MOUSE | Tgfbrl protein 0.86 11.64

Atp6vOal VPP1_MOUSE V-type proton ATPase 116 0.58 11.15

kDa subunit a isoform 1
Tmem59 TMM59 MOUSE | Transmembrane protein 59 0.56 10.64
Aldh9al AL9A1_MOUSE 4- 0.58 10.11
trimethylaminobutyraldehyde
dehydrogenase
Lrpl2 LRP12_MOUSE Low-density lipoprotein 0.29 10.01
receptor-related protein 12
Vamp7 VAMP7_MOUSE | Vesicle-associated 0.29 9.86
membrane protein 7
Nov NOV_MOUSE Protein NOV homolog 0 9.71
Fcgr2 FCGR2_MOUSE Low affinity 0.58 9.3
immunoglobulin gamma Fc
region receptor |l
Prep Q543B9_MOUSE | Prolyl endopeptidase 0.85 9.17




Mucl13 Q3V1S6_MOUSE | Mucin 13, epithelial 0 9.14
transmembrane, isoform
CRA a

Notch2 NOTC2_MOUSE Neurogenic locus notch 0.29 8.95
homolog protein 2

Tgfbr2 Q543C0_MOUSE | Transforming growth factor, 0 8.53
beta receptor I, isoform
CRA b

Cycs Q56A15 MOUSE | Cytochrome c 0.68 8.5

Slc2a3 Q3TPL8_MOUSE| Solute carrier family 2 0 7.97
(Facilitated glucose
transporter), member 3

Gnai3 GNAI3_MOUSE Guanine nucleotide-binding 0 7.94
protein G(k) subunit alpha

F2r PAR1_MOUSE Proteinase-activated receptor 0.29 7.67
1

Fcerlg FCERG_MOUSE High affinity 0 7.58
immunoglobulin epsilon
receptor subunit gamma

Tgml TGM1_MOUSE Protein-glutamine gamma- 0 7.55
glutamyltransferase K

Rab2a QOPD65_MOUSE| RAB2, member RAS 0.58 7.44
oncogene family

116 A2RTD1_MOUSE | Interleukin 6 ) 7.44

Hvcnl HVCN1 _MOUSE | Voltage-gated hydrogen 0 7.42
channel 1

Sema4d SEM4D_MOUSE | Semaphorin-4D 0.82 7.3

Cs CISY_MOUSE Citrate synthase, 0 7.15
mitochondrial

Mpo PERM_MOUSE Myeloperoxidase 0 7.12

Manf MANF_MOUSE Mesencephalic astrocyte- 0.82 6.86
derived neurotrophic factor

Pepd A2RS23_MOUSE| Peptidase D 029 6.63

Gstpl GSTP1_MOUSE Glutathione S-transferase|P 1 6 0.2 6.62

Grhpr Q37922 _MOUSE | Glyoxylate 0 6.62
reductase/hydroxypyruvate
reductase

Ifitm3 IFM3_MOUSE Interferon-induced 0 6.35
transmembrane protein 3

Atp6vib2 VAB2_MOUSE V-type proton ATPase 0 6.34
subunit B, brain isoform

Ptpra PTPRA_MOUSE Receptor-type tyrosine- 0 6.34
protein phosphatase alpha

l12rg Q3UPA9_MOUSE | Interleukin 2 receptor, 0.55 6.29

gamma chain, isoform
CRA b




Sema4b SEM4B_MOUSE | Semaphorin-4B 0.56 6.22

Ccl3 Q5QNWO0_MOUSE Chemokine (C-C motif) 0 6.2
ligand 3

Ran RAN_MOUSE GTP-binding nuclear protejn 0.27 6.19
Ran

Prkarla A2AI68_MOUSE | cAMP-dependent protein 0.56 6.07
kinase type I-alpha
regulatory subunit

Abccl A5D6P3_MOUSE | ATP-binding cassette, sub- 0 5.93
family C (CFTR/MRP),
member 1

Atp8al AT8A1 MOUSE Probable phospholipid- 0.26 5.92
transporting ATPase I1A

Ctsl Q543M3 MOUSE | Cathepsin L 0.26 5.92

Lgmn A2RTI3_MOUSE | Legumain D 5.79

Rab38 Q5FW76_MOUSE RAB38, member of RAS 0 5.79
oncogene family

Capn5 Q3TPL4_MOUSE| Putative uncharacterized 0.26 5.68
protein

Igfbp5 Q3UQV0_MOUSE| Insulin-like growth factor 0 5.67
binding protein 5, isoform
CRA a

Glipr2 B1AWDS5_MOUSE| Golgi-associated plant 0 5.65
pathogenesis-related protein
1

Tmem9 TME9_MOUSE Transmembrane protein 9 0.29 5.54

Myl12b ML12B_MOUSE Myosin regulatory light 0 5.54
chain 12B

Entpdl Q544U5 MOUSE | Putative uncharacterized 0 5.53
protein

Crispl Q545H0_MOUSE | MCG21094 0 5.53

Ccl4 Q5QNV9_MOUSE| Chemokine (C-C motif) 0 5.37
ligand 4

Wwp2 WWP2_MOUSE NEDD4-like E3 ubiquitin- 0 5.27
protein ligase WWP2

Cd34 Q543B6_MOUSE | CD34 antigen, isoform 0 5.26
CRA b

Avil AVIL_MOUSE Advillin 0 5.16

Rab21 QOPD35_MOUSE| RAB21, member RAS 0.58 5.15
oncogene family

Ptprj PTPRJ_MOUSE Receptor-type tyrosine- 0.26 5.13
protein phosphatase eta

Snx3 SNX3_MOUSE Sorting nexin-3 0 5.13

Lmna B3RH23 MOUSE | Lamin A D 5.12

Tmemb55a A2AP25 MOUSE| Transmembrane protein 55A 0.86 5




Sell Q3UV83_MOUSE | L-selectin 0 4.99
Qsox1 QSOX1 _MOUSE Sulfhydryl oxidase 1 0.85 4.99
Acadl ACADL_MOUSE | Long-chain specific acyl- 0 4.87
CoA dehydrogenase,
mitochondrial
Rps4x Q545X8 MOUSE | MCG116623 0.79 4.85
Clgbp C1QBP_MOUSE Complement component 1 Q 0 4.84
subcomponent-binding
protein, mitochondrial
Rabl QOPD67_MOUSE| RABI1, member RAS 0.27 4.74
oncogene family, isoform
CRA a
Hgf HGF_MOUSE Hepatocyte growth factor 0 4.73
Cril CR1L_MOUSE Complement component 0.29 4.72
receptor 1-like protein
Hist2h2ab H2A2B_MOUSE Histone H2A type 2-B 0 4.72
Ccl9 Q3U9T8_MOUSE | Ccl9 protein 0 4.71
Gmpr GMPR1 MOUSE | GMP reductase 1 0 4.71
Scamp?2 Q3TAL2_MOUSE| Secretory carrier membrane 0.58 4.71
protein 2
Gngl2 GBG12_MOUSE Guanine nucleotide-binding 0 4.59
protein G(1)/G(S)/G(O)
subunit gamma-12
Zdhhc20 ZDH20_MOUSE Probable 0 4.46
palmitoyltransferase
ZDHHC20
Rablla QOPD45_MOUSE| RAB1lla, member RAS 0 4.45
oncogene family
Thbsl TSP1_MOUSE Thrombospondin-1 0 4.45
Itch A2AVSO_MOUSE | E3 ubiquitin-protein ligase 0 4.45
Itchy
Cd300a CLM8 MOUSE CMRF35-like molecule 8 0 4.45
Atp5al ATPA_MOUSE ATP synthase subunit alpha, 0.81 4.44
mitochondrial
Histlhlc Q5SZA3 MOUSE| Histone cluster 1, Hlc 0.55 4.44
Tyrobp TYBP_MOUSE TYRO protein tyrosine 0 4.43
kinase-binding protein
Cd9 CD9_MOUSE CD?9 antigen 0 4.33
Pcbpl PCBP1 _MOUSE Poly(rC)-binding protein 1 0 4.32
Itgh7 ITB7_MOUSE Integrin beta-7 0 4.2
Atp2a3 AT2A3_MOUSE Sarcoplasmic/endoplasmig 0 4.19
reticulum calcium ATPase 3
Alox5 LOX5 MOUSE Arachidonate 5-lipoxygenase 0,29 4.19
Cds4 SLAF5 MOUSE SLAM family member 5 0 4.19
Prnp Q4FJQ7_MOUSE | Major prion protein 0 4.18




Atp13a3 AT133_MOUSE Probable cation-transporting 0 4.17
ATPase 13A3

Hibadh 3HIDH_MOUSE 3-hydroxyisobutyrate 0.29 4.17
dehydrogenase,
mitochondrial

H2afv B2RVP5 MOUSE | Histone H2A 0.5 4.07

Sic2al GTR1_MOUSE Solute carrier family 2, 0.29 4.06
facilitated glucose transporter
member 1

Subl TCP4_MOUSE Activated RNA polymerase 0 4.04
Il transcriptional coactivator
pl5

Cct4 Q564F4_MOUSE | T-complex protein 1 subunit 0 4.03
delta

Spredl SPRE1_MOUSE Sprouty-related, EVH1 0 4.02
domain-containing protein 1

Ndfipl NFIP1_MOUSE NEDDA4 family-interacting 0 3.93
protein 1

Gnpda2 GNPI2_MOUSE Glucosamine-6-phosphate 0 3.93
isomerase 2

Ndfip2 NFIP2_MOUSE NEDDA4 family-interacting 0 3.92
protein 2

Akrlc21 AK1CL_MOUSE | Aldo-keto reductase family|1 0 3.92
member C21

Cct2 Q542X7_MOUSE | Chaperonin subunit 2 (Betg), 0 3.91
isoform CRA a

Cyb5 Q54479 MOUSE | Cytochrome b-5, isoform 0.29 3.91
CRA d

B2m B2MG_MOUSE Beta-2-microglobulin 3.91

Akrlcl2 Q91X42 MOUSE | Aldo-keto reductase family 0 3.89
1, member C12

Stx12 A2ADSO0 MOUSE| Syntaxin-12 3.89

Cyfip2 CYFP2_MOUSE Cytoplasmic FMR1- 0.26 3.82
interacting protein 2

Gprl28 GP128 MOUSE Probable G-protein coupled 0.58 3.79
receptor 128

Acatl THIL_MOUSE Acetyl-CoA 0 3.78
acetyltransferase,
mitochondrial

Adam8 Q3U1J7_MOUSE | A disintegrin and 0 3.78
metallopeptidase domain 8,
isoform CRA ¢

Tecprl TCPR1_MOUSE Tectonin beta-propeller 0.29 3.78
repeat-containing protein 1

Nckap1ll Q3UDYO_MOUSE| Putative uncharacterized 0 3.76

protein




Tcpl TCP2_MOUSE T-complex protein 1 subunit 0.29 3.75
alpha

Acvrlb Q3TZF1_MOUSE | Activin A receptor, type 1B 0 3.67

H2afy2 H2AW_MOUSE Core histone macro-H2A.2 0 3.67

H2-T23 Q3V014 MOUSE | Putative uncharacterized 0.29 3.64
protein

Pmm?2 Q545N8 MOUSE| Phosphomannomutase 2 0 3.51

Arpc3 ARPC3_MOUSE Actin-related protein 2/3 0 3.5
complex subunit 3

Rab8a QOPD50_MOUSE| RABS8A, member RAS 0.53 3.5
oncogene family, isoform
CRA a

Flot2 FLOT2_ MOUSE Flotillin-2 0.29 3.39

Tcirgl Q91W06_MOUSE| T-cell, immune regulator 1, 0.56 3.37
ATPase, H+ transporting,
lysosomal VO protein A3

Rab35 Q3U0T9_MOUSE| RAB35, member RAS 0.84 3.37
oncogene family

Cd3o00lf CLM1_MOUSE CMRF35-like molecule 1 0.84 3.36

Sppl Q547B5 MOUSE | Osteopontin 0 3.36

Ppal Q4FK49 MOUSE| Pyp protein 0 3.35

Stx8 Q5F234_MOUSE | Syntaxin-8 0.53 3.26

Tceb2 ELOB_MOUSE Transcription elongation 0 3.25
factor B polypeptide 2

Suox SUOX_MOUSE Sulfite oxidase, 0 3.25
mitochondrial

Histlh2ba H2B1A MOUSE Histone H2B type 1-A 0 3.24

Cd200r3 MO2R3_MOUSE | Cell surface glycoprotein 0 3.24
CD200 receptor 3

Tpm3 TPM3_MOUSE Tropomyosin alpha-3 chaimn 0.29 3.24

Nedd4l NED4L_MOUSE E3 ubiquitin-protein ligase 0 3.24
NEDDA4-like

Cbx3 CBX3_MOUSE Chromobox protein homolog 0 3.23
3

Slcda7 S4A7_MOUSE Sodium bicarbonate 0 3.23
cotransporter 3

Relt TR19L_MOUSE Tumor necrosis factor 0 3.22
receptor superfamily member
19L

Acaalb Q3UKMO_MOUSE MCG21883, isoform CRA € D 3.21

Atp2al AT2A1_MOUSE Sarcoplasmic/endoplasmig 0 3.13
reticulum calcium ATPase 1

Hba-al A8DUV3 _MOUSE| Alpha-globin 0) 3.12

Vdac2 VDAC2_MOUSE | Voltage-dependent anion- 0 3.11

selective channel protein 2




Pygb A2AWQ5 MOUSE Glycogen phosphorylase, 0.84 3.1
brain form

Rdx RADI_MOUSE Radixin 0 3.1

Lmbrd1 LMBD1_MOUSE | Probable lysosomal 0.56 3.1
cobalamin transporter

Snx12 SNX12_ MOUSE Sorting nexin-12 0 3.09

Aifm1 B1AU24 _MOUSE | Apoptosis-inducing factor 1, 0 3.08
mitochondrial

Acaa? THIM_MOUSE 3-ketoacyl-CoA thiolase, 0 3.08
mitochondrial

Slc1l5a4 S15A4 _MOUSE Solute carrier family 15 0.84 2.99
member 4

Ly6cl LY6C1 MOUSE Lymphocyte antigen 6C1 0 2.97

Plp2 QOVEW4_ MOUSE Proteolipid protein 2 0.85 2.97

Bst2 BST2_MOUSE Bone marrow stromal 0 2.97
antigen 2

Rpll8a RL18A MOUSE 60S ribosomal protein L18a 0.29 2.97

Cstb CYTB_MOUSE Cystatin-B 0.81 2.96

Cadm3 CADM3 _MOUSE | Cell adhesion molecule 3 0 2.95

Adssl1 Q3UBPO_MOUSE| Adenylosuccinate synthetase 0 2.94
isozyme 1

Capn2 CAN2_MOUSE Calpain-2 catalytic subunit 0,29 2.93

Rps24 Q5M9M7_MOUSE 40S ribosomal protein S24 0 2.85

Jakl B1ASP2 MOUSE| Tyrosine-protein kinase 0 2.85

Sumo?2 SUMO2_MOUSE | Small ubiquitin-related 0 2.84
modifier 2

Gmppb GMPPB_MOUSE | Mannose-1-phosphate 0.27 2.83
guanyltransferase beta

Cct3 Q3U4U6_MOUSE| Chaperonin containing Tcpl, 0.29 2.83
subunit 3 (Gamma)

Abcgl QOVDW9_MOUSE ATP-binding cassette, sub- 0 2.83
family G (WHITE), member
1

Lcp2 LCP2_MOUSE Lymphocyte cytosolic 0 2.82
protein 2

Aldoc B1AQEO_MOUSE | Fructose-bisphosphate 0 2.82
aldolase C

S100all S10AB_MOUSE Protein S100-A11 0.52 2.7

Rap2b Q6ZWR0_MOUSE MCG5466 0 2.7

Tfrc Q542D9 _MOUSE | Transferrin receptor, isoform 0 2.7
CRA a

Vps28 VPS28 MOUSE Vacuolar protein sorting- 0.81 2.7
associated protein 28
homolog

Nif3I1 NIF3L_MOUSE NIF3-like protein 1 0.56 2.7




Vps35 VP35 MOUSE Vacuolar protein sorting- 0 2.69
associated protein 35
Aldh1l1 AL1L1 _MOUSE Cytosolic 10- 0.84 2.69
formyltetrahydrofolate
dehydrogenase
Pa2g4 Q3TGU7_MOUSH Proliferation-associated 2(z4 60.2 2.69
Rpl27 Q5BLJ9 MOUSE | 60S ribosomal protein L27 0 2.68
Rpn2 RPN2_MOUSE Dolichyl- 0 2.67
diphosphooligosaccharide--
protein glycosyltransferase
subunit 2
Q61872 Q61872_MOUSE Envelope protein 0 2.57
Rab9 QOPD48_MOUSE| MCG116026, isoform 0 2.57
CRA a
Prkaca KAPCA _MOUSE | cAMP-dependent protein 0.85 2.56
kinase catalytic subunit alpha
Rpnl RPN1_MOUSE Dolichyl- 0 2.56
diphosphooligosaccharide--
protein glycosyltransferase
subunit 1
Ecil ECI1_MOUSE Enoyl-CoA delta isomerase 0 2.56
1, mitochondrial
Mlec MLEC MOUSE Malectin d 2.56
Csrpl Q4FJX4_MOUSE | Csrpl protein 0.58 2.55
Cdi51 CD151_MOUSE CD151 antigen 0 2.55
Sidt2 Q3U1L8 MOUSE | Putative uncharacterized 0 2.55
protein
Vdacl VDAC1 _MOUSE | Voltage-dependent anion- 0.29 2.55
selective channel protein 1
Fut8 FUT8_MOUSE Alpha-(1,6)- 0.82 2.55
fucosyltransferase
Rbmx RBMX_MOUSE RNA-binding motif protein, 0.56 2.54
X chromosome
Raplb Q52L.50 MOUSE RAS related protein 1b 0 2.44
Cmip CMIP_MOUSE C-Maf-inducing protein 0 2.44
Slpi Q548X8_MOUSE | Secretory leukocyte 0 2.44
peptidase inhibitor, isoform
CRA a
Pabpcl PABP1_MOUSE Polyadenylate-binding 0 2.44
protein 1
Rap2a RAP2A MOUSE Ras-related protein Rap-2a 0 2.43
Srm Q543H0_MOUSE | MCG16662 0.27 2.43
Maob AOFB_MOUSE Amine oxidase [flavin- 0 2.43
containing] B
Nudc A2A9F5 MOUSE | Nuclear migration protein 0.27 2.43




nudC

Itpa Q60I130_MOUSE Inosine triphosphatase 0.55 2.43
(Nucleoside triphosphate
pyrophosphatase)

Crkl A2RS58 MOUSE | V-crk sarcoma virus CT10 0 2.43
oncogene homolog (Avian)-
like

Fbxo6 FBX6_MOUSE F-box only protein 6 0 2.42

Capnl Q3TI07_MOUSE Putative uncharacterized 0.26 2.38
protein

Tm9sf2 Q542E4_MOUSE | Transmembrane 9 0 2.3
superfamily member 2

Plcgl A2A4A7_MOUSE | 1-phosphatidylinositol 4,5- 0 2.29
bisphosphate
phosphodiesterase gamma-1

Rab5b B2RPS1_MOUSE| RABS5B, member RAS 0.29 2.28
oncogene family

Pls3 PLST_MOUSE Plastin-3 0.81 2.27

Lamtorl LTOR1_MOUSE Ragulator complex protein 0 2.17
LAMTOR1

H3f3a A2A852 MOUSE | Histone H3.3 0 2.17

C3 CO3_MOUSE Complement C3 0 2.16

Slc22a3 Q547K2_MOUSE| SLCA22A3 0 2.16

Dnaja2 DNJA2_MOUSE DnaJ homolog subfamily A 0 2.16
member 2

Evi2b EVI2B_MOUSE Protein EVI2B ) 2.16

Rpia RPIA_MOUSE Ribose-5-phosphate 0 2.16
isomerase

Icam?2 B1ARJ1_MOUSE | Intercellular adhesion 0 2.16
molecule 2

Lbr LBR_MOUSE Lamin-B receptor D 2.16

Rgs19 Q78NN4_MOUSE| GAIP/RGS19 0 2.16

Gludl DHE3_MOUSE Glutamate dehydrogenase 1, 0.85 2.15
mitochondrial

Arf4 Q14BR4_MOUSE | ADP-ribosylation factor 4 0.82 2.15

Arf6 Q3UOD7_MOUSE | Putative uncharacterized 0.84 2.15
protein

S100a4 Q545vV2_MOUSE| $S100 calcium binding protein 0 2.15
A4

Abca2 ABCA2_MOUSE | ATP-binding cassette sub- 0 2.15
family A member 2

Ranbpl RANG_MOUSE Ran-specific GTPase- 0.55 2.15
activating protein

Gnal3 A2AA49 MOUSE | Guanine nucleotide-binding 0 2.15

protein subunit alpha-13




Lamtor5 XIP_MOUSE Ragulator complex protein 0.82 2.14
LAMTORS

Grap2 Q3UOE8_MOUSE| GRB2-related adaptor 0 2.04
protein 2, isoform CRA b

Tpml Q545Y3_MOUSE | Tropomyosin 1, alpha, 0.29 2.03
isoform CRA |

Plg PLMN_MOUSE Plasminogen 0 2.03

Leprot OBRG_MOUSE Leptin receptor gene-related 0 2.03
protein

Atp5b ATPB_MOUSE ATP synthase subunit beta, 0 2.02
mitochondrial

Candl CAND1 MOUSE | Cullin-associated NEDD8- 0 2.02
dissociated protein 1

Psmd2 Q3TKV1 _MOUSE| MCG129789, isoform 0 2.02
CRA b

Tubb3 TBB3_MOUSE Tubulin beta-3 chain 0 2.02

Itih2 ITIH2_MOUSE Inter-alpha-trypsin inhibitor 0 2.02
heavy chain H2

Actrla ACTZ_MOUSE Alpha-centractin 0.84 2

Fam108b1l F108B_MOUSE Abhydrolase domain- 0 1.91
containing protein
FAM108B1

Tmem9b TMM9B_MOUSE | Transmembrane protein 9B 0 1.91

Fxyd5 Q3TDW1_MOUSE FXYD domain-containing 0 1.9
ion transport regulator 5,
isoform CRA ¢

Cd82 Q3Ul12_MOUSE CD82 antigen 0.29 1.89

Cd200r1l MO2R2_MOUSE | Cell surface glycoprotein 0 1.89
CD200 receptor 2

Rsul RSU1_MOUSE Ras suppressor protein 1 0.26 1.89

Sfxnl SFXN1 _MOUSE Sideroflexin-1 0 1.89

Hspel Q4KL76_MOUSE| Heat shock protein 1 0.29 1.89
(Chaperonin 10)

Usp8 UBP8 MOUSE Ubiquitin carboxyl-termina 0 1.89
hydrolase 8

Cxcl2 Q3U1J5 MOUSE | Chemokine (C-X-C motif) 0.84 1.88
ligand 2

Dtd2 DTD2_MOUSE Probable D-tyrosyl- 0 1.88
tRNA(Tyr) deacylase 2

Cerk CERK1 _MOUSE Ceramide kinase 0 1.88

Prss34 Q6RUT2_MOUSH Mast cell protease-11 0.55 1.87

Csk CSK_MOUSE Tyrosine-protein kinase C$K 0 1.87

Gnal4d GNA14 _MOUSE Guanine nucleotide-binding 0 1.87
protein subunit alpha-14

Ugcg CEGT_MOUSE Ceramide glucosyltransferase 0 1.87




Slit2 SLIT2_MOUSE Slit homolog 2 protein 0 1.87

Istl IST1_MOUSE IST1 homolog 0.29 1.86

Histlh2ah A3KPDO_MOUSE| Histone H2A 0 1.85

Slc7al Q3UGD6_MOUSE Solute carrier family 7 0 1.77
(Cationic amino acid
transporter, y+ system),
member 1

Cct5 TCPE_MOUSE T-complex protein 1 subunit 0 1.76
epsilon

2210016F16Rik G3X8U3_MOUSE | MCG6895 0.58 1.76

Pkl K6PL_MOUSE 6-phosphofructokinase, liver 0 1.76
type

Hnrnpc HNRPC_MOUSE | Heterogeneous nuclear 0 1.76
ribonucleoproteins C1/C2

Cmtm6 CKLF6_MOUSE CKLF-like MARVEL 0 1.76
transmembrane domain-
containing protein 6

Srsf3 B2KF41 _MOUSE | Serine/arginine-rich splicing 0 1.76
factor 3

Tmem30a CC50A_MOUSE Cell cycle control protein 0 1.76
50A

ltgam ITAM_MOUSE Integrin alpha-M ) 1.76

Tgfbl Q3UNK5_MOUSE| Transforming growth factof, 0.58 1.75
beta 1

Rpl23 A2A6F9_MOUSE | 60S ribosomal protein L23 0/52 1.75

Vps26a VP26_MOUSE Vacuolar protein sorting- 0.55 1.75
associated protein 26A

Ube2vl U2v1l_MOUSE Ubiquitin-conjugating 0.29 1.75
enzyme E2 variant 1

Cct7 Q3TIJ7_MOUSE Chaperonin subunit 7 (Eta), 0 1.75
isoform CRA_a

Abhd14b ABHEB_MOUSE | Alpha/beta hydrolase 0.85 1.75
domain-containing protein
14B

Aldh7al AL7A1_MOUSE Alpha-aminoadipic 0 1.75
semialdehyde dehydrogenase

Statbb ST5B_MOUSE Signal transducer and 0 1.75
activator of transcription 5B

Acaala THIKA_MOUSE 3-ketoacyl-CoA thiolase A, 0 1.74
peroxisomal

Aldh3al AL3A1 _MOUSE Aldehyde dehydrogenase, 0 1.73
dimeric NADP-preferring

Hintl B1AZK3 MOUSE | Histidine triad nucleotide- 0.84 1.73
binding protein 1

Atpl2a AT12A MOUSE Potassium-transporting 0}29 1.73




ATPase alpha chain 2

Fgl2 Q544K3_MOUSE | Fibrinogen-like protein 0 1.73

Ctnnal Q545R0_MOUSE| Catenin (Cadherin associated 0 1.63
protein), alpha 1

Pidk2a P4K2A_MOUSE Phosphatidylinositol 4-kinase 0 1.63
type 2-alpha

Whbp2 WBP2_MOUSE WW domain-binding protein 0.58 1.62
2

Rpl26 Q4FZH2_MOUSE | MCG50660, isoform CRA |a 0 1.62

Ube2i UBCI_MOUSE SUMO-conjugating enzyme 0.26 1.61
UBC9

Psenl Q3UYK2_MOUSH Presenilin 1, isoform CRA| 0 1.61

Apex1 Q54477 _MOUSE | Apurinic/apyrimidinic 0 1.6
endonuclease 1

Icaml Q3U8M7_MOUSE| Intercellular adhesion 0.55 1.6
molecule

Firt3 Q6ZPQ1_MOUSE| MKIAA1469 protein 0 1.59

Cdhl Q4KML8 MOUSE| Cadherin 1, isoform CRA _a 0/29 1.5

Tubada TBA4A_MOUSE | Tubulin alpha-4A chain 0 15

Rpl35a Q6ZWX1 _MOUSH MCG1036414 0 1.49

Rps26 Q497N1_MOUSE| MCG18667 0.81 1.49

Pfkm K6PF_MOUSE 6-phosphofructokinase, 0 1.49
muscle type

D10Jhu81le ES1 MOUSE ES1 protein homolog, 0 1.49
mitochondrial

Rasl2-9 AB6H622 MOUSE | MCG131225 0.86 1.49

Itga5 ITA5_ MOUSE Integrin alpha-5 0 1.49

Adss BOEIE9 _MOUSE | Adenylosuccinate synthetase 0.85 1.48
isozyme 2

Serpinb2 Q542A3 MOUSE | Serine (Or cysteine) 0.27 1.48
peptidase inhibitor, clade B,
member 2

Scarbl Q4FK30 _MOUSE| Scarbl protein 0 1.48

Plcg2 PLCG2_MOUSE 1-phosphatidylinositol 4,5 0 1.48
bisphosphate
phosphodiesterase gamma-2

Syncrip HNRPQ_MOUSE | Heterogeneous nuclear 0.81 1.48
ribonucleoprotein Q

Prkca KPCA_MOUSE Protein kinase C alpha type 0.52 1.48

Gliprl Q4QQK5_MOUSE| GLI pathogenesis-related 1 0 1.48
(Glioma)

Tardbp Q544R5 MOUSE| MCG16669, isoform CRA| | 0 1.48

Tmed10 TMEDA_MOUSE | Transmembrane emp24 0.29 1.48
domain-containing protein 10

Purb PURB_MOUSE Transcriptional activator 0,58 1.48




protein Pur-beta

Gm6768 J3QND8_MOUSE| Uncharacterized protein 0.29 1.48

SmpdI3a ASM3A_MOUSE | Acid sphingomyelinase-like 0.86 1.48
phosphodiesterase 3a

Milrl MILR1_MOUSE Allergin-1 0 1.47

Plscr4 B1B195 MOUSE | Phospholipid scramblase 4 D.29 1.46

Arhgefl ARHG1_MOUSE | Rho guanine nucleotide 0.58 1.46
exchange factor 1

Pdlim5 PDLI5_MOUSE PDZ and LIM domain 0 1.46
protein 5

Cd200r5 MO2R5_MOUSE | Cell surface glycoprotein 0.82 1.36
CD200 receptor 5

Cnr2 CNR2_MOUSE Cannabinoid receptor 2 0 1.36

2-Sep| SEPT2_MOUSE Septin-2 0 1.36

Dnajbll DJB11_MOUSE DnaJ homolog subfamily B 0 1.35
member 11

l12ra Q54412_MOUSE Interleukin 2 receptor, alpha 0 1.35
chain

Itga6 ITA6_ MOUSE Integrin alpha-6 0 1.35

Ehdl Q80ZZ0_MOUSE | EH-domain containing 1 0 1.35

Fam174b F174B_MOUSE Membrane protein 0 1.35
FAM174B

Fisl TTCB_MOUSE Mitochondrial fission 1 0 1.35
protein

Hbb-b1 A8B8DUKO_MOUSE| Beta-globin 0.29 1.35

Tmem55b TM55B_MOUSE Transmembrane protein 55B 0 1.35

Snx17 SNX17_MOUSE Sorting nexin-17 0 1.35

Capnsl CPNS1_MOUSE Calpain small subunit 1 0 1.35

Ccl2 Q5SVU3 MOUSE | Ccl2 protein 0 1.35

Adcy7 ADCY7 _MOUSE | Adenylate cyclase type 7 0,86 1.34

Rpl34 RL34_MOUSE 60S ribosomal protein L34 0}82 1.34

Casp3 CASP3_MOUSE Caspase-3 0.86 1.34

Gmds GMDS_MOUSE GDP-mannose 4,6 0.86 1.34
dehydratase

Pcmtl Q545L9 MOUSE | Protein-L-isoaspartate O- 0 1.33
methyltransferase

Tubb2b B2RSN3_MOUSE| MCG1395 0.29 1.23

Ptpre PTPRE_MOUSE Receptor-type tyrosine- 0 1.22
protein phosphatase epsilor

Acol ACOC_MOUSE Cytoplasmic aconitate 0.56 1.22
hydratase

Rpl37a Q4VAF2_MOUSE| MCG112980, isoform 0 1.22
CRA a

P2rx1 B2KG89 MOUSE | P2X purinoceptor 1 0.29 1.22

Spr SPRE_MOUSE Sepiapterin reductase 0.26 1.22




Mboat7 MBOA7_MOUSE | Lysophospholipid 0.29 1.22
acyltransferase 7

Tcebl ELOC_MOUSE Transcription elongation 0 1.22
factor B polypeptide 1

Fnbpl FNBP1 MOUSE Formin-binding protein 1 0 1.21

Slclab Q3UFR4_MOUSE| Putative uncharacterized 0.58 1.21
protein

Mt2 MT2_MOUSE Metallothionein-2 0.56 1.21

Cd37 Q4FK35_MOUSE | CD37 antigen, isoform 0 1.21
CRA b

Rpl29 Q5M8M8 MOUSE| MCG19505, isoform CRA |a 0 1.21

Hadh HCDH_MOUSE Hydroxyacyl-coenzyme A 0 1.21
dehydrogenase,
mitochondrial

Cuta CUTA_MOUSE Protein CutA 0.86 1.21

Mfsd6 D37183_MOUSE | Major facilitator superfamily 0 1.21
domain-containing protein 6

Tm9sf3 T9S3 MOUSE Transmembrane 9 0 1.2
superfamily member 3

Itgad ITA4 MOUSE Integrin alpha-4 0 1.2

Tubb4b TBB4B_MOUSE Tubulin beta-4B chain 0 1.2

Erp44 TXN4_MOUSE Endoplasmic reticulum 0 1.19
resident protein 44

Cuedcl CUED1_MOUSE CUE domain-containing 0 1.18
protein 1

Akrlcl9 G3X9Y6_MOUSE | Aldo-keto reductase family| 0 1.1
1, member C19

Tspan3 Q545L1 MOUSE | Tetraspanin 0 1.1

Ulbpl D2CKI9_MOUSE | UL16-binding protein-like 0 1.09
transcript 1 splice variant

Ufm1 UFM1 MOUSE Ubiquitin-fold modifier 1 0 1.09

Slcodal A2ACT3_MOUSE| Solute carrier organic anign 0 1.09
transporter family member
4A1

Psmb9 Q4FK25 MOUSE| Proteasome subunit beta type 710.2 1.08

Rpl24 RL24 MOUSE 60S ribosomal protein L24 0/26 1.08

Gnall Q3UPA1 _MOUSE| Guanine nucleotide binding 0 1.08
protein, alpha 11

Fam3c FAM3C_MOUSE | Protein FAM3C 0.58 1.08

Phptl A2AJA8 MOUSE | 14 kDa phosphohistidine 0.29 1.08
phosphatase

Thxasl THAS MOUSE Thromboxane-A synthase 0 1.08

Cds2 A2AMQ4_MOUSE| Phosphatidate 0.27 1.08
cytidylyltransferase 2

Gprl71 GP171_MOUSE Probable G-protein coupled 0 1.08




receptor 171

Laptm4a LAP4A_ MOUSE Lysosomal-associated 0 1.08
transmembrane protein 4A

Abcblb B2RUR3_MOUSE| ATP-binding cassette, sub- 0 1.08
family B (MDR/TAP),
member 1B

Ninjl Q3TXT8_MOUSE | Ninjurin 1 0 1.07

Adsl PUR8 _MOUSE Adenylosuccinate lyase 0 1.07

Psmd12 PSD12_MOUSE 26S proteasome non-ATRase 0 1.07
regulatory subunit 12

Fofrl FGFR1_MOUSE Fibroblast growth factor 0 1.07
receptor 1

Lstl LST1_MOUSE Leukocyte-specific transcript 0 1.07
1 protein

Dhrs11 DHR11 _MOUSE Dehydrogenase/reductase 0 1.06
SDR family member 11

Slc30a2 ZNT2_MOUSE Zinc transporter 2 0 1.06

Selplg SELPL_MOUSE P-selectin glycoprotein 0 1.06
ligand 1

Neul Q3UL64_MOUSE | Neuraminidase 1, isoform 0 1.06
CRA a

Hmhal HMHA1_MOUSE | Minor histocompatibility 0.29 1.06
protein HA-1

Psmb5 PSB5 MOUSE Proteasome subunit beta 0.27 0.96
type-5

Taok3 TAOK3_MOUSE | Serine/threonine-protein 0 0.95
kinase TAO3

Kidins220 B2RXL7_MOUSE | Kidins220 protein 0 0.94

Rpll3a Q5MI9M0_MOUSE MCG23455, isoform CRA |e 0 0.94

Cnpy2 CNPY2_MOUSE Protein canopy homolog 2 0 0.93

Ppp2chb PP2AB_MOUSE Serine/threonine-protein 0.86 0.83
phosphatase 2A catalytic
subunit beta isoform

Stx4 STX4 MOUSE Syntaxin-4 0 0.81

Fyb B2RURO _MOUSE| FYN binding protein 0.58 0.81

Rnpep AMPB_MOUSE Aminopeptidase B 0 0.81

Mecp2 MECP2_MOUSE Methyl-CpG-binding protein 0.29 0.8
2

Kcnab?2 KCAB2_MOUSE | Voltage-gated potassium 0 0.8
channel subunit beta-2

Mfap3l MFA3L_MOUSE | Microfibrillar-associated 0 0.68
protein 3-like




Table S3

Gene name UniProt ID Uniprot description Normalized | Normalized | Mean
PCMC BMCMC spectral
spectral spectral counts of
counts counts shared
(avg.) (avg.) proteins

ALB ALBU_BOVIN Serum albumin 190.95 209.58 200.27

Anpep AMPN_MOUSE Aminopeptidase N 213.66 170.67 192.17

Man2bl MA2B1_MOUSE Lysosomal alpha-mannosidase QK62. 195.21 178.63

Grn Q544Y8 _MOUSE Granulin 137.44 103.4 120.42

Cpa3 Q542E3 _MOUSE Carboxypeptidase A3, mast cell 6.555 46.79 106.67

Man2b2 MA2B2_MOUSE Epididymis-specific alpha- 142.38 48.62 95.5

mannosidase

Hexb Q3TXR9 _MOUSE | Putative uncharacterized protein 138.51 42.62 90.56

Glb1 Q3TAW7_MOUSE | Beta-galactosidase 106.38 55.5 80.94

Naglu A2BFA6_MOUSE | Alpha-N-acetylglucosaminidase 5123 38.96 72.44

Cmal CMA1_MOUSE Mast cell protease 5 113,96 30.3 72.13

Pkm KPYM_MOUSE Pyruvate kinase isozymes M1/MZ 45.4  87.59 66.5

Tinl TLN1_MOUSE Talin-1 80.1% 51.73 65.94

Tpsh2 B5A5B2_MOUSE | Tryptase beta 2 106[77 24.32 65.54

Pdcd6ip PDC6l_MOUSE Programmed cell death 6-intargg 89.03 39.59 64.31

protein

Lcpl PLSL_MOUSE Plastin-2 61.34 64.68 63.01

Iqgapl IQGA1_MOUSE Ras GTPase-activating-like grote 79.6 44.75 62.18

IQGAP1

Myh9 MYH9 MOUSE Myosin-9 41.59 81.99 61.79

Aldoa Q5FWB7_MOUSE | Fructose-bisphosphate aldolase 8.7 53.66 61.19

Lgals3bp LG3BP_MOUSE Galectin-3-binding protein (2l 51.36 57.78

Vwaba VMAS5A MOUSE | von Willebrand factor A domain- 87.43 26.63 57.03

containing protein 5A

Slc3a2 4F2_MOUSE 4F2 cell-surface antigen heavy 70 42.98 56.49

chain

Actb B2RRX1_MOUSE | Actin, beta 50.37 59.38 54.88

Cregl CREG1_MOUSE Protein CREG1 56.2 50.63 53.41

Kit KIT_MOUSE Mast/stem cell growth factor 35.62 70.4 53.01

receptor Kit

Calr B2MWM9 MOUSE| Calreticulin 65.93 39.57 52.75

Gns GNS_MOUSE N-acetylglucosamine-6-sulfatase 64.65 37.9 51.28

Ctsc Q3UBY5 MOUSE | Cathepsin C, isoform CRA b 41.02 61.15 51.09

Enol Q5FW97 MOUSE | Enolase 1, alpha non-neuron 42.12 59.99 51.05

Wdrl WDR1_MOUSE WD repeat-containing protein 1 96.2 44.63 50.46

E2fhv9 E2FHV9 MOUSE | Protease serine 34 12.61 86.36 49.49

Serpinbla ILEUA_MOUSE Leukocyte elastase inhib#&or 59.5 39.32 49.41

Baspl BASP1 MOUSE Brain acid soluble protein 1 86.5 29.84 48.22




Hexa HEXA_MOUSE Beta-hexosaminidase subunit algha 3556 41.9 47.7
Sodl SODC_MOUSE Superoxide dismutase [Cu-Zn] 61.07 33.97 47.52
Csf2rb2 IL3B2_MOUSE Interleukin-3 receptor class 2 22.95 72.02 47.49
subunit beta
Gaa A2AFL4 MOUSE | Lysosomal alpha-glucosidase 53.39 38.96 46.18
1rll ILRL1 MOUSE Interleukin-1 receptor-like 1 20 70.15 45.92
Vcl VINC_MOUSE Vinculin 55.11 35.18 45.15
Gapdh D2KHZ9 MOUSE | Glyceraldehyde-3-phosphate 35.89 54.15 45.02
dehydrogenase
Acta2 ACTA_MOUSE Actin, aortic smooth muscle 4957 40.44 45
Msn MOES_MOUSE Moesin 42 46.27 44.13
Tryp TRYP_PIG Trypsin 59.5 25.1 42.3
Tpil TPIS_MOUSE Triosephosphate isomerase 47.5 36.44 41.97
Tkt TKT_MOUSE Transketolase 52.83 28.86 40.84
Hspa8 HSP7C_MOUSE Heat shock cognate 71 kDa protein 37.04 44.53 40.78
Naga NAGAB MOUSE | Alpha-N-acetylgalactosaminidase 183 47.65 40.4
Ctsa Q544R6_MOUSE Protective protein for beta- 49.61 31.14 40.37
galactosidase, isoform CRA_a
Ctsd Q3UCD9 MOUSE | Cathepsin D, isoform CRA a 51.42 29.1 40.26
Eeflal Q58E64 _MOUSE Elongation factor 1-alpha 50.25 28.82 39.54
Pgaml Q3U726_MOUSE | MCG113582 5421 24.31 39.26
Hspab A2AUF6_MOUSE | 78 kDa glucose-regulated protein 38.57 39.89 39.23
Sdcbp SDCB1_MOUSE Syntenin-1 44.61 33.82 39.21
Gsn A2AL35 MOUSE | Gelsolin 47.95 30.15 39.05
Gm2a Q5F178 MOUSE GM2 ganglioside activator protejn 49.24 25.34 37.29
Pgkl PGK1_MOUSE Phosphoglycerate kinase 1 30.4 42.99 36.7
Arhgdib GDIR2_MOUSE Rho GDP-dissociation inhibitbr 54.46 18.32 36.39
Pla2g7 PAFA_MOUSE Platelet-activating factor 69.22 2.28 35.75
acetylhydrolase
Ids IDS_MOUSE Iduronate 2-sulfatase 51,82 17.65 34.73
Arsa ARSA_MOUSE Arylsulfatase A 54.35 15.1 34.72
Vcp TERA_MOUSE Transitional endoplasmic reticulum 37.33 30.72 34.03
ATPase
Sqgstml SQSTM_MOUSE Sequestosome-1 37.92 29.39 33.65
Capl CAP1_MOUSE Adenylyl cyclase-associated protein 33.05 33.36 33.2
1
Pdia3 PDIA3_MOUSE Protein disulfide-isomerase A3 124 40.57 32.67
Lnpep LCAP_MOUSE Leucyl-cystinyl aminopeptidase 13p. 29.99 31.04
Alb_mus Q546G4 _MOUSE Albumin 1 24.68 37.31 31
Rnhl RINI_MOUSE Ribonuclease inhibitor 27.779 33.83 30.81
P4hb PDIA1 MOUSE Protein disulfide-isomerase 28.52  32.39 30.45
Ctsb CATB_MOUSE Cathepsin B 38.07 21.59 29.83
Hist4a H4 MACFA Histone H4 13.1)7 46.08 29.62
Pfnl Q5SX50 MOUSE Profilin 24.99 34.1 29.54
Pld3 PLD3_MOUSE Phospholipase D3 29|87 28.17 29.02




Apeh APEH_MOUSE Acylamino-acid-releasing enzyme 524. 33.32 28.95
Taglin2 TAGL2_MOUSE Transgelin-2 35.73 21.08 28.4
Akrlcl13 AK1CD_MOUSE Aldo-keto reductase family 1 16.96 38.98 27.97
member C13
Tubala TBA1 _MOUSE Tubulin alpha-1A chain 35/09 19.51 27.3
Manba MANBA_MOUSE | Beta-mannosidase 21/56 32.91 27.23
Arhgdia GDIR1_MOUSE Rho GDP-dissociation inhibifor 35.43 18.49 26.96
Plbd2 PLBL2_ MOUSE Putative phospholipase B-like 2 5.49 16.73 26.11
Psap Q3UFE8_MOUSE | Prosaposin, isoform CRA e 29.83 22.34 26.09
Chi3l3 Q3U462_MOUSE Putative uncharacterized protei 25.09 26.91 26
Dnase2a Q3UM14 _MOUSE| Deoxyribonuclease Il alpha 520. 21.96 25.74
Ppia Q5SVY2 _MOUSE | Peptidyl-prolyl cis-trans isonss=ra 16.19 34.4 25.29
Dpp7 DPP2 _MOUSE Dipeptidyl peptidase 2 37,99 12.29 25.14
ALB_hum ALBU_ HUMAN Serum albumin 30.3 19.86 25.08
Selenbpl SBP1 _MOUSE Selenium-binding protein 1 32.9 16.96 24.95
Gdi2 GDIB_MOUSE Rab GDP dissociation inhibitor beta 16.06 33.47 24.76
Cfl1 Q544Y7_MOUSE Cofilin 1, non-muscle 11.43 36.97 24.2
Tgm2 TGM2_MOUSE Protein-glutamine gamma- 33.99 14.27 24.13
glutamyltransferase 2
Ywhaz 1433Z_MOUSE 14-3-3 protein zeta/delta 2443  23.35 23.89
Atplal AT1A1 MOUSE Sodium/potassium-transporting 11.72 35.81 23.77
ATPase subunit alpha-1
Ggh GGH_MOUSE Gamma-glutamyl hydrolase 28.25 19.14 23.7
Lgalsl LEG1 MOUSE Galectin-1 29.42 17.51 23.47
Gla AGAL MOUSE Alpha-galactosidase A 12.76 34.05 23.4
Hspa4 HSP74 _MOUSE Heat shock 70 kDa protein 4 30.72 15.75 23.23
Eef2 EF2_MOUSE Elongation factor 2 22.64 23.74 23.19
Gda Q548F2_MOUSE Guanine deaminase 23.74 21.98 22.86
Cltc CLH_MOUSE Clathrin heavy chain 22.45 23.06 22.75
Mdh2 MDHM_MOUSE Malate dehydrogenase, 23.78 21.61 22.7
mitochondrial
Gusb BGLR_MOUSE Beta-glucuronidase 40,36 4.18 22.27
Txnrdl TRXR1_MOUSE Thioredoxin reductase 1, 29.28 14.98 22.13
cytoplasmic
Ada Q4FK28 MOUSE | Ada protein 31.29 12.83 22.06
Ptprc PTPRC_MOUSE Receptor-type tyrosine-protein 12.84 29.82 21.33
phosphatase C
Clicl Q542F1 _MOUSE Chloride intracellular channgl 1 29.83 12.57 21.2
isoform CRA ¢
Pebpl Q5EBQ2_MOUSE| MCG7941, isoform CRA_f 26.99 14.92 20.96
Hsp90abl Q71LX8_MOUSE | Heat shock protein 84b 22.25 19.14 20.7
Prcp PCP_MOUSE Lysosomal Pro-X carboxypeptidase 1921. 20.13 20.66
Gdil GDIA_MOUSE Rab GDP dissociation inhibitor 25.45 15.41 20.43
alpha
Slc7a8 LAT2_MOUSE Large neutral amino acids 27.64 13.1 20.37




transporter small subunit 2
Esd ESTD_MOUSE S-formylglutathione hydrolase 22.6 17.54 20.07
Anxa6 ANXA6_MOUSE Annexin A6 12.59 26.91 19.75
Adk ADK_MOUSE Adenosine kinase 33.38 5.51 19.45
Npepps PSA_MOUSE Puromycin-sensitive 13.34 25.33 19.34
aminopeptidase
Nhlrc3 NHLC3 MOUSE NHL repeat-containing protein 3 26.96 11.08 19.02
Mfge8 MFGM_MOUSE Lactadherin 10.04 27.53 18.78
Actn4 Q3ULT2_MOUSE | Actinin alpha 4 14.14 22.68 18.41
Ltadh LKHA4_ _MOUSE Leukotriene A-4 hydrolase 13.29 22.87 18.08
Did DLDH_MOUSE Dihydrolipoyl dehydrogenase, 16.94 18.88 17.91
mitochondrial
Ywhab A2A5N2_MOUSE | Tyrosine 3- 24.85 10.9 17.87
monooxygenase/tryptophan 5-
monooxygenase activation protein,
beta polypeptide
Hspa2 HSP72_MOUSE Heat shock-related 70 kDa pr@tein 22.51 12.16 17.34
Ldha Q564E2_MOUSE L-lactate dehydrogenase 20.79 13.78 17.28
Nucbl NUCB1_MOUSE Nucleobindin-1 20.86 13.46 17.16
Gzmb Q3TZH4_MOUSE | Granzyme B 3.93 30.35 17.14
Ubal UBA1_MOUSE Ubiquitin-like modifier-activating 17.59 16.54 17.07
enzyme 1
Ctbs Q102J0_MOUSE Chitobiase, di-N-acetyl-, isoform 11.13 22.87 17
CRA a
Ywhaq A3KML3_MOUSE | MCG126220 20.92 13.07 16.99
Lampl Q3TA96_MOUSE Lysosomal membrane glycoprotein 20.27 13.62 16.95
1, isoform CRA ¢
Cdo7 CD97_MOUSE CD97 antigen 18.98 14.82 16.9
Npcl NPC1 MOUSE Niemann-Pick C1 protein 26,46 7.32 16.89
Ywhae Q5SS40_MOUSE Tyrosine 3- 18.46 15.07 16.76
monooxygenase/tryptophan 5-
monooxygenase activation protein,
epsilon polypeptide, isoform
CRA c
Sord DHSO_MOUSE Sorbitol dehydrogenase 17.28 16.19 16.74
Capzb A2AMV5_ MOUSE | F-actin-capping protein subu@ta 21.03 12.15 16.59
Aldh2 Q544B1_MOUSE Aldehyde dehydrogenase 2, 6.41 26.57 16.49
mitochondrial, isoform CRA b
Nmel Q5NC81_MOUSE | Nucleoside diphosphate kinase 2421. 10.76 16
Corola Q3U1INO _MOUSE | Coronin 8.38 23.49 15.93
Prdx1 B1AXW7_MOUSE | Peroxiredoxin-1 16.66 14.95 15.81
Copb2 COPB2_MOUSE Coatomer subunit beta’ 16.68 14.77 15.73
Npc2 NPC2_MOUSE Epididymal secretory protein E1 569. 11.77 15.67
Pdia4 PDIA4_MOUSE Protein disulfide-isomerase A4 8 4. 26.29 15.54
Vatl VAT1 _MOUSE Synaptic vesicle membrane protejn 7.28 13.73 15.5




VAT-1 homolog
H2-D1 Q79227 _MOUSE H-2 class | histocompatibility 18.8 12.02 15.41
antigen, D-K alpha chain
P2rx4 P2RX4_MOUSE P2X purinoceptor 4 16,76 13.92 15.34
Rab7 Q4FJQ0_MOUSE MCG130610 8.8 21.75 15.27
Finb FLNB_MOUSE Filamin-B 26.19 4.16 15.17
Pdxk PDXK_MOUSE Pyridoxal kinase 18.43 11.75 15.09
Tax1lbpl TAXB1 _MOUSE Tax1-binding protein 1 homolog 10.6 19.54 15.07
Dpysl2 DPYL2_MOUSE Dihydropyrimidinase-related 15.59 14.15 14.87
protein 2
Gpx1 GPX1_MOUSE Glutathione peroxidase 1 17.21  12.26 14.74
Plxdc2 B1AY84 MOUSE | Plexin domain-containing prat&i 13.09 16.36 14.72
Cdc42 CDC42_MOUSE Cell division control protein 42 15.29 14.14 14.72
homolog
Hsp90aal Q80Y52_MOUSE Heat shock protein 90, alpha 16.72 12.68 14.7
(Cytosaolic), class A member 1
Capg CAPG_MOUSE Macrophage-capping protein 20.41 8.25 14.33
Tppl TPP1 MOUSE Tripeptidyl-peptidase 1 2277 5.89 14.33
Tall TAL1 _MOUSE T-cell acute lymphocytic leukemia 18.35 10.25 14.3
protein 1 homolog
Serinc3 A2A511_MOUSE Serine incorporator 3 13(92 14.46 14.19
Pgml PGM1_MOUSE Phosphoglucomutase-1 14.02 14.16 14.09
Hk1 HXK1_ MOUSE Hexokinase-1 4.44 23.58 14.01
Gstml GSTM1_MOUSE Glutathione S-transferase Mu 1 794 12.56 13.68
Eroll Q4FK57_MOUSE Eroll protein 17.08 10.23 13.65
Cndp2 CNDP2_MOUSE Cytosolic non-specific dipeptalas 14.74 12.55 13.64
BImh BLMH_MOUSE Bleomycin hydrolase 14.49 12.7 13.59
Vim Q5FWJ3_MOUSE | Vimentin 8.62 18.49 13.55
Canx Q5SUC3 _MOUSE | Calnexin, isoform CRA_a 10.89 16.15 13.52
Slc18a2 VMT2_MOUSE Synaptic vesicular amine tramtgyg 21.14 5.79 13.46
Itm2b ITM2B_MOUSE Integral membrane protein 2B 2.8 23.9 13.35
Mdh1 MDHC_MOUSE Malate dehydrogenase, cytoplasmic 6.68 9.99 13.32
Pla2g15 PAG15 MOUSE Group XV phospholipase A2 17.09 9.03 13.06
Ttyh3 TTYH3 _MOUSE Protein tweety homolog 3 16,43 9.69 13.06
Ly6e LY6E_MOUSE Lymphocyte antigen 6E 5.3 20.78 13.04
Calml CALM_MOUSE Calmodulin 17.86 7.68 12.77
Ctsz Q54516 MOUSE Cathepsin Z, isoform CRA_b 9.46 16.05 12.76
Capzal CAZA1_MOUSE F-actin-capping protein subunit 12.25 13.22 12.74
alpha-1
Rnf128 B1AVW8 MOUSE | E3 ubiquitin-protein ligase RN 4.17 21.18 12.68
Prdx6 Q53ZU7_MOUSE | Peroxiredoxin 6 11.44 13.48 12.46
Gpi G6PI_MOUSE Glucose-6-phosphate isomerase 12.68 12.06 12.37
Hsp90bl Q3UAD6_MOUSE| Heat shock protein 90kDa beta 9 15.23 12.12
(Grp94), member 1
Lman2 LMAN2_MOUSE Vesicular integral-membrane 14,76 9.46 12.11




protein VIP36

Dpp3 DPP3_MOUSE Dipeptidyl peptidase 3 12,46 11.62 12.04
Cst3 A2APX2 _MOUSE | Cystatin-C 9.78 14.23 12
Fermt3 URP2_MOUSE Fermitin family homolog 3 7.3 16.46 11.88
Ahnak2 E9PYBO_MOUSE Protein Ahnak2 22.4 1.35 11.87
Ywhag A8IP69_MOUSE 14-3-3 protein gamma subtype 12 1171 11.85
Grb2 Q3U5I5 MOUSE Growth factor receptor bound 9.8 13.88 11.84
protein 2, isoform CRA b
Spn Q544C5 MOUSE MCG145268, isoform CRA _a 6.69 16.94 11.82
Psma2 PSA2_MOUSE Proteasome subunit alpha type-P A711 12.44 11.81
Pnp PNPH_MOUSE Purine nucleoside phosphorylase 910.0 1351 11.8
Pgls 6PGL_MOUSE 6-phosphogluconolactonase 13.9 9.61 11.75
IGHE IGHE_MOUSE Ig epsilon chain C region 14 27 8.93 11.6
Rhoa Q4VAE6_MOUSE | Ras family member A 9.44 13.57 11.51
Itm2c ITM2C_MOUSE Integral membrane protein 2C 1,69 21.27 11.48
Anxab ANXA5 MOUSE Annexin A5 5.89 16.9 11.4
Pgd A2AH73 _MOUSE | 6-phosphogluconate dehydrogenase, 3.37 19.42 11.39
decarboxylating
Akrib3 Q3UDY1 MOUSE | MCG6067, isoform CRA b 8.3 14.43 11.37
Csf2rb IL3RB_MOUSE Cytokine receptor common subunit 3.06 19.57 11.32
beta
Lamp2 LAMP2_MOUSE Lysosome-associated membrane 13.13 9.16 11.14
glycoprotein 2
Itghl ITB1_MOUSE Integrin beta-1 10.86 11.37 11.12
Ctla2a CTL2A_MOUSE Protein CTLA-2-alpha 13.64 8.5 11.07
Fasn FAS_ MOUSE Fatty acid synthase 12.28 9.29 10.79
Rplp0 Q5M8R8 MOUSE | Ribosomal protein, large, PO 483. 7.81 10.63
Cotll Q544F6_MOUSE Cotll protein 8.34 12.82 10.58
Uba52 Q66JP1_MOUSE MCG23116, isoform CRA_a 11.12 9.71 10.41
Faml129a NIBAN_MOUSE Protein Niban 8.41 12.26 10.34
Nampt NAMPT_MOUSE Nicotinamide 4.45 16.11 10.28
phosphoribosyltransferase
Furin FURIN_MOUSE Furin 11.71 8.8 10.25
Racl RAC1_MOUSE Ras-related C3 botulinum toxin 11.12 9.31 10.22
substrate 1
EmI2 EMAL2_MOUSE Echinoderm microtubule-associated 6.93 13.38 10.15
protein-like 2
Actbl2 ACTBL_MOUSE Beta-actin-like protein 2 9.28 10.92 10.1
Gba GLCM_MOUSE Glucosylceramidase 7/48 12.68 10.08
Myh10 MYH10 MOUSE Myosin-10 6.71 13.38 10.05
ldhl IDHC_MOUSE Isocitrate dehydrogenase [NADP] 3.37 16.57 9.97
cytoplasmic
Atplb3 Q544Q7_MOUSE ATPase, Na+/K+ transportingabe 8.67 11.05 9.86
3 polypeptide
Ncugl NCUG1_MOUSE Lysosomal protein NCU-G1 11113 8.49 9.81




Gnai2 GNAI2_MOUSE Guanine nucleotide-binding protei 4.95 14.58 9.76
G(i) subunit alpha-2

Laptm5 Q544S4_MOUSE CLAST6 5.24 14.15 9.7

Gotl AATC_MOUSE Aspartate aminotransferase, 14.83 4.47 9.65
cytoplasmic

Aco2 ACON_MOUSE Aconitate hydratase, mitochondrial 1.1 17.9 9.5

Ddbl DDB1_MOUSE DNA damage-binding protein 1 722 11.72 9.47

Psma6 PSA6_MOUSE Proteasome subunit alpha type-6 92 (8. 9.88 9.4

Npl NPL_MOUSE N-acetylneuraminate lyase 2|24 16.48 9.36

Sh3bgrl3 SH3L3_MOUSE SH3 domain-binding glutamiacg 11.68 7.02 9.35
rich-like protein 3

Arsb ARSB_MOUSE Arylsulfatase B 5 13.54 9.27

Gapdhs G3PT_MOUSE Glyceraldehyde-3-phosphate 9.47 9.06 9.26
dehydrogenase, testis-specific

Rpl5 Q58EU6_MOUSE | MCG13589 11.66 6.73 9.2

Ahcy Q3TF14 MOUSE Adenosylhomocysteinase 8.93 9.42 9.18

Park7 PARK7_MOUSE Protein DJ-1 8.67 9.57 9.12

Rpl12 Q5BLKO_MOUSE | MCG18564, isoform CRA a 13,05 4.87 8.96

Ms4a2 B2RTF7_MOUSE Membrane-spanning 4-domains, 5.88 12 8.94
subfamily A, member 2

Rac2 RAC2_MOUSE Ras-related C3 botulinum toxin 6.93 10.92 8.92
substrate 2

P2rx7 Q8CHP4_MOUSE | P2X purinoceptor 2,55 15.26 8.91

G6pdx Q790Y8_MOUSE Glucose-6-phosphate 1- 3.34 14.47 8.91
dehydrogenase

Idua IDUA_MOUSE Alpha-L-iduronidase 5.34 12.42 8.88

Akrlal Q540D7_MOUSE Aldehyde reductase 8.44 9.31 8.88

Adam10 ADA10_MOUSE Disintegrin and metalloproteimas 6.64 11.08 8.86
domain-containing protein 10

Tubb2a TBB2A_MOUSE Tubulin beta-2A chain 7.84 9.82 8.83

Anxall ANX11 MOUSE Annexin A1l 6.14 11.45 8.8

Pecaml PECA1 MOUSE Platelet endothelial cell adimesi 11.42 5.95 8.68
molecule

Tptl TCTP_MOUSE Translationally-controlled tumor 13.16 4.19 8.67
protein

Rpl7a Q58ET1 _MOUSE MCG11348 10.35 6.86 8.61

Ezr Q4KML7_MOUSE | Ezrin 2.79 14.4 8.6

Galns GALNS_ MOUSE N-acetylgalactosamine-6-sulfatase 9.21 7.95 8.58

Snap23 A2AKH4 MOUSE | Synaptosomal-associated protein 4.21 12.93 8.57

Gnbl Q3TQ70_MOUSE Betal subnuit of GTP-binding 3.66 13.23 8.45
protein

Slc7a5 LAT1 _MOUSE Large neutral amino acids 11.45 54 8.42
transporter small subunit 1

Inpp5d SHIP1_MOUSE Phosphatidylinositol 3,4,5- 9.82 7 8.41

trisphosphate 5-phosphatase 1




Ywhah 1433F _MOUSE 14-3-3 protein eta 6/87 9.84 8.36
Gnb2|1 GBLP_MOUSE Guanine nucleotide-binding protei 7.79 8.77 8.28
subunit beta-2-like 1
Anxal Q4FJV4_MOUSE Annexin 2.24 14.23 8.24
Rps3 Q5YLW3_MOUSE| Ribosomal protein S3 6/68 9.75 8.22
Rplp2 RLA2_MOUSE 60S acidic ribosomal protein P2 Yol 4.71 8.22
Pdia6 PDIA6_MOUSE Protein disulfide-isomerase A6 8 9. 6.62 8.21
Actgl Q9Qz83 _MOUSE Gamma actin-like protein 7147 8.94 8.21
Capza2 Q5DQJ3_MOUSE| Capping protein (Actin filamhent 8.33 8.08 8.2
muscle Z-line, alpha 2, isoform
CRA c
Prdx5 PRDX5 MOUSE Peroxiredoxin-5, mitochondrial 0%| 10.36 8.19
CP054 CP054_MOUSE Transmembrane protein C160orf54 8.43 7.84 8.13
homolog
Csfl CSF1_MOUSE Macrophage colony-stimulating 8.67 7.57 8.12
factor 1
Nagpa NAGPA_MOUSE N-acetylglucosamine-1- 6.74 9.28 8.01
phosphodiester alpha-N-
acetylglucosaminidase
Actnl ACTN1 MOUSE Alpha-actinin-1 6.11 9.82 7.97
Actr3 Q3ULF7_MOUSE | Actr3 protein 3.6 12.29 7.95
Myadm QOVE46_MOUSE | Myadm protein 4.15 11.72 7.94
Rplpl Q58E35_MOUSE MCG10168 10.88 5 7.94
Scamp3 SCAM3_MOUSE Secretory carrier-associated 5.3 10.53 7.91
membrane protein 3
Rab44 RAB44 MOUSE Ras-related protein Rab-44 10.85 4.98 7.91
Ftl1 FRIL1_MOUSE Ferritin light chain 1 10 5.8 7.9
Mvp MVP_MOUSE Major vault protein 5.11 10.53 7.82
Nqo2 NQO2_MOUSE Ribosyldihydronicotinamide 4.72 10.91 7.82
dehydrogenase [quinone]
Prdx2 PRDX2_MOUSE Peroxiredoxin-2 6.96 8.66 7.81
Psmal Q3TS44 MOUSE Proteasome subunit alpha type 85| 5. 9.73 7.79
Rpl7 Q5M9N8 MOUSE | Ribosomal protein L7 9.46 6.05 7.76
Gnb2 Q3U9Vv4_MOUSE | Guanine nucleotide binding protei 441 111 7.76
beta 2, isoform CRA_a
Rpl6 Q3UCHO_MOUSE | 60S ribosomal protein L6 8/95 6.48 7.71
Ncstn NICA _MOUSE Nicastrin 7.57 7.66 7.62
Prdx3 PRDX3_MOUSE Thioredoxin-dependent peroxide 7.26 7.94 7.6
reductase, mitochondrial
Rpl4 Q564E8 MOUSE Ribosomal protein L4 8,59 6.58 7.59
Enpp4 B8JJY5 _MOUSE Ectonucleotide 10.84 4.33 7.58
pyrophosphatase/phosphodiesterase
family member 4
Cfp A2AE15 MOUSE Complement factor properdin 1(95 13.22 7.58
Ppib Q9DCY1 MOUSE | Peptidyl-prolyl cis-trans isonsra 3.9 11.2 7.55




Gyg Q3TWR9_MOUSE | Glycogenin, isoform CRA a 14,01 1.07 7.54
Ppp2rla 2AAA _MOUSE Serine/threonine-protein 8.85 6.17 7.51
phosphatase 2A 65 kDa regulatory

subunit A alpha isoform

Tmsb4x TYB4_MOUSE Thymosin beta-4 8.91 6.08 7.5

Gsr GSHR_MOUSE Glutathione reductase, 4.72 10.23 7.47
mitochondrial

Plek Q5F271_MOUSE Pleckstrin 7.81 7.14 7.47

Ank Q3UG85_MOUSE | Progressive ankylosis 3137 11.35 7.36

Lif Q5SQP3_MOUSE Leukemia inhibitory factor 4.17 10.53 7.35

Adh5 Q6P5I13_MOUSE Alcohol dehydrogenase 5 (Class 6.68 7.96 7.32
1), chi polypeptide

Hspala Q3TU85 MOUSE Heat shock protein 1B 4.43 10.2 7.31

Siae SIAE_MOUSE Sialate O-acetylesterase 8.96 5.54 7.25

Ptma QO0VGU2_MOUSE| Prothymosin alpha 6/96 7.44 7.2

Athl1l ATHL1 MOUSE Acid trehalase-like protein 1 9.1 7.13 7.16

Eif5a IF5A1_MOUSE Eukaryotic translation initiation 6.95 7.28 7.11
factor 5A-1

Arpclb ARC1B_MOUSE Actin-related protein 2/3 comple 3.03 11.18 7.11
subunit 1B

Itga2b ITA2B_MOUSE Integrin alpha-lib 3.63 10.52 7.08

Tspanl3 TSN13 _MOUSE Tetraspanin-13 8.7 541 7.05

Rtn4 RTN4_MOUSE Reticulon-4 11.42 2.67 7.05

Cat CATA MOUSE Catalase 1.68 12.27 6.98

Slc9a3rl Q3TG37_MOUSE | Putative uncharacterizeceprot 9.2 4.71 6.96

Rpsa RSSA MOUSE 40S ribosomal protein SA 3.04 10.79 6.91

Ifitm2 IFM2_MOUSE Interferon-induced transmembrang 1.66 12.13 6.9
protein 2

Rnf130 GOLI_MOUSE E3 ubiquitin-protein ligase RNPB13 1.97 11.59 6.78

HVM17 HVM17_MOUSE lg heavy chain V region MOPC 9.24 4.31 6.77
47A

Glod4 GLOD4_MOUSE Glyoxalase domain-containing 7.01 6.48 6.75
protein 4

Rps8 Q497E9_MOUSE 40S ribosomal protein S8 6.44 7.02 6.73

Arfl ARF1 _MOUSE ADP-ribosylation factor 1 3.34 10.1 6.72

Igf2r MPRI_MOUSE Cation-independent mannose-6- 11.34 2.05 6.69
phosphate receptor

Nme2 Q5NC82_MOUSE | Nucleoside diphosphate kinase 118.1 5.11 6.61

Itgh3 ITB3_MOUSE Integrin beta-3 1.67 11.47 6.57

Ttyh2 TTYH2_MOUSE Protein tweety homolog 2 11.1 2.02 6.56

Myh11 MYH11 MOUSE Myosin-11 7.55 5.55 6.55

Oat Q3TG75_MOUSE Ornithine aminotransferase, isofor 5.89 7.15 6.52
CRA b

Slc6ab Q3UPI8_MOUSE Transporter 7,32 5.66 6.49

Rpl18 Q58EW0_MOUSE | 60S ribosomal protein L18 6.36 6.5 6.43




Tmem106b T106B_MOUSE Transmembrane protein 106B 713.6 9.19 6.43

Hspdl CH60_MOUSE 60 kDa heat shock protein, 4.19 8.65 6.42
mitochondrial

Psmb4 PSB4_ MOUSE Proteasome subunit beta type-4 1(4.7 8.11 6.41

Lilrb4 LIRB4_MOUSE Leukocyte immunoglobulin-like 3.37 9.44 6.4
receptor subfamily B member 4

Chmp4b CHM4B_MOUSE Charged multivesicular body 9.8 2.95 6.37
protein 4b

Rapla RAP1A_MOUSE Ras-related protein Rap-1A 4.48 8.07 6.28

Dcps DCPS_MOUSE m7GpppX diphosphatase 8.93 3.61 6.27

Atic PUR9_MOUSE Bifunctional purine biosynthesis 8.05 4.45 6.25
protein PURH

Anp32a AN32A_MOUSE Acidic leucine-rich nuclear 10.06 2.44 6.25
phosphoprotein 32 family member
A

H2-Q10 HA10_MOUSE H-2 class | histocompatibility 9.98 2.45 6.22
antigen, Q10 alpha chain

Trpv2 TRPV2_MOUSE Transient receptor potentialarati 1.69 10.67 6.18
channel subfamily V member 2

Eif6 Q545K4_MOUSE Eukaryotic translation initiation 8.44 3.9 6.17
factor 6

Pptl Q3U6J9 MOUSE Palmitoyl-protein thioesterase 1 2.8 9.53 6.17

Sh3bgrl SH3L1 _MOUSE SH3 domain-binding glutamiaaci 8.13 4.19 6.16
rich-like protein

Ptpn6 PTN6_MOUSE Tyrosine-protein phosphatase non- 1.95 10.27 6.11
receptor type 6

Ppplca PP1A MOUSE Serine/threonine-protein 6.44 5.77 6.1
phosphatase PP1-alpha catalytic
subunit

Emb EMB_MOUSE Embigin 4.49 7.69 6.09

PppZ2ca PP2AA_MOUSE Serine/threonine-protein 1.77 4.4 6.09
phosphatase 2A catalytic subunit
alpha isoform

Mtpn MTPN_MOUSE Myotrophin 7.83 4.34 6.08

Rabl10 Q4FJLO_MOUSE RAB10, member RAS oncogene 7.02 5.14 6.08
family

Nedd4 B2RSC8_MOUSE | E3 ubiquitin-protein ligase 3.34 8.81 6.08

Pygl PYGL_MOUSE Glycogen phosphorylase, liver form 2.78 9.32 6.05

Ube2I3 UBC7_MOUSE Ubiquitin-conjugating enzyme E2 3.62 8.48 6.05
L3

Psmb8 PSB8 MOUSE Proteasome subunit beta type-8 5(3.9 8.1 6.02

Ptgr2 PTGR2_MOUSE Prostaglandin reductase 2 0.38 2.59 5.99

Gnail GNAI1_MOUSE Guanine nucleotide-binding protei 3.88 8.08 5.98
G(i) subunit alpha-1

Myl6 MYL6 _MOUSE Myosin light polypeptide 6 1.91 9.98 5.95




Por NCPR_MOUSE NADPH--cytochrome P450 5.81 6.08 5.94
reductase
Impal IMPA1_MOUSE Inositol monophosphatase 1 1.27 4.59 5.93
Prkcb KPCB_MOUSE Protein kinase C beta type 7.32 4.48 5.9
Psmel Q5HZK3_MOUSE| Proteasome (Prosome, macropain) 6.11 5.65 5.88
28 subunit, alpha
Rps7 Q4FZE6_MOUSE Ribosomal protein S7 6.1 5.66 5.88
Rps18 Q561N5 MOUSE MCG23000, isoform CRA_b 6.73 4.98 5.86
Slc2a6 A2AR26_MOUSE | Protein Slc2a6 3,07 8.63 5.85
Lyz2 LYZ2 MOUSE Lysozyme C-2 6.95 4.74 5.84
Stxbp2 Q548T0_MOUSE Syntaxin binding protein 2fasm 2.23 9.43 5.83
CRA_e
Tmem104 A2A6S0_MOUSE | Transmembrane protein 104 6.72 4.85 5.79
Cd63 Q549D0_MOUSE Cd63 antigen 7.5 4.07 5.78
Itgh2 ITB2_MOUSE Integrin beta-2 2.45 8.91 5.68
Rps3al Q564F3 MOUSE MCG1128, isoform CRA ¢ 3.93 7.28 5.61
Gnpdal GNPI1_MOUSE Glucosamine-6-phosphate 6.12 4.97 5.55
isomerase 1
Hnrnpd HNRPD_MOUSE Heterogeneous nuclear 9.82 1.21 5.51
ribonucleoprotein DO
Pycard Q54AA2_MOUSE | Apoptosis-associated speck-like 5.3 5.69 5.49
protein containing CARD
Anp32b AN32B_MOUSE Acidic leucine-rich nuclear 9.79 1.19 5.49
phosphoprotein 32 family member
B
Tpp2 TPP2 _MOUSE Tripeptidyl-peptidase 2 5|82 5.12 5.47
Clec2d F5BFHO_MOUSE C-type lectin domain family 2 1.4 9.54 5.47
member D
Rab5c Q3TJ39 _MOUSE RAB5C, member RAS oncogeng 3.09 7.81 5.45
family, isoform CRA_a
Rpl10a RL10A MOUSE 60S ribosomal protein L10a 6.41 4.44 5.43
Crlf2 CRLF2_MOUSE Cytokine receptor-like factor 2 41 9.44 5.42
Kpnbl IMB1_MOUSE Importin subunit beta-1 8.4 2.43 5.42
Lyn Q3TCS3_MOUSE | Putative uncharacterized protein 931 8.89 541
Rabl14 Q50HX4_MOUSE | RAB14 protein 2.26 8.5 5.38
Txn A2AV97 _MOUSE | Thioredoxin 6.68 4.06 5.37
Tpm3-rs7 D3Z2H9_ _MOUSE Uncharacterized protein 6.93 3.77 5.35
Serincl A9CLV6_MOUSE | Axotomy induced glycoprotein 2 4.75 5.95 5.35
Rpsl17 Q5M9L7 MOUSE | MCG15301, isoform CRA a 7,86 2.81 5.34
Psmbl Q6RI64_MOUSE Proteasome subunit beta type 3(3.6 6.98 5.31
Twif2 TWF2_MOUSE Twinfilin-2 6.16 4.44 5.3
A2mp A2MP_MOUSE Alpha-2-macroglobulin-P 7.39 3.13 5.26
H2afy H2AY_MOUSE Core histone macro-H2A.1 113 9.16 5.14
Mtap A2ANM4_MOUSE | S-methyl-5'-thioadenosine 8.11 2.14 5.13

phosphorylase




Pfkp K6PP_MOUSE 6-phosphofructokinase type C 1.4 8.78 5.09
Pgm2 PGM2_MOUSE Phosphoglucomutase-2 4.77 541 5.09
Havcr2 HAVR2_MOUSE Hepatitis A virus cellular re¢ep2 3.58 6.6 5.09
homolog
Tubb5 TBB5 MOUSE Tubulin beta-5 chain 6.4 3.77 5.08
Tsn TSN_MOUSE Translin 8.41 1.75 5.08
Cmpkl KCY_MOUSE UMP-CMP kinase 1/4 8.75 5.08
Fam63a B7ZMRO_MOUSE| Fam63a protein 3137 6.75 5.06
Trim14 Q14AR3_MOUSE | Tripartite motif-containing 14 5.89 4.19 5.04
Vars Q790I10_MOUSE Valyl-tRNA synthetase 2, isoform 6.99 2.96 4.97
CRA b
Serpinb6a Q4FJQ6_MOUSE Serine (Or cysteine) pegeida 7.88 2.01 4.94
inhibitor, clade B, member 6a,
isoform CRA_a
Vamp8 VAMP8_MOUSE Vesicle-associated membrane 1.66 8.23 4.94
protein 8
Psmb?2 A2A882 MOUSE Proteasome subunit beta type-2 18 |4 5.67 4.92
Lgals9 LEG9 MOUSE Galectin-9 5.04 4.74 4.89
Rps9 RS9 _MOUSE 40S ribosomal protein S9 5.88 3.89 4.88
Rpl17 RL17_MOUSE 60S ribosomal protein L17 5|04 4.72 4.88
Psmab Q3UPK6_MOUSE| Proteasome subunit alpha type 47 | 6. 3.24 4.85
Ly6a LY6A MOUSE Lymphocyte antigen 6A-2/6E-1 3.24 6.46 4.85
Rps19 RS19 MOUSE 40S ribosomal protein S19 5.59 4.06 4.82
Corolb A2RS22 MOUSE Coronin 2.79 6.74 4.77
Galm GALM_MOUSE Aldose 1-epimerase 4.79 4.73 4.76
Psma7 Q542H2_MOUSE Proteasome subunit alpha type 76 | 2. 6.75 4.75
Scarb2 SCRB2_MOUSE Lysosome membrane protein 2 8.09 1.36 4.73
Ybx1 YB1_MOUSE Nuclease-sensitive element-binding 7.56 1.89 4.73
protein 1
Renbp RENBP_MOUSE N-acylglucosamine 2-epimerase 36.1 3.24 4.69
Ubaly UBA1lY_MOUSE Ubiquitin-like modifier-activatgn 6.94 2.42 4.68
enzyme 1Y
Nsf NSF_MOUSE Vesicle-fusing ATPase 6.65 2.7 4.68
Corolc Q499X7_MOUSE Coronin 1.95 7.4 4.67
Hmgbl Q58EV5_MOUSE | High mobility group box 1 3.07 6.21 4.64
Ostfl OSTF1_MOUSE Osteoclast-stimulating factor 1 742 6.46 4.6
Eeflg Q4FZK2_MOUSE | Eukaryotic translation elongatio 5.29 3.9 4.6
factor 1 gamma
Pilrb2 PILB2_MOUSE Paired immunoglobulin-like tyge 5.51 3.65 4.58
receptor beta-2
Flotl Q54014 _MOUSE Flotillin 1 1.7 7.44 4.57
Atp6v0a2 VPP2_MOUSE V-type proton ATPase 116 kDa 251 6.6 4.55
subunit a isoform 2
Lgals3 LEG3_MOUSE Galectin-3 .37 5.69 4.53
Eif2s2 Q3ULL5 _MOUSE | Eif2s2 protein 7.28 1.77 4.52




Pafahlbl Q5SW18 MOUSE| Putative uncharacterize@iprot 7.26 1.76 4.51

Rnf13 RNF13_MOUSE E3 ubiquitin-protein ligase RNF13 5.02 3.91 4.47

Plscrl PLS1_MOUSE Phospholipid scramblase 1 2.29 6.61 4.45

Gstol GSTO1 _MOUSE Glutathione S-transferase omega-1 3.89 5 4.44

Rab8b QOPD49 MOUSE RAB8B, member RAS oncogene 6.23 2.57 4.4
family

Slcla5 AAAT_MOUSE Neutral amino acid transporte®B 2.79 5.93 4.36

Ube2n UBCN_MOUSE Ubiquitin-conjugating enzyme EZ2 N 4.41 4.31 4.36

Rhog Q3UDZ1 _MOUSE | Ras homolog gene family, member 4.14 4.58 4.36
G

Histlh3a H31 MOUSE Histone H3.1 1.66 7.03 4.35

Fam49b FA49B_MOUSE Protein FAM49B 3.9 4.74 4.32

Stipl STI1_MOUSE Stress-induced-phosphoprotein 1 06 3. 5.52 4.29

Cdos C1QR1_MOUSE Complement component C1q 3.07 55 4.29
receptor

Lmnbl LMNB1 _MOUSE Lamin-B1 2.74 5.78 4.26

Rab5a RAB5A_MOUSE Ras-related protein Rab-5A 2.48 5.96 4.22

Rnaset2 Q5FWAO_MOUSE Ribonuclease T2B 6.36 2.03 4.2

Osm ONCM_MOUSE Oncostatin-M 1.07 7.28 4.17

Ndrgl Q545R3_MOUSE N-myc downstream regulated gene 2.23 6.09 4.16
1

Cdo9 CD99 MOUSE CD99 antigen 4.78 3.5 4.14

Vps37b VP37B_MOUSE Vacuolar protein sorting-asdeda 4.49 3.79 4.14
protein 37B

Ifi30 GILT_MOUSE Gamma-interferon-inducible 1.4 6.85 4.12
lysosomal thiol reductase

G6pd2 AOFF38 _MOUSE Glucose-6-phosphate 1- 4.25 3.94 4.09
dehydrogenase

Plec PLEC_MOUSE Plectin 3.89 4.27 4.08

Asl ARLY_MOUSE Argininosuccinate lyase 1.95 6.19 4.07

Esytl ESYT1 _MOUSE Extended synaptotagmin-1 1.4 6.7 4.05

Eno3 Q5SX58 MOUSE Beta-enolase 2|23 5.82 4.03

Got2 AATM_MOUSE Aspartate aminotransferase, 1.14 6.91 4.02
mitochondrial

Rps14 RS14 MOUSE 40S ribosomal protein S14 6.14 1.9 4.02

Rpl14 RL14 MOUSE 60S ribosomal protein L14 4,49 3.53 4.01

Toml Q561M4_MOUSE | Target of mybl homolog (Chicken) 5.05 2.97 4.01

Hnrnpa2bl ROA2_MOUSE Heterogeneous nuclear 3.09 4.88 3.99
ribonucleoproteins A2/B1

Ostml OSTM1_MOUSE Osteopetrosis-associated 4.99 2.97 3.98
transmembrane protein 1

Sod2 Q4FJX9_MOUSE Superoxide dismutase 2.49 5.42 3.96

Ankfyl ANFY1_MOUSE Ankyrin repeat and FYVE domain- 2.78 5.12 3.95
containing protein 1

Clta CLCA_ MOUSE Clathrin light chain A 5.56 2.3 3.93




Hdgf HDGF_MOUSE Hepatoma-derived growth factor 4.45 3.37 3.91

Stx7 STX7_MOUSE Syntaxin-7 3.08 4,72 3.9

Rpl15 Q5M8Q0_MOUSE | Ribosomal protein L15 4,19 3.61 3.9

Txndcl7 TXD17_MOUSE Thioredoxin domain-containing 3.89 3.89 3.89
protein 17

Arpch ARPC5_MOUSE Actin-related protein 2/3 complex 5.33 2.44 3.88
subunit 5

Tars SYTC_MOUSE Threonine--tRNA ligase, 1.36 6.19 3.78
cytoplasmic

Atox1 ATOX1 _MOUSE Copper transport protein ATOX1 52. 4.99 3.76

Nedd8 Q3Ul46_MOUSE Neural cell expressed, 4.4 3.12 3.76
developmentally down-regulated
gene 8, isoform CRA a

Asahl Q78P93_MOUSE Acid ceramidase 1.11 6.34 3.72

Calu Q3TUF3_MOUSE | Calumenin, isoform CRA_a 4,71 2.7 3.7

Syk Q3UPF7_MOUSE | Tyrosine-protein kinase 5.89 15 3.69

M6pr Q3UKQ5_MOUSE | Mannose-6-phosphate receptor, 1.12 6.24 3.68
cation dependent, isoform CRA a

Idil IDI1_MOUSE Isopentenyl-diphosphate Delta- 3.86 3.49 3.68
isomerase 1

Hcls1 HCLS1 MOUSE Hematopoietic lineage cell-speci 1.37 5.95 3.66
protein

Csflr QOP635_MOUSE Colony stimulating factor 1 poe 3.92 3.37 3.64

Hprtl B1BOW8_MOUSE | Hypoxanthine-guanine 4.15 3.1 3.63
phosphoribosyltransferase

Sri SORCN_MOUSE Sorcin 4.7 2.55 3.63

Rablb QOPD66_MOUSE RAB1B, member RAS oncogeng 2.24 5 3.62
family, isoform CRA ¢

Cd53 Q3UOW1_MOUSE| CD53 antigen, isoform CRA b 3.89 3.36 3.62

Atp6v0dl VAOD_MOUSE V-type proton ATPase subunit d 3.33 3.91 3.62

Gabarapl2 GBRL2_MOUSE Gamma-aminobutyric acid rewep 1.95 5.28 3.61
associated protein-like 2

Fam129b NIBL1 MOUSE Niban-like protein 1 3.82 3.37 3.59

Gmfb GMFB_MOUSE Glia maturation factor beta 5|03 2.15 3.59

Bsg BASI_MOUSE Basigin 4.72 2.43 3.58

Eefld EF1D_MOUSE Elongation factor 1-delta 4,73 2.41 3.57

Qdpr DHPR_MOUSE Dihydropteridine reductase 3.63 3.5 3.56

Arl8b ARL8B_MOUSE ADP-ribosylation factor-like prein 1.4 5.71 3.55
8B

Ptms PTMS_MOUSE Parathymosin 1.95 5.13 3.54

Emilin2 Q3U1J9 MOUSE Elastin microfibril interfac2r 1.14 5.93 3.53

Rpl19 Q5I10T8_MOUSE Ribosomal protein L19 5.03 2.02 3.53

Vps29 VP29 MOUSE Vacuolar protein sorting-assodiate 4.43 2.57 3.5
protein 29

Set Q3T9S3_MOUSE SET translocation 3149 3.51 3.5




Tpm4 TPM4_MOUSE Tropomyosin alpha-4 chain 1.96 5 3.48

Xpnpepl Q3UKF5_MOUSE | X-prolyl aminopeptidase 3192 2.98 3.45

Apoalbp NNRE_MOUSE NAD(P)H-hydrate epimerase 3.93 2.96 3.45

Nutf2 NTF2_MOUSE Nuclear transport factor 2 471 2.14 3.43

Hnrnpa3 Q5FB19 _MOUSE Heterogeneous nuclear 4.98 1.87 3.42
ribonucleoprotein A3

Zyx ZYX_MOUSE Zyxin 3.86 2.95 3.41

Mrohl D3z2624 MOUSE Protein Mrohl 4.75 2.02 3.39

Stmnl Q545B6_MOUSE Stathmin 5.56 1.21 3.38

Rab27b Q549X4 MOUSE RAB27b, member RAS oncogene 1.94 4.82 3.38
family, isoform CRA_a

Eeflb EF1B_MOUSE Elongation factor 1-beta 3193 2.83 3.38

Cd55 DAF1_MOUSE Complement decay-accelerating 2.25 4.47 3.36
factor, GPl-anchored

Rpl3 RL3 MOUSE 60S ribosomal protein L3 3.07 3.63 3.35

Atp6vligl VAG1 MOUSE V-type proton ATPase subunil G 3.05 3.65 3.35

Psmb3 Q545G0_MOUSE Proteasome subunit beta type 2122 4.47 3.34

Psma4 PSA4 MOUSE Proteasome subunit alpha type-4 96 | 1. 4.72 3.34

Arl8a ARL8A MOUSE ADP-ribosylation factor-like prein 1.97 4.69 3.33
8A

Arpc4d ARPC4_MOUSE Actin-related protein 2/3 complex 1.39 5.27 3.33
subunit 4

Slcl16a3 Q3UDP9_MOUSE| Solute carrier family 16 2.84 3.79 3.31
(Monocarboxylic acid transporters),
member 3, isoform CRA_a

Cyfipl CYFP1_MOUSE Cytoplasmic FMR1-interacting 1.1 5.52 3.31
protein 1

Tpsabl A1Z090 MOUSE Mast cell-restricted seringgase 5.25 1.34 3.3
7

Erapl ERAP1_MOUSE Endoplasmic reticulum 2.83 3.76 3.29
aminopeptidase 1

Blvra A2ASB2_MOUSE | Biliverdin reductase A 2.78 3.77 3.28

Pttglip PTTG_MOUSE Pituitary tumor-transforming gein 3.36 3.11 3.23
protein-interacting protein

Ctso CATO_MOUSE Cathepsin O 2.78 3.64 3.21

Gp49a Q549E3_MOUSE Gp49A 2.22 4.18 3.2

Coro7 CORO7_MOUSE Coronin-7 3.64 2.7 3.17

Anxa4 ANXA4 MOUSE Annexin A4 3.34 2.98 3.16

Enah ENAH_MOUSE Protein enabled homolog 2.81 3.51 3.16

Actr2 Q5SW83 MOUSE | ARPZ2 actin-related protein 2 3.08 3.23 3.16
homolog (Yeast)

Psma8 PSA7L_MOUSE Proteasome subunit alpha type-J/- 2.53 3.78 3.15
like

Atp6vla VATA_MOUSE V-type proton ATPase catalytic 2.22 4.03 3.13

subunit A




Cd200r1 MO2R1_MOUSE Cell surface glycoprotein CD200 3.9 2.29 3.1
receptor 1

H2-K1 Q7JJ15_MOUSE H2K1(B) 2.81 3.39 3.1

Vtilb VT1B_MOUSE Vesicle transport through 2.26 3.92 3.09
interaction with t-SNARESs homolog
1B

Naaa NAAA_ MOUSE N-acylethanolamine-hydrolyzing 3.08 3.1 3.09
acid amidase

Cct8 Q3UL22_MOUSE | Chaperonin subunit 8 (Theta), 1.97 4.19 3.08
isoform CRA_a

Rps27I RS27L_MOUSE 40S ribosomal protein S27-like .63 2.57 3.08

Dstn Q4FK36_MOUSE Destrin 2.26 3.9 3.08

Vasp VASP_MOUSE Vasodilator-stimulated 2.22 3.91 3.06
phosphoprotein

Ldlr LDLR_MOUSE Low-density lipoprotein receptor 1P 4.97 3.04

Acp2 A2AGR5_MOUSE | Lysosomal acid phosphatase 2.53 3.5 3.02

Pls1 PLSI_MOUSE Plastin-1 3.07 2.97 3.02

Txnll TXNL1 _MOUSE Thioredoxin-like protein 1 2.18 3.23 3.01

Gnas GNAS2_MOUSE Guanine nucleotide-binding protei 1.67 4.32 2.99
G(s) subunit alpha isoforms short

Psmb7 A2AQL6_MOUSE | Proteasome subunit beta type-7 411 4.59 2.99

Brox BROX_MOUSE BRO1 domain-containing protein 1.63 4.35 2.99
BROX

Pak2 PAK2_MOUSE Serine/threonine-protein kinase 2.71 3.23 2.97
PAK 2

Rpl27a RL27A_MOUSE 60S ribosomal protein L27a 3.88 2.03 2.95

Rps25 Q58EA6_MOUSE MCG10725, isoform CRA a 2.79 3.1 2.94

Tubbl TBB1 _MOUSE Tubulin beta-1 chain 421 1.62 2.91

Dbi Q548W7_MOUSE | Diazepam binding inhibitor 2.83 2.98 2.9

A2m A2M_MOUSE Alpha-2-macroglobulin 4.46 1.33 2.9

Hgsnat HGNAT_MOUSE Heparan-alpha-glucosaminide N 2.52 3.25 2.89
acetyltransferase

Hnrnpal ROA1_MOUSE Heterogeneous nuclear 3.9 1.87 2.89
ribonucleoprotein Al

Histlhld Q14979 MOUSE Histone cluster 1, H1d 2.79 2.98 2.89

Tubb4da TBB4A MOUSE Tubulin beta-4A chain 2.24 3.51 2.88

Dnajal Q5NTYO_MOUSE | DnaJd (Hsp40) homolog, subfamily 3.05 2.7 2.88
A, member 1

ENV1 ENV1_MOUSE MLV-related proviral Env 2.78 2.96 2.87
polyprotein

Otubl OTuB1_MOUSE Ubiquitin thioesterase OTUB1 114 4.56 2.85

Prkacb KAPCB_MOUSE CcAMP-dependent protein kinase 1.38 4.27 2.83
catalytic subunit beta

Lxn Q14BzZ3 MOUSE Latexin 2.5b 3.1 2.83

Laspl Q543N3_MOUSE LIM and SH3 protein 1, isoform .691 3.92 2.8




CRA b

S100a13 Q545H7_MOUSE S100 calcium binding proteis A 1.69 3.91 2.8

Hnrnpab Q544723 MOUSE Heterogeneous nuclear 3.04 2.56 2.8
ribonucleoprotein A/B, isoform
CRA c

Dnajch A2AUE2_MOUSE | DnaJ homolog subfamily C membper 2.51 3.09 2.8
5

Psmb6 A2CFA7_MOUSE | Proteasome subunit beta type-6 232 3.35 2.79

Nap1ll NP1L1_MOUSE Nucleosome assembly proteirké.li 451 1.07 2.79
1

Arpc2 ARPC2_MOUSE Actin-related protein 2/3 complex 3.03 2.54 2.78
subunit 2

Fkbpla A2AT05_MOUSE Peptidyl-prolyl cis-trans isaamee 1.92 3.64 2.78
FKBP1A

Myl6b MYL6B_MOUSE Myosin light chain 6B 4.21 1.35 2.78

Tollip A6PWS1 MOUSE | Toll-interacting protein 1.64 3.78 2.71

Napa SNAA_MOUSE Alpha-soluble NSF attachment 1.44 3.92 2.68
protein

Cd81 CD81_MOUSE CD81 antigen 2.52 2.84 2.68

Cdc37 CDC37_MOUSE Hsp90 co-chaperone Cdc37 .78  2.56 2.67

Tubalb TBA1B_MOUSE Tubulin alpha-1B chain 131 3.94 2.63

Rplll A2BHO7_MOUSE | 60S ribosomal protein L11 3|37 1.88 2.62

Rpl13 RL13 MOUSE 60S ribosomal protein L13 3|61 1.61 2.61

Gng2 GBG2_MOUSE Guanine nucleotide-binding protein 2.8 2.42 2.61
G(1)/G(S)/G(O) subunit gamma-2

Calml3 CALL3 _MOUSE Calmodulin-like protein 3 1.95 3.26 2.6

Was WASP_MOUSE Wiskott-Aldrich syndrome protein 3.03 2.16 2.59
homolog

Cadml CADM1_MOUSE Cell adhesion molecule 1 3.68 1.48 2.58

Mif Q545F0_MOUSE MCG3124, isoform CRA b 3.4 1.75 2.58

Sypll SYPL_MOUSE Synaptophysin-like protein 1 2/85 2.28 2.57

Fcerla FCERA_MOUSE High affinity immunoglobulin 3.35 1.75 2.55
epsilon receptor subunit alpha

Cst7 CYTF_MOUSE Cystatin-F 3.37 1.74 2.55

Eif2s3x Q3TML6_MOUSE | Eukaryotic translation inii@ 3.61 1.49 2.55
factor 2, subunit 3, structural gene
X-linked

Rpl23a Q5M9M5_MOUSE| MCG10806 2.23 2.84 2.54

Abcb6 ABCB6_MOUSE ATP-binding cassette sub-family B 2.79 2.28 2.54
member 6, mitochondrial

Banfl BAF_MOUSE Barrier-to-autointegration factor .33 1.75 2.53

Histlhlb Q5T003_MOUSE Histone H1.5 1.69 3.38 2.53

Rbbp4 RBBP4 MOUSE Histone-binding protein RBBP4 13.1 1.88 2.49

Eif3b EIF3B_MOUSE Eukaryotic translation initiation 3.35 1.62 2.49

factor 3 subunit B




Cctba Q3TIO5_MOUSE Chaperonin containing Tcpl, 2.25 2.7 2.48
subunit 6a (Zeta)

Chmp5 B1AY07_MOUSE | Charged multivesicular body 3.6 1.33 2.47
protein 5

Gpx4 GPX41 _MOUSE Phospholipid hydroperoxide 1.67 3.25 2.46
glutathione peroxidase,
mitochondrial

Pdcd6 PDCD6_MOUSE Programmed cell death protein 6 .65 |1 3.21 2.43

Ganab GANAB_MOUSE | Neutral alpha-glucosidase AB 1.66 3.18 2.42

LTF TRFL_HUMAN Lactotransferrin 2.79 2.03 241

Hnrnpk HNRPK_MOUSE Heterogeneous nuclear 3.08 1.74 241
ribonucleoprotein K

Ppp3ca B2RRX2_MOUSE| Serine/threonine-protein 2.81 2.01 241
phosphatase

Gmfg A7VIA4 _MOUSE Glia maturation factor gamma 2/51 2.29 2.4

Ppp2r4 Q543N6_MOUSE Putative uncharacterized protei 1.69 3.1 2.39

Rab37 RAB37_MOUSE Ras-related protein Rab-37 3.37 1.35 2.36

Rpe B2KGE9_MOUSE | Ribulose-phosphate 3-epimerase 711.9 2.7 2.34

Klk8 KLK8 MOUSE Kallikrein-8 1.67 2.99 2.33

Rpsl5a Q5M9M4_MOUSE| Ribosomal protein S15A 2.78 1.88 2.33

Atrn ATRN_MOUSE Attractin 2.272 2.43 2.32

Rps6 Q5BLK1_MOUSE | 40S ribosomal protein S6 2.2 2.44 2.32

Psma3 Q58EV4_MOUSE | Proteasome subunit alpha type 39 |1. 3.24 2.31

Cmtm7 CKLF7_MOUSE CKLF-like MARVEL 3.38 1.21 2.3
transmembrane domain-containing
protein 7

Cast ICAL_MOUSE Calpastatin 1.08 3.5 2.29

Rragc RRAGC_MOUSE Ras-related GTP-binding protein C 3.6 0.95 2.27

Fh FUMH_MOUSE Fumarate hydratase, mitochondrigl 62.2 2.28 2.27

Rpl21 RL21 MOUSE 60S ribosomal protein L21 1196 2.55 2.26

Rps20 Q5BLK2_MOUSE | MCG3574 2.16 2.31 2.24

Rabl18 QOPD38_MOUSE RAB18, member RAS oncogene 1.11 3.36 2.23
family, isoform CRA_a

Hnrnpu HNRPU_MOUSE Heterogeneous nuclear 1.91 2.55 2.23
ribonucleoprotein U

Crmpl DPYL1_MOUSE Dihydropyrimidinase-related 3.34 1.09 2.21
protein 1

KV3A6 KV3A6_MOUSE Ig kappa chain V-IIl region MOPC| 2.23 2.17 2.2
321

Dyncli2 A2BFF7_MOUSE Dynein cytoplasmic 1 internaddi 2.78 1.62 2.2
chain 2

Hmgb?2 HMGB2_MOUSE High mobility group protein B2 52. 1.89 2.2

Sh3kbpl A2AG61 _MOUSE | SH3 domain-containing kinase- 1.39 2.97 2.18
binding protein 1

Padi2 PADI2_MOUSE Protein-arginine deiminase type-2 1.69 2.66 2.17




CIn5 B2RUP8 MOUSE | Ceroid-lipofuscinosis, neuronal 5 1.11 3.2 2.15
Lrrfipl LRRF1_MOUSE Leucine-rich repeat flightless- 1.35 2.94 2.15
interacting protein 1
Eif4dal Q5F2A7_MOUSE Putative uncharacterized protei 1.14 3.09 2.11
Tsgl01 Q3UCWO0_MOUSE MCG123182 1.12 3.1 2.11
Tnf Q3U593 MOUSE Tumor necrosis factor 2/74 1.47 2.11
Llcam L1CAM_MOUSE Neural cell adhesion molecule L1 2.52 1.64 2.08
Nt5c A2A9X6_MOUSE | 5'(3")-deoxyribonucleotidase, 2.51 1.62 2.06
cytosolic type
Rps2 Q58EU3_MOUSE | MCG12811, isoform CRA b 1,08 2.96 2.02
C4b CO4B_MOUSE Complement C4-B 3.07 0.95 2.01
Sirpa A2ANC1_MOUSE | Tyrosine-protein phosphatase ngn 1.73 2.29 2.01
receptor type substrate 1
Ncl NUCL_MOUSE Nucleolin 2.22 1.74 1.98
Rnf149 RN149 MOUSE E3 ubiquitin-protein ligase RMB1] 1.4 2.55 1.97
Eif4h Q564E5_MOUSE Williams-Beuren syndrome 1.14 2.8 1.97
chromosome region 1 homolog
(Human), isoform CRA_a
Slcl2a6 S12A6_MOUSE Solute carrier family 12 mentoer 1.36 2.58 1.97
Slcl6al Q544N9 _MOUSE Solute carrier family 16 2.81 1.08 1.95
(Monocarboxylic acid transporters),
member 1
Rcnl A2A3Z8 MOUSE Reticulocalbin-1 2.26 1.62 1.94
Pfas PUR4_MOUSE Phosphoribosylformylglycinamidijne 2.81 1.07 1.94
synthase
Slc38a9 S38A9_MOUSE Putative sodium-coupled neutra 2.79 1.08 1.93
amino acid transporter 9
Lyplal LYPA1_MOUSE Acyl-protein thioesterase 1 2179 1.07 1.93
Phgdh SERA_MOUSE D-3-phosphoglycerate 2.52 1.34 1.93
dehydrogenase
Enpp5 ENPP5_MOUSE Ectonucleotide 1.96 19 1.93
pyrophosphatase/phosphodiesterase
family member 5
Rpl9 Q5EBQ6_MOUSE | MCG10266, isoform CRA _a 1|14 2.69 1.91
Slc38a2 S38A2_MOUSE Sodium-coupled neutral amimg ac 1.11 2.7 1.91
transporter 2
Acpl Q4VAI2_MOUSE | Acid phosphatase 1, soluble 1.4 2.3 1.85
Plekho2 PKHO2_MOUSE Pleckstrin homology domain- 1.4 2.29 1.84
containing family O member 2
Sppl2a SPP2A_MOUSE Signal peptide peptidase-like 2A 1.4 2.28 1.84
Rps5 RS5 MOUSE 40S ribosomal protein S5 1.41 2.17 1.79
Rps12 RS12_MOUSE 40S ribosomal protein S12 1.95 1.62 1.78
Srgn SRGN_MOUSE Serglycin 1.95 1.61 1.78
Histlhle H14 MOUSE Histone H1.4 1.37 2.17 1.77
Cd200r4 MO2R4_MOUSE Cell surface glycoprotein CD200 1.97 15 1.74




receptor 4

Usp5 UBP5_MOUSE Ubiquitin carboxyl-terminal 2.25 1.2 1.72
hydrolase 5

Cda7 Q3U967_ MOUSE Putative uncharacterized protein 1.69 1.75 1.72

1810009J06Rik F6R7E8 MOUSE Protein Gm2663 2.2 1.21 1.71

Uaplll UAP1L_MOUSE UDP-N-acetylhexosamine 1.4 2.01 1.7
pyrophosphorylase-like protein 1

Rps13 Q5BLJ7_MOUSE MCG10205 1.69 1.63 1.66

Dnpep DNPEP_MOUSE Aspartyl aminopeptidase 1.67 1.62 1.65

Rpl30 Q58DzZ3 MOUSE | MCG20799 1.65 1.62 1.64

Prkcsh Q3U518 MOUSE Protein kinase C substrate BOK- 1.4 1.87 1.64
isoform CRA b

Gabarap GBRAP_MOUSE Gamma-aminobutyric acid recepto 2.19 1.07 1.63
associated protein

Plin3 PLIN3_MOUSE Perilipin-3 2.28 0.93 1.58

1113 Q5SUZ9 MOUSE | Interleukin-13 2.23 0.93 1.58

Hgs HGS_MOUSE Hepatocyte growth factor-regulated 1.96 1.2 1.58
tyrosine kinase substrate

Pgp PGP_MOUSE Phosphoglycolate phosphatase 195 1.21 1.58

Tspan31 TSN31_MOUSE Tetraspanin-31 1.4 1.76 1.58

Nans Q3TFB5_MOUSE Putative uncharacterized protein 1.95 1.21 1.58

Rpl28 Q5M9J8_MOUSE MCG13936 1.4 1.75 1.58

Plekhb2 PKHB2_MOUSE Pleckstrin homology domain- 1.67 1.48 1.57
containing family B member 2

Rps11 Q3UC02_MOUSE | MCG23457 1.11 2.04 1.57

Rps23 RS23_MOUSE 40S ribosomal protein S23 1.66 1.49 1.57

Stx3 Q3TBPO_MOUSE Putative uncharacterized protein 1.14 2 1.57

Bin2 BIN2_MOUSE Bridging integrator 2 1.66 1.47 1.56

Hnrnpl HNRPL_MOUSE Heterogeneous nuclear 1.66 1.46 1.56
ribonucleoprotein L

Rab32 QOPD23_MOUSE RAB32, member RAS oncogene 1.42 1.64 1.53
family

Tmed7 D3YZzZ5 MOUSE | Protein Tmed7 1.69 1.36 1.52

Igkc IGKC_MOUSE Ig kappa chain C region 1.69 1.35 1.52

Spnsl SPNS1_MOUSE Protein spinster homolog 1 1.4 1.62 1.51

Actn2 ACTN2_MOUSE Alpha-actinin-2 1.11 1.87 1.49

Ck054 CK054_MOUSE Ester hydrolase C11orf54 homolpg 1.4 1.49 1.44

Lamtor2 LTOR2_MOUSE Ragulator complex protein 1.4 1.47 1.43
LAMTOR2

Btd BTD_MOUSE Biotinidase 1.09 1.76 1.43

Fucal FUCO_MOUSE Tissue alpha-L-fucosidase 1.7 1.06 1.38

Asph A2AL84 MOUSE Aspartyl/asparaginyl beta- 14 1.35 1.37
hydroxylase

Kv5aa KV5AA_MOUSE Ig kappa chain V-V region MOPC 1.1 1.62 1.36
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Blvrb Q3U6G1_MOUSE | Biliverdin reductase B (Flavin 1.69 0.94 1.31
reductase (NADPH))

Vps37c VP37C_MOUSE Vacuolar protein sorting-asdedia 1.4 1.22 1.31
protein 37C

Pcna Q542J9 MOUSE Proliferating cell nuclear amtige 1.4 1.2 1.3

Mat2a Q99J57_MOUSE S-adenosylmethionine synthase 4| 1. 1.19 1.3

Wasf2 B1AUN1 _MOUSE | Wiskott-Aldrich syndrome proteir 1.15 1.35 1.25
family member 2

Sndl SND1_MOUSE Staphylococcal nuclease domain- 1.41 1.06 1.24
containing protein 1

Akap9 AKAP9_ MOUSE A-kinase anchor protein 9 112 1.35 1.23

S100a6 Q54519 MOUSE MC3T3-E1 calcyclin 111 1.08 1.1




Table S4

Term Count % P-Value Benjamini
BP00001:Carbohydrate 59 9.5 6.30E-13 1.00E-10
metabolism

BP00060:Protein 175 28.2 1.00E-11 8.30E-10
metabolism and

modification

BP00061:Protein 52 8.4 1.50E-10 8.40E-09
biosynthesis

BP00125:Intracellular 66 10.6 1.70E-07 7.10E-06
protein traffic

BP00062:Protein folding 20 3.2 2.40E-06 8.10E-05
BP00005:Glycolysis 11 1.8 6.90E-06 1.90E-04
BP00129:Endocytosis 26 4.2 9.90E-06 2.40E-04
BP00268:Antioxidation 10 1.6 1.20E-05 2.60E-04
and free radical removal

BP00140:0ther protein 7 1.1 3.20E-05 6.00E-04
targeting and

localization

BP00285:Cell structure 63 10.1 6.90E-05 1.20E-03
and motility

BP00126:Exocytosis 17 2.7 1.30E-04 2.00E-03
BP00286:Cell structure 42 6.8 1.40E-04 1.90E-03
BP00071:Proteolysis 60 9.7 2.40E-04 3.10E-03
BP00276:General 22 3.5 2.70E-04 3.20E-03
vesicle transport

BP00287:Cell motility 25 4 7.60E-04 8.40E-03
BP00009:Other 14 2.3 1.40E-03 1.40E-02
polysaccharide

metabolism

BP00132:Receptor 12 1.9 1.90E-03 1.90E-02
mediated endocytosis

BP0O0O007:Pentose- 4 0.6 2.50E-03 2.30E-02
phosphate shunt

BP00178:Stress 17 2.7 2.80E-03 2.50E-02
response

BP00148:Immunity and 80 12.9 4.50E-03 3.70E-02
defense

BP00072:Protein 8 1.3 6.60E-03 5.10E-02
complex assembly

BP00011:Monosacchar 6 1 1.40E-02 1.00E-01
de metabolism

BP00069:Protein 4 0.6 2.40E-02 1.60E-01

disulfide-isomerase




reaction

BP00032:Purine 7 1.1 2.90E-02 1.90E-01
metabolism

BP00298:Glycogen 6 1 3.00E-02 1.80E-01
metabolism

BP00073:Translational 8 1.3 3.50E-02 2.00E-01
regulation

BP00137:Protein 13 2.1 5.10E-02 2.80E-01
targeting and

localization

BP00012:Other 6 1 5.30E-02 2.80E-01
carbohydrate

metabolism

BP00280:Lysosome 3 0.5 7.10E-02 3.50E-01
transport

BP00008:Tricarboxylic 4 0.6 9.10E-02 4.10E-01
acid pathway

BP00189:Hearing 0.6 9.90E-02 4.30E-01




Table S5

Term Count % P-Value Benjamini
BP00074:Amino acid 4 5 7.60E-04 6.00E-02
activation

BP00013:Amino acid 6 7.5 3.30E-03 1.30E-01
metabolism

BP00060:Protein 24 30 4.40E-03 1.10E-01
metabolism and

modification

BP00071:Proteolysis 10 12.5 3.80E-02 5.50E-01
BP00288:Granulocyt 3 3.8 4.10E-02 5.00E-01
e-mediated immunity




Table S6

Term Count % P-Value Benjamini
BP00276:General 15 4.2 5.70E-04 8.60E-02
vesicle transport

BP00176:Blood 8 2.2 2.10E-03 1.60E-01
clotting

BP00125:Intracellular 32 8.9 4.30E-03 2.00E-01
protein traffic

BP00107:Cytokine 13 3.6 4.70E-03 1.70E-01
and chemokine

mediated signaling

pathway

BP00291:Calcium 5 14 5.30E-03 1.50E-01
ion homeostasis

BPO00060:Protein 80 22.3 7.40E-03 1.80E-01
metabolism and

modification

BP00129:Endocytosis 13 3.6 7.50E-03 1.60E-01
BP00148:Immunity 48 134 9.50E-03 1.70E-01
and defense

BP00141:Transport 40 11.2 1.20E-02 1.90E-01
BP00287:Cell 14 3.9 1.60E-02 2.20E-01
motility

BP00124:Cell 21 5.9 1.80E-02 2.30E-01
adhesion

BP00071:Proteolysis 31 8.7 2.80E-02 3.10E-01
BP00072:Protein 5 14 3.70E-02 3.60E-01
complex assembly

BP00123:Other 5 14 4.30E-02 3.90E-01
signal transduction

BPO00075:0ther 4 11 5.40E-02 4.40E-01
protein metabolism

BP00288:Granulocyt 5 1.4 5.90E-02 4.50E-01
e-mediated immunity

BP00274:Cell 32 8.9 6.30E-02 4.50E-01
communication

BP00267:Homeostasi 9 2.5 6.40E-02 4.40E-01
S

BP00273:Chromatin 8 2.2 6.80E-02 4.40E-01
packaging and

remodeling

BP00132:Receptor 6 1.7 7.20E-02 4.40E-01
mediated endocytosis

BP00122:Ligand- 13 3.6 7.50E-02 4.40E-01
mediated signaling




BP00286:Cell 19 5.3 8.30E-02 4.60E-01
structure

BP00120:Cell 13 3.6 8.70E-02 4,70E-01
adhesion-mediated

signaling

BP00117:JAK-STAT 5 1.4 9.00E-02 4.60E-01
cascade

BP00062:Protein 7 2 9.10E-02 4.50E-01
folding

BP00209:Blood 5 1.4 9.60E-02 4.60E-01

circulation and gas
exchange
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Suppl. Figure 4
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Suppl. Figure 5
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METHODS
Mice

Cpa3-Cre expressing mi¢eon the C57BL/6 background were crossed WRGSAP O™
mice that were purchased from Jackson Laboratdoegenerate mast cell- and basophil-

SAP™PTA) as well as the corresponding control miGpa3-Cre;

deficient mice Cpa3-Cre; RO
ROSA™).2 Mcpt8™ mice® (kindly provided by Dr. Hajime Karasuyama, Tokyodakledical
and Dental University, Tokyo, Japan) and mMCP-4eiieft mice Mcpt4”)* on the C57BL/6
background, like all of the other mice used in 8tisdy, were bred and maintained at the Seattle
Children’s Research Institute. The C57BL/6J miceemgurchased from Jackson Laboratories.
Unless specified otherwise, all of the experimevese performed using male mice that were 12
weeks old at the beginning of the experiment. Altree animal care and experimentation was
conducted in accordance with the current Nationatitutes of Health guidelines and with the

approval from the Seattle Children’s Research timsti Institutional Animal Care and Use

Committee.

Cecal ligation and puncture

Cecal ligation and puncture (CLP) was perfed as described.Briefly, mice were deeply
anaesthetized by an intraperitoneal (i.p.) injectiof 100 mg/kg ketamine and 20 mg/kg
xylazine, and the cecum was exposed following a ds2 midline incision on the anterior
abdomen. The distal half of the cecum was thenestdyl to ligation and the ligated segment
was then punctured once with a 22G needle (to mduenoderately severe model of CLP in

which 20-50% of the wild type mice died within 4ydaafter CLP). The cecum was then



replaced into the abdomen, 1 ml of sterile salpgdqgen-free 0.9% NaCl) was administrated
into the peritoneal cavity, and the incision wassed using 9-mm steel wound clips.
The mice were observed for mortality at least fiimnes daily. Mice that were clearly moribund

were euthanized by GGnhalation.

Bleeding time test
Tail tip bleeding was performed as previously dieéstt.® Briefly, we resected 3-4 mm of mouse
tail from the tip. Time until bleeding cessationsvaonitored by blood aspiration onto a piece of

filter paper.

Generation of peritoneal cell-derived mast cells (PCM Cs)

+/+

Peritoneal cells from wild typeMcpt4™* mice) andMcpt4” mice were maintaineth vitro for
two weeks in medium containing 10ng/ml IL-3 (Pepott, Rocky Hill, NJ) and 50 ng/ml SCF
(Peprotech) until the mast cells represented >9%5% e total non-adherent cells according to

May-Griinwald-Giemsa staining.

Generation of bone marrow derived-cultured mast cells (BM CMCs)
Femoral bone marrow cells froMcpt4*”* and Mcpt4”™ mice were maintaineth vitro for ~4
weeks in medium containing 10 ng/ml IL-3 (Peprojaattil the mast cells represented >95% of

the total cells according to May-Grinwald-Giemsarsng.

IgE/antigen mast cell activation



BMCMCs or PCMCs were sensitized with @/ml of anti-DNP IgE mAb (H:-26) ® by
overnight incubation at 37°C. The cells were thexshed with Tyrode's buffer (10 mM Hepes,
pH 7.4, 130 mM NaCl, 5 mM KCI, 1.4 mM CaCll mM MgCh, and 0.1% glucose) and re-
suspended at 2 x 4@ells/ml in 2.5 mL of the cell suspension. DNP-H&igma-Aldrich) was
then added to the wells to achieve a final conegiotr of 100 ng/ml and incubated at 37°C for 6
h and supernatants collected by centrifugation.thén conditions used, mast cells released 50-

60% of the pre-formed mediator beta-hexosaminidase.

M ass spectrometry analysis of the mast cell releasates

Mass spectrometry (MS) sample preparation. Supernatants from IgE-activated PCMCs and
BMCMCs were collected and concentrated 10-fold gishamicon Ultra-4 centrifugal filter
devices with a 30K cut off. The protein concentmativas determined using a BCA protein assay
kit (Pierce, Rockford, IL), with albumin utilizedsdahe standard. The proteins were suspended at
the same concentration in 200 mM ammonium bicartgonantaining 0.1% RapiGest (Waters
Corp., Milford, MA). Proteins were reduced with &V dithiothreitol (DTT) at 37 °C, alkylated
with 40 mM iodoacetamide (IAA) at room temperatimrehe dark for 45 min, and then digested
at 37 °C for 3 h with trypsin (1:50, w/w; Promega)d then overnight after addition of another
aliquot of trypsin (1:50, w/w). The samples werasalted by solid phase extraction on an Oasis
HLB column (Waters Corp., Milford, MA), eluted witB0% acetonitrile in 0.1% formic acid,
dried down and stored at -80 °C until analysis. dBefthe analysis, the samples were
reconstituted in 5% acetonitrile, 0.1% formic acid.

Data acquisition via LC-MSMS. Digested proteins (0.7hg) were injected onto a C18 trap

column (XBridge C18 BEH, mm, 0.1 x 30 mm, Waters Corp., Milford, MA), desdltr 10



min with 1% acetonitrile in water, 0.1% formic a¢iluL/min), and eluted onto a C18 analytical
column (0.075 x 300 mm) packed with XBridge C18 BE&-bum, Waters Corp., Milford, MA).
Then, the samples were eluted and separated ugiragigeent between two solvents, 0.1% formic
acid in water (A) and 0.1% formic acid in Acetoilér(B), at a flow rate of 0.4L/min using a
multi-segment linear gradient of 2-7%B in 5 min25%B in 70 min, 25-35%B in 15 min
followed by ramp to 80%B and a 5 min wash on a Mapoty HPLC (Waters Corp., Milford,
MA). Positive ion mass spectra were acquired witbcteospray ionization in a hybrid
guadrupole-orbitrap mass spectrometer (Q Exaclinermo Fisher, San Jose, CA) with data-
dependent acquisition of MS/MS scans on the 20 mabsindant ions in the survey scan
(normalized collision energy 27, resolution FWHM4&10 m/z 30,000 for MS and 15,000 for
MSMS scans) excluding MSMS on isotopic peaks andai >4+ charge states. An exclusion
window of 45 s was used after single MS/MS scaa given precursor ion.

Protein identification and quantification. MS/MS spectra were matched against the mouse
Uniprot database combining SwissProt and TrEMBLabases (Uniprot 2012 11, 16573
SwissProt, 58303 TrEMBL entrie$)sing the SEQUEST (v2.7) search engine with seyptit
enzyme specificity, 20 ppm precision for precurand unit precision for fragment ions, fixed
Cys carbamidomethylation and variable Met oxidatioadifications. SEQUEST results were
further validated with Trans-Proteomic Pipelinelspaising an adjusted probability 28.90 for
peptides and0.95 for proteins. Proteins considered for subsetjaealysis had to be detected in
>2 analyses witle2 unique peptide-spectrum matches (PSM). Relatreéejm quantification
was performed using spectral countifigSignificant differences in spectral counts were
identified using the PepC algorithm with FDR<4%g ttombination of>-test and-test together

with permutation analysis to estimate the FBR.



Bioinformatics analysis. The DAVID software (Database for Annotation, Viszation, and
Integrated Discovery, version 6.7, https://davidaniEgov/summary.jsp) was utilized to
determine the general functional annotations ofpgreeins contained in mast cell releasates.
The Uniprot IDs from the tables describing the Higantly released PCMC only, BMCMC
only, and shared PCMC and BMCMC proteins were wg#dainto the ‘Functional Annotation’
section of DAVID. Then, the ‘Gene_Ontology’ tab wsedected and the ‘PANTHER_BP_ALL’
category was charted. The DAVID software determiaesiodified Fisher's exact P-value to
determine gene ontology or molecular pathway enraft. P-values < 0.05 are considered to be

strongly enriched in an annotation category.

gPCR

RNA (1 pg) was isolated from cells with an RNeasy mini (Kliagen) and converted to first-
strand cDNA with the iScript™ cDNA Synthesis Kiti(Bad). The cDNA was analyzed for
guantitative expression levels dixiiia, Fxiiib and GAPDH with the Maxima™ SYBR
Green/ROX gPCR Master Mix (Fermentas Life Scienocams)a 7500-Fast-Real-Time PCR
System or a Step One Plus Real-Time PCR SystemnigheCycling Block (Applied
Biosystems). The primers used were as followsFxiiia forward, 5'-
AGCACAAGCAGGATCCAGTA-3’; Fxiiia reverse, 5-CCCTCTGCGGACAATCAACT-3’;
Fxiiib forward, 5’-GCTGGCTATGCAACCGAAAG-3";  Fxiiib reverse, 5'-
GGGGCCAAACATGTCTCTTG-3'; GAPDH forward, 5-TCACCACCATGGAGAAGGC-3;
GAPDH reverse, 5-GCTAAGCAGTTGGTGGTGCA-3;

Results were analyzed using the dCt method norathtiagapdh.



I mmunofluorescence

BMCMCs were induced to adhere to g@/ml fibronectin (Sigma)-coated glass coverslipsifo

h by the addition of 1 mM Mn@I(Sigma), which induces high affinity conformatibichanges
of integrins on the cell surface. The cells werenthwashed with PBS, fixed with 4%
paraformaldehyde, and washed again with PBS. Theples were then blocked with 3%
FBS/0.05% saponin in PBS (antibody/blocking sohififor 30 minutes and then incubated with
an anti-FXIIIA antibody (clone AC-101, Abcam) thags diluted 1:100 in antibody/blocking
solution for 60 minutes at room temperature. Thisceere washed with PBS and then
incubated with an Alexa Fluor® 594-conjugated amtiuse donkey polyclonal antibody
(A21203, Life Technologies) that was diluted 1:D0@ antibody/blocking solution for 45
minutes at room temperature, then washed with RB®, mounted with ProLong® Gold
antifade reagent with DAPI (Life Technologies). pea were acquired with an automated Leica
DM6000B fluorescent microscope (Leica Microsystemsy00x total magnification. Separate
fluorescent channels were acquired sequentiallycauaallaid using the accompanying LASAF

v2.6 software package.

Degradation of FXII1A by PCMC lysates

Human FXIIIA was utilized throughout the-vitro studies with the mouse PCMC lysates, given
its high degree of homology with mouse FXIIIA. BLASesults indicated that both human and
mouse FXIIIA have protein sequences that contai# @®ino acids (blast.ncbi.nlm.nih.gov)

with 87% identical homology (635/732 identical amiacids) and 95% positive homology
(696/732 positive amino acids), which compares laimglasses of amino acids (AAs). FXIIA

contains four conserved domains, which were detexchifrom the NCBI Conserved Doman



Database (www.ncbi.nlm.nih.gov/cdd), and includeteininal (AAs, 46-167), core (AAs, 309-
400), and two C-terminal transglutaminase domaigiores (AAs, 519-623 and 631-728)
(depicted by different colors iRig 5B). The homology between human and mouse FXIIIA with
regard to the conserved domains is also very siymilih 88%/98%, 97%/100%, 74%/85%, and
84%/93% identical/positive homology for the N-tenali core, and two C-terminal
transglutaminase regions, respectively. 0.5-1pgurhan FXIIIA (Haematologic Technologies
Inc) was incubated with 100ng- 3ug mouse PCMC &s&2 x 18cells/100pl of lysis buffer [2

M NaCl, 0.5% Triton X-100 in PBS]) that were obwihfromMcpt4™* or Mcpt4” mice for the
indicated times at 37 °C. FXIIIA cleaved fragmewtse visualized by SDS-PAGE.

Of note, the utilized FXIIIA preparation contain€XIlIB as well; however, we found that

FXIIIB was not cleaved by mast cell proteases [a@tashown]).

Degradation of FXII1A by human chymase

One microgram FXIIIA was incubated with 0.001-0.Human skin chymase (ENZO Life
Sciences) for 6h at 37 °C. The FXIIIA cleaved frans were visualized following silver
staining and analyzed with mass spectrometry.

Western blot analysis

BMCMCs and PCMCs were lysed with M-PER (Thermo Bitie) plus 1X halt protease
inhibitor and EDTA (Thermo Scientific). Then, thansples were spun at 15,000xg for 15
minutes at 2C to remove cellular debris. BMCMC lysates, PCM&ales, FXIIIA digests, and
plasma sample dilutions (diluted 1:120 in wateryev@enatured by boiling for 10 min at 70 °C
with 1X sample buffer (NuPage 4X LDS sample bufigfe Technologies) and 1X reducing

agent (NuPage 10X sample reducing agent, Life Taolgres) and separated with SDS/PAGE



(4-20% Bis-Tris-gels with MOPS running buffer, Gengt), electroblotted onto Invitrolon poly
(vinylidene difluoride) membranes (Invitrogen), ahén probed with antibodies against FXIIIA
(clone 1834, Abcam) along with GAPDH (clone GAlRellCSciences, Canton, MA) as a
loading control for cellular samples or transfer(olone PA3-913, Thermo Scientific) as a

loading control for plasma samples.

M ass spectrometry analysis of FXI11A degradation by human chymase

MS Sample preparation. One microgram FXIIIA aliquots were diluted to 2@0final volume in
ammonium acetate buffer (100 mM, pH 8.9). The samplere reduced with 50 mM DTT at 56
°C for 60 min and alkylated with 150 mM IAA at rodemperature in the dark for 30 min. The
alkylation was quenched by addition of 50 mM DTThe resulting protein samples were
adjusted to pH 8.9 by addition of ammonium acet@teml final volume, and were digested into
peptides by the addition of trypsin (0.08/sample; Promega) and incubated at’G7for 2 h
with agitation. The trypsin digestion was stoppgdt®e addition of 83l glacial acetic acid, and
the samples were cleared of insoluble debris byrifegation. Next, the sample was desalted
using Sep-Pak columns (Waters Corporation) accgrttinthe manufacturer’'s instructions. The
resulting samples were concentrated and resuspendeti% formic acid in water and stored at
-80°C until analysis.

Data Acquisition via LC-MSMS. Fused silica capillary tubing (5@m i.d., Polymicro
Technologies) was pulled to a tip ofuln, with a Lithsil frit placed ~2cm upstream of ttig.
The column was packed with 25 cm o Reliasil reversed-phase chromatography material
(Orochem Technologies). To load and elute the sasnfstbm the column, we used nanoflow

liquid chromatography using a Nano Aquity UPLC syst(Waters Corporation). The samples



were eluted using a gradient between two solvéhi®s formic acid (A) and 0.1% formic acid
in 100% Acetonitrile (B). Following loading in 0%, Aolvent B was raised to 10% for 5 min,
then it was increased using a linear gradient & 4@er the subsequent 110 min prior to a step
at 75% for 5 min before re-equilibration. The tagahdient time was 150 min at a flow rate of
0.25 pl/min. The eluting peptides were ionized efiactrospray with the emitter held at 2.4 kV
using a custom build ESI source, and directed mtdhermo Scientific Q Exactive mass
spectrometer. Each precursor scan covered 40044680fange and was followed by 20 DDA
scans. The dynamic exclusion duration was set . 20normalized collision energy (CE) of 28
was used. A digest of yeast Enolase protein wa®very 2 injections and was used to evaluate
chromatographic peak shape, retention time repibilitiz and peak intensity.

Protein Identification. Following the LC-MS/MS analysis, .RAW data files neeconverted into
the mzXML format, and the MS/MS spectra were sesdchith Comef against a human IPI
with no enzyme specificity, a static modificatioh5y.021 on Cysteine residues, and a variable
modification of 15.995 on Methionine residues. Tgeptide spectrum match false discovery
rates were determined using the PeptideProphetitiligo with TPP v4.8® with an error
threshold of 0.025. The chymase cleavage sites determined using a database search, and
they were confirmed by viewing the ion chromatogsaim Skyline across the entire samffle.
Peak areas were extracted from Skyline for exatgraénations of the relative peak intensity

across the treatments.

Clot Formation
Clot formation was measured using rotational throetdstometry (ROTEM, Tem Int. Research

Triangle Park, NC, USA). FXIIIA (10ug/ml) and chys® (1.4U/ml) were co-incubated in



HEPES pH 7.4. Fibrinogen was added to a final cotmagon of 4 mg/ml and clotting was
activated in the ROTEM at 37°C using 0.5IU/ml thiomand 10mmol Caglin addition to
2ug/ml plasmin to induce clot lysis. FXIIIA (10ugymor FXIIIA and chymase (1.4U/ml) were

incubated in HEPES pH 7.4.

FXIllaactivity levels

FXllla activity levels were determined by using Bramogenic method that measures the
ammonia released during the transglutaminase oeac(TECHNOCHROM FXIII Kit,
Diapharma). Samples were run with and without arnllBXnhibitor to correct for reactions
leading to FXllla independent transglutaminase végti The results were calculated as:

Absorbance sample/minA- Absorbance blank/min.

Fibrinogen levels
Functional fibrinogen concentrations were measungging the STArt-4™ steel ball
coagulometer (Diagnostica Stago, Asnieres sur Se@uex, France) by the modified method of

Clauss™ according to the manufacturer’s directions.

Histology for nasal polyps

Five patients with chronic rhinosinusitis-relatealsal polyps that were resected between 2010
and 2014 were identified from a pathology databasder a protocol approved by Seattle
Children’s Hospital Institutional Review Board; paits with cystic fibrosis,
immunodeficiencies, coagulation disorders, andrgitefungal sinusitis were excluded. Dual

immunofluorescence for mast cell tryptase (1:1d6ne M7052, Dako) and FXIIIA (1:250;



clone EP3372, Roche) was carried out on formakad]j paraffin-embedded 5-um sections
following citrate pH 6.0 antigen retrieval. The iapties were incubated with the samples
overnight at room temperature. FXIIIA was developeith goat anti-rabbit 1gG, fluorescein

conjugate, and mast cell tryptase was developell giat anti-mouse cyanine (Cy5) (both
1:500, Jackson ImmunoResearch). Coverslips werantad using Vectashield fluorescent
mounting medium with DAPI (Vector Laboratories)ndges were visualized and captured with
a digital camera mounted on a Nikon Eclipse 80irascope using NIS-Elements Advanced

Research Software v4.13 (Nikon Instruments InclvMe, NY).

Statistical analysis

To determine significant differences in the spdot@unts (the sum of all potential substrate
peptides) that were detected with the MS/MS ans|ysie utilized a stringent dual statistical
criteria approach in a similar fashion to Beckeetlal.'* which included the log likelihood test

(G-test,G >1.5) combined with the 2-tailet test (:<0.05). ROTEM results were compared
using the one way ANOVA test. All other data weralgzed for statistical significance using
the Mann WhitneyU-test. P < 0.05 was considered statistically significant.ldds otherwise

specified, all of the data are presented as mesiaM.
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OR Figure Legends

Suppl. Fig. 1. Quantification of FXI11A amountsin BMCMCs. FXIIIA in BMCMC lysates (1
x 10 cells) and different amounts of FXIIIA were assesisg western blot analysis.

Suppl. Fig. 2. Effect of diphtheria toxin-mediated basophil depletion on plasma FXII1A

levelsin Mcpt8°™®

mice. Mice were treated i.p. with 500 ng DT 48 h befanéhanasia(A)
Western blot analysis ar{B) densitometry for FXIIIA plasméevels at baseline iMcpt8*’* (n =
4) andMcpt8®™* (n = 4) mice.

Suppl. Fig. 3. Mass spectrometry analysis of mM CP-4 abundancein BMCMC and PCMC
releasates. Wild type mouse PCMCs(= 5) and BMCMCst{ = 6) (5 x 16 cells/2.5 ml) were
pre-loaded with 2ug/mL anti-IgE-DNP for 24h, andnbstimulated with 100ng/mL DNP for 6h.
The cell supernatants were collected, concentratadi subjected to shotgun proteomics. mMCP-
4 abundance is expressed in spectral counts.

Suppl. Fig. 4. FXI11A mRNA expression levels by wild type (Mcpt4™*) and M cpt4-deficient
(Mcptd™) peritoneal-derived mast cells (PCM Cs). PCMCs (2.5 x 18cells) were sensitized
with IgE mADb to DNP (2 mg/ml) overnight at 3€ and then they were challenged with DNP-
HSA (100 ng/ml) for the indicated time points at°8and analyzed by gPCRhe FXIIIA
versus GAPDH mRNA expression level for PCMCs thatenincubated in media alone was
assigned a value of 1.0 for calculation of the egponding PCMC stimulated by IgE/antigen
results. Data were pooled from 3 independent exyeits, each of which produced similar
results.

Suppl. Fig. 5. GVP prevents FXII1A proteolytic degradation by chymase. (A) Sequence of
the endogenous (native) FXIIIA (aa 550-590, spagtive chymase site F574). The synthetic

peptide is marked in bold letters within the endages sequence, with the cleavage site marked



in green. The chymic-tryptic peptide used to idgrthis cleavage site and as a diagnostic
fragment for efficient cleavage, is underlined. FX0.5ug) was incubated with human skin
chymase in the presence or absence of increasimgtrations of GVIPB), or with C57BL/6J
PCMC lysates (100ng) in the presence and abser@06iX GVP(C) for 6h at 37C. Amounts
of FXIIIA and its fragments were assessed by wedbdst analysis. The data are representative
of those obtained in two independent experimerish @f which produced similar results.
Suppl. Fig. 6. mM CP-4 deficiency does not affect fibrinogen plasma levels after CLP.
Fibrinogen plasma levelt 24 h after CLP iMcpt4™™* mice q = 7) andMcptd” mice f = 8).
Data were pooled from the 3 independent experingrf®rmed, each of which gave similar
results.

Suppl. Fig. 7. Detection of FXII1A in mast cellslocated in nasal polyps. Immunofluorescence
was performed with anti-FXIIIA (green fluorescene@d anti-tryptase mAb (red fluorescence)
antibodies for mast cells located in nasal polygh{rpanel). Nuclei were counterstained with
DAPI (blue fluorescence). Mast cells expressindideXIlIA and tryptase are indicated with
white arrows. Negative controls were performed witkhondary antibodies only (right panel).

Images are representative of five separate subjects



