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Background: Mast cells are tissue-resident in ammatory cells de ned bytheir high
granularity and surface expression of the high-af nity IgEeceptor, FciRI, and CD117/KIT,
the receptor for stem cell factor (SCF). There is a considelée heterogeneity among
mast cells, both phenotypically and functionally. Human met cells are generally divided
into two main subtypes based on their protease content; the racosa-associated
MC+ (tryptase positive and chymase negative mast cell) and theoonective tissue
associated-residing MG ¢ (tryptase and chymase positive mast cell). Human lung mast
cells exhibit heterogeneity in terms of cellular size, expssion of cell surface receptors,
and secreted mediators. However, knowledge about human lug mast cell heterogeneity
is restricted to studies using immunohistochemistry or pured mast cells. Whereas the
former is limited by the number of cellular markers that candanalyzed simultaneously,
the latter suffers from issues related to cell yield.

Aim: To develop a protocol that enables isolation of human lung st cells at high yields
for analysis of functional properties and detailed analysusing single-cell based analyses
of protein (ow cytometry) or RNA (RNA-sequencing) expressn.

Methods: Mast cells were isolated from human lung tissue by a sequerai combination
of washing, enzymatic digestion,mechanical disruption, and density centrifugation using
Percoll (WEMP). As a comparison, we also isolated mast cells gy a conventional
enzyme-based protocol. The isolated cells were analyzed byw cytometry.

Results: We observed a signicant increase in the vyield of total human
lung CD45° immune cells and an even more pronounced increase in the
yield of CD117 mast cells with the WEMP protocol in comparison to the
conventional protocols. In contrast, the frequency of the are lymphocyte subset
innate lymphoid cells group 2 (ILC2) did not differ betweenhe two methods.

Frontiers in Immunology | www.frontiersin.org 1

October 2018 | Volume 9 | Article 2193


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2018.02193
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2018.02193&domain=pdf&date_stamp=2018-10-05
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:gunnar.p.nilsson@ki.se
https://doi.org/10.3389/fimmu.2018.02193
https://www.frontiersin.org/articles/10.3389/fimmu.2018.02193/full
http://loop.frontiersin.org/people/550227/overview
http://loop.frontiersin.org/people/608430/overview
http://loop.frontiersin.org/people/392986/overview
http://loop.frontiersin.org/people/452232/overview
http://loop.frontiersin.org/people/19688/overview
http://loop.frontiersin.org/people/117213/overview
http://loop.frontiersin.org/people/44667/overview
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Conclusion:  The described WEMP protocol results in a signi cant increasén the

yield of human lung mast cells compared to a conventional ptocol. Additionally, the
WEMP protocol enables simultaneous isolation of differentnimune cell populations
such as lymphocytes, monocytes, and granulocytes while r@iining their surface marker
expression that can be used for advanced single-cell analys including multi-color ow

cytometry and RNA-sequencing.

Keywords: mast cells, lung, enzymatic digestion protocols, h uman mast cells, mast cell isolation

INTRODUCTION the subcompartments of human lung . However, a detailed
characterization of the intra-cellular variation among ham
Mast cells are in ammatory cells that hold severalimporteoies  |ung mast cells remains to be deciphered.
in health as sentinel cells with multifunctional properties. ( Mast cells are implicated in the pathogenesis of several girwa
They are one of the main actors in the immune response againgiseases such as asthma, chronic obstructive pulmonarysgisea
pathogens, but also in the recognition of “danger,”i.el,io@iry interstitial pulmonary brosis, and pulmonary hypertension
or cell stress, 3). When the cells recognize a pathogen or &5, 17-19). The release of granular mediators, lipid mediators
danger signal they release mediators that have vasculatse e@nd cytokines, and their close proximity to nerve endings,
and/or recruits and activates other cells of the immune eyst ajrway smooth muscle cells, epithelial cells, endothelial cells,
(4) The other side of this potent e ector cell is its detrimental and immune cells exp|ains the profound e ects that mast
e ects in the pathophysiology of several disorders, includingells can have on airway pathophysiology. Characterization
airway disease$(6). of lung mast cell heterogeneity and the regulation of their
Mast cell progenitors arise from the pluripotent hematopoieticfunction under homeostatic and disease conditions is ciucia
stem cells of the bone marrow and circulate in blood whergor the understanding of their contribution to the pathology
they can be found in low frequency{10). These progenitor in these diseases. Several studies have been published where
cells subsequently migrate into tissues where they matulguman lung mast cells have been puri ed using di erent types
under the inuence of grOWth factors like stem cell faCtorof approachesl e.g., enzymatic dispersion, e|utriati0n’ Fjerco]
(SCF) (1. The tissue-resident mast cells are characterized kyradient centrifugation and magnetic cell separation, and th
their expression of the high-anity IgE receptor, MRI, the  function of the cells have been analyzéd+24). Nevertheless,
SCF receptor KIT/CD117, and their high cellular complexitythere is a need for an e cient method to isolate mast cells at
with granules containing, e.g., histamine, proteoglycars] high yield from the lung tissue to be able to perform in depth
proteases. These mature mast cell populations are found in @haracterization of human lung mast cells at the single cell
tissues, but predominantly in the skin and at mucosal susaceevel. Methods like multidimensional cytometry ( ow cytonmet
in the respiratory, gastrointestinal, and urogenital tsafitl, 12).  or mass cytometry/CyTOF) and single-cell RNA-sequencing on
Within the tissue they are highly integrated with the exeBolar  jsolated human lung mast cells will be key in revealing the
matrix and other tissue resident cells. The fact that malé¢ @e  role for mast cells in airway diseases. This paper describes a

exclusively tissue resident cells, tightly bound to theutes makes protocol that permits isolation of viable mast cell populations

their isolation process challenging. with high yield from human lung tissue, which will faciliet
Mast cells display great phenotypic and functionalkyrther characterization studies.
heterogeneity in terms of expression of surface markers\ujaa The protocol is based on four sequential main steps—

content, responsiveness, and activation via di erent patrsvaywash, Enzymatic digestion, Mechanical disruption, and Pércol
(19. Human mast cell phenotypes are classically divided intgradient centrifugation (WEMP). The conventional protocols
two main types based on their protease contenf)(Tryptase- rely mainly on enzymatic digestion, which have lower vyield
positive mast cells, designated as MGare predominantly and would not necessarily liberate all the cells from inner
found in mucosal surfaces such as within the bronchial arwacompartments of the tissu€§). In this paper, we show that the
epithelium. MCic cells contain, in addition to tryptase, also WEMP protocol e ciently isolates immune cells at higher yield
chymase, carboxypeptidase A, and cathepsin G like proteagfan the conventional protocol, especially of tissue resideaut
and is the predominant type in connective tissues such as thgelis. In addition to increasing the yield of isolated imneucells,
skin (15). Mast cell phenotypes not only vary greatly betweenhe WEMP protocol enables subsequent detailed charactienizat

di erent organs but also between di erent sub-compartmentsof cells using ow cytometry and single-cell RNA-sequencing.
of an organ. Detailed immunohistochemical characteraatwf

human lung mast cells demonstrated their heterogeneityiwit METHODS

— . ~Lung Tissue
Abbreviations: SCF, Stem cell factor; WEMP, Washing-Enzymatic Dlgestlon—Lun tissue was obtained from tumor patients who underwent
Mechanical Disruption-Percoll puri cation; ILC2, group 2 innalgmphoid cells; g P

PGDy, Prostaglandin B; LT, Leukotrines; M, Mast cell Tryptase; Mg, Mast ~ surgical lung resection at Karolinska University Hospital,
cell Tryptase & Chymase; HLMC, Human lung mast cell. Solna, Sweden. Patients have not received chemotherapy or
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radiotherapy. All donors participating in the study gave infed  BV605-CD161 (Biolegend, clone HP-3G10), and V500-CD45
written consent, and the study was approved by regional revie(BD Biosciences, clone HI30). For single cell sorting, Vaithg

board in Stockholm. antibodies were used along with above mentioned ILC2
. . antibodies: BV711-CD56 (Biolegend, clone HCD56), PECy5-
Processing of Human Lung Tissue Nkp44 (Beckman Coulter, clone Z231), AF700-CD16 (Biolegend,

A small portion of human lung tissue (3-12g) was cut outcione 3G8), Invitrogen Live/Dead Fixable Green Dead Cell

from distal region of tumor site. The tissue was immediatelysizin kit. FlowJo software was used for ow cytometry data
transferred into ice-cold Krebs-Henseleit bu er and stored  4nj)ysis.

ice. Tissues were processed using two di erent protocols.

- Intracellular Staining of Tryptase
Conventional Protocol Human lung cells (prepared using the WEMP-protocol) where

The human lung tissue was washed with PBS and cut Intgtained using V500-CD45 (clone HI30), APC-Cy7-CD14 (clone

small pieces and enymatically digested for 45 min in RPMI Witq\/l T
. - . 5E2), PE-CD117 (clone YB5.B8), BD Biosciences, thereafter
DNase | and Collagenase at & with stirring. After enzymatic ed with 4% PFA and permeabilized using PBS-S bu er

digestion, cold RPMI with 10% FCS (Fetal calf serum), 4.1 m 0 L . ST
L-Glutamine and 1% pen!cillin/streptomycin (stop.media) Wasveél /[tj)lf)?:ﬂggmulsri}nsziovc\:llmg.gllj ,\e/lr Fégggss)vl;?ﬁ p;/col ((:jrl;mrglirkg
added to stop the enymatic process. _CeII suspension was pasg%(g 2% FCS). Cells were thereafter stained with Tryptase
f/cirt?\ugg}o apéosmgege&ggg ?;Zhscjexltgsségpugiglzmdofiigntibody (Millipore, clone G3) conjugated in house with Alexa
(ammonium-chloride-potassium) lysing bu er for 5min on ice Inl&u:()Gi:})(Alexa Flour 647 Monoclonal antibody labeling kit,
and washed with PBS 2% FCS. Cell suspension was resuspendeat gen).

in PBS 2% FCS. —
" ’ Activation of Human Lung Mast Cells by

The Washing, Enzymatic Digestion, Fc+RI Crosslinking
Mechanical Disruption, and Single cell suspensions derived from human lung tissue obthi
Percoll—WEMP—Protocol by the WEMP-protocol were cultured at a density of 2

million cells/ml in complete RPMI-1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10% FCS (Life

lung tissue was washed with PBS and cut into small pieces th ?chnologles, Paisley, UK), 100 ng/m| SCF. (SQb" Stockholm,
was enzymatically digested for 45min in RPMI with DNAse; weden) an(_j cultured for 4 days. For activation, 96.”3 were
1 and collagenase at 37 with stirring. Cold stop media was incubated ‘with Img/mi IgE .(Calblochem., Merck _Mllllpore,
added. Enzymatically digested lung tissue pieces were mg us Darmstaqlt, Germany) pvern|ght and act!vated usinggZm|
scissors and mechanically disrupted using a syringe foraegi 95 (Sigma, St Louis, MO) for 30min. Cells were then
and ltered using 100nm Iter and repeated twice. Filtered Stained using BD Horizon' Fixable Viability Stain 450
cell suspension was washed with PBS and resuspended in 389 antibodies CD45 (BD Biosciences, clone HI30), CD14
Percoll (one phase) and centrifuged at 780g for 12 min. CefPiolegend, clone MS5E2), CD117 (BD Biosciences, clone
pellet was resuspended in PBS with 2% FCS. Red blood céi4D2), CD63 (BD Biosciences, clone H5C6) and mast
were lysed using 5 ml of ACK (ammonium-chloride-potassium)cells were gated as live, CO#5CD14-, CD117 high and
lysing bu er for 5min on ice and washed with PBS 2% FCS. cefictivation was determined by CDG63 translocation to the
suspension was resuspended in PBS 2% FCS. membrane.

Detailed information about the WEMP protocol follows under
stepwise protocol —WEMP-protocol section. In short, huma

Flow Cytometry Analysis and Cell Sorting Materials Required

For surface staining of mast cells, the following antibodieStop media (cold): 10% FCS (Gibco), 4.1mM L-Glutamine
were used: APCCy7-CD14 (Biolegend, clone M5E2), PiRIFc (Sigma) and 1% penicillin/streptomycin (Sigma), in 500 m| of
(Biolegend, clone CRA1), and APC-CD117 (BD Biosciencesterile RPMI media (GIBCO).

clone 104D2), V500-CD45 (BD Biosciences, clone HI30). For Enzyme bu er: 3mlof 1 M HEPES (Sigma) in 200 ml of sterile
surface staining of innate lymphoid cells type 2 (ILC2),RPMI media (GIBCO) (pH 7.4). Wash bu er: PBS. FACS bu er:
the following antibodies were used: FITC- conjugated CD3BS with 2% FCS. Digestion enzymes with nal concentrations
(Biolegend, clone SK7), CD19 (BD Biosciences, clone 4G%f0.125 mg/ml (0.5-5 units/mg) collagenase Type Il (Sigmd) a
CD14 (Dako, clone TUK4), CDla (Biolegend, clone HI149)0.2 mg/ml (2,993 units/mg) DNase | (Roche) in enzyme bu er.
CD123 (Biolegend, clone 6H6), BDCA2 (Miltenyi Biotech,Percoll (GE healthcare, Uppsala, Sweden).

clone AC144), TCRa/b (Biolegend, clone IP26), TCR/d PBS 10x, 1x. RPMI and PBS are kept in sterile condition
(Biolegend, clone B1), CD 94 (Biolegend, clone DX22), PECythroughout the experiment.

CD127 (Beckman Coulter clone R34.34), PECy5.5-CD117 Plastics: 100 15mm petri dishes (Falcon), 50ml
(Beckman Coulter, clone 104D2D1), V450-CRTH2 (CD294) (Bpolypropylene tubes (Falcon), 50ml polypropylene tubes
Biosciences, clone BM16), PECF594-CRTH2 (BD BiosciencéBalcon), scissors, forceps, scalpel, &d®-cell strainers, 50
clone 563501), APC-NKG2A (Beckman Coulter, clone Z199and 100 ml beakers, pipettes, pipette tips, magnetic stirrer, ice
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box, and ice. Tabletop centrifuge, laminar air ow chamhmslls
counter, weight scale, and a beaker for water bath.

Statistical Analysis

Statistics were calculated using Graphpad Prism. Unpaired
tailed t-tests were used when comparing 2 groups and one
way analysis of variance (ANOVA) with Bonferroni's multiple
comparison test was used when 3 or more groups were compare
P < 0.05is considered signi cant.

Stepwise Procedure
WEMP-Protocol
Washing and processing tissue

1) Tissue piece is transported from the surgery room in Kreb'
bu er onice. Transfer the piece to a 10015 mm sterile petri
dish (Figure 1A).

2) Weigh the tissue.

3) Add 50 ml PBS to the petri dish containing the tissue piece.

Gently press tissue with forceps and remove red blood cel
and larger blood pocket${gures 1B,G.

4) Cut the tissue into thin uniform strips (as long as possible
(Figures 1D-H and then each strip into small pieces (0.5 cm)
(Figures 1G-).

5) Wash tissue through a 108n cell strainers in a petridish to
remove red blood cells{gures 1J-I. Discard wash (or keep
it to analyze loosely bound cells as showrrigure 10).

6) Putthe Itered tissue pieces back in a petridish, add 50ml g
PBS to ltered tissue pieces in a petri dishigures 1M,N).
Control that the pieces are uniformly cut, cut any bigger pgece
(Figures 1J-I.

7) Repeat step 5-6 twice more.

8) Collect Itered tissue pieces and weigh the tissue again.

Enzymatic digestion

9) Place the tissue in a 50 ml tube and cut it nely using scalpe
(Figure 1P.

10) Add 1ml of pre warmed enzyme bu er per gram of tissue
(add a minimum 5 ml of enzyme bu er for tissues weighing
below 5 g).

11) Add collagenase (0.125 mg/ml of enzyme bu er) and DNas|
I (0.2 mg/ml of enzyme bu er) Figure 1Q).

12) Transfer the tube to a pre-warmed water bath at 37
and stir the content using a magnetic stirrer for 45min
(Figure 1R (NOTE: After digestion, the tissue solution
should appear murky. If the tissue is very brotic all the small
pieces stick together after this step).

13) Remove the tube from the water bath and add 25ml o
cold stop media (RPMC 10% FCSC 4.1 mM L-glutC 1%
pen/strep) to stop the digestion.

Mechanical disruption

14) Collect cell suspension with digested tissue pieces in
small plastic container (500 ml). Cut the digested tissue
nely using 3 scissors (hold 3 scissors in same hand an
simultaneluosly use it for cuttting tissues) to disrupt aflal
tissue pieces that have stuck togethieg(re 19.

NJ

2d.

oy

Is

D

FIGURE 1 | Human lung tissue processing: pictures taken during diffent
steps of WEMP protocol.(A—C) Washing tissue, removing blood pockets.
dD-1) Cutting tissue into thin strips and then into small pieces(J-O) Washing
and ltering uniformly cut pieces with PBS.(P) Processing tissue pieces with
scalpel. (Q,R) Enzymatic digestion of tissue pieces at 37C with magnetic
stirrer. (S—V)Mechanical disruption of digested tissue using syringg\W,X)
Percoll gradient centrifugation and RBC lysis.

d
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FIGURE 2 | Gating strategy for mast cells from human lung tissuglA) CD117 high mast cells from human lung single cell suspensiowas identi ed using ow
cytometry. (B) CD117 high mast cells and CD14€ cells were analyzed for intracellular Tryptase using ow cgmmetry. (C) Human lung mast cells cultured for 4 days,
activated by FciRI crosslinking and CD63 expression analyzed by ow cytomeyr FSC, forward scatter; SSC, side scatter.

15) Plunge the tissue10 times with a 50 ml syringé{gure 1T)  Puri cation of Cells
& (Supplementary Video } [NOTE: If tissue is bigger Percoll gradient centrifugation

than 10.9“3”".'3’ d|\_/|de I mto_twq separate contamers for22) Prepare isotonic Percoll (1 ml of 10x PBS ml of Percoll).
mechanical disruption step. Tips if the process is too toug

0 : .
are (1) do not press the syringe against the bottom o 3) cI:;r?epallrefiioﬁ;é:’sercoll using 1X PBS (3 ml of Isotonic Percoll
the beaker (2) cut the pieces smaller (3) add more uid miorIx ”)'_ L of 30 9 I i | Eal

(4) use a smaller (20ml) syringe and take it in smaller24) Re-suspend cells in 10ml of 30 % Percoll (in 15ml Falcon

steps]. tubg). . . .
16) Filter the cell suspension (168n) using 3—4 lters in a 29) Spin 780g for 12min with maximum brake at room
petridish and collect Iltered media in a 50 ml falcon tube. temperature kigure 1W).

17) Putthe ltered tissue pieces backin the plastic contaiméd ~ 26) Discard supernatant and wash pellet with 10 ml of PBS 2%
40-60ml of stop media and repeat step 14-17 twice more__ FCS- Spin 4009, 10 min at@with maxium break.

(Figures 1S.7. 27) Discard supernatant and resuspend cells in 5ml of 1X ACK
18) Squeeze the tissue in a 1@ Iter with at side of 5ml lysis bu er to lyse RBC, incubate 5 min on ice.
syringe Figure 1U). 28) Transfer cells resuspended in ACK lysis buer to 50 ml
19) Spin collected 150ml cell suspension in 3 falcon tubes falcon tube and add 45ml of 2% FACS bu er and spin 400 g,
(50 ml) at 400 g, 10 min, £ (Maximum break) Figure 1V). 10 min (Figure 1X).

20) Discard supernatants and resuspend cell pellets in stap) Discard supematantand re-suspend cells in 2% FACS bu er
media. Pool resuspended cell suspension together and make 2nd countthe cells.
it upto 50ml in stop media and spin at 400g, 10 minC4

(Maximum break). Critical Parameters and Trouble Shooting
21) Re-suspend cells in PBS and spin 4009, 10mig; 4 The e ciency of the whole process primarily depends on the
(maximum break). health of the patient (i.e., smoker or non-smoker) and theldgya
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TABLE 1 | RNA sequencing of sorted human lung mast cells.

Gene name HLMC #1 HLMC #2 HLMC #3

TPSAB1 97,201 40,330 95,685

HDC 63,068 93,662 134,479

KIT 57,019 109,227 106,092

HPGDS 21,767 25,797 27,459

FciRIA 13,199 13,932 11,755

MITF 3,920 5,228 3,678

GATA3 1 1 3

GAPDH 6,121 5,354 6,089

Transcript numbers of ve mast cell associated genes (TPSAB1, HDCKIT, HPGDS, FIGURE_3 | Mast ceI.I yield in Conventiona_l and WEMP protocol. CD43
and FC'RIA), two transcription factors [MITF (expressed by mast cells) and AGA 3 CD117 hlgh expressing FeRIC mast cell yield compared between
(not expressed by mast cells)] and one house keeping gene (GAPDHanalyzed in three conventional and WEMP protocol. *P < 0.01.

separate FACS sorted human lung mast cell populations (HLMC) 1-3.

times higher frequency as compared to the conventional prtoc
of the speciemen obtained (how brotic the tissue is). It is(Figure 3.
important to pre-warm the enzyme bu er and to set up the water
bath in advance, in order to not delay the digestion procese. T Mast Cell Yield During the Different Steps
WEMP protocol takes 4-5h (this timing depends on quality of WEMP Protocol

and size of tissue). The reasons for the improved mast cell yield with the WEMP
protocol was further dissected by analyzing the mast celilyiel
from dierent steps of the protocol Kigure 4A). Single cell
RESULTS suspensions were collected after four dierent steps of the
ldenti cation of Mast Cells in Cell protocol (Figure 4A), and red blood cells were lysed using ACK
Suspensions Isolated Using the WEMP lysing bu er. The percentage mast cells, expressed as percent
Protocol of CD45° cells, increased following the enzymatic digestion

Figure 4A, step 2,Figure 40 and even more so after the
The cells isolated according to the WEMP protocol were analyz g A P g 9

proportion of the CD4% population were found to express (Figures 4B,G. However, in contrast to the relative enrichment

FeiRl and high levels of CD117 and subsequently_ gated as M mast cells, which was highest following mechanical disompt
cells. We separately removed cells expressing CBifjdie 2A). nd Percoll Eigure 4A step 3,Figure 40, the total yield

_Con rm”mIg their |den_t|ty as mastl Ceéli, the fe”S eﬁpresse f CD45 cells per gram tissue was highest following the
mt:racedufartri/p;aseFﬂgu(;e iB)' IS]? ate _umag Eng ce_sim[/_:erf enzymatic digestionKigure 4A, step 2,Figure 4B). A similar
cultured for ays and thereafter activated by anti-IgE fot, oy a5 observed in percentage mast cells of CD4Blls

?éo még' ;I':he Ce”é We[ﬁeigr?tai.ned aznéj rr]nast cellfs gagzd;éls f“vfnd total number of mast cells per gram of tissue for di erent
D45”, CD14 , CD117 Figure 2C shows surface CD63 o steps of the WEMP-protocolRjgures 4C,D. Comparing the

colr:tro:jma;]st dcek;llls (o:_ashe(iIVlred “nTI) a;nd antl-(;gE acuvarmzls;A conventional and WEMP protocol there was a tendency of
cells (dashed blue line). Mast cells from 3 donors were FACH, e mast cells with the WEMP-protocol although it did

sprted and the RNA sequenced. Transcripts for the mast CerJ1|ot reach statistical signi canceFijgure 4. The viability of
s!gnature genes TPSABL, H_DC’ KIT, HPGDStFH6 were all _mast cells obtained during dierent steps was consistently
high compared to housekeeping genes (GAPDH).'_I’he transcr||cp['igh (Figure 4P. Importantly, almost 100% of the CD@5
factor MITF expressed by mast cells was also high cpmpar%%ns were viable after isolation as determined ow cytayet
f[o GATA3 (not expressed by mast cells), further con rming the(SuppIementary Figure 1. indicating that the mechanichal
identity of the cells as mast celfBaple J). disruption does not a ect viability and hence the cells are aiii¢

for functional studies.
Mast Cell Yield in the Conventional and
WEMP Protocol ILC2 Isolation Using the WEMP Protocol
We next compared the yield of CD1%" FetRICCD14 mast As the mechanical disruption step potentially improves
cells isolated with the WEMP protocol as compared to thehe isolation of tissue-resident mast cells, we investigated
conventional protocol. Expressed as a frequency of @D45if the WEMP protocol also increased the purication
cells, the WEMP protocol was found to give a signi cantlyof other tissue immune cells, primarily recruited to the
increased frequency of CDIA%" FetRICCD14 mast cells, 10 tissue. We were particularly interested in group 2 innate
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FIGURE 4 | Human lung mast cell yield during different steps of protodo(A) Cells isolated and frequency, number of mast cell analyzeddm different steps of the
protocol—WEMP. (B) Total number of cells from different steps of the protocol canted using microscope. Cells were collected from differensteps of the
protocol—wash, enzymatic digest, cell pellet and supernant after mechanichal disruption followed by gradient cemifugation (Percoll puri cation)(C) Mast cells of
CD45C population from different steps of the protocol analyzed byowcytomtery. (D) Number of mast cells per gram of tissue from different steps foprotocol
counted using microscope. (E) Number of mast cells per gram of tissue compared between conentional and WEMP protocol counted using microscope (by
combining different steps of protocol).(F) Percentage of viable mast cells during different steps of thprotocol analyzed by owcytometry. *P < 0.05.
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lymphoid cells (ILC2) as this population has been describedells residing in di erent compartments of the lung. The speci
as tissue-resident in the mouse&€|, and also represents protocol that was developed used a combination of enzymatic
a rare lymphocyte subset in the lung. ILC2 was identi edand mechanical disruption of the tissue, followed by a Pércol
as CD45Lin CD12FCD16FCNKG2A CRTHX  cells density seperation, i.e., the WEMP protocol, generated a high
(Figure 5A) (27). yield of lung mast cells. These cells were functional and th& RN
The frequency of ILC2 among CD%5cells was similar quality was high, thus permitting single cell RNA sequencing.
after isolation with the conventional and the WEMP protocol The WEMP protocol consists of four important steps, wash,
(Figure 5B), indicating that ILC2 are less strongly associatedenzymatic digestion, mechanical disruption, and Perccélejgnt
to the tissue as compared to mast cells. Furthermore, thesentrifugation. It is ordered in a way that minimizes cell dos
data show that the WEMP protocol is suitable for simultaneousiuring each step. First step of WEMP protocol—the initial
isolation of mast cells and rare, presumably tissue-resjderwash, is done gently using forceps to remove blood pockets in

lymphocyte subsets such as ILC2. tissue and loosely bound red blood cells minimizing number of
) . . immune cells lost during wash. In WEMP protocol, reducing
Analysis of Single Cell RNA Quality the enzymatic digestion step to 45min ensures that the cell

Lung tissues were processed using the WEMP protocol, anglirface markers are not a ected for ow cytometry analysis.
single cell suspensions were stained for mast cells, ILC&#&nd Mechanical disruption of enzymatically digested lung tissue
cells, and sorted on the same day as the surgery was performgstreases the total number of mast cells isolated, compared
Cells were gated for mast cell and ILCs cells as shown iy enzymatic digestion alone. Hence, we suggest that WEMP
(Figures 6A,B (28). Single cells were sorted and 20 cells/well wagrotocol not only increases yield but also helps in the isotatio
used as a positive control and empty well as negative contrabf mast cells from all layers of the human lung tissue, uniiie
Cells were directly sorted into lysis bu er. The cDNA quality conventional protocol where mast cells from inner layers @& th
was analyzed by agilent high sensitivity DNA assay as preliou ung tissue pieces might be missing. The 30% Percoll-gradien
described £8) and shown as FU (ourescence units). As showncentrifugation facilitates the isolation of lymphocyte, noayte,

in Figure 6C the cDNA quality of cells is good using WEMP and granulocyte populations, and importantly removes cell
protocol. Thus, the WEMP protocol is suitable to prepare lungdebris.

mast cells for single cell RNA sequencing. Our protocol is also e cient for puri cation of other cell
types such as lymphocytes, granulocytes, and dendritic cells
DISCUSSION using 30% Percoll density centrifugation. However, comiosial

Ficoll density centrifugation or two phase (30-70%) Percoll
In this study we decribe the development of a protocol fordensity centrifugation can be used for lymphocyte or granyiec
the optimization of human lung mast cell isolation. Mast sell population, respectively, depending on experimental conditions
are tissue-resident cells tightly bound to the tissue maémd  and study of interest. The mechanical disruption and two phase
other tissue-resident cells that explains why a more thohoug(30-70%) Percoll purication followed by CD117 magnetic
and robust protocol is needed to obtain a high yield of massorting will result in mast cell enriched cell suspensia®)(

FIGURE 5 | Frequency of ILC2 from human lung tissue(A) Single cell suspension from human lung tissue was stained i markers for lineage, CD45, CD127,
CD161, NKG2A, and CRTH2. ILC2 were identi ed by ow cytometry arlysis.(B) ILC2 yield was compared between conventional and WEMP protaal.
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FIGURE 6 | Analysis of single cell RNA qualitfA) Gating strategy for sorting mast cells, ILC(B) Gating strategy explained as owchart.(C) RNA quality of single cell
sorted mast cells and ILC shown as FU.

However, using a two phase (30—70%) percoll puri cation of masélso functional studies. We believe that this protocol wéllMery
cells might lead to the loss of mast cells with particualrlyhhig useful for future research in this area.
density/granularity and when investigating the heterageof a
cell type it is important to not exclude particular fraction dfet
cells G0). ETHICS STATEMENT
The percentage of ILC2 of the CD@5population did not  tpe sydy was approved by regional review board in Stockholm

signi cantly increase using the WEMP protocol compared t0qnr 2010/181-31/2). All subjects gave written informedsent
the conventional protocol. This is consistent with the fatatt ;. ---ordance with the Declaration of Helsinki.

mechanical disruption is highly speci c for tissue resideatls.

However, increase in total number of cells from mechanical

disruption will increase isolation of desired cell populatidinis AUTHOR CONTRIBUTIONS
will be useful in studying rare cell populations such as ILCs. ) ) ) )

The localization of di erent mast cell phenotypes in di erent AR involved in conception and designed of study, performed
compartments of the lung and how this change in airway diseas€*Periments, analyzed data, and wrote manuscript. GN involved
such as asthma, suggest a possible role of these di erent mdt conception and design of study, wrote manuscript. JM
cell phenotypes in the pathogenesis of asthma. Studies elidenfV0Ived in conception and design of study, wrote manuscript.
demonstrate the existence of novel human lung mast ceffR: JD, and LM planned and performed experiments. JS, A-CO,
subpopulations with various density, distribution and maler ~ @"d MA-A provided clinical samples. PP, MA, and S-ED revised
expression in asthma, IPF, and COPD patiefs (9, 31). These manuscript. All authors contributed to manuscript writing.
and other ndings support the fact that there is a need for
a deeper knowledge for deciphering of mast cell heterogeneiffUNDING
to understand of their roles in the pathology of respiratory
diseases. Our developed protocol, WEMP, provides e cientThe following bodies provided nancial support to the project:
puri cation of human lung mast cells that can be used forthe Swedish Research Council—Medicine and Health, the Heart-
single cell phenotyping, proteomics and RNA sequencing antdung Foundation, the Ollie and Elof Ericssons foundation,
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