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Abstract

Idiopathic pulmonary fibrosis (IPF) is an interstitial lung disease associated with chronic
inflammation and tissue remodelling leadinditoosis,reduedpulmonary functionrespiratory
failureand deathBleomycin (BIm}induced lung fibrosign micereplicates several clinical features
of human IPFincludingprominent lymphoid aggregatesmiedominantlyB cells that accumulate
in the lung adjacent to areas of active fibrosis. We have previously sheegnieement foB cells

in the development dIm-inducedlung fibrosis in miceTo determine the therapeutic potential of
inhibiting B cell function inpulmonary fibrosis we examined the effects aint-CD20 B-cell
ablation therapyo selectively remove mature B cells from the immune systedinhibit BInm
induced lung fibrosisAnti-CD20-B cell ablation did not reduce fibrosis in this model, however
immure phenotypingf peripheral blood and lung resident ceigealed that arCD20 treated
mice retained a high frequency of CDX®D138 plasma cell§PCs). Interestingly, igh levels of
CD138 cells werealsoidentified in the lung tissue of patients wifiF, consistent with the mouse
model Treatment of mic&vith bortezomib, which depletd3Cs reduced the level @Im-induced
lung fibrosis,implicating PCsas important effector celis the developmerand progressionf

pulmonary fibrosis



Introduction

Idiopathicpulmonaryfibrosis (IPF) is an aggressive interstitial lung disease (ILD) characterised by
excessive extracellular matrix (ECM) deposition arahronic, progressive decline in lung function
leading to deatlil). Recent advances frogenomewide association studi¢gmvehighlightedthe
significant role of epithelial dysfunction in tipathogenesisf IPF, however there remain limited
treatment options with minimal impact on survival time for IPF patig)t3Vhile several loci
associated with epithelial function, includiMjJC5B, TERTandTERGC are thought to underpin the
development of IPE3), the variable progression of disease between patients with identical gene

variants illustrates the complexity of IPF pathogenesis.

There is growing evidence that suggests a significantfoolenmune cells in the pathogenesis of
IPF (4, 5). Lung tissue of IPF patientdtendisplay prominent lymphoid aggregates composed of T
cells, B cells, macrophages and dendritic oél|s/). A subset of IPF patients present wstrum
autoantibodiessuggesting a breakdown in immune tolemi eithersystemiqe.g. DNA or RNA)

or lungspecific autoantigens that may be derived from damaged or dying lung epitheliéBcells
11). Fibrosisis not unique to IPFas itis observed in a range of other connective tissue diseases
including systemiclupuserythematosu$SLE), systemicsclerosis §Sc) Sjogren$ syndrome and
rheumatoicarthritis (RA) (12). These diseases share similar immune pathologies wit(lBE5),
suggesng that abreakdown in irmune regulation plays an important role in the pathogenesis of

lung fibrosis(7, 16, 17)

Mature B cells normally reside within lymphoid follicles of secondary lymphoid organs where they
coordinate antibody synthesisrasponse to antiggi8). Several different B cell subsets exist
within the immune system including naive and memory cells and effector cells that can be short

lived antibody secreting plasioliasts or long lived plasma cells (PC%9, 20) Long lived PCsare



now thought to hoe tospecific areas of the bone marrgwodudng low levels of antibodyor an
indeterminatgeriod oftime and ramping up production if they encourdeatigen in addition to the
rapid reactivation oimemory B cellsn thespleen, lymph noda$at can recirculat peripheral
blood(21). PCs are derived from activated, proliferating B c@lt®), typically requiring B cell
receptor (BCR) stimulation and signélem CD4 T helper cells in a Tependent immune
response, or BCR with Telike receptor stimulation plus cytokines from accessory cellsin T

independent responsgx3, 24)

Two additional B cell populatiorereB1 cells that localise to the peritoneal and pleural cayities
and marginal zone B cells (MZB) of the spleBoth theseB cell populationglisplay innatdike
properties that produce low affintyQD W X UD O~ , J agddndt\WwicraiRaGantiy¥r(g5, 26)

B1 cells are important for retating tissue homeostasis through the recognition and clearance of
apoptotic cells that can express saftigeng27). A failure to clear cellular debris or dying cells
can potentially drive inflammation and autoimmur(g). B and T cells analsobe recruited to
peripheral tissues response to infection or chronic immune stimulatishere they form tertiary
lymphoid structure These aggregateseorgansed similar to secondary lymphoid tissues
consisting of B cell folliclesin which germinal centres can develapd T cell areas that harbour

antigen presenting cel{&9).

We have demonstrated thatbhieomycin (BlIm)}induced pulmonary fibrosj8 cell dominant foci
develop inthefibrotic lung tissue within 28 day®, 30)andthat micedacking T and B cells or
mature B cellonly, were both protected from Bhnduced lung fibrosi§30, 31) However, tlese

studiesdid not identifythe B cell subset(s) that may be involvedtis process

In this study weprovide evidence that in both mice and hum&1i320 B cells accumulate in

prominent foci in the lung adjacent to areas of tissue fibrbigsisrever,depletion of CD20 B cells



failed toprotect mice from Blrinduced pulmonary fibrosismportantly CD19" CD138 PCs
accumulated in significant numbers within the fibrotic lwwigich werenot significantly affected by
ant-CD20 antibody treatmenEurthermore, we identified a subset of IPF patients with a high
proportion ofplasmablasts in the blood aR€s in lung tissue, which were localised to discrete foci
adjacent to fibrotic tissu®epletion of lung PCs miceusingbortezomib significantlyeduced the
level of BlImriinducedlung fibrosis. Our findings that both IPF and fibrotic mouse lwsi@gre
similarities in the types of immune cell subsets that aggregate within thealh¢hat PC ablation
significantly inhibits Blminduced lung fibrosissuggestshatPCs play a significant role ithe

pathogenesief lung fibrosisandarea target for ablation thergp

Materials and Methods

Bleomycin-induced lung fibrosis. Mousestudies wer@pprowed bythe University of Western

Australia AnimalEthicsCommittee (AEC: RA/3/100/1338nd RA/3/100/172R Austin Health

Animal Ethics Committee (Ethics approval ID 2605305 and 201:65320)andUniversity
CollegeLondonAnimal CareCommittee under Home Office Licence in accordance with the

United Kingdom Animals (Scientific Procedures) Act 198&le 1012 week vild-type (wt)
C578B/6Jmicewereused in this studyBleomycinsulphate (Bn) (Hospira, Melbourne, VIC,

Australia)or saline(0.9 %, BaxterOld Toongabbie, NSW, Austrajiavas administered

oropharangeally (1 mg/kginless otherwise stateBim-induced weight loss occurred in all animals
ZLWK ” HXWKDQLVHG DV WKH\ UHD FK HAGMMWMHuh of fodk HLIJKW OR

animalsper groupwere usedor end pointquantitativeanalysis

Anti-CD20 B cell depletion. Anti-CD20antibody(donated byGenentechSouth San Francisco,
CA, USA) orisotype controlgG2a (ThermoFisher Scientific,Scoresby, VIC, Australia, Cat#02
6200 5 mg/kg wereadministered.p. eitherseven days beforand seven days aftBim-treatment

(prophylactic treatmengr on days 10 and 19 peBtm treatmen{therapeutidreatment. Blood,



spleen and lung tissue salepwere collected for cell isolatig®upplementaryesults)and flow
cytometic analysi(Supplementaryesults)performedusingaB cell flow cytometry antibody
screening pandgBSupplementaryable 1):mature follicular B cells (CD45'ZD19'CD20"), B1
regulatory B cells (CD45"ZD5'CD19"), plasma cells (CD45'2D19'CD38'CD138"),
plasmablasts (CD45:2D19°"CD20°CD138CD43'CD38'CD27"). In addition, lung tissue samples
were weighed and snap frozen for HPLC analysis of hydroxypr(8@e For histological analysis,
lungs were inflated and fixed in 4% paraformaldehyde (P&#)processed for paraffin
embedding Tissue sections {3 m) were stained witlD D V V R @fromeé br Martius Scarlet
Blueusing aTissueTek DRS autostainer (Sakura, Japan) and slides scamn&danozoomer HT

slide scanner (Hamamatsu, Japam)l mages exported with NDP.View?2.

Bortezomib plasma cell depletion.Bortezomib stock solutions were prepared at 12.5 mg/mL in
DMSO and stored aB0°C in single use aliquots. Bortezomib was prepared immediately prior to
injection and administered at 1 mg/kg in 2% DMSO, 30% PEG300 i.p. twice abegekning

seven days before Blm treatment (d@y until day 28 post BIm treatment. Vehicle only (2%
DMSO, 30% PEG300) was administered i.p. to control animals.(Blmg/kg) was administered
intranasallyon day 0. The mice were euthanised 28 days later and lungs inflated and figgd for

vivo UCT quantification of fibrosis.

Ex vivo micro-computed tomography & 7 analysis of lung fibrosis.Lungs weranflated and

fixed with 4%PFA, dried withhexamethyldisilazan@HMDS, Alfa Aesar, MA, USA) andCT

scanned with a SkyScan 1172 (BrulicroCT, Kontich, % HOJLXP ZLWK asP SL[HO
previously describe(B2). Reconstructed images were segmented with InForm image analysis

software (PerkirElmer, MS, USA to exclude background and to segment lungs into normal

(green) fibrotic (blue)and airway regiondata is either represented@eycentageolume of

fibrosis orsum pixel intensity, as a measure of lung density



HPLC quantification of lung collagen )ROORZLQJ &7 RU VQDS IUHH]LQJ
hydrolysed in 6 M HCI, amino acids purified and derivitised witthforo-4-nitrobenzeoxaol,3-
diazole (NBDCI, Acros Organics) and hydroxyproline levels measured by rexgrase HPLC
(Agilent 1100, LiChropher columnips previously describg®3). Hydroxyproline content was

quantified against a known standard gno-collagen content of samples calculated

Histochemical and immunohistochemical analysis of fibrosis and immune cell infiltration in
tissue The expression and distributiontbie T cell markeCD3, mouse pan B cell mark&220,B
cell markerCD19, plasma cell, B cell precursor and soapgthelial cell marke€D138(syndecan
1; expresses weak epithelial cell stainingB- . F @A cellmarkerCD5 on cellswithin lung
and spleen tissue was determimgdmmunohistochemistrjollowing a heat based citrate buffer
method of antigen reevalas previously describe@0). A minimum of three tissue sections from
different levels of the lung in at least three animals were examined for each study. For some

immunohistochemistry studseserial sections were prepared from area of lung examined.

IPF patient samples and agenatched controls.Serum samples from IPF patierfts=20,
male=14, mean age 78+7.0yrs, median age 7&ndagematched controlén=17, male=10, mean
age66.2+9.4 yrs median age 66yere collected in accordance witlatibnalHealth andvedical
ResearciCouncil guidelines and with ethics approval (Belberry Apation Number HREC2011

10-497). Analysis of B cell activating factor (BAFF), APRIL and CXCL13 levels in IiAE aontrol

0XQ

serum was performed using ProcartaPlex kits (Jomar Life Research, Scoresby, VIC, Australia) and

measured on the Luminex 200 (R&D systems, Minneapolis, UBIA). White blood cells
collected from IPF (n54, male=15, mean age 73.1+£6.7 yrs, medigae &3)andagematched
controls (=26, male=5, mean age 69.5£10.3 yrs, median age 68) were analysed bytdmetry

in accordancevith ethics approval Belberry Application Number HREQ11-10-497, Newcastle,



New South Wale2018/00207 and the University of Western Australia
RA/4/20/5342. Fibrotic lung tissue was obtained from patients undergoing surgical lung biopsy
or transplant surgery. All tissue was obtained with appropriate informed consent and its use

approved by the East Midlandg\ottingham 2NRES Committee, Ref. No. 12/EM/0058.

Statistical analysis Experiments with tw@amplegroups were analysed using an unpaired student
T-testor Mann Whitney U tedf the differences between two independent samples are not normally
distributed Experiments with more than two groups were analysed using-wayn@&NOVA with

posthoc Tukey test for multiple comparisosp value <0.05 was considered significant.

Results

B cells aggregate in the lungs of Blrtreated mice In order to assess hadim triggersB cell
accumulation in the lung, we evaluated B eeimbers in the lung and circulationwf mice by
immunohistochemistry and flow cytometrjissue sections were stain@dh MSB to demonstrate
the extent of fibrosis, with collagen shown i@l In addition, sections of lung tissue were stained
with the pan B cell antibody B220 which bindsth@ CD45receptorexpressed on mature B cells.
Peripheral blood B cells were stained and analysed by flow cytometry using additional cell surface
markers CD19 and CD20hich are expressed by mature B cellee hypothesisgthat B cell
numberswvouldinitially increase in tk circulation and then accumulate within the lung tissue.
Immunohistochemical analysis edctions ofC57B/6J mouselung tissuet the peak of fibrosj28
days after BIm treatmentiemonstrat&an accumulation afultiple B220" B cell foci (Figure 1A

iv, arrows and Vil compared to salingeated contra (FigurelA ii, vi). Flow cytometrydid not
showany significantdifferencein circulating CD19 B cellsin miceat either7 days (Figure1B) or

28 daysafter BIm treatmen{Figure 1C). We expected to semincrease in B cells in tHeng from

day 7 to 28, howevehere was no significathanggFigure 1B and C)



Blm-induced collagen depositions refractory to anti-CD20-mediated ablation of mature B
cells. To determine ifant-CD20-mediated depletion of mature B cells proestIm treatedmice
from fibrosis,wt micereceivedprophylactic treatmerdomprisingtwo doses of altCD20antibody
or an isotype contrdgG2a antibody7 days before and days afteBIm treatmen(Figure2). Flow
cytomety demonstratedlmost acompletedepletionof circulating CD19 B cells CD19 is a paiB
cell marker expressed on all B celtsyday 7 frior to thesecond ant#CD20 antibodydose) and 28
dayspostBIm treatmen{Figure 2A) Immunohistochemistrgnd flow cytometry alsshowecda
decreasén thenumber of B220cellsin sections of spleen tiss(i€igure 2B) and CD19cellsfrom
dissociated lung tissu&igure2C) of anttCD20antibodytreated mice&eompared withmice treated
with thelgG2aisotype controbntibody However, ati-CD20treatment did not show any
significant changen fibrosisas determined byCT andHPLC-assessedollagen deposition
compared tanice that received theotype contro(Figures 2D-F). To determine ifthetiming of B
cell depletioninfluencegshefibrotic responsganttCD20antibodies were administered days 10
and 19 posBIm treatmentHowever, there was still no change in fibrosis compared with control

(Figure 2G)

CD138' plasmacellsand CD5' cells were increasedn the circulation and lungs of BIm

treated mice Anti-CD20antibodymediated B cell ablatioprior to BIm treatmentvasnot
sufficient to reduce fibrosig.herefore, we examined the different B cell populationst

C57BL/6 mice in response to salineBim treatmentloneusing flow cytometry and
immunohistochemistrand compared them with saline contrétsBlm only treated micethere
wasno change in théequencyof CD19+ CD38+ plasmablasts in blood®@D19" CD138 plasma
B cellsin lungor CD5 CD19' B cellswithin the circulatioror lungat day 7or 28 compared with
saline contro{Figures 3AD). However immunostaining demonstratéie formation okggregates

of B220", CD19, CD138 and CD3 cells inBlm-treated mouse lung (Figur&andF).



We thenexamined the lymphocyte subsetsadfmice treated with saline orl only orthose that
received Bm with ant-rCD20 treatment or an isotype control. AQID20 depletiorprior to BIm
markedlyreduced the number of B226ells within the lundFigure 4A)andsignificantly reduced
the number o€D19" lymphocytes within the circulatiofFigure 4B)of mice 28 daypost Bim
treatmentAn increase in theroportionof CD5' cellswas detectewvithin the lungs ofinti CD20
antibody treatednice (Figure 4A) Subsequenidw cytometry analysis adissociatedung tissue
showedhatwas due to a significant increased®5'CD3" T cells but not CDECD19" B cells
excluding the possibility of expansion of CD5+ B1 cells in the I(Figure 4B) In addition, a
significantincrease in PC number was detected in-@mP0antibodytreated mice compead to
IgG2a controlFigure 4C).Thesedata suggest that whifgophyladic ant-CD20 depletion
successfuy targeedCD20 expressing B cellgshere werea large numbeof PCsthat remainedh

thelung following BIm treatment andnay havecontributel to the lung fibrosis

Plasma cell depletion inhibited lung fibrosis.To investigatearole for PCs in lung fibrosis, we
treatedBlm exposednice twice weekly with bortezomila, selective inhibitor of the 26S
proteasomehattargetsPCsandis used for the treatment of multiple myeloma and macglé
lymphoma. Mice treatedith bortezomib showed a significant reduction in fibrosis as determined
by uCT analysigFigure 5A).Immunfluorescenstaining of the lungfor CD138 expression

showed almost complete absence of RBortezomib treated lungs (Figure 5B).

B cell accumuhtion in IPF. We then explored to what extent the mouse data corroborated with
clinical data of Bcell accumulation in lung sections from IPF patiehtenunohistochemistry
performed ornPF lungtissueshowed an accumulation of CD20CD5" and CD138 cells within
regions of fibrosis (Figur6A), consistentvith observations infte lung of BIm treated miceThe
peripheral blood ofPF patientsalsocontaireda significant increase iplasmablastcompared with

healthycontrols (Figure6B). To determine if plasmablast numbers are maintained in IPF patients,



four surviving IPF patients were rebl&8 months after their initial blood samled plasmablast
numbers assessed by flow cytometry. falir survivingIPF patients demonstrated aaen higher

proportion ofplasmablasts in theblood compared to the primary ble€gigure5C and D)

Discussion

There is growing evidence that the immune system plays an important role in the pathobiology of a
range of fibrotic diseases including IPFBS&and liver fibrosig4). Using a mouse model of Bim

induced lung fibrosis, wpreviouslydemonstratethatB cells were an important effector cell
population in the regulation of lung fibrosis in m(@®). Genetic depletion dRaglon a high

STATS3 backgroundblockedthe formation oimature Band T cellsand this was sufficient tprotect

the lungs oimice from Blminduced fibrosisFurthermoregenetic depletion of mature B cells in
muMt” miceon a high STAT3 backgrourahdCD19" mice, which have reduced B cell activation,
alsoreduced collagen synthesis and fibrosis followim treatmentspecificallyimplicating

matureB cells in lung fibrogenesi80, 34) Yet an important question remained as to the identity

of the B cell subset that migbontribute to fibrotic disease.

To assess the implication ofebegenetic finding, weexplored amoreclinically relevant modebf

B cell depletion mouseanti-CD20antibodytreatmentbased on the human a@D20 antibody,
rituximah Here we reveal thatntibodymediated depletion of CD2® cells which successfully
removed~95% of mature B cells from the peripheral circulation and tis&Esdid notprevent
BIm-inducedlung fibrosis To resolve this discrepancy, \ivestly demonstrated that antibody
mediated B cell depletion failed to remove all mature B cell populations. PCs downregulate CD20
during their differentiation making them resistant to antibody depletion, allowing themticen in

the blood and peripheral tissuéowever, PCs have been implicated in autoimeuiseases such
asSLE, vasculitis and Sjrogens syndrome through the production efessitive antibodies to

either host proteins or nucleic acid®, 36)



Several studies have showthat IPF patients have increased plasmablastompared to
controls (4, 37, 38). Furthermore, proteomic analysis on IPF lung tissue demonstrated an
accumulation of MZB1 positive B cells that wee characterised as CD2€D138CD38CD27
(39), which share a number of phenotypic properties with coventional PCs. Groot Kormelink
and colleaguesalso showed thatPCsand activated mast cells accumulate in the lungissue of
patients with IPF and hypersensitivity pneumonitis(40) . Interestingly, one study usingsingle
cell RNA sequencing datdid not show asignificant increase in PCs or plasmablasts in IRfut

it was unclear what criteria was used to catagorise theseells(41). In this study we confirmed
the presence ofPCs and plasmablasts in the lung and blood of IPF patients respectively, and
showedthat plasmablasts were increased in a subpopulation of IPF patients compared with

controls, consistent with other studies

Plasmablasts afeC precursors derived from théff@érentiation of activated memory B cells

generated in response to antigen exposure. Plasmablasts are short lived antibody secreting effector
cells in the immunaystem and exhibit a transient presence in the peripheral blood during their
transit from seondary lymphoid tissues (e.g. lymph node or spleen) to the bone mavhene

they can give rise to long livadeCs. Currentlyhere is little known about the origin and persistence

of B cell subsets in IPF patients. To begin to address this issue we rebled four surviving IPF
patients 18 months after their initial blood sample and the second sample was analysed by flow
cytometry.All four IPF patients displayed even higher proportion of plasmablasts in the blood
compared to the primary bleesliggesting that these patients must experience ongoing immune

responses that could be in response to exposure to environmental antiggfiamigens.

Rituximab is a human ar€D20 antibody that has been used clinically to deplete B cells in

autoimmune diseases and different types of haematological eg#2€4). Rituximabhas also



been used in clinical trials for SSc, non IPF B&nhd IPF exacerbatiori$5-47) with mixed results

and limited improvement in lung fution. Rituximab reduagrecall responses to some antigens in
lymphoma andRA patients but total immunoglobulin (Ig) levels in patients remained unchanged
(48). Therefore, if PCs have a role in the pathobiology of IPF, the use of rituximab for
immunotherapy may blemited. DiLillo et al. revealed that arCD20antibodytreatment inwt

mice depletd natural and antigemduced IgM responses and memory B cell populations but had
no effect on the number of lodiyed PCs in bone marrow, nor the total serum Ig levels or the titres
of antigenspecific antibodie$43). Treatment of adult autoimmune tight skin mice, a genetic model
of SSc, with antiCD20, did not affect skin fibrosis or autoantibody levels with established disease,
however continuoudelivery of anttCD20 to young neonatal tight skin mice prior to disease onset
reduced skin fibrosis and autoantibody produc{@®). PCsare resistant to elimination by the anti
CD20 antibody because they lack expression of the target anfigereforePCtargeted therapies

are required to treat autoimmune diseases or cancers like multiple myeloma (MM), a leuaemia
PCs Monoclonal antibody therapi@securrentlyused in clinical practiceo target othelPC surface
markers including signalling lymphocyte activation molecule F7 (SlamF7) and GID380)

while theproteasoménhibitor bortezomib is an antiancer therapy used in the treatmeintiM,

but toxicity and offtarget effects are commd@al).

The function ofthe proteasome is critically important PCsbecause of their high rate of antibody
synthesisProteasome ihibition in PCscauses accumulation of defective immunoglobulins and
misfolded proteins, resulting iRC death(52-54). Proteosome inhibitors have been shawn
ameliorate symptoms in patients with autoimmune diseases inclBUIBgRA, myasthenia gravis,
neuromyelitis opticapectrum disorder, chronic inflammatory demyelinating polyneuropathy and
autoimmune hematologic diseases that were unresponsive to conventional thi{B&pies
Bortezomibhaspreviouslybeen shown tsignificantly reduce lung fibrosis Blm treated micén

two other studiesalthough itwas suggested ieffects were through inhibition of transforming



growth factor beta signallin@6) or by modulating fibroblast function independent of proteasome
inhibition (57). In this study weonfirmed that bortezomib reduced lung fibrosis in BIm treated
micebutalso showe@lmost complete depletion BICsin bortezomib treated lung tissusithough
we cannot conclude that the effects of bortezomilsalely due to PC depletiothe observation

that geneticdepletion of mature B cells in RagndmuMT” mice (30) and reduced B cell

activation inCD19" mice whichall inhibit PCfunction, block Bim-inducedung fibrosis yet

CD20 depletion which does niothibit PCfunction G R H M@t ibrosis stronglysupporsarole

for PCs in the development of lung fibrasis

In conclusion, this study provides new evidence supporting the r&l€ofind plasmablasts
BIm-inducedlung fibrosis, and importantly, for their accumulation in the lungs of clinically

diagnosed IPF patients. The results presented here have important implications in our understanding
of B cell subsets in pulmonary fibrosis and for the consideration ofefulbierapies in IPF. It will be
important to determinezhether theres clonal expansion of particular PCs and to iderdifyigen

specificity of antibodies produced BCsin IPF patients to elucidate their role in tissue damage

and whether they are dittecl to self or foreign antigens. Resolving these issues may help guide the

development and use of immune therapies in IPF.

Figure Legends

Figure 1. B cellsare a prominent feature Blm-induced pulmonary fibrosis in miag
Immunohistochemical analysi$ B220 staining 28 days postopharyngeaBlm treatment reveals
an increase in B22@ells(iv, arrowsand viii) at sites of fibrosisNlartius Scarlet BlueNISB]
staining,iii, vii collagenblue)compared to saline treated controls (MSB i, v) and B220 stained (ii,
vii) . Images div represent low magnificationcale bar = 200 pmmages vv represent high
magnification, scale bar = 100 uihmages are representative of three mice in each grouplow

cytometrydid not showa significant increase in circulatimg lung residenCD45.2 CD19' B cells



in Blmtreated mice 7 days post treatmer@ «. c) No significant difference in circulating CD45.2
CD19' B cells was detected in isolated PBMCs 28 days follovihg treatment. Thex was no
significant differencén the number of CD1%cells detected in dissociated lung tissue {Rist

treatmentStatistical analysis was performed using an unpaired studiesit(h «<10), S ”

Figure 2. Anti-CD20-mediated B cell depletion does not protect mice agamgiharyngeaBIm-

induced pulmonary fibrosisa) Anti-CD20 therapy 7 days prior to and 7 days following BIm
successfullyeducectirculating CD19 cellsas measured by flow cytometry in mice on dand

28 post Bimtreatment Q ¢ b) Immunohistochemical analysis of B220 expression on spleen tissue
sectiongdemonstrated a marked decrease in B220l numbers in aMCD20-treated mice

compared to IgG2#&reated control micescale bars 200 pmand25 pm for higher powerc)

Quantitative flow cytometry analysis shed/that antCD20 treatmensignificantly reducedlm-

induced CD19cell numbers inthe lung on day 7 and day 28 . d) Massonf tichrome staining

showed no overt difference in the extent of colladeposition (blue) inmice treated witlBlm and

anti-CD20 compared to BIm only andice treated wittBIm andlgG2a Scale bars = 200 pre-g)
AXDQWLWDWLYH DQDO\VLV RI ILEURVLY DQG FROODJHQ GHSR’
of hydroxyproline but there was no significant differencenice treated witlBIm andanti-CD20
comparedvith BIm and vehicle controk) Represents a prventative model where ar@iD20 was
administered 7 days prior to, afidlaysafter Bim treatment. & 7 DQDO\VLV ZERB¥viSOHUIRUP |
and the lung density was used as a representation of fibfbgiee was no difference in the amount

of Blm-inducedfibrosisin,J* D RU .&' W UHQ WHHPLE lafalysiglid not show any
difference in themount of BIMMLQGXFHG OXQJ FROODJHQ LQ LQ ,J* D RU .&
confirming that. & ' KDG QR HIITHFW R Q»Q@XQelddta EpreRevits § Hrapeutic

model where amtCD20 was administered on days 10 and 19-Bdist treatment. Similarly, there

was no detectable change in the amount of collagen in the lungs of BIm a@D&6titreated mice



compared to Blm alone or BlIm and IgG2a treated midel(Gl Qs DQ G & 7 Alifmages are

representative of at least three mice per grouis ” S” S” S”

Figure 3. Charactesation of specific B cell subseis the peripheral circulation and lung wice
following oropharyngeaBIm-induced pulmonary fibrosisa) BlIm treatmentad no effect on the
number of CD5CD19" B cells or CD19CD38'CD138" PCsdetected in PBMCs on day 7 post
BIm treatmen{n «6) or b) CD5'CD19" B cellsor CD19'CD138 PCsin the lung7 days post BIm
treatment Q4. c-d) No significant difference was observedie frequency o€D19°CD138

PCsin the circulation or the lung at day 28 post Blm treatnfemt). No significant increase in
CD5'CD19" cells was observed in the lung 28 dapst BIm treatment (n ). Statistical analysis
was performed using an unpaired studetiest, S ” e)Mouse lung tissue from saline treated
or BIm treated mice (day 28) was stained viitartius Scarlet BlueNISB; collagen blue) or with
anti-B220antibody. B220 cell aggregates were detected in the lungs of Béated mice (brown
DAB staining). f) Serial sectionef % OP WUHDWHG OXQJ VWDLQHG @adwWK 0DV’
immune markersCD3" lymphocytes, CD19B cells and CD138plasma cells were detected at

sites of fibrosisAll images are representative of at least three mice per gBuape bars = 50 pum.

Figure 4.B cell composition of the lungs of mice following atD20and Blimtreatmenta)

Mouse lung tissue from Blraxposed mice treated with aa@D20 or isotype contrqlday 28) was
stained withOD VV R Q TV 7 tdldagkn bRi®lFhmunohistochemistry shows a marked
reduction in B220B cells in 28 day treated mice and retention of CB¥pressing cells compared
with mice treated with BIm anljG2a.All images are representative of at least three mice per
group.Scale bars = 50 pn) Flow cytometry confirms depletion of CD18ellsin the circulation
but revealedhoincrease in circulating CDB cells, but a signifiant increase in CD5+ T cells

following ant-CD20 depletion Q . c) However, aniCD20treatment did not deplethe plasma



cell population in the lung 28 days following BInQ «. Statistical analysis was performed using a

oneway ANOVA, S ” S” S” S QV QRW VLJQLI

Figure 5. Plasma cell depletion reduce8Im-induced lung fibrosis.Mice weregiveneither a
vehicle control or bortezomiat day-7 and twice weekly until 28 days after intranashuh B2
mg/kg)treatment (day 0) anthé volume of fibrosis was quantifidy & 7 D Q DEOBNL V
induced significant lung fibrosis compared to sglwkich was reduced followingortezomib

W U H D W& .HhQmmur@luorescence staining of lung tissue frBhm + vehicle or bortezomib
treated mice was performed to detBEswithin the lungs. The nuclei are stained blue, CDdélls
are stained red and CD13&ells are stained green. TREsare positive for both CD19 and CD138.
Some epithelial cell staining g&en in the bortezomib treated grotlipe figure shows a
representative image from each group §). *p<0.05. A lower power image showing an extensive

area of fibrosis is shown in Supplementary Figure 3.

Figure 6. Analysis ofB cell populatiors in the lungand peripheral bloodf IPF patients and aged
matched healthy controls) Martius scarlet blue (MSBgtainedand antiCD20 stained sections of
IPF lung tissue demonstrate collagen deposition (blue) and an accumulation GfEEDER

within regions of fibrosis (brown)n addition, CD5 and CD138 PCs were abundant in IPF lung
tissue All images are representative of at least three mice per gémape bars = 50 pnin)
Quantitation of thdérequencyof plasmablasts and memory B cellsahite bloodcells ofhealthy
controls(n=27) and IPF patient&h=51) as determined by flow cytometrizach symbol represents
the value from one individuat) Representative dot plot and contour plots of CD@B20" B cells
from an IPF patient that was blen two separateccasiond 8 months aparCD19" vs CD20
staining identifies mature B cells (top panel), CD2D27" cells identifies memory B cells (middle

panel) and CD2DCD38" identifies plasmablasts (bottom panei¥4 d) The graph shows the



frequency of CD18CD20" CD27 CD38 plasmablasts in the peripheral bloodf@ir different

individualsbled on two occasions 18 months apart.
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Plasma cell but not CD206mediated B cell depletion protects from bleomycisinduced lung
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SupplementaryMethods

Mouse lung and spleen dissociation and B cell phenotype analysis using flow cytometry.
Mouse lung tissue was harvested and dissected iatmi pieces and incubated in 3 mL digestion
PHGLXP FRQVLVWLQJ RI Roehg 0PV ng/lralHUDNdde¢ Bn RPMI (Gibco® Life
THFKQRORJLHVE IR WonstanBhéking. fThe 2hzWhiatic activity within the digestion
medium was neutraed with4 mL RPMI/10% FCS and the lung cells collected by centrifuging at

300 g for 5 min.

Spleen cells were isolated by teasing the spleen with two needles and then washed in PBS, pH7.4.
The isolated cells were resuspended in hypotonic cell lysis buffer (1500h@l, 10 mM

KHCOs3, 0.1 mM NaEDTA, pH 7.4), incubated at room temperature (RT) for 7 min and then

topped up with PBS to lyse the red blood cells. PBMC were isolated on a lymphoprep gradient

using Cell SepMate Tubes (Stem Cell Technologies, UK) in acé@iddl ZLWK WKH PDQXIDF
guidelines. All cells were resuspended and frozen in-pyeservation medium (RPMI 50%

FCS/10% DMSO).

Flow cytometry antibodies were diluted in a solution of 50% PBS and 50% BD Horizon Brilliant

6WDLQE %' %LRYVmLEK® NHYSA) MauQNPBNCs, lung and spleen cells were

stained in 50 pL of the B cell antibody cocktail (Supplementary TQldtl 30 minon ice washed

twice in 100 pL of PBS/2% FCS and centrifuged at 300 g for 5 min. The cells were then

resuspended@® —/ RI 3%6 )&6 DQG IL[HG ZLWK %' &\WRIL[ &\WR
f& IRU XS WR K )ORZ F\WRPHWU\ ZzDV SHUIRUPHG RQ %' /6°¢

using FlowJo 10.3. B cell subsets were identified by flow cytomatature follicularB cells

(CD45.2CD19°'CD20"), B1 regulatory B cells (CD45:2D19'CD20CD38'CD5'CD43") and



plasma cells (CD45'ZD19'CD20CD138CD43'CD38 CD27") or plasmablasts

(CD45.2CD19'CD20'CD138CD43'CD38 CD27").

Histochemical and immunohistochemical analysis dibrosis and immune cell infiltration in
tissue.Mouse and human lung sections (3 pwere dewaxed, and antigen retrieval perforrimeal

pressure cooker by boiling slides in citrate buffer for 10 minutes and coolwggEnous

peroxidase and nespecificantibody binding blocking stepgere performed and then ttissues

were incubated with primary antibody or appropriate control mouse or rabbit IgG overnight at 4°C.
Tissue sections were washed three timé&RiS Buffered SalineTBS) and then incubatedithe
appropriate biotinylated secondary antibody for 45 min followed by streptavidin/HRP for 30 min at

RT. Immunolabelling was visualised by incubating tissue sections idiaminobenzidine

solution (DAB) (SigmaAldrich®) for up to 5 min. For CD138 sting of mouse lung tissue the
9HFWRUS 0 2 0E ,PPXQRGHWHFWLRQ NLW ZDV XVHG DFFRUGL
For the detection of CD19 and CD138 by immunofiescence the sections were incubated in the
appropriate AF568and AF488conjugated ssondary antibodies for 30 min at RT. The nuclei were
YLVXDOLVHG E\ LQ F X E DanQihoa:ghenWidel&\(DAPQ fdr © mifi at RT.
S5SHSUHVHQWDWLYH WLVVXH VHFWLRQV ZHUH DOVR VWDLQHG |
Martius scdet blue (MSB) trichrome staining using a Tisshek DRA autostainer (Sakura, Japan).

Slides were imaged using either the Aperio ScanStifie(Leica Biosystems, Centre for

Microscopy, Characterisation and Analysis, UWA) or Nanozoomer HT slide scannmea(hitsu,

Japan; University College London).



Supplementary figure legends

Supplementary Figure 1.Gating strategy for mouse PBMCs and mouse lung cell flow cytometry
analysis. Mouse PBMCs and dissociated lung cells were stained with a cocRteolescently
labelled monoclonal antibodies (mAbs) aathlysed by flow cytometry. The leukocyte population
was determined by gating CD45 @ells.CD45 is a general leukocyte cell surface marker.
Leukocytes were subsequently stratified into specific imencell subsets) PCs were identified

by selecting CD19CD3 cells and then selecting CD38nd CD138 cells. b) B regulatory cells

were identified by selecting CDand then CD18

Supplementary Figure 2.Gating strategy for human white blood celbéysis using flow

cytometry. Representative flow cytometry plots were shown for white blood cells from one control
patient that was washed and stained with a cocktail of fluorescently labelled mAbs to distinguish T
and B cell subsets. Lymphocytes were daie FSC, and SSC properties and viable cells were

gated and analysed for CD3B cells and CD19B cells. Mature B cells were identified as CD19
CD20' cells. These cells were then analysed for the presence of @IX7" memory B cells

(Bmem) and th&mem cells were further analysed for the presence of COP@8" plasmablasts

(PBs).

Supplementary Figure 3.a) Low magnification image of a representative lung section from BIm +
vehicle treated mice stained with H&E. The image shows areas of normual &isd dense fibrosis,

and multiple mononuclear cell aggregates are present within areas of fibrosis. Inset is enlarged in b)
with a mononuclear cell aggregate (arrow).High magnification image of mononuclear cell

aggregate contains CDX®D138 PCs (ydow). The isotype control shows no positive CD19 or

CD138 staining. Scale bars = 100 um.












Supplementary Table |

B Cell Panel zFACS Antibodies
Marker Cell type Fluorochrome | Conc Filter Catalogue Manufacturer
Number
CD19 B cell BUV395 4 pg/mL | 355879 563557 %' +RUL]JRQC
(Franklin Laked\J)

CD3e T cell Bv421 4 ug/mL | 405450 | 1452C11 | %' +RUL]JRQC

CD5 Breg APC R700 1 pg/mL | 640/730 565505 %' +RUL]JRQC

CD27 Activation BV650 1 pg/mL | 405/670| 740491 %' 2SWL% XL
marker

CD20 B cell PE 4 ug/mL | 561682 | 4287892 | eBioscience

CD45.2 | Total leukocyte| PerCP Cy 55 | 4 ug/mL | 488/695| 561096 %' 3IKDUPLQ

CD38 Activation FITC 2 pg/mL | 488/530| 558813 %' SKDUPLQ
marker

CD138 Plasma cell BB515 4 ug/mL | 405525 564511 %' +RUL]JRQC

CD268 BAFF-R BV711 1 pg/mL | 405/710 742869 %' 2SWL% XL




