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mInszqumvnnwzasaas 1 fulWdod laogidsldiunafianuniconssuanldlunaedow
recombinant CD99-IgG fusion protein Waldduasaslialun1sasiann CD99 natural ligands o
M3fnsik recombinant CD99 protein fignainiluazsaaMuTuaIUVad IgG A9tk CDI9-IgG
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protein lutSunmunniialtlunisasiann CDY9 ligand saldld Liaun recombinant CD99-IgG
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immunofluorescence staining W11 ligands %38 counter receptors 783 CD99 ey lauu
wrasNiSudalionnaia THP-1 awwas THP-1 Was recombinant CD99-IgG fusion protein
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1. NaLa3uu recombinant CD99-1gG fusion protein gnsultlunnduadasfiasniy
N13A333%1 CD99 natural ligands

A 6 I It A Aa .
LNAATIIRNTRANELIILAALRaAVINANTLRAIAENVDY CD9 ligands
Lﬁas:mﬁmaa CD99 ligand

Lwaﬂﬂmwmmaa CD99 uaz CDYY ligands lumiaiuaunsvinuas alvxlmm
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Lwawwm’m flow cytometry iﬁJLLuﬂ%wmmm’mmmwmumi phagocytosis "n
RIUNIDNULEUNNIZTVIBNNT attachment LR phagocytic activity

6. anawitmilnilumindalnilaaues uendived
DM Inaaag
1 miwﬁ(ﬂLtaznﬁiﬁﬂﬂ’lqmé’ﬂumwm CD99-IgG fusion protein
ARavldinafiaduiuniainssuanlgluny we3ou CDY-IgG fusion protein (CD99-higG) 29
CD99 protein ﬁ‘gﬂa%”m%m:@iaagjﬁ'u%umumaa I9G %aﬁwmmmu’%qw%{vl@ﬁ@ﬂmﬂ*’ﬁ’ Protein G
beads Bni9mfiaues plasmid DNA fdanldlunsanwilsznausetudosn 3avinlwiAaumadd
WaalUsanitlaasninnas (stable expression system)

11 A1589LAT12H plasmid DNA AN#wAN158319 CD99-IgG fusion protein

;ﬁ%’ﬂﬁﬁﬁ% Polymerase chain reaction (PCR) unlFlunnsiRny3un s cDNA firmuanis
8319 CD99 protein T1@ CD99 long form (LF), CD99 short form (SF) tLaz CD99 extracellular part
(Ex) 210 CD99 DNA G'i'jiavl,ﬁ%fum'mmy,m’]:ﬁa’m .05.3752 nFMONH 91N1wLn PCR product 71



vlﬁl,“fl"lgj pFuse-hlgG1 Fc2 expression vector (Invivogen, USA) WRIN1 transformation Lﬁ:aﬁ’]
plasmid DNA L“fl"];j competent bacteria E.coli strain DH5Q faunIguen plasmid DNA 211 bacteria
fnFuM s Rigasiin plasmid DNA fia3oaldiflu plasmid DNA fifnuansashs CD99-IgG
fusion protein 1asn13911 PCR Wazn13%11 DNA sequencing

12 n1IMAFaUNISUEAIBaNYaY CDI9-IgG fusion protein 310 plasmid DNA filataSea

2De

1]

11 CD99LF-IgG plasmid DNA, CD99SF-IgG plasmid DNA L&z CD99EX-IgG plasmid DNA
fasoaldidng cos cells TnsmilsTuriounsvii transfection insLéin COS cells U3anms 1 x 10°
cells 14 10% FCS-DMEM 4 ml a3l 6-cm tissue culture dishes ﬁ]’m‘lfl.yfuﬁ’m’li transfect COS cells
@78 2 ml transfection solution ﬁﬂimauﬁ’m DMEM media ‘ﬁﬁ Lipofectamine2000 (Invitrogen,
USA) 4 pl a2 2 ug plasmid DNA Lammaammmu 37°C 1w 5% CO, incubator w1t 3 mim
ATLLIANGA transfection solution aanlWnua mn’mammaa@alu 10% FCS- DMEM 4 ml 71
gaunndl 37°C T 5% CO, incubator Thu@n :niuALH media Tanld 10% FCS-DMEM 4 mi
LAZYIIN3IREN transfected COS cells AauATL 48 $134 39WITARDENANNAROLNNITULEAIBDN
28y CD99-higG 10835  Intracellular  immunofluorescence staining I@Umilﬁ]’]:gmaﬁ
(permeabilization) @28 90% methanol ﬁ]ﬁﬂ&uﬂ’ﬂm transfected COS cells ANNENTH 5 x10°
cells/ml 9142% 50 ul @28 CD99 mAb 138 Anti-human IgG antibodies 10 pg/ml 50 pli “‘(di 4°C W%
30 Wil ATV TANSLTae2Y 1% BSA—PBS-azide 2 A5 9NtiwAx sheep anti-mouse Igs-
FITC 9742% 25 pl WA7 incubate #i 4°C W 30 wIft ASUAEILTREIY 1% BSA-PBS-azide 3
ﬂ%\‘l uay fixed 628 1% paraformaldehyde-PBS um llaadianeialundas fluorescence

microscope

1.3 NIFILATITA CD99-IgG fusion protein stable expressing cells

Walilusin cD99 AFsesziuantiudanulnadssiulysan cpoe Awulusssuma
39189 CDYILF-IgG plasmid DNA, CD99SF-IgG plasmid DNA Waz CDI9Ex-IgG plasmid DNA
\INg 293T cell line Za1llu human cell line (Npaztda3in1snanssduaasluida 1.2) wasen
M35 transfection ¥NSIALILTAS W MNTLAITaATIIEN zeocin 100 ug/ml IRpAaLEanIaNI:
ITARASUNINABSYINEN 2INTIUATIIREUNNIUEAIBDNUBI CDIS-higG lasmsutsimassiuniia
11vn intracellular immunofluorescence staining @28 anti-human IgG antibodies (i’]tlazl,'é‘ﬂ@
NI IGILEAI AT 1.2)

1.4  n1suaaldsAw CDI9EX-higG tLaz CD147Ex-higG

\ABLe3uy CD99EX-higG srwiumtinlulFlun1sasrawn CD99 ligand uas CD147Ex-
higG &3ulgidu control 39lduwas 293T A CD99Ex-IgG plasmid DNA taz CD147Ex-IgG
plasmid DNA uapsli Serum free media (SFM) LLﬁ’sﬁ’]msLﬁufﬁngmLsﬁaa(ml,l,mnu’%qw%g
CD99Ex-higG lagld protein G column 3n¥iuATIaN CDYYExX-hIgG TasA% ELISA dsuaniived



UNIZ6a CDI9 CD147 waz human IgG laeun recombinant protein 14 0.1 M carbonate
bicarbonate buffer pH 9.6 11LARaLngu T 96-well plate Wauaz 50 i A 4°C Fhfin 91N block
plate ¢85 2% skimmed milk l PBS mauaz 100 pl ¥1m3 incubate faamaiivasun 1 Falug
&9 plate e 0.05% Tween 20 lu PBS (PBS-Tween) 4 a3s du plate 1¥uws 1éin CD99 mAb
CD147 mAb %38 Anti-human IgG antibodies 10 pg/ml a4 bl “aua 50 yl incubate ﬁqm%gﬁﬁad
win 1 $2lusdn plate 628 0.05% Tween 20 lu PBS (PBS-Tween) 4 aSouazdiu plate 1wuws
WRILAN goat anti-mouse immunoglobulins Adaasnaeianlss peroxidase ¥auaz 50 pl U2
incubate ﬁamwnﬁﬁaamu 1 4lu9 9niudns plate @28 PBS-Tween 4 a5suazay plate T
WaaLAN TMB-H /0, substrate nauaz 50 pl 'ﬂamﬁnwaalum@ mmﬂgmmmsmsmu 1N HCI
WaNaz 50 pl IMNINATIINATIEHAIBLA%89 ELISA reader iA1N81IAEM 450 nm

1.5 N1LAIBN purified human IgG (HIgG)

Lﬁ:am%mu purified human 1gG (HIgG) gnsulaidu protein control F9ldun serum maa;ﬁfm’%mnﬂg
\Haa AB &l’]LLEIﬂ‘U%EZ(YI%{ I9G Tas protein G column annsinaTIIIanNuduTHveslsdnlasns
iﬂﬁwmsg@ﬂﬁmmﬁmmﬁu 280 nm
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2 NIATIVWNBAANLLSILAALRDAVINNANITUEAIDaNVAY CDIY ligands UWAILTAR

WaaTansiiaveuaasninisugaseanyed CDYY ligands H3Tuldu1 CD99EX-higG
CD147Ex-higG Waz human IgG (HIgG) Aaou ldundaunuuinimasuziSaudatiananinainnans
wfia advlsfinnn miduiuvesldsfuuasfunudiuusnaananiulaie §33u3qldnaseunnis
A = o o a a & A o A
ARNVIERN nIesImsaunwyadlsauuaziunueg  iWav ldltlunisasianimasninig
uEAdIaanUad CDYY ligands lunsinuitlaiRanlt paraformaldehyde fixation Waz 3,3-Dithiobis

sulfosuccinimidyl propionate (DTSSP) protein crosslinking

21 Indirect immunofluorescence staining with paraformaldehyde fixation
wusasuziSadaiaaunaiafanlnlodlann Jurkat, SupT1, Moltd cell line LwaslialdaA217
sfiadfulnlodfe Raji, Daudi cell line iwasilaiRaaushasisdlalsdlawn KG1a, HL-60 cell
line uaziraatlalianviadia lululad laun U937, THP-1 cell line 31 block Fc receptor #28 10%
Fetal calf serum ﬁ]’mﬁ?mau recombinant CD99Ex-hlgG, CD147Ex-hlgG iaz HIgG 5 pg/ml,
incubate on ice LJWI81 30 WA UAILAN 1% paraformaldehyde L‘ﬁ;a fix 1% recombinant protein
fanu ligands NEUE unbound protein #9ud21Hy Rabbit anti-human lgs-FITC uaavnng
ATV TRANINTUEAI8aNVDY ligands %agn%’ﬂﬁﬁw recombinant CD99-higG lag3t flow
cytrometry

2.2 Indirect immunofluorescence staining with DTSSP protein crosslinking

ULTAR Jurkat B10, U937 waz THP-1 cell line 1 block @38 human IgG AanuLdudL, 10ug/ml
9n%w link §78 2mM DTSSP waz neutralize DTSSP &auifindae 20mM Glycine-PBS #&431N
8149 unbound WRIEANGE biotinylated recombinant CD99Ex-hIgG L8 biotinylated recombinant
CD147Ex-hlgG 20 pg/ml, incubate on ice (a1 1 vu. L& 2mM DTSSP L‘ﬁ:a@l?d recombinant



protein ’Lﬁa@agjﬁu ligands MNIUTTA DTSSP daufinudls 20mM Glycine-PBS LazN138"3
9NEWLEY human IgG-FITC tAafuduin human IgG block taale uazidiu streptavidin-PE e
97391 biotinylated recombinant higG %G%ﬂﬁu ligands UWRAILTAR
3. nﬁ(ﬂi'ﬁm'lfmaqa CD99 ligand U THP-1 cell line ALNARA immunoprecipitation
LLaz western blot analysis

#1 THP-1 cell line 91431 1x10° cells ¥1vNUJAT1AY recombinant CD99-higG Wae
recombinant CD147-hlgG 10 g %38 hlgG 10 ug lu 1XPBS 500 ul, rotate 4°C 181 3.30 4.
| 2mM DTSSP iatEay recombinant protein @ANU ligands 9N neutralize DTSSP &2uifin
@78 20mM  Glycine-PBS wazanaiiannda unbound protein  GANLANLTARGIE 1% lauryl
maltoside 1t pretease inhibitor-1X Tris lysis buffer 1 ml/condition WRLGY Protein G agarose
beads 40 pl 7 4°C Tufn nisandians beads g 0.1% LM-Tris-lysis buffer ugal% 2X non
reducing buffer 90 pl lun1s  elute immunoprecipitated proteins mnﬁyfum’aﬁl,mw:ﬁ
immunoprecipitated protein ﬁvlﬁ@iym western blotting
4. n1392171AP@9 CDII ligand

;ﬁ%’ﬂﬁﬁﬁ% cross linking immunoprecipitation ﬁﬁwu’lﬁumlﬂuﬂ’m@ﬁ&m CD99 ligand
UYSunannamSun1Ivin protein identification 6285% LC/MS/MS laglasuainuiiufiaann as.
ansinyg sewasna  eudwumimnymuuazinaluladfimwuiind  wazldliuinivesuisn
First BASE Laboratories Sdn Bhd i lnd@siianzwilasiaes LC-MSIMS gn blast fugmudaya
NCBI human database lag/l online MASCOT search engine (http://www.matrixscience.com) G'f%\‘l
(?ly'd@hﬁdﬁ enzyme; trypsin, fixed modifications;carbamidomethyl (C), variable modifications;
oxidation (M), pep-tide mass tolerance; +1.2 Da, fragment mass tolerance; +0.6 Da,Peptide
charge 1+, 2+ and 3+, maximum missed cleavages; 3, Instru-ment; ESI-QUAD-TOF. lon score
is =10 x log(P), (p < 0.5)
5. ANSANHINANIENUVDY recombinant CDI9-higG Aan1sYiNITwBILTAR
51.1  31@31RN15UEAIDBNVAI activation marker las35 immunofluorescent staining
wen peripheral blood mononuclear cells (PBMCs) a1n Heparinized blood maa;&’u’%maqmﬂﬁwa
WU 3 78 1ae3T Ficoll Hypaque gradient centrifugation 9NiuIN PBMC 1 x 10° cell/ml 500
pl ANIzEueIs CD99-higG wIa HIgG Aianudutu 5 pg/mi lu 24 well plate (s 1 2 wie
3 7% lu 5%CO, # 37 °C udimadan block Fe receptor @18 10% Fetal calf serum 1Jul2a1 30
Wt niwdutanivediaaasndinasdeiss Gelnaudisuenivadfisnizaa CD69
CD25 uaz MHC class Il 113 incubate on ice {uiaa1 30 w1l ufI5ad19mas 3 ASS Fau1%
FCS-PBS uazl@u 1% paraformaldehyde ﬁﬁ%%ﬂ@i?ﬁ)ﬁﬂi’]:ﬁﬂﬁﬁ%&ﬂﬁ’a&lLﬂ%ia\‘] flow cytometer
LaﬁsmLﬁﬂuﬂﬁﬁ’%ﬂ'ﬁw’mam’s:ﬁﬁ CD99-higG Fuan1efill Higs wiaanaziilifiluséiu
e Tagldmyaasiniesffuuy unpaired t-tests
51.2 NITILATILHNITAILAIIEH Cytokines
11 PBMCs 1 x 10° cell/ml 500 pl 81n3zdudas CD99-higG %3a HIgG fianudutu 5 wia 10

ug/ml lu 24 well plate 1w 5%C0, 71 37 °C wiaan 1 Tlug 9n%wLds brefidin WAz monensin



et protein secretion L&3¥11N13 incubate LHuLIa1 5 alua lu 5%CO, i 37 °C NNTIUTS
WUTARAUININNT Fix LAz permeabilization @28 0.1% saponin-PBS WITILAN PerCP conjugated
Anti-CD3 mAb 8z PE conjugated anti-cytokine antibodies (IFN-Y TNF-QU IL-4 IL-10 IL-17 IL-22
Waz IL-6) M3 incubate on ice (a1 30 WAl u&IFIFILTAS 3 @59 §28 1% FCS-PBS ua
l@3 1% paraformaldehyde ﬁ’m%fum’aﬁl,m’]zﬁﬂﬁﬁ’%mﬁamﬂ'%iao flow cytometer (38uLfay
ﬂﬁﬁ’%mizﬂhmm’a:ﬁﬁ CD99-higG fiuanazid Higs wiaan:Alidlusawdmdy lagld
MINATZANFDALULY unpaired t-tests

5.2 N1SLdAIaanNYad activation marker Laz Cytokines 1w activated T cells
521 31@31zn1suanIaanal cell activation marker las35 immunofluorescent staining

11 PBMCs 1 x 10° cell/ml 500 pl 41n3zq{ueie anti-CD3 antibody i sub-optimal dose (AW
iutud titrate lada 60 ng/mi) Tu 24 well plate lugnn2zA8 CD99-higG wie HIgG AnNuTNTL
5 pg/ml tHwaan 12 wia 3 T lu 5%C0, #i 37 °C ud LTS INATIVIA TN TULEAIBDNVB S
cell activation marker @835 immunofluorescent staining ITMInanesasuaadluta 5.1.1

52.2 NITILATITHNITAILAIIEH Cytokines

1 PBMCs 1 x 10° cell/ml 500 pl 41n3zqueae anti-CD3 antibody i sub-optimal dose (AW
g titrate la@a 60 ng/mi) lu 24 well plate Tugn1z7ifl CD99-higG Wie HIgG 5 wia 10
pg/mi lu 5%CO, ﬁ 37 °C uian 1 %L'ﬂm ﬁ]’]ﬂ&%@&l brefidin LLaZ monensin Lﬁaﬁuﬂv'a protein
secretion U§I1IN3 incubate 1waa 5 Falus lu 5%C0, i 37 °C MniuIsiuaa§inriins
ATITAMIFIATIER cytokine a3 intracellular immunofluorescent staining 35M1Inaaasnd
uaadluda 5.1.2

53  NIULeATadLTas (cell proliferation assay)

11 PBMCs ungiauag Carboxyfluorescein diacetate succinimidyl ester (CFSE) ﬁ]’m‘lfl.yfumf’] stained
PBMCs 1 x 10° cell/ml 100 wl &I’]ﬂiw@l%@’lﬂ CD99-hlgG %380 HigG ‘Y]ﬂ’J’]&IL“llSJ"II% 5 %38 10 pg/ml
Iuaﬂ’nm&lﬁiavm&l anti-CD3 antlbody Yl sub -optimal dose (mﬁm“llwuuﬂ tltrate leda 60 ng/ml)
\lwaan 3 w3a 5 3w lu 5%CO, # 37 °C aasunmanieziadensiaias flow cytometer
LLa:nﬁs‘uLﬁﬂuﬂﬁﬁ%ﬂ’mijann:ﬁﬁ CD99-higG Fuan1efifl HIgG niaan i lifiluséiu
e Tagldmyaasiniesffuuy unpaired t-tests

6.MINRWIIDNITEIRIUNITANBINTZUINAT phagocytosis

d; v A & A t:l' = v n:ll =3 v o ad =

Luaamﬂa’mwmwaulﬁ]m:ﬂnmwmmaa CD99 ﬁmvl,@wwmaﬁmsﬂﬂmm:mums
. = ac AN se aa 6 v A A . .

phagocytosis Fananuidoilasunsdfuiuarlubaisas  Simultaneous  flow cytometric

measurement of antigen attachment to phagocytes and phagocytosis.213817 Journal of

Immunoassay and Immunochemistry 1 2016 lag Laopajon W, Takheaw N, Kasinrerk W, Pata S.
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6.1 Preparation of LPS-IgG coated latex beads

Polystyrene latex beads (1.4><109 beads) were coated with 62.5 pug of LPS, 1 mg of rabbit IgG
suspended in 1ml of poly-L-lysine solution (1:10 of poly-L-lysine in phosphate buffered saline
[PBS]) by rotation at 4°C overnight. To block the free binding sites of the surface of the beads,
latex beads were subsequently rotated with 2 ml of fetal bovine serum (FBS) (Gibco, Grand
Island, NY) at 4°C for 4 hr. After incubation, the LPS-IgG coated latex beads were washed three
times with RPMI 1640 containing 10% FBS (10% FBS-RPMI), resuspended in 10% FBS-RPMI,
and stored at 4°C.

6.2 CFSE labeled LPS-IgG coated latex beads

The 1x10° LPS-IgG coated latex beads were labeled with 50 nM CFSE in 1 ml of PBS by rotation
at room temperature for 90 min. The succinimidyl reactive group of CFSE was quenched by
adding 2 ml of FBS and rotating at 4°C overnight. The CFSE labeled beads were pelleted and
washed twice with 10% FBS-RPMI. The CFSE labeled LPS-IgG coated beads (CFSE-LPS-IgG
coated latex beads) were resuspended in 10% FBS-RPMI and stored at 4°C.

The success of labeling CFSE on beads was determined by the level of green fluorescence on
the FL1 detector of the flow cytometer (FACSort; Becton Dickinson, CA, USA).

6.3 Immunofluorescence staining of CFSE-LPS-IgG coated latex beads

The CFSE-LPS-IgG coated latex beads (4><105) were stained with PE-Cy5.5 conjugated goat anti-
rabbit IgG antibody or R-PE conjugated goat anti-mouse IgM antibody at room temperature for
30 min in the dark. The beads were then washed for three times with PBS containing 1% FBS
and 0.02% sodium azide (1% FBS-0.02% NaN,-PBS). The stained beads were analyzed by flow
cytometry.

6.4 Titration of CFSE-LPS-IgG coated latex beads for attachment and phagocytic process
assay

For the titration of beads, heparinized whole blood from healthy donors (50 ul) was incubated
with various numbers of CFSE-LPS-IgG coated latex beads at 37°C for 60 min. After washing
twice with 1%FBS-0.02%NaN,-PBS, red blood cells (RBC) were lysed by adding 1 ml of FACS™
lysing solution (Becton Dickinson) and incubated at room temperature in the dark for 15 min. The
remaining leukocytes were then washed twice with 1%FBS-0.02%NaN,-PBS. The green
fluorescence intensity of phagocytes was analyzed using a flow cytometer.

6.5 Attachment and phagocytic process assay

Whole blood (50 ul) was incubated with CFSE-LPS-IgG coated latex beads (1><106) on ice or at
37°C in the presence or absence of 1% NaN, or 0.125 mM sodium fluoride (NaF) for 60 min.
The cells were stained with PE-Cy5.5 conjugated anti-rabbit IgG antibody and incubated for
another 30 min. The stained cells were washed three times with 1%FBS-0.02%NaN,-PBS and

RBC were lysed with FACS™ lysing solution. For the flow cytometric analysis, non-lymphocytes



(phagocytes) were gated by forward scatter (FSC) and side scatter (SSC). The percentage of
beads-phagocytic cells (which was indicated by the green fluorescence of CFSE) and the
percentage of attachment of phagocytes to beads (which was indicated by the PE-
Cy5.5fluorescence and CFSE) were determined.
7.mi1£'1mﬂﬁﬂﬁ’ﬁuﬁuq"?mnsw‘lumim%w recombinant CD99-hlgG protein 11/
Uszgnaldlumsninuanived
mimaaaﬁ;ﬁ%’ﬂ@”ﬁm’nwj’maﬁmﬁuq’imﬂssuﬁVL@TL%ﬂuﬁa]WﬂIﬂsamﬁ%’sf‘z o1l
MINAWITNINAALE WAL A S'f}apﬁ%’ﬂﬁﬁuwﬁ%mﬂmﬂummﬁ@Iwﬁiﬂauaau,auauaﬁ Sale
JarduatunanuwiToaniunmidRanlusssdnmeszduwnmmduazegluszniiemenis
NATINNITRITU WA
A5n1Inaaag
7.1 Preparation of mouse myeloma cells stably expressing human CD99 membrane protein
Mouse myeloma cells stably expressing human CD99 molecules were established using the
retroviral expression system. In brief, 9x10° cells of Phoenix-Eco packaging cell line (Origene,
Rockville, MD, USA) were seeded in 2 ml of DMEM containing 10% fetal bovine serum. The cells
were then transfected with 1.6 pg of pMSCV-CD99 (plasmid vector harboring human CD99
encoding gene) (Pata et al.,, 2011), using lipofectamine 2000 transfection reagent (Invitrogen,
Grand Island, NY, USA), according to the manufacturer’s protocol. After 2 days of cultivation, the
culture supernatants containing virion were collected and clarified by centrifugation. A volume of
1 ml of the supernatant containing virion was used to spin-infect (1200xg, 90 min at room
temperature) the 5x10° of the P3-X63Ag8.653 myeloma cells (BALB/c mouse myeloma cells) in
the presence of 10 ug/ml polybrene (Sigma-Aldrich, St. Louis, MO, USA). After overnight
incubation at 37°C in a 5% CO, incubator, the myeloma cells were re-infected with the
supernatant containing virion. After 3 days of cultivation, the expression of CD99 on the myeloma
cells was determined by immunofluorescence staining and flow cytometric analysis. The CD99
positive myeloma cells were separated by magnetic cell sorting using MS column (Miltenyi Biotec,
Bergisch Gladbach, Germany), according to the MACS cell separation protocol. Briefly, 5x10° of
the transduced myeloma cells were stained with anti-CD99 mAb (MT99/1, IgM isotype)
(Khunkaewla et al., 2007) and Phycoerythrin (PE) conjugated anti-mouse IgM Abs (y-chain
specific) (Beckman Coulter, Marseille, France), followed by anti-PE Microbeads (Miltenyi Biotec).
After cell sorting, the magnetically labeled cells were collected and preformed limiting dilution for
single cell cloning. The level of the CD99 expression of single cell clones was then analyzed by
flow cytometry. The clone with the high CD99 expression was selected, grown, and used as the
immunogen for the production of pAbs in mice.
7.2 Mouse immunization
Three BALB/c mice were immunized with human CD99 expressing mouse myeloma cells. The

quantity of 2x10" of the stably expressed human CD99 myeloma cells was suspended in 500 pl



of phosphate buffer saline (PBS). The cell suspension was injected into intraperitoneal of each
mouse at 2-week intervals for a total of three times. Blood was collected before and after each
immunization by tail bleeding. The sera were separated and stored at —20°C.

7.3 Immunofluorescence staining and flow cytometric analysis

Cell lines or PBMCs were blocked the Fc receptor with 10% fetal bovine serum for 30 min on
ice. The cells were then stained with either 10 ug/ml of purified mAbs or 1:50 to 1:400 of tested
mouse sera for 30 min on ice. After washing, the bound antibodies were detected by staining
with PE conjugated anti-mouse IgM Abs (p-chain specific) or PE conjugated anti-mouse 1gG Abs
(Y-chain specific) (Beckman Coulter) or FITC conjugated anti-mouse Igs Abs (Chemicon,
Melbourne, Australia) or Alexa fluor 488-anti-mouse IgG Abs (H+L chains specific) (Invitrogen,
Eugene, Oregon, USA) for 30 min on ice. The stained cells were analyzed by using a FACSort
flow cytometer (BD Biosciences).

7.4 Preparation of human CD99-lgG-Fc fusion protein and human CD147-IgG-Fc fusion
protein

The human CD99-IgG-Fc fusion protein (CD99Rg) was generated in our laboratory. Briefly, the
human CD99 encoding gene was amplified from the pCDM8-CD99 plasmid vector (Kasinrerk et
al., 2000). Subsequently, the CD99 genes were inserted by replacing the sequence of CD147 in
the pCDM8-CD147Rg plasmid (Koch et al., 1999) to obtain the pCDM8-CD99Rg plasmid. The
pCDMB8-CD147Rg plasmid is a mammalian expressing vector for the production of the human
CD147- IgG-Fc fusion protein (CD147Rg). To produce CD99Rg, the pCDM8-CD99Rg plasmid
was transfected by using lipofectamine 2000 (Invitrogen) and expressed in the COS7 cell line.
The purified CD99Rg was obtained by purification from the COS7 cell lysates using protein G
agarose beads (Pierce, Rockford, IL, USA). To obtain CD147Rg, Chinese Hamster Ovarian
(CHO) cells carrying the pCDM8-CD147Rg plasmid (Koch et al., 1999) were cultured in CHO-S-
SFM Il media (Gibco, Grand Island, NY, USA) containing 5 mM methotrexate. The culture
supernatant containing CD147Rg was harvested and then subjected to purify CD147Rg by affinity
chromatography on HiTrap Protein G HP (GE Healthcare, Uppsala, Sweden).

7.5 ELISA

Purified CD99Rg and CD147Rg (negative control) recombinant proteins were coated onto a 96-
well ELISA plate (Costar, NY, USA) (50 pl/well) using a carbonate/bicarbonate coating buffer pH
9.6, and incubated at 4°C overnight. The plate was blocked with 100 pl of 2% skimmed milk-PBS
at 37°C for 1 h. The mouse sera were diluted to 1:200 with PBS containing 0.05% Tween 20. A
volume of 50 pl of the diluted mouse sera was added to each well and incubated at 37°C for 1
h. Horseradish peroxidase conjugated rabbit anti-mouse immunoglobulins Abs (DAKO, Glostrup,
Denmark) were added to each well and incubated at 37°C for 1 h. After that, the plate was
washed and the 3,3’,5,5-Tetramethylbenzidine (TMB) substrate (Invitrogen, Carlsbad, CA, USA)



was added. The reaction was stopped by using 1M HCI, and the absorbance was measured at
450 nm.

7.6 Western blotting analysis

For SDS-polyacrylamide gel electrophoresis (SDS-PAGE), the cell lysates were prepared in SDS-
loading buffer (62.5 mM Tris-HCI pH 6.8, 2% sodium dodecyl sulfate [SDS], 10% glycerol, and
0.01% bromophenol blue) at 5x10" cells/ml. After heating at 95°C for 5 min, 30 pl of the cell
lysates was resolved by 10% SDS-PAGE and subsequently transferred to a nitrocellulose
membrane (Merck Millipore, Dublin, Ireland). The membrane was blocked in PBS containing 5%
skimmed milk at 4°C overnight. The blocked membrane was incubated with either appropriate
dilutions of mouse serum or control mAb for 1 h at room temperature. The membrane was washed
five times for 5 min in PBS containing 0.1% Tween 20, and then incubated with horseradish
peroxidase conjugated rabbit anti-mouse immunoglobulins Abs (DAKO) for 1 h at room
temperature. After washing, the bands were developed by using Chemiluminescent Western

Blotting detection reagents (ECL Western Blotting Substrate, Pierce).
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17197 1 LRAITEHRZYDILTRRUALIZAUNIUEAIBDNTEI CDII ligands

ol | conjem | QLT | OB |y gy | LB | cosse
Cellline Geo Geo Geo Geo
% % % % mean mean mean mean
Jurkat 0.020 0.081 0.12 0.17 433 45 5.12 4.62
SupT1 0.023 0.26 0.15 0.22 3.42 3.79 4.11 3.87
U937 0 0.92 3.34 17.5 3.02 5.59 6.32 9.09
THP-1 0.092 1.16 2.31 10.4 3.3 7.95 9.11 12
Raji 0.021 0.38 0.23 0.29 3.67 4.39 4.49 435
Daudi 0.041 78.0 79.3 59.6 3.47 68.6 714 40.5
K562 0.19 27.8 204 26.9 4.71 8.6 7.78 8.84
KG1a 0.082 0.12 0.083 0.072 2.97 3.1 3.47 3.14
HL-60 0.043 0.83 0.94 6.21 2.81 3.73 3.95 4.9
2.2 Indirect immunofluorescence staining with DTSSP protein crosslinking
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4. CD99 ligands identification
9IMM3Y protein identification @183 LC/MS/MS wudnlusdiunifiaadiu CD99-hig dsznay

MuTuauaadllsfuniadnuafany dismutase fragment, Cu/Zn superoxide, OCTN1, hypothetical

protein, T cell receptor delta chain, partial, T-cell receptor alpha, partial T-cell L8z receptor beta

chain T8alduadiuaadluassf 2 Geazldvinnsasiadududis 35 immunoprecipitation way

Western blot analysis ¢ia 'l

% %

a19197 2 uanszRavaslls@uilduag iy recombinant CD99-higG

prot_acc prot_desc prot_score
gil223020 dismutase fragment , Cu/Zn superoxide 44
gi|2605501 OCTN1 [Homo sapiens] 40
gi|6650826 PR0O2044 [Homo sapiens] 40
ubiquitin-60S ribosomal protein L40 isoform 1 precursor [Homo
gil4507761 sapiens] 33
ubiquitin-60S ribosomal protein L40 isoform 1 precursor [Homo
gil4507761 sapiens] 33
gi[1236329 p37NB [Homo sapiens] 27
gi|21928747 seven transmembrane helix receptor [Homo sapiens] 25
gi|339303 T-cell receptor alpha, partial [Homo sapiens] 18
gi|547076 T cell receptor delta chain, partial [Homo sapiens] 17
gi|28317373 TPA: IL-1F7b (IL-1H4, IL-1H, IL-1RP1) [Homo sapiens] 16
gi|4028230 T-cell receptor beta chain [Homo sapiens] 16
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6.1 Preparation of CFSE-LPS-IgG coated latex beads



To develop the flow cytometry analysis for the simultaneous measurement of
attachment and phagocytic processes of phagocytes, latex beads were coated with LPS and
IgG using a highly positively charged poly-L-lysine. The LPS-IgG coated beads were,
subsequently, labeled with CFSE to obtain CFSE-LPS-IgG coated latex beads. The CFSE-LPS-
IgG coated latex beads were verified prior to use. As expected, under the flow cytometric
analysis, strong green fluorescence intensity was observed in the CFSE-LPS-IgG coated latex
beads, but was not detected in the LPS-IgG coated latex beads (without CFSE) (data not
shown).

As the 1gG on the coated beads would be used for detecting the attachment process, to
ensure that CFSE labeling did not disrupt the structure of IgG on the beads, LPS-IgG coated
latex beads (without CFSE) and CFSE-LPS-IgG coated latex beads were stained with PE-
Cy5.5 conjugated anti-rabbit IgG antibody. As shown in Figure 21A, both types of beads
displayed the same level of PE-Cy5.5 fluorescence intensity, indicating that CSFE labeling has
no effect on the coated IgG. We, however, raised the question whether the observed positive
reactivity may be due to the binding of the conjugates to the free surface on beads. To address
this question, the beads were stained with PE conjugated rabbit anti-mouse IgM antibody. Flow
cytometry analysis revealed that CFSE-LPS-IgG coated latex beads showed negative red signal
of PE fluorescence (Figure 21B). Taken together, these results indicated that CFSE labeling did
not destroy the structure of the IgG coated and did not interfere the binding of the PEcy5.5
conjugated anti-rabbit IgG antibodies. Moreover, these results indicated that the free space of
the beads was completely occupied by the blocking step. The CFSE-LPS-IgG coated latex

beads, therefore, could be used for further experiments.
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Figure 21 Verification of CFSE-LPS-IgG coated latex beads. (A) LPS-IgG coated latex beads
and CFSE-LPS-IgG coated latex beads were stained with PE-Cy5.5 conjugated anti-rabbit 19G
antibody and subjected to flow cytometric analysis. The beads were gated according to their
FSC and SSC, and analyzed by dot plot between CFSE and PE-Cy5.5. (B) LPS-IgG coated
latex beads (dashed line) and CFSE-LPS-IgG coated latex beads (solid line) were stained with
PE conjugated anti-mouse IgM antibody
6.2 Gating strategies and beads titration

To set up a method for the detection of phagocytosis, the appropriate flow cytometric
gating strategies are required. For this purpose, whole blood was incubated with CFSE-LPS-
IgG coated latex beads to allow phagocytosis, and stained with PerCP conjugated anti-human
CD45 mAb. By flow cytometry, non-lymphocytes (phagocytes) were gated using FSC and SSC
detectors and, subsequently, analyzed on PerCP-CD45 and CFSE. The gated non-lymphocyte
cells were CD45" cells (Figure 22A). No CFSE-LPS-IgG coated latex beads (CD45 CFSE’
particles) were observed in the gated cells (Figure 22A). These data indicate that, by their FSC
and SSC properties, phagocytes can be gated, and the aggregated CFSE-LPS-IgG coated

latex beads did not appeare in the gated cells.



To obtain the suitable number of beads to be used in the phagocytosis assay, various
numbers of CFSE-LPS-IgG coated latex beads were incubated with whole blood. The
percentages of the CFSE positive cells of the phagocytes were analyzed (Figure 22B). The

number of beads at 1x10° was demonstrated to be the optimal beads number.
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Figure 22 Determination of gating strategies and beads titration. (A) Whole blood was
incubated with CFSE-LPS-IgG coated latex beads. The non lymphocytes were gated using FSC
and SSC (left panel), and analyzed as CD45-PerCP versus CFSE (right panel). (B) Whole
blood was incubated with the indicated number of CFSE-LPS-IgG coated latex beads at 37°C



for 1 hr. The percentage of CFSE positive cells of phagocytes being gated at various numbers

of beads were shown.

6.3 Simultaneous flow cytometric analysis of attachment and phagocytic processes of
phagocytes

To use the generated beads as a tool for studying the attachment and the phagocytic
processes simultaneously, the analysis models were created. As shown in Figure 23A, after
gating phagocytes from the FSC and SSC plot, the cells were plotted between CFSE and PE-
Cy5.5. The cells showing up negative for both CFSE and PE-Cy5.5 florescence intensity were
un-phagocytic phagocytes. All the CFSE positive cells (upper and lower right panels) were the
cells having intact attachment. The stages of phagocytosis could be distinguished by staining
rabbit IgG on beads with PE-Cy5.5 conjugated anti-rabbit IgG antibody. The gated cells that
could be detected the IgG on the beads, were defined as cells-beads attachment and/or as
incompletely engulfed (upper right panel). On the other hand, the cells showed up positive only
for CFSE fluorescence, were identified as complete internalization of the beads (lower right
panel). A combination of the CFSE and the IgG detection can indicate the attachment and the
phagocytic processes.

We then employed this method to measure the attachment and the phagocytic process
of phagocytes. As expected, after incubation at 37°C for 60 min, the cells were separated in
three populations: complete internalization, attachment or incomplete engulfment, and un-
phagocytic phagocytes (Figure 23B). In order to confirm our viewpoint, phagocytosis inhibition
reagents, NaN, and NaF, were employed. As predicted, in the presence of NaN,and NaF, the
phagocytic activity was inhibited (Figure 23C and Figure 23D). Moreover, we also incubated the
cells-beads mixture on ice, and the results showed that only attached beads were observed,
whereas the phagocytic, or completely engulfed, beads were almost undetectable (Figure 23E).
These data indicated that a suitable method to determine attachment and phagocytic processes

was successfully developed.



St Gt
4
U - \ \}( /(. PE-CyS5.5 anti rabbit IgG antibody
z g
2 }( .Q}\\\* CFSE-LPS-IgG beads
= | &
FSC CFSE

o 165. 322

AL B R LI R L L
1 2 4

R}
10 S i 10° 10 10 10° 10
CFSE S CFSE

Figure 23 Detection of attachment and phagocytic processes. (A) The model illustrated the
analysis strategies of attachment and phagocytic processes of phagocytosis. Phagocytes were
gated according to their FSC and SSS properties, and then subjected to the analysis of CFSE-
LPS-IgG coated latex bead versus PE-Cy5.5 anti-rabbit IgG antibody by dot plot. (B) Whole
blood was incubated with 1x10° beads or in the presence of NaN, (C) or NaF (D) at 37°C for
60 min or incubated on ice (D) for 60 min and analyzed by flow cytometry. The data are

representative for three samples.

6.4 Kinetic measurement of phagocytosis

To apply the developed technique for monitoring phagocytosis processes, we generated
the kinetic assay by the incubation of CFSE-LPS-IgG coated latex beads with whole blood at
37°C at various time points. As shown in Figure 24A, with the increasing of the incubation time,
the percentages of the completely internalized phagocytes were increased, whereas the
percentages of the cells showing attachment or incomplete engulfment were decreased. We,
also, determined the phagocytic processes in the presence of phagocytosis inhibition reagents,

NaN, and NaF. The results demonstrated that both the attachment and the engulfment of the



phagocytes were blocked in the presence of the phagocytosis inhibitors (Figure 24B and Figure
24C). At non-physiological temperatures, on ice, the beads were attached to the surface of the
cells, but could not be engulfed into phagocytes over the incubation periods (Figure 24D).
These results illustrated that the established method could be used to simultaneously monitor

attachment and phagocytic processes of phagocytes.
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Figure 24 Kinetic phagocytosis analysis. Phagocytosis was performed by incubation with
CFSE-LPS-IgG coated latex beads, stained PE-Cy5.5 anti-rabbit IgG antibody incubated at
various time points using the indicated conditions (A—D). The phagocytes were gated using
FSC and SSC, and analyzed between CFSE and PE-Cy5.5. The percentage of attachment or
incomplete engulfment and complete internalization are demonstrated. The data are presented

as meanzSD of three different samples.
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7.1 Investigation of human CD99 expression on mouse myeloma cell surface membrane
To prepare immunogen for BALB/c mouse immunization, we first generated stably
CD99 expressing mouse myeloma cells. The expression of CD99 on mouse myeloma cells was
detected by immunofluorescence staining and flow cytometry. The CD99 infected mouse
myeloma cells showed positive reactivity with standard CD99 mAb, MT99/1, while uninfected
mouse myeloma cells and isotype-matched control showed negative reactivity (Fig. 25A). The
results indicated that we cloud generate CD99 expressing mouse myeloma cells.
To obtain highly CD99 expressing mouse myeloma cells, the magnetic cell sorting followed by
single cell cloning was performed. After limiting dilution, a highly CD99 expressing mouse
myeloma cell was chosen (Fig. 25B) and further used as an immunogen for BALB/c mouse

immunization.
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Fig. 25. The flow cytometric analysis of human CD99 expressing mouse myeloma cells. (A)
Un-transduced and CD99 transduced myeloma cells were stained with anti-human CD99 mAb
(MT99/1, IgM isotype) (solid line) or IgM isotype control mAb (dotted line). The Ab binding was
detected by using PE conjugated anti-mouse IgM Abs. (B) The wild-type mouse myeloma cells
and the sorted CD99 expressing mouse myeloma cells were stained with anti-CD99 mAb
(MT99/3; 1gG isotypes). Specific mAb binding was detected by FITC conjugated anti-mouse

immunoglobulins Abs.



7.2 Verification of specificity of produced anti-CD99 pAbs

After immunizations, sera in all immunized mice were determined for the presence of
anti-CD99 activity by staining with the generated stably human CD99 expressing mouse
myeloma cells. The results show that post-immunized sera obtained from three immunized mice
showed positive reactivity with CD99 expressing mouse myeloma cells, but not wild-type mouse
myeloma cells (Fig. 26A) indicating the immunized sera contain specific anti-CD99 antibodies.
Furthermore, the generated specific anti-CD99 pAbs were characterized as I1gG isotype
because its showed negative activity when followed by anti-mouse IgM (Fig. 26B), but showed
positive activity when detected by anti-mouse IgG (Fig. 26B). We further measured the titer of
specifically anti-CD99 antibodies of the third-immunized sera. By flow cytometry analysis, anti-
CD99 pAbs showed a titer higher than 400 (Fig. 26C).

Furthermore, ELISA using recombinant CD99 expressed in mammalian cells was performed.
The third-immunized sera of the three mice recognized CD99Rg but not control fusion protein,
CD147Rg (Fig. 27).

Western blotting analysis was performed, cell lysates of CD99 expressing mouse
myeloma cells and wild-type mouse myeloma cells were subjected to SDS-PAGE and Western
blotting. No reactive band was observed in the reaction of post-immunized serum (Fig. 28).
These results indicated that the produced specific anti-CD99 pAbs may not react to the linear
epitope under the SDS-PAGE condition.

Taken together, the results demonstrated that, by our strategy, the production of
specific anti-CD99 pAbs was successful. All of anti-CD99 specific antibodies are IgG isotype
with high titer.
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Fig. 26. Specificity of the anti-human CD99 pAbs. The overlay histogram plots represent the
wild-type mouse myeloma cells and the stably human CD99 expressing mouse myeloma cells
stained with pre-immunized sera (gray graph), the first-immunized sera (dotted line), the
second-immunized sera (thin solid line), and the third-immunized sera (thick solid line) by using
Alexa fluor 488-anti-mouse IgG Abs (H+L chains specific) (A, left panel). The graphs exhibit the
geometric mean fluorescence intensity of the flow cytometric results of each of the mouse sera,
using Alexa fluor 488-anti-mouse IgG Abs (H+L chains specific) (A, right panel), PE conjugated
anti-mouse IgM Abs (u-chain specific) (B, left panel), and PE conjugated anti-mouse IgG Abs
(Y-chain specific) (B, right panel). The bar graph shows the mean T standard error of three
mouse sera. The wild-type mouse myeloma cells and the human CD99 expressing mouse
myeloma cells were stained with various dilutions of the third-immunized sera from the three

mice (C). The three individual mice are presented as M1, M2, and M3.
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Fig. 28. The western blotting analysis of the anti-human CD99 pAb. Western blotting was
performed by monitoring the reaction of the wild-type mouse myeloma cell lysates (lane 1) and
the stably CD99 expressing mouse myeloma cell lysates (lane 2) with the pre-immunized serum

(Pre-Imm), the third-immunized serum (Post-Imm), and the anti-human CD99 mAb clone

MT99/3 (Anti-CD99).



7.3 Detection of CD99 molecule on cell line and primary cells using the produced anti-
CD99 pAbs

The produced anti-CD99 pAb were then used to stain Jurkat cell line and peripheral blood
mononuclear cells. CD99 molecules on both Jurkat cell line and primary peripheral blood cells
could be detected by post-immunized sera (Fig. 29A-C). The obtained cellular distribution
patterns comparable to the reported data (Waclavicek et al., 1998; Kasinrerk et al., 2000).
These results indicated that the produced anti-CD99 pAbs recognize conformational epitope
expressed on Jurkat and peripheral blood cells. We also concluded that a practical procedure

for production of specific antibody to a cell surface membrane protein was established.
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are shown. The overlay histograms show a representative result from one of the three donors.
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immunized serum. The geometric mean fluorescence intensity bar graphs indicate the mean *

standard error of the three mouse sera.
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ABSTRACT KEYWORDS

The current available assays cannot differentiate the stages of phagocytosis; attachment;
phagocytosis. We, therefore, established methods for concur- engulfment; phagocytes;
rent detection of antigen attachment and engulfment by pha- opsonized beads; flow
gocyte using latex beads coated with lipopolysaccharide, ~ Ytometry

rabbit 1gG, and carboxyfluorescein diacetate succinimidyl
ester. The generated beads were incubated with whole blood
at 37°C for 1 hr and stained with PE-Cy5.5 anti-rabbit IgG
antibody. By flow cytometry, attachment and phagocytic pro-
cesses could be detected, simultaneously. The established
method is a valuable tool for diagnosis of phagocytic disorder
and study of molecules involved in phagocytosis.

Introduction

Phagocytosis is an important mechanism of the immune response for eliminat-
ing extracellular pathogenic microorganisms. Phagocytes are cells which play a
major role in phagocytosis, and they are present in various tissues throughout
the body and also circulate in the blood stream. The process of phagocytosis is
initiated by the attachment of microbes to the “phagocyte’s membrane.”
Subsequently, the attached microbes are internalized into the phagocytes, form-
ing phagosome in the cytoplasm and, finally, degradation of the internalized
microbes occurs." ) The binding between the microbes and the membrane
receptors of the phagocytes is, therefore, one of the important steps of successful
phagocytosis. The attachment processes have been demonstrated to be depen-
dent on the microbe components or the deposition of serum opsonins, mainly
immunoglobulins and early components of the complement cascade, on the
surface of the microbes, and the receptors on the surface of the phagocytes.!' ™!

As phagocytosis plays the important role of immune response, phagocytic
dysfunction leads to recurrent bacterial or fungal infection."®! The disorders
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in phagocytic defense may be due to defects in the interaction between
phagocytes and microbes, serum factors, or phagocytic activity of phagocytes
themselves. Defective receptors and adhesion proteins on the surface of
phagocytes can be determined by immunofluorescence staining.”’
Consequently, several methods have been developed to investigate the pha-
gocytic function of phagocytes. Nonetheless, the available methods have their
advantages and disadvantages, and the selection of a method will depend on
the required information and the resources available.'™

Flow cytometry has been applied and utilized for assaying phagocytosis
and killing of microorganisms by phagocytes.*~'?! However, the results
obtained by using flow cytometry are not useful in determining the defects
in each step of phagocytosis. The available phagocytosis assays are unable to
identify and determine the defect in the attachment or the engulfment
process. Currently, there is no flow cytometry method available for the
simultaneous measurement of attachment and phagocytic processes.!'®>~*]
In this study, a comprehensive technique for the measurement of both
attachment and phagocytic processes in a single assay is demonstrated.

Materials and methods
Reagents, antibodies, and sample collection

Polystyrene latex beads, poly-L-lysine, lipopolysaccharide (LPS) from
Escherichia coli 055:B5, and carboxyfluorescein succinimidyl ester (CFSE)
were purchased from Sigma-Aldrich (St. Louis, MO, USA). R-phycoerythrin
(PE) conjugated goat anti-mouse IgM (u-chain specific) antibody and PE-
Cy5.5 conjugated goat anti-rabbit IgG (heavy chain and light chain specific)
antibody were obtained from Invitrogen (Eugene, OR, USA). PerCP conju-
gated mouse anti-human CD45 monoclonal antibody (mAb) was purchased
from BD Biosciences (San Jose, CA, USA). Rabbit IgG was purified from rabbit
serum using HiTrap protein G chromatography (GE Healthcare Bio-Sciences
AB, Uppsala, Sweden). For sample collection, heparinized whole blood was
collected from healthy human donors. The study was approved by ethic
committees of Faculty of Associated Medical Sciences, Chiang Mai University.

Preparation of LPS-IgG coated latex beads

Polystyrene latex beads (1.4x10° beads) were coated with 62.5 pg of LPS
and 1 mg of rabbit IgG suspended in 1 mL of poly-L-lysine solution (1:10
of poly-L-lysine in phosphate buffered saline [PBS]) by rotation at 4°C
overnight. To block the free binding sites of the surface of the beads, latex
beads were subsequently rotated with 2 mL of fetal bovine serum (FBS)
(Gibco, Grand Island, NY, USA) at 4°C for 4 hr. After incubation, the
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LPS-IgG coated latex beads were washed three times with RPMI 1640
(Gibco) containing 10% FBS (10% FBS-RPMI), resuspended in 10% FBS-
RPMI and stored at 4°C.

Labeling of CFSE on LPS-IgG coated latex beads

The 1x10° LPS-IgG coated latex beads were labeled with 50 nM CFSE in 1 mL of
PBS by rotation at room temperature for 90 min. The succinimidyl reactive group
of CFSE was quenched by adding 2 mL of FBS and rotating at 4°C overnight. The
CESE labeled beads were pelleted and washed twice with 10% FBS-RPMI. The
CFESE labeled LPS-IgG coated beads (CFSE-LPS-IgG coated latex beads) were
resuspended in 10% FBS-RPMI and stored at 4°C.

The success of labeling CFSE on beads was determined by the level of
green fluorescence on the FL1 detector (LP 505, BP 530/30 filter; wavelength
515-545 nm) of the flow cytometer (FACSort, Becton Dickinson, CA, USA).

Immunofluorescence staining of CFSE-LPS-IgG coated latex beads

The CFSE-LPS-IgG coated latex beads (4x10°) were stained with PE-Cy5.5
conjugated goat anti-rabbit IgG antibody or R-PE conjugated goat anti-mouse
IgM antibody at room temperature for 30 min in the dark. The beads were then
washed for three times with PBS containing 1% FBS and 0.02% sodium azide
(1% FBS-0.02% NaN5-PBS). The stained beads were analyzed by flow cytome-
try. The florescence of PE-Cy5.5 conjugated goat anti-rabbit IgG antibody and
R-PE conjugated goat anti-mouse IgM antibody were detected with FL-3
detector (LP 650 filter; wavelength above 650 nm) and FL-2 detector (LP 550,
BP 575/26; wavelength 562-588 nm) of flow cytometer, respectively.

Titration of CFSE-LPS-lgG coated latex beads for attachment and
phagocytic process assay

For the titration of beads, heparinized whole blood from healthy human
donors (50 pL) was incubated with various numbers of CFSE-LPS-IgG
coated latex beads at 37°C for 60 min. After washing twice with 1% FBS-
0.02% NaN;-PBS, red blood cells (RBC) were lysed by adding 1 mL of
FACS™ lysing solution (Becton Dickinson) and incubated at room tem-
perature in the dark for 15 min. The remaining leukocytes were then
washed twice with 1% FBS-0.02% NaN;-PBS. The green fluorescence
intensity of phagocytes was analyzed using FL-1 detector (LP 505, BP
530/30 filter; wavelength 515-545 nm) of a flow cytometer.
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Staining of human CD45 molecule

Whole blood from healthy human donors (50 pL) was incubated with
2x10° of CFSE-LPS-IgG coated latex beads at 37°C for 60 min. After
washing twice with 1% FBS-0.02% NaN;-PBS, the PerCP conjugated
mouse anti-human CD45 antibody was added and further incubated at
room temperature for 30 min. The stained cells were washed twice with
1% FBS-0.02% NaN;-PBS, then 1 mL of FACS™RBC lysing solution
was added and incubated at room temperature for 15 min. Cells were
washed twice with 1% FBS-0.02% NaN;-PBS and the stained cells were
analysed by using FL-3 detector (LP 650 filter; wavelength above 650
nm) of flow cytometer.

Attachment and phagocytic process assay

Heparinized whole blood from healthy human donors (50 pL) was
incubated with CFSE-LPS-IgG coated latex beads (1x10°) on ice or at
37°C in the presence or absence of 1% NaN; or 0.125 mM sodium
fluoride (NaF) for 60 min. The cells were stained with PE-Cy5.5 con-
jugated anti-rabbit IgG antibody and incubated for another 30 min. The
stained cells were washed three times with 1% FBS-0.02% NaN;-PBS and
RBC were lysed with FACS™ lysing solution. For the flow cytometric
analysis, non-lymphocytes (phagocytes) were gated by forward scatter
(FSC) and side scatter (SSC). The gated cells were plotted between CFSE
on FL-1 (LP 505, BP 530/30 filter; wavelength 515-545 nm) and
PE-Cy5.5 on FL-3 (LP 650 filter; wavelength above 650 nm) parameters.
The percentage of beads-phagocytic cells (which was indicated by the
green fluorescence of CFSE) and the percentage of attachment of pha-
gocytes to beads (which was indicated by the PE-Cy5.5 fluorescence and
CFSE) were determined.

Results
Preparation of CFSE-LPS-IgG coated latex beads

To develop the flow cytometry analysis for the simultaneous measurement
of attachment and phagocytic processes of phagocytes, latex beads were
coated with LPS and IgG using a highly positively charged poly-L-lysine.!'*!
The LPS-IgG coated beads were, subsequently, labeled with CFSE to obtain
CFSE-LPS-IgG coated latex beads. The CFSE-LPS-IgG coated latex beads
were verified prior to use. As expected, under the flow cytometric analysis,
strong green fluorescence intensity was observed in the CFSE-LPS-IgG
coated latex beads, but was not detected in the LPS-IgG coated latex
beads (without CFSE) (data not shown).
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To ensure that CFSE labeling did not disrupt the structure of IgG on the
beads which would be used as indicator of particle attachment, LPS-IgG coated
latex beads (without CFSE) and CFSE-LPS-IgG coated latex beads were stained
with PE-Cy5.5 conjugated anti-rabbit IgG antibody. As shown in Figure 1A,
both types of beads displayed the same level of PE-Cy5.5 fluorescence intensity,
indicating that CSFE labeling has no effect on the coated IgG. We, however,
raised the question whether the observed positive reactivity may be due to the
binding of the conjugates to the free surface on beads. To address this question,
the beads were stained with PE conjugated rabbit anti-mouse IgM antibody.
Flow cytometry analysis revealed that CFSE-LPS-IgG coated latex beads showed
negative yellow signal of PE fluorescence (Figure 1B). Taken together, these
results indicated that CFSE labeling did not destroy the structure of the IgG
coated and did not interfere the binding of the PEcy5.5 conjugated anti-rabbit
IgG antibodies. Moreover, these results indicated that the free space of the
beads was completely occupied by the blocking step. The CFSE-LPS-IgG coated
latex beads, therefore, could be used for further experiments.
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Figure 1. Verification of CFSE-LPS-IgG coated latex beads. (A), LPS-IgG coated latex beads and
CFSE-LPS-IgG coated latex beads were stained with PE-Cy5.5 conjugated anti-rabbit IgG antibody
and subjected to flow cytometric analysis. The beads were gated according to their FSC and SSC,
and analyzed by dot plot between CFSE and PE-Cy5.5. (B), LPS-IgG coated latex beads (dashed
line) and CFSE-LPS-IgG coated latex beads (solid line) were stained with PE conjugated anti-
mouse IgM antibody.



Downloaded by [Chiang Mai University] at 23:19 15 June 2016

532 W. LAOPAJON ET AL.

Gating strategies and beads titration

To set up a method for the detection of phagocytosis, the appropriate flow
cytometric gating strategies are required. For this purpose, whole blood was
incubated with CFSE-LPS-IgG coated latex beads to allow phagocytosis, and
stained with PerCP conjugated anti-human CD45 mAb. By flow cytometry,
non-lymphocytes (phagocytes) were gated using FSC and SSC detectors and,
subsequently, analyzed on PerCP-CD45 and CFSE. The gated non-lympho-
cyte cells were CD45" cells (Figure 2A). In the non-lymphocyte gated cells,
no CFSE-LPS-IgG coated latex beads (CD45~ CFSE" particles) were observed
(Figure 2A). These data indicate that, by their FSC and SSC properties,
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Figure 2. Determination of gating strategies and beads titration. (A), Whole blood was
incubated with CFSE-LPS-IgG coated latex beads. The non lymphocytes were gated using
FSC and SSC (left panel), and analyzed as CD45-PerCP versus CFSE (right panel). (B), Whole
blood was incubated with the indicated number of CFSE-LPS-IgG coated latex beads at 37°
C for 1 hr. The percentage of CFSE positive cells of phagocytes being gated at various
numbers of beads were shown. The dots represent the mean of % CFSE positive cells. The
error bars indicate the SD value of the duplicate experiments.
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phagocytes can be gated, and the aggregated CFSE-LPS-IgG coated latex
beads did not appeare in the gated cells.

To obtain the suitable number of beads to be used in the phagocytosis
assay, various numbers of CFSE-LPS-IgG coated latex beads were incubated
with whole blood. The percentages of the CFSE positive cells of the phago-
cytes were analyzed (Figure 2B). The number of beads at 1x10° was demon-
strated to be the optimal beads number.

Simultaneous flow cytometric analysis of attachment and phagocytic
processes of phagocytes

To use the generated beads as a tool for studying the attachment and the
phagocytic processes simultaneously, the analysis models were created.
As shown in Figure 3A, after gating phagocytes from the FSC and SSC

- YT
i { o4
/\ N (R
|f
&
@

/{. PE-Cy5.5 anti rabbit IgG antibody

/

/ ;

. / }‘ 3?\‘\ CFSE-LPS-IgG beads
: \

S8C

PE-Cy5.5

FSC CFSE FSC CFSE

Figure 3. Detection of attachment and phagocytic processes. (A), The model illustrated the
analysis strategies of attachment and phagocytic processes of phagocytosis. Phagocytes
were gated according to their FSC and SSS properties, and then subjected to the analysis
of CFSE-LPS-IgG coated latex bead vs. PE-Cy5.5 anti-rabbit IgG antibody by dot plot. (B),
Whole blood was incubated with 1x10° beads or in the presence of NaN5 (C) or NaF (D) at
37°C for 60 min or incubated on ice (E) for 60 min and analyzed by flow cytometry. The
data are representative for three samples.
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plot, the cells were plotted between CFSE and PE-Cy5.5. The cells showing up
negative for both CFSE and PE-Cy5.5 florescence intensity were un-phagocytic
phagocytes. All the CFSE positive cells (upper and lower right panels) were the
cells having intact attachment. The stages of phagocytosis could be distinguished
by staining rabbit IgG on beads with PE-Cy5.5 conjugated anti-rabbit IgG
antibody. The gated cells that could be detected the IgG on the beads, were
defined as cells-beads attachment and/or as incompletely engulfed (upper right
panel). On the other hand, the cells showed up positive only for CFSE fluores-
cence, were identified as complete internalization of the beads (lower right
panel). A combination of the CFSE and the IgG detection can indicate the
attachment and the phagocytic processes.

We then employed this method to measure the attachment and the
phagocytic process of phagocytes. As expected, after incubation at 37°C
for 60 min, the cells were separated in three populations: complete inter-
nalization, attachment or incomplete engulfment, and un-phagocytic pha-
gocytes (Figure 3B). In order to confirm our viewpoint, phagocytosis
inhibition reagents, NaN3; and NaF, were employed. As predicted, in the
presence of NaNzand NaF, the phagocytic activity was inhibited
(Figures 3C and 3D). Moreover, we also incubated the cells-beads mixture
on ice, and the results showed that only attached beads were observed,
whereas the phagocytic, or completely engulfed, beads were almost unde-
tectable (Figure 3E). These data indicated that a suitable method to
determine attachment and phagocytic processes was successfully
developed.

Kinetic measurement of phagocytosis

To apply the developed technique for monitoring phagocytosis processes,
we generated the kinetic assay by the incubation of CFSE-LPS-IgG coated
latex beads with whole blood at 37°C at various time points. As shown in
Figure 4A, with the increasing of the incubation time, the percentages of
the completely internalized phagocytes were increased, whereas the per-
centages of the cells showing attachment or incomplete engulfment were
decreased. Also, we determined the phagocytic processes in the presence
of phagocytosis inhibition reagents, NaN; and NaF. The results demon-
strated that both the attachment and the engulfment of the phagocytes
were blocked in the presence of the phagocytosis inhibitors (Figures 4B
and 4C). At non-physiological temperatures, on ice, the beads were
attached to the surface of the cells, but could not be engulfed into
phagocytes over the incubation periods (Figure 4D). These results illu-
strated that the established method could be used to simultaneously
monitor attachment and phagocytic processes of phagocytes.
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Figure 4. Kinetic phagocytosis analysis. Phagocytosis was performed by incubation with
CFSE-LPS-IgG coated latex beads, stained PE-Cy5.5 anti-rabbit IgG antibody incubated at various
time points using the indicated conditions (A-D). The phagocytes were gated using FSC and SSC,
and analyzed between CFSE and PE-Cy5.5. The percentage of attachment or incomplete engulf-
ment and complete internalization are demonstrated. The data are presented as mean+SD of
three different samples.

Discussion

Phagocytosis is a crucial part of the innate and adaptive immune responses.
It has been defined as the ingestion of particles that are larger than 0.5 um by
phagocytes. Phagocytosis can be divided into three major steps: attachment,
engulfment, and elimination of phagocytosed particles. The attachment
phase is initiated by the recognition of ligands on target microbes via
receptors on phagocytes, including opsonin receptors (Fc receptors and
complement receptors) and pattern recognition receptors (CD14, scavenger
receptors, mannose receptors).'! After the attachment process, the
attached microbes are engulfed, which is facilitated by actin cytoskeleton,
into phagocyte cells in a vascular form called phagosome. By fusion with
lysosomes, the microbes insight phagolysosomes are destroyed. The defect at
any step of phagocytosis leads to defects in the immune system. Hence, a
comprehensive method to determine the stages of phagocytosis should be
emphasized. Flow cytometry techniques have been developed for phagocy-
tosis measurement. However, by flow cytometry, the discrimination between
adherent and ingested particles is required. The quenching of external fluor-
escence particle with trypan blue is commonly used to distinguish the
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internalized from surface-adherent particles.!'>'®! By trypan blue quenching,
phagocytotic measurement can be determined, however, the presence of
surface attachment particles cannot be obtained.!'>'®! In this study, we
established a flow cytometric method for simultaneous measurement of
attachment and phagocytic processes of phagocytosis.

To develop the aforementioned method, latex beads (3 um) were coated
with two substances, LPS and IgG, by using poly-L-lysine. Poly-L-lysine
contains a strong positive charge that has been used for increasing the
binding of the coating materials on polystyrene."”~**! The binding of LPS
and IgG to the beads involves hydrophobic interaction and also ionic
interaction between the negative charges of LPS and IgG and the positive
charge of poly-L-lysine."***! The LPS-IgG coated latex beads were, subse-
quently, labeled with CFSE, and then the CFSE-LPS-IgG coated latex beads
were employed for the phagocytosis assay. The CFSE is a fluorescent ester,
so after excitation at 488 nm, it emits the green fluorescent wavelength at
521 nm which can be detected by flow cytometry.*"! By this CFSE coating,
the phagocytes that internalize the beads are detected by flow cytometry.
LPS and IgG sensitized on the beads are purposed to function as target
ligands for recognition by receptors on phagocytes that induce the phago-
cytosis process.***) In addition, the IgG on the beads were employed to
be targeted for detecting the attachment of beads on the surface of the
phagocytes. The beads which attach on the surface of the phagocytes are
detected using PE-Cy5.5 anti-rabbit IgG conjugates; therefore, by flow
cytometery, the beads attached to the phagocytes become red fluorescent
at wavelength 578 nm.*®!

By this strategy, the phagocytes were incubated with CFSE-LPS-IgG
coated latex beads at 37°C for 1 hr. By FACS analysis, beads-phagocytosed
cells were detected of CFSE at FL1 detector. In addition, the incomplete
engulfment, the beads attached to the surface of the phagocytes, were
detected by FL1 and FL3 detectors after staining with PE-Cy5.5 conju-
gated anti-IgG antibody. Since the PE-Cy5.5 conjugates cannot enter live
cells, the beads internalized by the phagocytes will not be detected by the
FL3 detector, and can be detected only with the FL1 detector. By this
combination, the defect in the attachment process, or the phagocytic
process, of the phagocytes can be determined, simultaneously. The flow
cytometric analysis results may be displayed in the form of three cate-
gories: (1) non-fluorescent phagocytes are detected, which means cells
have some defect as regards the attachment process; (2) two colors of
CFSE and PE-Cy5.5 positive cells are detected, without a single color
CESE positive cells, indicates that there is intact attachment process but
dysfunctional phagocytic process; (3) cells become single-color CFSE
positive, indicating intact functioning of both attachment and phagocytic
processes of the phagocytes.
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In our experiment, CFSE-LPS-IgG coated latex beads were prepared, and it
was demonstrated that the CFSE and the IgG coated on the beads could be
detected by using a flow cytometer. Phagocytosis assay by using whole blood
was optimized by including the number of beads and gating strategies. Since,
after phagocytosis, the phenotypes of the phagocytes were changed, we vali-
dated the gating strategies using CD45 as the marker of the leukocytes./*”?*]
The results showed that the gated cells were leukocytes and that there were no
beads in the gated cells. The developed methods were employed for the
detection of phagocytosis, and it was found that the established method
could be used for the determination of attachment and phagocytic processes,
simultaneously, as given in the principle mentioned in Figure 3. In addition,
the kinetic assay showed that the established methods could monitor the steps
of phagocytosis. In the presence of NaN; and NaF, phagocytosis inhibitors,-
(29-31) the results showed that both the attachment and the engulfment were
inhibited. The inhibition effect of NaN; and NaF could be used as indicative
for patients who have defects in both attachment and engulfment processes.
Moreover, under on-ice condition, the engulfment of the particles was blocked,
while the attachment process could still be determined. The on-ice condition
could be used as indicative for patients who have defects in the engulfment but
not the attachment process. To the best of our knowledge, this system has
never been reported before. The developed method has several advantages over
the reported phagocytosis assay. This method is very suitable for the determi-
nation of dysfunction of phagocytes and also for validating functional leuko-
cyte surface molecules which are involved in cell adhesion and internalization.
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Abstract

Autoantibodies against interferon-gamma (IFN-y) can cause immunodeficiency and are
associated with various opportunistic infections. In the present study, we investigated other
cellularimmune parameters for a better understanding of the immunodeficiency condition in
the patients. The numbers of WBC, monocytes and NK cells were increased in patients with
anti-IFN-y autoantibodies (AAbs). Upon TCR activation, T cell proliferation and IL-2 receptor
of the patients remained intact. Nonetheless, the Th1 cytokine (IFN-y and TNF-a) produc-
tion was up-regulated. The production of Th2 (IL-4) and Th17 (IL-17) cytokines was
unchanged. We suggest that, in addition to the presence of anti-IFN-y autoantibodies, alter-
ations in the cellular immune functions may also contribute to this immunodeficiency.

Introduction

Immune system plays an important role in the eradication of infectious diseases and cancers.
Immunodeficiency, caused by either genetic defects or infections, leads to an increased predis-
position to infections and malignancy. In recent years, autoantibodies (AAbs) against cytokines
in humans have been reported [1-7]. These anti-cytokine AAbs can neutralize host cytokines
and disrupt the immune function causing pathogenesis and immunodeficiency. Anti-granulo-
cyte macrophage colony stimulating factor (GM-CSF) AAbs can cause pulmonary alveolar
proteinosis (PAP) [8]. Anti-IL-1c, IL-12 and TNF-o. AAbs can be found in SLE patients [9].
The presence of anti-IL-17 or anti-IL-22 AAbs in patients was associated with chronic muco-
cutaneous candidiasis [6, 10]. Moreover, anti-IFN-y AAbs was shown to be associated with
immunodeficiency [1-5, 11, 12].

IFN-y is a critical cytokine involved in immune responses and is produced by various cells,
including natural killer (NK) cells, natural killer T (NKT) cells, CD4" T helper 1 (Th1) cells,
and CD8" T cells [13-17]. Depletion of IFN-y production is associated with abnormalities of
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both the innate and adaptive immune responses and, therefore, increases the susceptibility to
infection, particularly intracellular microbes [18-20]. During the last decade, immunodefi-
ciency due to anti-IFN-y AAbs has been described [1-4, 11, 12, 21]. Autoantibodies against
IFN-y have been reported to exist in the serum of these patients [1-4, 11, 21]. The anti-IFN-y
AAbs titer was significantly higher among the patients with active opportunistic infections
compared to those without opportunistic infections [1, 4]. Interferon receptor 1 expression on
patients’ lymphocytes, however, was fundamentally normal [1]. The anti-IFN-y AAbs was
shown to neutralize IFN-vy activity in the body and lead to immunodeficiency [1]. The mecha-
nism initiating the production of anti-IFN-y AAbs, however, remains unknown.

Severe or disseminated non-tuberculous mycobacteria and other opportunistic infections
are regularly observed in patients with anti-IFN-y AAb [1-4, 11, 21]. In addition to the pres-
ence of anti-IFN-y AAbs, we raise the question whether other immune-abnormalities also con-
tribute to the immunodeficiency in these patients. To address this question, in this study, the
numbers of phagocytes and lymphocyte sub-population involved in the immune responses,
such as T cells sub-populations, B cells, NK cells, and NKT cells were determined. Additionally,
T cell activation and function were investigated. The results obtained may lead to a better
understanding of the immunodeficiency condition of the patients.

Materials and Methods
Study population

Patients with immunodeficiency and anti-IFN-y AAbs were diagnosed at Maharaj Nakorn
Chiang Mai Hospital, Chiang Mai University. All patients were anti-IFN-y AAbs positive and
HIV negative. Healthy normal subjects were included as a control group. All the healthy sub-
jects were anti-IFN-y AAbs negative. The determination of anti-IFN-y AAbs in plasma or sera
was carried out using an indirect ELISA, as previously reported [4, 12].

In this study, 36 patients (18 female and 18 male) with anti-IFN-y A Abs were enrolled and
their average age was 54 years old (range: 37 to 77). Ten healthy subjects (8 female and 2 male)
were also recruited and their average age was 26 years old (range: 23 to 32).

The study was approved by the ethics committees of the Faculty of Medicine and the
Research Institute for Health Sciences at Chiang Mai University. Written informed consent
was obtained for each subject prior to enrollment.

Leukocyte distribution analysis

Blood samples were collected from subjects in tubes containing acid citrate dextrose as the
anti-coagulant. Leukocyte distributions in the patients with anti-IFN-y AAbs and the healthy
subjects were determined by flow cytometry in combination with complete blood count (CBC)
data. Lymphocyte sub-populations were determined by the lysed whole blood staining method,
using the following antibodies: (i) PerCP conjugated anti-CD45, PE conjugated anti-CD4, and
FITC conjugated anti-CD3 monoclonal antibodies (mAbs) (BD Biosciences, San Jose, CA,
USA) were used for the enumeration of CD4" T lymphocytes; (ii) PerCP conjugated anti-
CD45, PE conjugated anti-CD8, and FITC conjugated anti-CD3 mAbs (BD Biosciences) were
used for the enumeration of CD8" T lymphocytes; (iii) PerCP conjugated anti-CD45, PE con-
jugated anti-CD56, and anti-CD16 mAbs were used for the enumeration of NK cells; (iv) FITC
conjugated anti-CD3 mADb was used in combination with PerCP conjugated anti-CD45, PE
conjugated anti-CD56, and anti-CD16 mAbs for counting NKT cells; (v) FITC conjugated
anti-CD45, PE conjugated anti-CD14 (BD Biosciences), and PerCP conjugated anti-CD19
mAbs (BioLegend, San Diego, CA, USA) were used for the enumeration of CD19" B
lymphocytes.
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For the staining method, 50 pL of whole blood was stained with 10 uL of the appropriate
combination of mAbs for 30 min at room temperature. The red blood cells were then lysed
using FACS lysing solution (BD Biosciences). The cells were then washed twice with a washing
reagent (1% fetal bovine serum [FBS], 0.02% NaNj; in phosphate buffered saline [PBS]) and
analyzed using a FACSort flow cytometer (BD Biosciences). For flow cytometric analysis, the
lymphocyte population was gated using CD45 expression and side scatter signals. The cell sub-
populations were then determined according to their surface markers expression.

CFSE-based proliferation assay

Peripheral blood mononuclear cells (PBMCs) were separated from blood by gradient centrifu-
gation over Ficoll-Hypaque solution (GE Healthcare Life Sciences, Pittsburgh, PA, USA).
PBMCs (1x107 cells/mL) were incubated with carboxyfluorescein succinimidyl ester (CFSE;
Invitrogen/Molecular Probes, Eugene, OR, USA) at a final concentration of 0.5 uM for 10 min
at 37°C. The cells were then washed with 10% FBS in RPMI two times in order to remove any
excessive CFSE. The CESE-labeled PBMCs (5x10° cells/mL) were stimulated with or without
immobilized anti-CD3 mAb clone OKT3 (Ortho Pharmaceuticals, Raritan, NJ, USA) (60 ng/
mL) for 3 days in a 5% CO, incubator at 37°C. The cells were harvested and investigated for
cell proliferation by monitoring the reduction in CFSE using FACSort flow cytometer (BD
Biosciences).

CD25 (Interleukin-2 receptor) determination

PBMCs were activated with or without anti-CD3 mAb OKT3 (Ortho Pharmaceuticals), as was
described above. On the third day of cultivation, the cells were harvested and stained for CD25
expression using FITC-conjugated anti-CD25 mAb (Beckman Coulter, Marseille, France). The
expression of CD25 in lymphocytes was assessed by FACSort flow cytometer (BD Biosciences).

Intracellular cytokine staining

To determine the cytokine production of T cells, PBMCs were activated using 10 ng/mL phor-
bolmyristate acetate (PMA; Sigma-Aldrich, MO, USA) and 1ug/mL ionomycin (Sigma-
Aldrich) in the presence of 5 pg/mL Brefeldin A (Sigma-Aldrich) for 6 h. The cells were then
harvested, washed once with washing reagent (1% FBS, 0.02% NaNj in PBS), and stained with
PerCP conjugated anti-CD3 mAb for 30 min at 4°C. The stained cells were fixed using 200 uL
fixation buffer (4% paraformaldehyde in PBS) for 20 min at RT. The fixed cells were then
washed twice with PBS and once with permeabilization buffer (5% FBS, 0.1% saponin, 0.02%
NaNj; in PBS), and then incubated for 15 min at room temperature. The intracellular cytokine
was stained with PE conjugated anti-IFN-vy, anti-IL-4, anti-IL-17A, or anti-TNF-a mAb for 30
min at 4°C. After that, the stained cells were washed with permeabilization buffer and re-sus-
pended in staining buffer, following which the cells were subjected to flow cytometer (FACSort,
BD Biosciences) and analyzed with the FlowJo software (Tree Star, Inc. Ashland, USA). All the
PE conjugated anti-cytokine mAbs were purchased from BioLegend (San Diego, CA, USA).

For the flow cytometric analysis, the T cells were gated according to the expression of the
PerCP conjugated anti-CD3 mAb. The gated CD3" T cells were further assessed for intracellu-
lar cytokine-producing cells by monitoring the PE-positive cells.

Statistical analysis

The significance of the difference between the compared populations was analyzed by using
the Mann-Whitney U test. A p value less than 0.05 was considered significant.
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Results
Leukocyte distribution in patients with anti-IFN-y AAbs

Peripheral blood leukocyte distribution was compared between the patients with anti-IFN-y
AAbs and healthy subjects. The total number of white blood cells was significantly higher in
the patients with anti-IFN-y AAbs than the healthy subjects (Table 1). In addition, the mono-
cyte count was also found to be higher in the patients with anti-IFN-y AAbs patients (Table 1).
However, there was no difference in the absolute lymphocyte counts between tested groups
(Table 1).

The lymphocyte sub-populations were also determined by staining with specific set of
mADbs. By flow cytometric analysis, lymphocytes were gated according to the CD45 expression
and their size and the percentages of lymphocyte sub-populations were determined. We found
that the total numbers of the CD3", CD4", CD8" T and CD19" B cells were not significantly
changed (Table 1). The NK (CD3” CD56") cell population was increased in the patients with
anti-IFN-y AAbs.

T cell proliferation and CD25 expression of the patients with anti-IFN-y
AADbs

The ability of T cells activation in the patients with anti-IFN-y AAbs was investigated using the
CFSE based proliferation assay. Upon CD3 stimulation, the percentage of divided cells was not
significantly different between patients with anti-IFN-y AAbs and the healthy subjects (S1 Fig).
We also investigated the expression of CD25 (IL-2 receptor) of the CD3-activated lympho-

cytes. The lymphocytes were gated and assessed for the expression of CD25 using FITC-conju-
gated anti-CD25 mAb (S2A Fig). The mean fluorescence intensity (MFI) ratio of the CD25
expression (MFI of stimulation/MFI of un-stimulation) (S2B Fig) and the percentage of the
CD25 expressing cells (S2C Fig) were not significantly different between the two groups.

Cytokine production of T cells of the patients with anti-IFN-y AAbs

In order to assess the function of T cells in the patients with anti-IFN-y AAbs, we determined
the production of various intracellular cytokines upon T cell activation. After PMA and iono-
mycin stimulation, the Th1 cytokine production, including IFN-y and TNF-a, were signifi-
cantly up-regulated in the patients with anti-IFN-y AAbs in comparison with the healthy
subjects (Fig 1A). However, the Th2 and the Th17 cytokines, IL-4 and IL-17, in the patients
were not statistically significantly different from the healthy subjects (Fig 1B).

Stimulation of T cells by anti-CD3 mAb was performed. The IFN-y production in the
patients with anti-IFN-y A Abs was significantly up-regulated compared to the heathy subjects
(Fig 2). Our results simply reflect an alteration of the cell-mediated immune response in
patients with anti-IFN-y AAbs.

Discussion

The presence of anti-IFN-y autoantibodies has been demonstrated to be strongly associated
with immunodeficiency syndrome in adults, leading to various opportunistic infections [1-4,
11, 21]. Several studies have proposed that the immunodeficiency involves the neutralization
of IFN-v activity by the autoantibody [1-4, 11, 21]. We investigated other immune parameters
which may also contribute to this immunodeficiency.

Increasing numbers of white blood cells and phagocytes in the general circulation is used as
a marker of infection. A trend towards higher numbers of white blood cells and phagocytes
was observed in patients with anti-IFN-y AAbs. These results correlate with the C-reactive
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Table 1. Leukocyte Distribution in the patients with anti-IFN-y Autoantibodies and Healthy Subjects.

WBC (x10° cells/uL)

Neutrophil (x10° cells/uL)
Monocyte (x10? cells/uL)
Lymphocyte (x102 cells/uL)

CD3*T cell (x10? cells/pL)

CDA4*T cell (x10? cells/pL)

CD8*T cell (x10? cells/uL)
CD19*cell (x102 cells/pL)
CD3°CD56* NK cells (x10? cells/uL)
CD3*CD56* NKT cells (cells/pL)

Patients with anti-IFN-y AAbs (N = 29) Healthy subjects (N = 10) p-value*
8.9+4.3 6.2+1.0 <0.05
5.5+3.8 3.6+0.9 0.160
5.3t1.4 3.9+0.9 <0.005

22.2+10.9 35.848.9 0.857
12.9+6.2 14.1£3.8 0.258
6.5+£3.4 7.8£2.2 0.092
5.6+2.9 6.3+2.5 0.290
3.2£2.0 3.9+1.7 0.087
4.6£2.0 2.84£1.7 <0.05

98177 126175 0.126

*Comparison between patients with anti-IFN-y AAbs and healthy subjects. Boldfacing indicates statistical significance.

doi:10.1371/journal.pone.0145983.t001

protein (CRP) level in patients’ sera. In this study, 48% of the enrolled patients have higher
CRP level from the normal range. In the patients with and without active opportunistic infec-
tion during the past 30 days, 75% and 38% had higher CRP level from the normal range,
respectively. The increased CRP and WBC levels indicate the presence of inflammation in
these patients. This indicates that the immunodeficiency symptom and repeat infection in
patients with autoantibodies against IFN-v is not due to panleukopenia or a reduction in the
number of phagocytes. The NK cell population also increased in the patients, indicating an
alteration in the NK cells in patients with and without active opportunistic infection during the
past 30 days (data not shown). The chronic and repeating opportunistic infections occurring in
patients with anti-IFN-y AAbs may activate and cause an increase in the number of NK cells.
Incidentally, as IFN-v is considered the prototypic NK cell cytokine, the diminished activity of
IFN-v due to the neutralizing anti-IFN-y AAbs in the patients may induce a compensatory
effect by increasing the NK cell number.

Cell-mediated immunity (CMI) plays a central role in the eradication of infectious diseases
[20, 22, 23]. This type of immunity is dependent on the recognition of antigen by TCR
expressed on the T cell surface and their subsequent destruction of cells bearing the antigen, or
on the secretion of lymphokines that enhance the ability of phagocytes to eliminate the invaded
microbes, particularly intracellular microbes [23]. Patients with anti-IFN-y AAbs have been
reported to be susceptible to various types of intracellular infections, for example, disseminated
non-tuberculous mycobacterial infection, disseminated penicilliosis marneffei, non-typhoidal
Salmonella bacteremia, cytococcosis, histoplasmosis, and disseminated herpes zoster, with a
relative high mortality rate [1-4, 11, 21]. Autoantibody to IFN-y was proposed to be the cause
of CMI immunodeficiency. We speculate that, besides the presence of the anti-IFN-y antibody,
T cell responses may be dysfunctional in these patients. The activation of TCR on T cells was
carried out using anti-CD3 mAb. Upon TCR activation, the T cell proliferation and the CD25
(IL-2 receptor) expression of the patients with anti-IFN-y AAbs remained intact. The results
indicate that at least part of the signal transduction subsequence of TCR triggering was still
intact. As cytokines produced by T cells are the crucial mediators for cell-mediated immunity
[23], we further determined the T helper (Th) cell cytokines after T cell activation. Surprisingly,
after PMA and ionomycin stimulation, the Th1 cytokine production, including the production
of IEN-y, and TNF-a, were up-regulated in patients with anti-IFN-y AAbs, in comparison with
the healthy subjects. Our results were not in agreement with a previous report which observed
a reduction in the production of TNF-a and IL-2 [12]. Compared to this previous report [12],
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Fig 1. Intracellular cytokine production of patients with anti-IFN-y AAbs and healthy subjects. PBMCs were stimulated with PMA and ionomycin
(lono). The PBMCs were then stained surface CD3 using PerCP conjugated anti-CD3 mAb and PE conjugated anti-cytokine antibody. The expression of the
indicated intracellular cytokines of the CD3* T cell was analyzed by flow cytometry. The fold increase in the cytokine production in response to the stimulants
as compared to cell culture with no stimulants is shown. “ns represents no statistical significance”; “**” represents p<0.005; “***” represents p<0.0017.

doi:10.1371/journal.pone.0145983.g001

in our study, PMA and ionomycin were used as stimulators, instead of PHA. PHA and PMA/
ionomycin act on cells in a different manner. By using PHA activation, the signals could be
coming from any glycosylated surface molecule. In contrast, PMA directly activates protein
kinase C (PKC) omitting the requirement of surface receptor stimulation. Ionomycin, a cal-
cium jonophor, is able to trigger calcium release which is required for NFAT signaling. The
PMA/ionophor activation is, therefore, closer to the physiological condition for T cell activa-
tion [24]. In this study, although enhancement of IFN-y and TNF-o production was observed
in the patients, the production of Th2 (IL4) and Th17 (IL-17) cytokines were at the same level
as healthy controls. To confirm whether enhancement of Th1 cytokines occurred under
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Fig 2. Intracellular interferon-y production in patients with anti-IFN-y AAbs and healthy subjects.
PBMCs were stimulated with immobilized anti-CD3 mAb. The PBMCs were then stained surface CD3 using
PerCP conjugated anti-CD3 mAb and PE conjugated anti-cytokine antibody. The expression of the
intracellular IFN-y of the CD3* T cell was analyzed by flow cytometry. The fold increase in the IFN-y
production in response to the stimulants as compared to cell culture with no stimulants is shown. “**”
represents p<0.005.

doi:10.1371/journal.pone.0145983.g002

physiological conditions, activation of TCR by anti-CD3 mAb was performed. Up-regulation
of IFN-y production in the patients with anti-IFN-y AAbs was observed. Our results indicate
an alteration in cell-mediated immune response in the patients with anti-IFN-y AAbs.

In this study, the patients enrolled seem to be older than the healthy subjects. Reduction of
T proliferation, IL-2 production and IL-2 receptor expression have been reported in the elderly
[25-27]. However, the age of affect was observed in patients with an average at 65 or older [26-
28], which was much older than our patient group. In addition, we found no statistically signif-
icant difference between patients and healthy subjects in T cell proliferation and the expression
of CD25 (IL-2 receptor) as shown in S1 and S2 Figs. The observed increase of IFN-y and TNF-
o production in T cells may be related to an alteration of the Th1/Th2 balance in patients with
anti-IFN-y AAbs. The mechanism of the up-regulation of IFN-y and TNF-a in the patients is,
however, unclear. We speculate that T cells of the patients have already committed to be Thl
cells. The imbalance of Th1 and Th2 cytokine has been reported in some autoimmune diseases.
Th1 dominant was observed in autoimmune disease such as multiple sclerosis (MS), inflamma-
tory bowel diseases (IBD), Rheumatoid Arthritis (RA) and Hashimoto’s Thyroiditis [29].
These autoimmune diseases have high levels of IFN-y and uncontrolled inflammation and
infection [30, 31]. Based on our findings, we proposed that there may be a defect in the regula-
tory function of the immune system resulting in an error to control the Th1 and Th2 balance
in patients with anti-IFN-y AAbs. Excessive Th1 cytokines, i.e. IFN-y, have been reported to
induce autoimmune disease [30, 31]. We hypothesize that the over production of Th1
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cytokines observed in these patients may alter the controlling of auto-reactive B cells results in
the production of anti-IFN-y AAbs. The overwhelmed Th1 activation and the enhanced Th1
cytokine production in these patients may also be due to a compensation mechanism in which
the ability of IFN-y was neutralized by the autoantibodies. It is also possible that activation of T
cells in vivo following chronic antigenic stimulation may also have occurred and may need to
be taken into consideration.

Supporting Information

S1 Fig. T cell proliferation in patient with anti-IFN-y AAbs and healthy subjects. CFSE-
labeled PBMCs were stimulated with immobilized anti-CD3 mAb. The T cell proliferation of
the patients with anti-IFN-y AAbs and the healthy subjects upon anti-CD3 activation was pre-
sented as percentage of divided cells in the dot density plot.

(TIF)

S2 Fig. CD25 expressions in patients with anti-IFN-y AAbs and healthy subjects. PBMCs
were stimulated or un-stimulated with immobilized anti-CD3 mAb. (A) The expression of
CD25 was found to have increased in all the tested groups after stimulation. The stimulated
cells are presented in close gray histogram plots and the un-stimulated cells of each sample are
overlaid in open black histogram plots. (B) The expressions of CD25 in the patient with anti-
IFN-y AAbs and the healthy subjects are presented as the ratio of mean fluorescent intensity
(MFI) of activation and no activation in the dot density plot. (C) The percentage of the CD25
expressing cells is presented, and it was observed that there was no difference between the
tested groups. The bars represent the mean of the percentages of the CD25 expressing cells.
The error bars indicate the SD value.
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Abstract

CD99 is a human leukocyte surface molecule involving T cell activation, cell adhesion,
cell migration and cell death. Its counter-receptor is, however, still a matter of controversy. In an
attempt to identify CD99 counter-receptor, a pull-down assay was developed. The successful of
the pull-down method is indeed depending on the bait protein structure. To obtain bait protein
composed of a similar structure and post-translational modification to native CD99 protein, we
produced secreted dimeric CD99-human IgG Fc fusion proteins in 293T cell line. The CD99-1gG
Fc fusion proteins were, then, used to search for the CD99 ligand, in combination with 3,3"-
dithiobissulfosuccinimidylpropionate (DTSSP) crosslinking, in various human cell lines by
indirect immunofluorescence staining. Upon several cell lines tested, only THP-1 cell line
showed positive staining with CD99 bait protein. To pull down CD99 counter-receptor, THP-1
cells were stained with CD99-1gG Fc fusion proteins, crosslinked with DTSSP and pulled down
by protein G beads. By western blotting, the molecular weight of the pulled down protein was
higher than the CD99 bait protein indicating the presence of CD99 counter-receptor in the pulled
down material. In this study, we introduced here the pull-down method using a flexible-dimeric
CD99 fusion protein in combination with DTSSP crosslinking for identification of its counter-

receptor.
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Abstract

CD99 is a broadly expressed transmembrane glycoprotein which has been described asaT cells-
co-stimulator. We previously demonstrated that CD99 molecules were translocated into
immunological synapse during T cell activation. However, the complete function of CD99
involving in T cell activation is still unclear. In this study, the role of CD99 on T cell responses
was investigated. T cells proliferation, induced by anti-CD3 mAb, was inhibited by an anti-CD99
monoclonal antibody (mAb). The inhibition ability of anti-CD99 mAb was neutralized by CD99
recombinant proteins indicated that blocking of T cell proliferation was resulted from the
engagement of CD99 molecules by anti-CD99 mAb. In addition, we found that engagement of
CD99 before CD3 activation could not induce the T cell proliferation inhibition. This data
suggested that stimulation of CD3 was required for induction of inhibition of T responses by
CD99. The mechanism underlying this phenomenon was investigated. The expression of I1L2
receptor (CD25) and IL2 was atered upon CD99 engagement. Our results illustrated that, during
T cell activation, stimulation of CD3 molecules may provide a signal involving CD99 function.
Subsequently, ligation of CD99 will generate T cell inhibitory signal. The generated inhibitory
signal by CD99 molecules might be the negative feedback mechanism of T cell activation.
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Abstract

Phagocytosis can be divided into three stages including attachment, internalization, and
degradation of the microbes. The available phagocytosis assays, however, could not differentiate
the stages of phagocytosis. In this study, the method for concurrent detection the attachment and
engulfment of phagocytosis was developed by using latex beads coated with lipopolysaccharide
(LPS), rabbit 1gG, and carboxyfluorescein diacetate succinimidyl ester (CFSE). The generated
CFSE-LPS-1gG coated latex beads were incubated with whole blood at 37°C for 1 hour. After
incubation, the cells were stained with PE-Cy5.5 anti-rabbit 1gG antibody. The phagocytosis was
anayzed by flow cytometry. The results demonstrated that CFSE and 1gG coated on beads could
be detected by flow cytometer. The developed methods could be used for determination of
attachment and phagocytic processes. In the presence of NaN3 and NaF, phagocytosis inhibitors,
inhibition of both the attachment and the engulfment was demonstrated. Under on-ice condition,
the engulfment step was blocked, while the attachment process could still be observed. In
summary, the established methods could be employed for the detection of both attachment and
engulfment of phagocytes, ssmultaneously. This method is a valuable tool for the diagnosis of

phagocytosis disorder as well as the study of the molecules involved in phagocytosis.
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ABSTRACT

Leukocyte surface molecules are CD molecules on leukocyte that play the important role in
regulation of cell function and cell signaling. They often act as receptors or ligands, the molecule that
activates receptor, on the cell surface. CD99 is a leukocyte surface type 1 transmembrane glycoprotein
broadly expressed in both hematopoietic and non-hematopoietic cells. It is separated in two distinct
isoforms, a long 32 kDa form (type 1) and a short 28 kDa form (type 11). CD99 is known to be involved in
the T cell activation, cell-cell adhesion, cell migration and cell death. In several years ago, many
researchers try to study the functions of human CD99 in T cells. However, so far the study of human
CD99 mostly engaged by agonistic monoclonal antibodies. Several conflict data have been reported.
Therefore, the functions of human CD99 in T cell regulation are unclear. In this study, we aim to identify
natural CD99 ligand(s) and study the mechanism of CD99 in T cell stimulation by using CD99 ligand(s).
Firstly, we generated recombinant human CD99-IgG fusion protein in mammalian cells. The short form
and long form of CD99 encoding genes were amplified from a plasmid vector pCDM8-CD99 by PCR.
And subsequently inserted into pFuse-hlgG1 Fc2 harboring Zeocin resistance gene, the plasmid designed
for the construction of IgG-Fusion proteins by Zeocin drug selection. The correct of inserted CD99 genes
was proved by re-amplification by PCR and subjected to DNA sequencing. It was found that, the
nucleotide sequences of both CD99 short form and CD99 long form were completely identical to the
nucleotide sequence in CD99 gene database. To produce recombinant human CD99-IgG fusion protein,
the pFuse-CD99 hlgG1 Fc2 plasmid vectors were transfected into Jurkat cell line by electroporation
technique. To generate stable CD99-1gG expressing cell line, the transfected cells were then cultured in
medium containing zeocin drug. By ELISA and Western blotting, CD99-1gG were detected. The result
indicated that the CD99-1gG was produced and could be used as a tool for identification of natural CD99
ligand(s). Finally, we would like to use natural CD99 ligand(s) for study CD99 in T cell stimulation in
order to more understanding of the key role of the human CD99 molecule in immunoregulation and

immunologic function.
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ABSTRACT

Leukocyte surface molecules are CD molecules on leukocyte that play the important role in
regulation of cell function and cell signaling. They often act as receptors or ligands, the molecule that
activates receptor, on the cell surface. CD99 is a leukocyte surface type 1 transmembrane glycoprotein
broadly expressed in both hematopoietic and non-hematopoietic cells. It was separated in two distinct
isoforms, a long 32 kDa form (type 1) and a short 28 kDa form (type I1). CD99 is known to be involved in
the regulation of T cell activation, cell-cell adhesion, cell migration and cell death. In several years ago,
many researchers try to study the functions of human CD99 in T cells. However, so far the study of
human CD99 mostly engaged by agonistic monoclonal antibodies. The reports showed many functions of
human CD99 have been confused. The functions of human CD99 in T cell regulation are unclear.
Therefore, we would like to identify natural CD99 ligand(s) in order to use instead of agonistic

monoclonal antibodies to clarify the mechanism of CD99 in T cell stimulation.
In this study, we generated recombinant human CD99-IgG fusion protein in mammalian cells.
The cellular distribution of CD99 ligand(s) on various cell types including peripheral blood cells

and several tumor cell lines were investigated by flow cytometry using CD99-1gG fusion staining. We

further used CD99-1gG fusion coated Sepharose beads to pull down CD99 ligand(s) from cell lysates.
Subsequently, we isolated and then subject CD99 ligand(s) for SDS-PAGE and western blotting analysis.
The isolated CD99 ligand(s) was submitted to amino acid sequencing in order to identify CD99 ligand.

The identified ligand was produced as IgG fusion protein in mammalian cells. The CD99 ligand-1gG

fusion protein used as a tool for study function of CD99 on T cell stimulation.

Form this study, we hope that the identification of CD99 ligand give us more understanding of

the key role of the human CD99 molecule in immunoregulation and immunologic function.
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