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Abstract

Project Code: RSA40-8-0016

Project Title: Study of factors affecting the enhancement of antibody production by DNA
immunization

Investigator: Associate Professor Dr. Watchara Kasinrerk

E-mail Address: watchara@chiangmai.ac.th

Project Period: 1 December 1997- 1 December 2000

The objectives of this study are to study factors that involved in antibody production by
using DNA immunization strategy. The outputs of this study are summarized as follows:

In our study, the plasmid DNA isolation methods were firstly evaluated. We found that
plasmid DNA isolated by Qiagen plasmid mega kit induced antibody responses better than
those isolated by cesium chloride-ethidium bromide gradient ultracentrifugation method. For
induction of antibody responses, plasmid DNA enceding membrane protein and secreted
protein were compared. Both type of ptasmid DNA could induced antibody response in the
same level. In order to study the use of DNA immunization for production of polyclonal
antibody to various proteins, mice were intramuscular immunized with DNA encoding various
leukocyte surface molecules and HBs antigen. We found that by this strategy, specific
antibodies could be induced in mice sera. These results indicate that DNA immunization can
be used to produce polyclonal antibodies against several type of proteins. However, to induce
antibody responses, 3-5 plasmid DNA inoculations were required and the antibodies induced
by DNA immunization were |1gG isotype. As eukaryotic expression vector is always needed in
DNA immunization technique, we therefore evaluated several eukaryotic expression vectors
for induction of antibody production. It was found that several eukaryotic expression vectors
can be used for this purpose. In order to enhance antibody production, several reagents
including DEAE Dextran, chloroquine and phytohemeagglutinin (PHA) were mix with plasmid
DNA before mouse immunization. All reagents used, however, have no enhancing effect on
antibody production. In contrast, DEAE Dextran and chloroguine suppressed antibcdy
production.

As we found that 3-5 plasmid DNA intramuscular immunizations were needed for
induction of antibody response, intrasplenic immunization was then studies for using as
inoculation route. In contrast to intramuscular immunization, only a single DNA intrasplenic

injection resulted in the production of serum antibodies.



In addition to the production of antibody in mice, we also found that DNA immunization
could be used to produce antibody in rabbits. cDNA encoding CD4 protein were immunized
into 3 rabbits and high titer of anti-CD4 antibodies were generated in all immunized rabbits.
The generated CD4 antibodies could be used for functional characterization of CD4 protein,
i.e., it strongly suppressed PHA induced cell proliferation.

The DNA immunization was then applied for menoclonal antibody production. In our
studies, CD54-DNA in pCDM8 vector were intrasplenic immunized inte Balb/c mouse. The
spleen cells of the immunized mouse were fused with myeloma cells using conventional
hybridoma technique. A hybridoma producing anti-CD54 monoclonal antibody was generated.
This study indicates that DNA immunization technique can be applied for the production of
monocclonal antibody. This finding is very useful for production of antibodies to molecules
where the protein antigen is not available or difficult to prepare, but cDNA encoding the
corresponding protein is available.

Furthermore, we study the production of monoclenal antibedy by using COS cell
expression system to produce immunizing antigen. In this study, cDNA encoding CD14 and
CD99 inserted in eukaryotic expression vector were transfected into COS cells. The
transfected COS celis were then immunized into mice and the spleen cells were fused with
myeloma cells using conventional hybridoma technigue. By this technique, 5 clones of anti-
CD14 monoclonal antibodies and 3 clones of anti-CD99 monocional antibodies were
produced. The generated antibodies could be used for cellular distribution analysis,
biochemical characterization and functional study of the corresponding proteins.

Taken together, from this research project, 4 papers were published.

Keywords: DNA immunization, eukaryotic expression vector, polyclonal antibody, monoclonal

antibody, leukocyte surface molecule
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hybridoma Haaueudveanaulelnedd indirect immunofluorescence LALATIVAATIEW

ﬂﬁﬁ?mﬁ’wm?m flow cytometer

¥
o

111 hybridoma Rad1uoudvedfanlenii limitting dilution 2 50u udHih luwdaueuRuefia

Blug'lj culture supernatant LI0Y ascites

= P
N13ANET cellular distribution, biochemical characterization uazHINves CD4, CD14 uay

CD929 molecule

1.

° = = . . . ¢ e ' oy
Haunueaae CD4, CDI4 uanzx CD99 M%ﬁﬂ‘hﬂ cellular distribution UHSAATUARTIN IﬂU’J%

. . . =Y o g}
indirect immunofluorescence LDZRTIVUATIZHA I flow cytometer
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2. ?fﬂmumuﬂimafgmmﬂﬂmuwwwTﬂfmi immunoprecipitation  33HNY  chemiluminescence

detection system

il Ed .
3. fApwmifues CD4 protein Inugn13d183 PHA induced cell proliferation AnyIMThiiues CD14
W ' -
Taugnisduda LPS binding AnyIMTNAYes CD9 TasAnyinanszan Jurkat celi aggregation 14ay
fAnwn signal transduction 1Y CD99 molecule Tagld protein tyrosine kinase UWA¥ protem kinase €

e = g . = ¥ g
inhibitors @ﬁf)ﬁztﬂﬂﬂlu reprints WLLHUN?@’JﬂluﬂWﬂHH’Jﬂ
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1. msdnuufSpufauism3ay plasmid DNA Wol¥113% DNA immunization

' 1 '
S A A 24

5 < . y = . TR S
iefinuisangaie 1Flumamson plasmid DNA 1o 141435 DNA immunization 39¥i
mMIngn plasmid DNA Afmuansasie CD147 membrane protein 1a833 2 75 Ao 95 Cesium
chloride-ethidivm bromide gradient ultracentrifugation 118275 commercial Qiagen plasmid mega kit

f o ° R { = 9
#1¥1&nM3 anion exchange chromatography U2t plasmid DNA funseu lawidnyinisnszdu

19 ﬁ%"lﬁ anti-CD147 antibodies CLU‘H‘L;}

HD ﬂ?iﬂﬂﬁ@dﬂﬂi]“ﬁﬁ% Cesium chloride-ethidium bromide gradient ultracentrifugation
a5 commercial Qiagen plasmid mega kit amrsaldieson CD147-DNA 147 ﬁatf}ﬂﬁT plasmid
DNA ﬁm?w“lﬁmﬁw restriction enzyme fragment analysis WU plasmid DNA ﬁm‘%‘w"lﬁm%%‘ﬁa
ansldnamiousudoodadioduled Xoal 929119 plasmid DNA uonosmiludiuuey vector
1A TIUYBY insert (’g‘lﬂﬁ 1) uaz IavAs COS cell expression system WU plasimid DNA ﬁm’%’mﬂﬁ
VAT 2 ansn express 14 CD147 protein W eukaryotic COS cells Tunasanaaasld (m31e
# 1) Faanalfifiuga plasmid CD147-DNA Finden 1800 2 Teamns0ada encoded protein

Tu gukaryotic cells 4

) T 14
uAiow  plasmid CDI147-DNA  #ussonldlavisnsaeslifanyms  intramuscular
immunization WU11 plasmid CD147-DNA fite3o1 10 10835 Qiagen kit Wwalumisnszdumsaiia
= 4] 3 1 ] 3 - n’: o 9 o om b .
weuAuedlaandt nafe BINMIEanyianua 5 A2R2w CD147-DNA Hieiouldlae Qiagen
plasmid mega kit WUIMYYOFIa319 anti-CD147 antibody Resilu 100%) vmeiinyiifiadae
] ¥
CD147-DNA un3ou 14 1a03% Cesium chloride-ethidium bromide gradient ultracentrifugation Wil
1 ¥ 9 v
wy 3 lu s Aadruoudued fadlu 60% nan1inaapd¥1#mudn plasmid DNA fimSouldlay 1y
4
Qiagen kit HUAMMMNILAUALUIN DNA immunization 3AATIMNSASON plasmid DNA 1ng75
. . < 4. . . . . é J e o Vvq ¥
Cesium chloride-ethidium bromide gradient ultracentrifugation "Ncluﬂ'liﬂﬂﬁmﬂ’e]"] 1 Ej’Ji]EJllﬂcl‘h’

Qiagen mega kit nlFlumsmion plasmid DNA
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STD
marker 1 | 2

SUT 1 1aaInan156a plasmid CD147-DNA #itn3eu 14 1aud5 Cesium chloride-ethidium bromide

gradient ultracentrifugation 1az3s Qiagen plasmid Mega kit A1y Xbal enzyme

auh 1 1tu CD147-DNA n3ou'ld 1au3T Cesium chloride-ethidium bromide gradient

nitracentrifugation

@y 245y cD147-DNA TieSou'1d1a033 Qiagen plasmid Mega kit
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M15197 1 LARINan13iou COS cells #i transfect A28 CD147-DNA Aas o 1A 19035 Cesium
chlonde-cthidium bromide gradient ultracentrifugation wazis Qiagen plasmid Mcga kit

A28 anti-CD147 monoclonal antibody L0% myeloma negative control antibody

Plasmid DNA isolation method Monoclonal antibody

CD147 mAb Myeloma control
Cesium chloride-ethidium bromide gradient + -

uitracentrifugation

Qiagen plasmid mega kit + , -

1 COS cells U7 transfect A7y CD147-DNA ﬁm?&miﬁiﬂﬂ?ﬁ Cesium chloride-ethidium
bromide gradient ultracentrifugation Az Is Qiagen plasmid Mega kit Tas75 DEAE-Dextran
transfection 189331 transfected COS cells U18DUAIY anti-CD147 monoclonal antibody 1% myeloma
negative control antibody 1ae7% indirect immunofluorescent m’.ﬁ]ﬂﬁﬁ?mﬁ’.}ﬂ Fluorescent

Mmicroscope
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2, M5J38uNaY encoded protein PHA membrane protein &Y secreted proteinquﬂ]‘iﬂﬁzﬁju
v a =4 &y . . .
MIFI1MOUAVDALAEIE DNA immunization
.:'1 4 =t r=1 ) 2 =y = . A o
IWBANBWTOURIUMINTTAUMIATNUBUAUBAND encoded protein W membrane
W ¥
protein LD secreted protein 1ag33 DNA immunization Tun1sAnyiil 1A 1Y DNA Aimuemsaiis
3| ! . .
CD147 114 model TauAu5WHBUDY Prof. Dr. Hannes Stockinger 910 Institute of Immunology,
~ &4 L] ~ o . =
University of Vienna UsginAaamnis %911 CD147-DNA AR MuAnIsa3e CDl47 protein WUA
:& 2 o a ! i g
membrane form (clone H34 “ﬁﬁé]%ﬂl‘ﬂw’ﬁﬂﬂm MARFIUAMHUUANTAY transmembrane region
20N UAIRDINRL constant Fe region U904 human IgG UA7 insert nawitn lylu eukaryotic
1 o
expression vector Wl 18 plasmid DNA HRIMUANTES1S CD147 ¥UA scereted form mﬂuuﬁﬁs
Tavinsiniou plasmid DNA AfMUuAMSs @319 CD147 membrane form WAL secreted form 147 18
= Ao . . 4 . g s v o 2 1 o =)
YSuianTaeds Qiagen kit ¥4 plasmid DNA 14 2 wilatiaon Taiilerinninyinowildany
@
WUNNTIUVES CD147 DNA insert 8Y U#Y plasmid DNA N9 2 ¥Ua a0 express il cD147
. o
protein Tu cos cells Tuvaaanaaesla
A 2 Y 3/ - = &2 g
L”WE)ﬂ'ﬂ'H']ﬂ’]ﬁﬂ‘i%ﬁuﬂﬁﬁi’]ﬁuﬂuﬁlﬂ@ﬂiuﬁl‘{ WU CDI147-DNA (membrane form) La¥
¥
CDI47-DNA (secreted form) Bt llumysdiaz 5 63 §wou 5 A%1 M9 intramuscular
. T w . . aa .
immunization 1H1NH0ANTIVNITLAY anti-CD147 antibody 1at73% indirect immunofluorescent 1ag 1
- . 3 < = 4
CD147 expressing cell line U937 Huueufnuiasas AR IERAWATDI flow cytometer HONNY
} [l
NAABINYI CD147-DNA ¥4 2 forms HIITOATYAUNITAZIY anti-CD147 antibody 18 (a317 2)
¥ 3 ¥ '
TAUTIIDATIVHUNBUABANTINIRA DNA AR 1-4 A3 (@9M3199 2) uazidlonlSomisy
sEAVNONALDA (InulSoiloua mean fluorescence intensity lannaTod tlow cytometer) W1
¥
71 CD147-DNA 4 2 forms D53AUNISA31U0UALDA 19 iand19iy
= ;dy Y o 1 e . . . ¥ ¥ =y =y Yt
wamsﬁﬂmwﬂwmmnﬁ DNA immunization ﬁ’llliﬂﬂ‘i&ﬁ]‘lnlﬂ1§ﬁ51&tlﬂﬂﬂﬂﬂﬂ1@ﬂﬂﬂ"}

ar e . o) . .
i 1177 encoded protelin 9211]U secreted protein N30 membrane bound protein
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CD147 membrane form
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510 2 uAAY FACS profile U4 anti-CD147 antibody HAINTRAAI8 CD147-DNA membrane form

E

c; I s ar ar
1Ay CD147-DNA secreted form JiAnaaatunanisnanesromy 1 #9910991ua 5 69
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MT1N 2 LEAINISNTEAUMITAS 1HUOUAVDA Iy CD147-DNA membrane form 118z CD147-DNA

secreted form 61“1,!“"1‘1313 587

Dose CD147-DNA membrane form*** CD147-DNA secreted form***
Mouse number viouse number
1 2 3 4 5 ] 1 2 3 4 L)

Pre-immune* - - - - - - - - - -

Dose 1** + - - - - - - . - .
Dose 2 + - - - + + + - - +
Dose 3 + + - - + + + - - +
Dosc 4 + + + + + + + + + +
Dose 5 3 + + + -+ + 4 + + +

* Pre immune = 3 UADURA CD147-DNA
** Dose 1-5 = FTUNAINA CD147-DNA ATIN 1-5 AUdI191

**% CD147-DNA membrane form, CD147-DNA secreted form = ¢cDNA AMMUANITHT1E CD147

11581 1111 membrane bound form LAY LU secreted form AUAIAL
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3. MIANYININSTAUMSTFIWOUAVBAND encoded protein ¥iina 199 Ineis DNA

immunization

Lﬁ@ﬁﬂ}ﬂmiﬂ‘i:é}:uﬂ’]iET%HQLL’EJH&U@%I@]U%% DNA immunization %10 encoded protein ﬁﬁ
Qmﬁuﬁ’ﬁua:ﬁymﬁﬂTmafgmmmsmﬁ"u Semsfnulaomion plasmid DNA fifmuansad
human feukocyte surface protein ¥HAA139 1ALA CDla, CD4, CD14, CD45, CD54 WAz CD147
TUsdu aae Qiagen plasmid kit Lﬁ@ﬁ”l plasmid DNA ﬁm?au"lﬁ'mﬁw restriction enzyme fragment
analysis U7 plasmid DNA fadon Idamumlsznoudaud 1mves vector iaz insert uaz Tno3s
COS cell expression system WU plasimid DNA ﬁﬂcﬁﬁﬂ U0 express i encoded protein 11

COS cells lTunaoanaand 1a

y o ) :; Y qQr ¢ o 02: .
@i plasmid DNA i lefariynn 2 deid $1190 5 a59 M9 intramuscular
immunization %5V IMYATIIWBUALBATUWIZ 1A0TT indirect immunofluorescent W1 WY

ARAAIY CD4-DNA. CD14-DNA, CD45-DNA, CD54-DNA uag CDI147-DNA Husufuods uniz

w
o 4 ar

¥ 1 ' ¥
MAYUNWNAINTRA 1-4 153 ynzinyNRaAIs CD1a-DNA Tufiuouduedduvaziiadu (aa1s1g
P a::y o o 1 an . . . & aa e ] Y = a =t
 3) wansnaaeiiuaaildiviuini DNA immunization WhiiTAmusordinnldniaueudued
A membrane protein A MN Twanauanaaiuduld sndu cola msiliawsanie CDla

S 1

= 1 o3 = . o - o
antibody 18 f3svAniniazitlulileN CDla protein vosnuUazYBIMYD1RdIMARAwAT A

0 q ¥ oA ¥ 4 ¢y A o o v
#11¥ human CDla protein 1gna3 190U luandanMINiDYINYAIENTIRA CD1a-DNA N3zdU

q

o

= ) by (X<
sruugdduiuveany 1a 1ud

UONINENNIONTTAUMSAZLBUAVDAAD leukocyte membrane protein AU {35018
Any189n151 8135 DNA immunization 1INTEAUMIASNUBUALOAAS virus protein 1ABTINTS
A plasmid DNA ﬁﬁ?ﬁuﬂﬂﬁﬁ%’w hepatitis B surface (HBs) antigen taﬁ'ﬂﬂ"luwu‘, 2 FIMN
intramuscular immunization !Lﬁﬂﬂﬁ'j)ﬂg’ﬁﬂ 2 aN15083719 anti-HBs antibody TAluasuluszay

43 (,13197 4)

¥ 1
HOMISARITLAAIINIS DNA immunization @WuIsnmusa i ldndauounvenas
TsAuvannaeriald wasduiihenansotiunldnda polyclonal antibody law'ludasiia

Tisaunoumau
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Mm3eh 3 nanmanszdumsaiweufived ag plasmid DNA fidwuamsaiialilsfuriia

Gﬁfm Tno7% DNA immunization

DNA Dose of immunization®*
Pre- I 2 3 4 3
fmmane

CD4-DNA

Hl* - - - + + B

#2 - - + + + +

#3 - - +- + + +

B4 - - + + + +
CDI14-DNA

#1 - - + + + +

#2 . - - - R +
CD43-DNA

#1 - - +- + ; +

#2 - - | + + + +
CD54-DNA

#1 - + + + + +

#2 - + + + + +

#3 - - +/- + + +

#4 - - + + + +
CD147-DNA

#1 - +- + + + +

#2 - - - + + +

#3 - - - - + +

#d - - - - + +

#5 - - + + + +
CDla-DNA

#1 - - - - - -

#2 - - - - - -

#3 - - - - - -

* # uanad iy N 9Ny
** Pre immune = F3UNDUAA plasmid DNA

¥ r
**Dose 1-5 = F3UNBINA plasmid DNA A590 1-5 Aud @y
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AN 4 Lmﬂﬂﬂﬁﬂizﬂfuﬂﬁﬁgﬁ anti-HBs antibody 1A875 DNA immunization

Dose Anti-HBs antibody (mIU/ml)*
Mouse no. 1 Mouse no. 2
Pre immunc** 0 0
Dose 1¥** 0 0
Dose 2 100 0
Dose 3 608 0
Dose 4 1562 238
Dose 5 3312 370

o s . . 3 ¥
* 3799932 anti-HBs antibody ﬂ’JULﬂ?EN Imx analyzer (Abbott)
. = as 1 = .
**Pre immune = YIUNDURA plasmid DNA

¥ r
***Dose 1-5 = FTIUNAINA plasmid DNA ATIH 1-5 MudIaL
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4. MIANINISNIZAUMIITT 1sMBUADPAIDAAAIY plasmid DNA M9 intramuscular

immunization 91474 1 A3 (single immunization) WA 1IU 5 A543 {multiple immunization)

dl t B s 1 = . . . N .
ﬂmmiﬁnmmmumrpwwmwmﬁw plasmud DNA 119 intramuscular immunization

e g

° - G\’j kY 3 = L) 3 9 =5 -2 =5 3 k4 = =
MU 3-5 'ﬂiQﬁWNW'ﬁﬂﬂ'ﬁxﬁluﬂ’]'jﬁi'lﬁllauﬂﬂ@ﬂhlﬂ F\\!’Jﬂ@sﬂﬁﬁﬂyTﬂ\?ﬂ?iﬂﬁgﬁ]‘uﬂ’ﬁﬁﬁ?ﬁkk@u@ﬂﬂﬂ

¥

Taon1sng plasmid DNA %114 intramuscular immunization $14794 | A4

fﬁ%vﬁmﬁﬁﬂ CD54-DNA 18 CDI47-DNA 119 intramuscular immunization 914734 5

W

Fd
A34 (multiple immunization) 1WseuMeunLNIsHe 1 A59 (single immunization) HENITNARTIWUN

¥ ' 1
A1590 plasmid DNA 1 a¥ahignsanszdunisadiweudued ldag (13139 5 uaz 6) Fueaa

T~ EY EY = = o . \ . o o 3 =) 3 f ' =
I uMINIZAUNI AT LOUAYORA 1AYTD DNA immunization 31 UABIINIINIEAUT UL LAY

q

AunIne llsauLuRIaY

=8 = Y=Y ] . . .
5. NISANE isotype UBINOHAVBANHER 161n83E DNA immunization

Hefinen isotype vosauiuodfingad 10835 DNA immunization 4358 &G i1y
HAUINALUDUANUITAA1 1A875 DNA immunization 111 isotype YOWBUABBATUW I
‘quiﬂﬁl?ﬁ indirect immunofluorescent 1A81% anti-mouse [gG-FITC uay anti-mouse IgM-FITC Sy
conjugate HAMIANE WY TLOUALOATINGR1H 1AMIfiadan plasmid DNA yoawiaiuaia 16
Tavliannsoasnuuewivedviia 1gM o duraasluguf 3 dudedisvesnisassamsedy

]
=1

anti-CD4 antibody ¥1ia 1gG uag 1gM TuFTuussnyfiiadu CH4-DNA
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M5 5 uEAImIsNIEAuMsad1ouAUDAoRNAR1Y CDS4-DNA %19 intramuscular

EY

immunization 91194 S A4 UAZTIUIL 1 AT

DA plasmid DNA $139% 5 a59

Days Ant1-CD>54 antibodies
M1 M2 M3
0 . _ -
14 - - -
28
42
56
70
100
130
160

+ o+ o+ o+ 4+ +
+ + + o+ o+ 4+ o+

+ 4+ 4+ o+ 4

*M1-M3 = wﬁﬁﬂﬁ’w CD54-DNA 111U multiple immunization

A plasmid DNA $119% 1 A4

Days Anti-CD54 antibodies
S1* S2
0 - -
14 - -
28 - -
42 - -
56 - -
70 +/- -
100 - -
130 - -
160 - -

*S1-83 = ﬂl&ﬁaﬂﬁ’w plasmid DNA U1 single immunization
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A1319f 6 udaIMsnszguMIaIaLeuAUeAIiiedindiu CD147-DNA M19 intramuscular

¥ Fa
immunization 314734 5 AT LAZTIUI 1 AT

A plasmid DNA $117% 5 A33

Days Anti-CD147 antibodies

M1*

M2

M3

M4

M5

M6

0
14
28

+/-

42
56
70
100
130
160

+ + + + +

ND
ND

+ 4+ 4+ o+ + o+ o+ o+
+ o+ o+ o+ o+

+ + + + o+ o+

+ o+ o+ o+ o+ 4

1
=y

*MI1-Mo=H H%’lﬂﬂﬁ’m CD147-DNA 11U multiple immunization

A plasmid DNA 37434 1 254

Days Anti-CD147 antibodies
Si* S2 S3

0 - - -
14 - - -
28 - - -
42 - - -
56 - - -
70 - - -
100 - - -
130 - - -
160 - - -

*SI-S3=HH1¢?)§®%§U CD147-DNA 1Yl single immunization
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Counts

Counts

Counts

Pre-immunized

(=)
)
—

150

Laaaalaasatasaalacanlasy

150

% 40! 102 10° 10?
1-H

Counts

Counts

Counts

150

180

Daaaaligaalassslaosalass

150

0

Day 14 Day 28

150

walaaasloyailesss

Counts

[IYTRS I

0

Counts

IgM Positive control  IgG Positive control
; B
] s 3
3 = -
3 O i
E IS
E oé%
10! 10% 16° 10? 0 10" 102 10° 10¢
FL1-H FL1H

=

31N 3 uTAY isotype VD4 anti-CD4 antibody TuaF VR IMYNRAAIY CD4-DNA

duiy uaauuRvoawiia 1IgM uaz 1dutlss uaRpUALRYIA 1¢G
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6. MINAN polyclonal anti-CD4 antibodies Tunszea

a = =5 e . . . ¥ e o

UBNIINILANHINSHAAUOUADOR 1AU3E DNA immunization Tunyuds Ivudaldviing
= = o = . . . 3 = =y =) 1 & o ¥ = & A
ANY1D9N171113F DNA immunization inldmaaueuavedlunszae vzl lduouavuofitio
THmludSinaniuinnn Fseiinisnaasilasia cDNA AMHUANTAIN CD4 protein 1A
insert Tu cukaryotic expression vector (LQ‘TJ‘EJﬂTJIW CD4-DNA) m’fﬂmuﬂizﬂ'w 3 7 M9 intramuscular

kY
immunization HANIINAADINUIINTZALNG 3 FIUITONAALDUALOAAD CD4 protein ciuszﬁuqa
] v »

W&y @15190 7) Tesueuduednndalaa1u1506u6Y (inhibi) standard CD4 monocional

antibody (A Leulda 1a% 13B8.2) 1un139U1 1) CD4 molecule DU CD4 positive cells I8 saaaliiviu

[ 1 ET
TusuANoAnnaa ldinmdumIzAe CD4 protein. Polyclonal anti-CD4 antibody #iwaalaiivh

aac 3 os 3 . . . = . =4 3 c?j Yt e &
ﬂ{]ﬂimllﬂﬂll‘ﬂ\‘] recombinant (L8 native CD4 protein URZY titer 19 1:800 HAIUIToN IAANUW
nd31u Kasinrerk W. Tokrasinwit N. Inhibition of PHA-induced cell profiferation by polyclonal CD4
antibodies generated by DNA immunization. Immunol letters 1999; 67: 237-242 SIAZIDUAITNT

o S o . : 3
WouazuamIToaaeaslu reprint 9 1dunvudrend lunanuan

= v ai . N . :5 = oy
7. MIANYIKIINYES CD4 protein 1a8 polyclonal anti-CD4 antibody N8R 1d1ag35 DNA

immunization

ilofnumifiues CD4 molecule §336'1841 rabbit polyclonal anti-CD4 antibody WA
irfives CD4 protein 1atri anti-CD4 antibodies 31 inhibit n13nssduiwadutisialay
Phytohemeagglutinin {PHA) HON1T NARDINLN polyclonal anti-CD4 antibody mmmﬁ'uga PHA
induced cell proliferation 14 Fauansl@ifiud1 cpa protein $udulunszviumsnszdumadlv
9% 1A PHA n138uss PHA induced cell proliferation fonvzfannmsd polyclonal anti-CD4
antibody 11/5UN7U CD4-TCR/CD3 association #395UAUMSTLUBY IL-16 HU CD4 molecule
(ﬂswamﬁaﬂNams?fﬂmmﬁwﬁ‘léﬂu Kasinrerk W, Tokrasinwit N. Inhibition of PHA-induced cell
proliferation by polyclonal CD4 antibodies generated by DNA immunization. Immunol. Letters

1999:67: 237-242; reprint JALULIAIBLUA UM AKLIN)
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MI9N 7 UTAINIINTZAUNITAIII anti-CD4 antibody Tuniza s 1aoIt DNA immunization

Rabbit No. Serum Immunotluorescent reactivity®

CD4-COS CD8-COS

] Pre-immune - -

Dose 1 - -
Dose 2 - -
Dose 3 - -
Dose 4 1+ -
Dose 5 3+ -
Dose 6 3+ -
2 Pre-immune - -
Dose 1 I+ -
Dose 2 2+ "
Dose 3 3+ -
Dose 4 4+
Dose 5 4+ -
Dose 6 4+ -
3 Pre-immune - -
Dose 1 - -
Dose 2 1+ -
Dose 3 3+ -
Dose 4 4+ -
Dose 5 4+ -
Dose 6 4+ -

* ATIIMITEAD anti-CD4 antibody 1A83D indirect immunofluorescent 1Au1d CD4-DNA transfected COS Loz

CD8-DNA transfected COS cells (Hu antigen
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- . .
8. MIANY eukaryotic expression vector funsnzamelylua i DNA immunization

lﬁ@ﬁ'ﬂHW plasmid vector ﬁmmzamﬁaﬁmﬂ%ﬂmm DNA immunization rﬁ%%ﬂﬁﬂ1 cDNA
ﬁ'r‘imuﬂmm%ﬁa CD45, CD34, CD147 1 Hepatitis B surface (HBs) antigen Gélf\‘t nsert ﬂtﬂ‘u
eukaryotic expression vectors pTTH3M, pCDMS, pSP65 1A pRe/CMV fua1A1 Taouang plasmid
vector 3 eukaryotic promoter ﬁ&ﬁyﬁﬂ pTlH3M, pCDMSE e pRe/CMV 1 CMV promoter el
pSP65 1 SROL promoter 11 ¢cDNA ﬁr’imuﬂmm%’w human leukocyte surface molecules %30
hepatitis B surface antigen ﬁ insert ﬂgﬂu eukaryotic vector ‘Hﬁﬂ@hﬂ“} ﬁqnfinﬁmﬁi‘fﬂa_l”lum WU
yyfiandan plasmid DNA AnsiamsaaduouAuedfisumeds encoded protein Tudiula
(mﬂaﬁ 8) parasldiiuh eukaryotic expression vector Lag eukaryotic promoter REWYUATIUITO

ﬁmﬂ,%"lmm DNA immunization 'rlﬁ

o = Lilo =1 =
MmN 8 udAINsNIzAUMsAIuEUALDAlas plasmid DNA Nt muamsasiellsiuila

1 d! . . = ! =l . . .
#1199 49 insert Tu cukaryotic expression vector BUAN 194 Tau7% DNA immunization

DNA Dose of immunization
Pre- 1 2 3 4 5
immune
CD45-DNA
H1* - - +/- + + +
#2 - - + + + +
CD54-DNA
#1 - + + + + +
#2 - + + + + +
#3 - - +/- + + +
#4 - - + + + +
CD147-DNA
#1 - +/- + + + +
#2 - - - + + +
#3 - - - - + +
#4 - - - - + +
#5 - - + + o+ +
HBs-DNA
#1 - } - + + + 4
#2 - - - - + +

o =g Y
* = Iy lafn
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= =£ t:; T c; 9/ = = == . . .
9. msﬂnmmms‘nmmwumimmmuﬁuaﬂiﬂmﬁ DNA immunization
P=} 1 v = =4 o . N .
9.1 N1IANHINAUDI DEAE Dextran ﬂ@ﬂ]‘i‘ﬂi]&&m‘l&ﬂﬂ@ﬂiﬂﬂ]ﬁ DNA immunization

e [~ ~ P o =4 -
3% DNA immunization 1un158a DNA Anmuanisadialdsduianle Wrldlund
1 4 o p 8§ 4
\ilpuany 9101 DNA 9290 uptake 19111 uazad1aily encoded protein Tagmraandmiiieo &

'
& el

] £ '
. = 3/ = = = =1 o
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Abstract

DNA immunization, in theory, is of great interest as a source of specific
antibodies against different antigens. In an attempt to produce polyclonal and
monoclonal antibodies against cell surface molecules by using the DNA
immunization strategy, intramuscular and intrasplenic routes of DNA injection were
compared. Two to Five, but not a single, intramuscular DNA immunizations induced
anti-CD54 and anti-CD147 antibody production. In contrast, a single intrasplenic
immunization of CD54-encoding DNA could induce anti-CD54 antibody production.
To produce monocional antibody (mAb), spleen cells obtained from an intrasplenic
CD54-encoding DNA immunized mouse were fused with myeloma cells using the
standard hybridoma technique. A hybridoma secreting specific mAb to CD54 was
established. The generated mAb reacted to CID54 protein expressed on transfected
COS cells and various cell types, the same as using standard CD54 mAb MEM-111.
Our results demonstrated that direct immunization of antigen-encoding DNA into
spleen is an effective route for production of both polyclonal and monoclonal
antibodies to cell surface molecules. This finding is very useful for the production of ‘
antibodies to cell surface molecules where the protein antigen is not available or

difficult to prepare, but cDNA encoding the corresponding protein is available.



1. Introduction
\

Immunization with plasmid vectors encoding protein antigens derived from
pathogens or tumor cells, termed DNA immunization or DNA vaccine, has been
reported to induce protective immunity in several animal models [1-3]. The
theoretical advantages of DNA immunization over conventional vaccines including:
[1] the induction of both antibody and cell-mediated immune responses, [2] the
relative ease of production and [3] the ability to express proteins intracellularly for the
induction of cytotoxic T cell (CTL) responses. In addition, the DNA immunization
strategy has been used as a tool for production of the hyperimmune globulin products
[4-7].

Monoclonal antibodies directed against leukocyte surface molecules are
powerful reagents for biochemical and functional characterizations of the
corresponding proteins, To generate a mAb to a molecule where the protein antigen is
not available or difficult to prepare, but cDNA encoding the corresponding protein is
available, DNA immunization is therefore very useful. Few reports have demonstrated
the use of this strategy for production of mAbs to molecules of interest [8-9].
However, in our attempts to produce mAbs to leukocyte surface proteins by
intramuscularly immunization of antigen-encoding DNA, unsuccessful experiments
were obtained (unpublished observations). Direct immunization of protein antigen
into spleen (i.e., intrasplenic immunization) has been reported as an effective method
for the production of polyclonal and monoclonal antibodies [10-20]. Direct
immunization of plasmid DNA into spleen may, therefore, be a possible alternative
route for production of both polyclonal and monoclonal antibody.

In the present report, we compared 2 plasmid DNA immunization routes,

intramuscular and intrasplenic, for the production of polyclonal antibodies to cell



surface molecules. It was demonstrated that a single DNA immunization by
intrasplenic route could induce antibody production, whereas, a single-dose
intramuscular immunization could not. Furthermore, by using intrasplenic

immunization, an anti-CD54 mAb could be generated by DNA immunization.



2. Materials and Methods

2.1. Cells and antibodies

Human monocytic cell line, U937 cells, were maintained in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS) (Gibco, Grand Island,
NY). 40 pg/ml gentamicin and 2.5 pg/ml amphotericin B in a humidified atmosphere
of 5%C0; at 37°C. COS7 cells were cultured in MEM (Gibco) containing 10% FBS
and antibiotics. Purified CD54 mAb MEM-111 (IgG2a)[21] were kindly provided by
Dr. Vaclav Horejsi (Institute of Molecular Genetics, Academy of Sciences of the
Czech Republic, Prague, Czech Republic). FITC-conjugated rabbit F(ab’)2 anti-

mouse immunoglobulin antibodies was purchased from Dako (Glostrup, Denmark).
2.2 Preparation of plasmid DNA

cDNA encoding CD54 protein inserted into an eukaryotic expression vector
pCDMS (designated CD54-DNA) was a kind gift from Dr. Hannes Stockinger,
University of Vienna, Vienna, Austria. cDNA encoding CD147 protein, named
CD147-DNA, was generated in our Department [22]. For large scale preparation, the
plasimid DNA were transformed into E. coli MC1061/p3. The plasmid DNA were
then isolated from transformed E. coli by Qiagen chromatography columns (Qiagen,
Hilden, Germany). The plasmid DNA obtained were subsequently resuspended in
PBS. The concentration and purity of DNA preparation were determined by

0OD260/280 reading. DNA were stored at —20°C, until injected into mice,.

The isolated plasmid DNA were proved for expression of the corresponding
proteins by using the COS cell expression system and indirect immunofluorescent

staining of the transfected COS cells with specific mAbs.



2.3 DNA immunization

For intramuscular immunization, BALB/c mice were injected one or five
times at 2-week intervals by intramuscular route at the hind legs (100 pug of
DNA/dose). For intrasplenic immunization, mice were anesthetized with diethyiether.
The skin and peritoneum on the left side of the body was open to expose the spleen.
Fifty microliters (100 ng) of plasmid DNA were injected into the spleen. The
peritoneum and skin were then closed by fine sutures. Blood samples were collected
from the immunized mice by tail bleeding at 2-week intervals. Sera were separated

and stored at —20°C.
2.4 Hybridoma production

Spleen cells were collected from CD54-DNA intrasplenic immunized mouse
and fused with P3-X63Ag8.653 myeloma cells by the standard hybridoma technique
using 50% polyethylene glycol. After HAT medium selection, culture supernatants
were firstly analyzed for antibody reactivity against CD54 expressing U937 cells
using indirect immunofluorescent assay. The positive supernatants were then
differentially screened for CD54 specificity using CD54 transfected COS cells. The
positive hybridomas were subcloned by limiting dilution. The isotype of antibodies
was determined by using the isotyping enzyme-linked immunosorbent assay kit

(Sigma, St. Louis, MO).
2.5, Immunofluorescence analysis

To determine antibodies in the sera, indirect immunofluorescence was carried
out. To block nonspecific Fe-receptor-mediated binding of antibody, U937 cells were

pre-incubated for 30 min at 4°C with 10% human AB serum before staining. Blocked

cells were then incubated for 30 min at 4°C with tested sera. After washing, cells were



incubated with FITC-conjugate for 30 min. Membrane fluorescence was analyzed on

a FACSCalibur (Becton Dickinson, Sunnyvale, CA) flow cytometer.

The reactivity of anti-CD54 mAb with peripheral blood cells was assessed by
indirect immunofluorescence using the lysed whole blood staining method. EDTA-
blood was incubated with tested mAb for 30 min at 4°C. After washing, cells were
incubated with FITC-conjugate for another 30 min at 4°C. RBCs were lysed by using
RBC lying solution (Becton Dickinson). Membrane fluorescence was then analyzed
by using a flow cytometer (FACScallibur, Becton Dickinson). For tlow cytometry
analysis, individual populations of blood ceils were gated according to their forward

and side scatter characteristics.

2.6 DEAL-dextran transfection of COS cells

Plasmid DNA were transfected into COS cells by the DEAE-dextran
transfection method. Briefly, 1x10° COS cells were transfered to 6 cm tissue culture
dishes (NUNC, Roskilde, Denmark) on the day before transfection. Cells were
incubated with 2 ml of MEM containing 250 pg/ml DEAE-dextran (Sigma), 400 M
chloroquine diphosphate (Sigma) and 2 pg DNA for 3 h at 37°C. Supernatant was
removed and cells were treated with 10% DMSO in PBS for 2 min at room
temperature. Cells were then cultured in MEM containing 10% FBS overnight,
washed once, and re-cultured with the same medium for another 2 days to allow

expression of the corresponding proteins.



3. Results .

3.1, Production of polyclonal antibodies by immunization of plasmid DNA encoding
D354 and CDI147 protein

In order to produce antibodies to human leukocyte surface molecules by injection
of antigen-encoding plasmid DNA, intramusular immunization and direct
immunization of plasmid DNA into spleen were used as inoculation routes. In this
study, plasmid DNA encoding CD54 and CD 147 protein, termed CD54-DNA and
CD 147-DNA respectively, were prepared by using Qiagen chromatography column.
The plasmid DNA obtained were able to express the corresponding proteins on
transfected COS cell surfaces (data not shown). Mice were intramuscularly
immunized with CD54-DNA or CD147-DNA 5 times at two-week intervals or with a
single injection. In some mice, CD54-DNA were inoculated by single intrasplenic
immunization. Sera collected at two-week intervals from each mouse were firstly
screened for the presence of anti-CD54 or anti-CD147 antibodies by staining U937
cells. As shown in figure 1, sera from all 5-doses intramuscularly immunized mice
(8/8) reacted to U937 cells. In contrast, none of the sera from single-dose
intramuscularly immunized mice (0/4) reacted to U937 cells. Interestingly, sera
obtained from 2 out of 4 single-dose intrasplenic immunized mice showed positive
reactivity (Fig. 2).

To confirm that the generated antibodies after plasmid DNA immunization were
specific for CD54 and CD147 protein, CD54-DNA and CD147-DNA transfected
COS cells were stained with the positive sera. As predicted, sera obtained from
CD54-DNA immunized mice reacted to CD54 transfectants, but did not react to mock
transfectants (data not shown). Sera obtained from CD147-DNA immunized mice

bound CD147 transfectants, but did not react to mock transfectants (data not shown).



Pre-immune sera of each mouse did not react to anv transfectants. These results,
indicated that DNA immunization can be used to produce polyclonal antibodies to cell
surtace proteins. Direct immunization of plasmid DNA into spleen can induce
antibody response after only a single DNA immunization.
3.2. Production of monoclonal antibodies to CD54 protein by intrasplenic
immimnization of plasmid DNA

To produce monoclonal antibody to CD54 protein, spleen cells from a CD54-
DNA intrasplenic immunized mouse, which produced anti-CD54 antibodies, were
fused with myeloma cells using the conventional hybridoma technique. Hybrids that
produced anti-CD54 mAb were determined by indirect immunofluorescence using
CD54 transfected COS cells as antigen. By this screening, an anti-CD54 mAb,
designated MT54 (1gG2a isotype), which strongly bound to CD54 transfectants, but
not to mock transfectants, was obtained. To confirm that MT54 1s an anti-CD54 mAb,
the reactivity of this mAb to various cell lines and peripheral blood leukocytes was
studied and compared to standard anti-CD54 mAb, MEM-111 [21]. All cell lines
tested including the human monocytic cell line U937, the erythroid/myeloid cell line
K562, the B cell line Daudi and the T cell lines Molt4, Jurkat and Sup T1 were
positive with MT54 (Fig. 3). With peripheral blood leukocytes, the mAb MT54 bound
to lymphocytes and monocytes and reacted weakly to neutrophils (n=5)(Fig. 4). All of
these staining patterns were similar to those obtained by using mAb MEM-111 (Fig. 3
and 4). Data obtained from the COS cell transfectant experiments together with the
- cellular distribution patterns, indicated that the generated mAb MT54 is an anti-CD54
mAb. Our results demonitrated that direct immunization of plasmid DNA into spleen
1s a possible alternative route for the production of both polyclonal and monoclonal

anttbodies to cell surface molecules.



4. Discussion

Production of monoclonal antibodies to leukocyte surface molecules by DNA
immunization is very useful for producing specific antibody where the protein antigen
is absence but antigen-encoding DNA is available. In our previous experiments,
intramuscular immunization of plasmid DNA encoding various human leukocyte
surface molecules, including CD4, CD14, CD45, CD54 and CD147, induced antibody
responses [5-7 and unpublished observations]. In theory, spleen cells from antibody-
producing mice can be used in the hybridoma technique. However, in our previous
fusion experiments, none hybrid produced specific antibody was generated from the
DNA intramuscularly immunized mice. Instead of intramuscular immunization, an
optimal DNA immunization route must be taken into consideration for the generation
ot hvbrid produced monoclonal antibody of interest.

Injection of protein antigen directly into lymphoid organs such as lymph node
or spleen offers some strong theoretical advantages over other injection routes [13,
23]. In this type of immunization, the immunogen is concentrated in one region that is
specialized in dealing with it. Intrasplenic immunization was introduced by Nilsson
[13] as an extremely efficient procedure, especially useful for low amounts of antigen.
This immunization route has been further used for polyclonal and monoclonal
antibody production purposes [10-20]. In the present study, intrasplenic and
intramuscular routes were, therefore, compared for the production of antibodies to cell
surface proteins after antigen-encoding DNA immunization.

In this study, mice immunized with plasmid DNA encoding CD54 and
CD147, generated specific antibodies after two to five DNA inoculations (Fig. 1). In
contrast, no mice that obtained a single dose intramuscular immunization generated an

antibody. Intramuscular injection of plasmid DNA has been widely used with DNA
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vaccines. In most cases of DNA intrajnuscular immunization, high titers of antibodies
have been found against the expressed protein. Some investigators demonstrated that
a single intramuscular immunization of plasmid DNA induced antibody responses
[24-26], however, booster(s) was required in several reports inciuding this one [27-
30]. These differences appear to be due to the nature of the particular antigen, the
expression vector used and may be due to the skill of the individual administering the
DNA [29,31]. In contrast to intramuscular immunization, only a single DNA
intrasplenic injection resulted in the production of serum antibodies (Fig. 2). These
results indicate the possibility of using intrasplenic immunization for the induction of
antibody responses by DNA immunization. Enhancement of antibody responses by
intrasplenic immunization is likely to be related to that the injected plasmid DNA are
directly transfected splenocytes, including antigen presenting cells. The antigens are
then expressed and concentrated in the spleen, where the immune responses are
initiated. Antigen presenting cells are thought to play at least three distinct roles in
DNA immunization: {1} MHC class TI-restricted presentation of antigens secreted by
neighboring, transfected cells, (2) MHC class I-restricted “cross” presentation of
antigens released by neighboring, transfected cells, and (3) direct presentation of
antigens by transfected antigen presenting cells themselves [32]. Therefore,
immunization of DNA into spleen allows direct delivery of antigens to the spleen and
the induction of antibody responses is occurred. In protein immunization, it was
clearly easier to obtain an antibody response using minute amounts of antigen by
intrasplenic route than by the intraperitoneal or intravenous route [33]. Spitz et al,
reported the production of antibodiess after a single intrasplenic injection of either
soluble antigen or of allogeneic cells [10]. In agreement with protein immunization.

this study demonstrated that injection of CD54-encodingDNA into spleen induced

11



antibody response better than that intramuscular route, as the antibodies could be
detected after a single intraspler:ic immunization. While this manuscript was in
preparation, the use of intrasplenic immunization of plasmid encoding
carcinoembryonic antigen (pCEA) for induction of immune responses was reported
by White et al [34]. Intrasplenic administration of pCEA could induce specific
antibody responses and partial immunoprotection against tumor chatlenge {34]. This
and our findings support future investigations of DNA vaccination strategies that
spectlically promote the uptake of plasmid by splenocytes.

Spleen cells from a CD54-DNA intrasplenic immunized mouse were fused
with myeloma for generation of monocional antibody. A hybridoma cell line stably
secreting specific mAb to CD54 was established. The generated mAb reacted to
CD54 protein expressed on transfected COS cells and various cell types as well as
using a standard CD54 mAb MEM-111. Our results show that, rather than polycional
antibody production, intrasplenic immunization can be used to produce monoclonai
antibody by DNA immunization.

Intrasplenic immunization of protein antigens has been demonstrated to be an
efficient procedure for the induction of antibodies [13]. Antibody responses were also
obtained when the immunogen was immobilized on nitrocellulose or Sepharose beads
[11,32]. As described here, the intrasplenic route was used for production of both
polyclonal and monoclonal antibodies using plasmid DNA as immunizing agent.
Intrasplenic immunization seefns to be an appropriate route for raising polycional and
monoclonal antibodies against cell surface proteins by DNA immunization. However,
many constraints have limited the use of this immunization route. Intrasplenic
immunization is not easy to perform, especially in small animals such as mice, since

major surgical procedures are required and animal mortality and morbidity can not be

12



underestimated. This immunization route should be carried out only under the

guidance ol a trained animal worker or veterinarian.
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Figure Legends

Figure 1. Antibody response in mice intramuscularly immunized with CD54-
encoding DNA (A) or CD147-encoding DNA (B). Groups of mice were immunized
on days 0, 14, 28, 42 and 56 (solid lines) or single immunization at day 0 (dashed
lines). Sera from blood drawn periodically were analyzed by indirect
immunofluorescence and flow cytomery using CD54 and CD147 expressing U937

cells as antigens.

Figure 2. Antibody response in mice intrasplenic immunized with CD54-encoding
DNA. Mice were single immunized on days 0 and sera from blood drawn periodically
were analyzed by indirect immunofluorescence and flow cytomery using CD54

expressing U937 cells as antigens.

Figure 3. Immunofluorescence analysis of the reactivity of mAb MT54 with U937
(A), K562 (B), Daudi (C), Molt4 (D), Jurkat (E) and Sup T1 (F). Solid lines represent
the immunofluorescence profiles of cells stained with indicated mAb and dashed lines

represent background fluorescence of the negative control mAb.

Figure 4. Immunofluorescence analysis of the reactivity of mAb MT54 with
lymphocytes (A), monocytes (B) and neutrophils (C). Solid lines represent the
immunofluorescence profiles of cells stained with indicated mAb and dashed lines

represent background fluorescence of the negative control mAb.
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Production of Anti-CD14 Monoclonal
Antibodies Using CD14 Expressing

COS Cells as

Immunizing Antigen

Seangduen Moonsom and Watchara Kasinrerk

Monocytes belong to the
mononuclear phagocytic  system,
which is a cell lineage that orig-
inates in bone marrow and even-
tually transforms into tissue macro-
phages. The stages of development
are: committed stem cell, mono-
blast, promonocyte, monocyte and
macrophage. | Differentiation which
gives rise to monocytes takes place
in the bone marrow. The newly
formed monocytes leave the bone
marrow within 24 hours. They
remain in the blood for about 36-
104 hours and then leave the cir-
culation to become tissue macro-
phages which may live for many
months.2 Monocytes and macro-
phages play an important role in
both natural immunity and ac-
quired immunity.3.4.3 They perform
many of their functions in host
defense prior to the development of
specific immunity, including phag-
ocytosis and cytokine production,
These cells also function as both
accessory and effector cells in
acquired immune responses. They
display foreign antigens on their

SUMMARY CD14 is a leukocyte surface molecule expressed on mono-
cytes but not on lymphocytes. Recently, CD14 melecule was demonstrated
to function as a receptor for endotoxin. CD14 specific monoclonal antibody
{MADb), therefore, can be used to identify monocytes and study the host
defense mechanism to bacterial endotoxin. To produce MAb against CD14
protein, in this study cDNA encoding CD14 protein and COS cell expression
systems were used to prepare CD14 expressing COS cells. The CD14 trans-
fectants were then used as antigen for mouse immunization. The spleen
cells of the immunized mouse were then fused with myeloma cells by
conventional hybridoma technique. By using this strategy, 5 hybridroma
clones secreting antibody specific for CD14 molecule were generated with-
in one fusion. The generated CD14 MAbs were strongly positive with mono-
cytes, weakly positive with neutrophils but negative with lymphocytes. In
addition, the generated CD14 MAb blocked the binding of lipopolysac-
charide (LPS} to the CD14 molecules. These CD14 MAbs could be used to
enumerate peripheral blocd monocytes as well as using referent CD14
MAb. We, therefore, introduce an alternative method for preparation of anti-
gen for production of monoclonal antibody. This type of antigen is a very
effective antigen for the production of monoclonal antibodies against cell
surface molecules.

surface in a form that can be Such activated mononuclear phag-

recognized by antigen-specific T
lymphocytes and express proteins
and secrete various cytokines that
promote T cell activation. Thus,
monocytes/macrophages  function
as accessory cells in lymphocyte
activation. After T lymphocyte ac-
tivation, antigen-stimulated T lym-
phocytes secrete lymphokines that
activate monocytes/macrophages.

ocytes are more efficient at per-
forming phagocytic, degradative
and cytocidal functions than un-
stimulated cells, and are thus better
able to destroy phagocytosed anti-

From the Department of Clinical Immu-
nology, Faculty of Associated Medical
Sclences, Chiang Mai University, Chiang
Mai 50200, Thailand
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gens. In the humoral immune res-
ponses, foreign antigens, such as
microbes, become coated, or op-
sonized by antibody molecules and
complement proteins. Monocytes
and macrophages bind and phag-
ocytose opsonized particles much
more avidly than uncoated parti-
cles. Thus, mononuclear phago-
cytes also participate in the elim-
ination of foreign antigens by
humoral immune respenses.

To identify monocytes,
simple staining of cells with Giem-
sa or Romanovsky stains was used
in routine laboratory work., How-
ever, small monocytes may be dif-
ficult to distinguish from lympho-
cytes. Monocytes also can be iden-
tified by using cytochemical meth-
ods. The most widely used cyto-
chemical methods for identifying
monocytes are reactions for non-
specific esterases, NSE.6.7 How-
ever, NSE is present not only in all
cells of the mononuclear phago-
cytic lineage but also in many other
cell types inchuding some T lym-
phocytes.6 In recent years, various
monoclonal antibodies specific to
monocytes have been generated.8.9
These monoclonal antibodies were
used to stain peripheral blood cells
by immunofluorescent technique
and the stained cells were analyzed
by flow cytometry. According to
both size and granularity and the
reactivity of the stained mono-
clonal antibody, monocytes present
in the blood sample were easily
identified by flow cytometer.10

The CD14 antigen is a gly-
cosyl-phosphatidylinositel-linked
single chain surface membrane gly-
coprotein with the molecular weight
of 53-55 kDa.ll It is strongly ex-
pressed on monocytes, macro-
phages, and weakly on neutro-

phils.11 However, it is absent from
T cells, null cells, red blood cells
and platelets. Therefore, antibody
to CD14 antigen was routinely
used for identification of mono-
cytes by flow cytometry.!9.12 Re-
cently, the CDI14 molecule was
demonstrated to function as a
receptor for endotoxin (lipopoly-
saccharide; LPS).13.14 LPS binds
to a serum protein, LBP (LPS-
binding protein) which facilitates
the binding of LPS to the CD14
molecule.13,i4.15 When LPS binds
to CD14 expressed by monocytes or
neutrophils, the cells become acti-
vated and release cytokines such as
TNF, IL-6 and IL-813,1516,17,18,19
and up-regulate cell surface mol-
ecules, including adhesion mol-
ecules. 1420 CD14 specific MAbs,
therefore, can be used to identify
monocytes and study the host
defense mechanism to bacterial
endotoxin.

To produce monoclonal
antibody against CD14 protein,
in general, CD14 expressing cell
lines or freshly isolated monocytes
were used as antigen for mouse
immunization and the spleen cells
of immunized mouse were fused
with myeloma for the genera-
tion of specific monoclonal anti-
body.16.21,22,23 Alternatively, in the
present study, we used the COS
expression system24 to generate
CD14 expressing COS cells. The
CD14-COS cells were used as im-
munizing antigen for a generation
of CD14 MAbs. By this technique,
5 hybridomas producing CD14
MAbs were generated within one
fusion. The produced CD14 MAbs
strongly react with human mono-
cytes, weakly react with granulo-
cytes, but do not react with lym-
phocytes. These CD14 MAbs can
be used to enumerate monocytes as

well as referent CD14 MAD.

MATERIALS AND METHODS
Plasmid DNA and antibodies

¢DNA encoding CD14 pro-
tein, which was constructed into
an eukaryotic expression vector,
pCDMS8 (designated CD14-DNA),
was kindly donated by Dr. H.
Stockinger, University of Vienna,
Vienna, Austria. ¢cDNA encoding
CD147 protein, designated Mé6-
DNA, was cloned in our labora-
tory.25 Referent CDI14 MAb,
MEMI8, was kindly provided by
Dr. Horejsi, Institute of Molecular
Genetics, Academy of Sciences of
the Czech Republic, Praha, Czech
Republic. PE-labeled CD14 (Leu-
M3) MAD and FITC-labeled CD45
(HLe-1) MAb were purchased from
Becton Dickinson (San Jose, CA).
FITC-conjugated sheep F(ab’)2
anti-mouse immunoglobulins anti-
bodies were purchased from Immu-
notech (Immunotech/Coulter Cor-
poration, Miami, FL).

DNA preparations

For large scale preparation
of CD14-DNA, the plasmid DNA
were transformed into competent
E. coli MC1061/p3 and the re-
sulting bacteria were grown with
vigorous shaking in 250 ml LB
broth per 1-liter flask. After over-
night cultivation, cells were har-
vested and lysed by the alkaline
lysis procedure according to the
QIAGEN protocol (QIAGEN, Hil-
den, Germany). DNA were then
purified by QIAGEN ion exchange
column {QIAGEN). The concentra-
tion and purity of DNA preparation
was determined by OD260/280
reading.
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Expression of CD14 protein on
COS cells

To express the CD14 pro-
tein on COS cells, the CD14-DNA
was transfected into COS cells
using the modified DEAE-Dextran
transfection method.?3 Briefly, 1 x
106 COS cells were transferred to 6
cm tissue culture dishes (NUNC,
Roskilde, Denmark) on the day
before transfection. Cells were
transfected in 2 ml of MEM con-
taining 250 pg/ml DEAE-Dextran,
400 pM chloroquine diphosphate
and 2 pug DNA. After 3 hours at
37°C, the transfection mixture was
removed and the cells were treated
with 10% DMSO in PBS for 2
minutes at room temperature, COS
cells were then cultured overnight
in MEM containing 10% FCS,
washed once, and re-cultured with
the same medium for another 2
days to allow expression of the en-
coded proteins.

Production of monoclonal anti-
body to CD14 protein

A BAILB/c mouse was
intraperitoneally immunized three
times at two-week intervals with 1
x 107 CD14-DNA transfected COS
cells. A booster immunization was
followed two-weeks after the third
immunization by intravenous injec-
tion of 1 x 106 CD14-DNA trans-
fected COS cells. The animal was
sacrificed 3 days after the booster
and the spleen was removed.
Spleen cells were then fused with
myeloma cells X63-Ag8.653 using
50% PEG. After that, cells were
resuspended with HAT medium
containing 10% BM combimed
medium (Boehringer Mannheim,
Germany) and distributed into 960
wells of 96 well-plates. Two weeks
later, hybridomas were identified

by an inverted microscope. Cell
culture supernatants from hybrid-
oma-containing wells were screened
for antibody against CD14 protein.
The positive clone was re-cloned
two rounds by limiting dilution.

Screening for CDI14
monoclonal antibody

specific

Hybridoma cell culture
supernatants were firstly analyzed
by indirect immunofluorescence
using peripheral blood mono-
nuclear cells (PBMCs) as antigens.
The stained cells were analyzed by
flow cytometry. The supematants
which had shown positive reacti-
vity with monocytes but negative
or weakly positive with lympho-
cytes were screened further for
antibody specific to CD14 protein
by the same technique but using
CD14-DNA transfected COS celis
as antigens and analyzed by a
fluorescent microscope. In all ex-
periments, COS cells transfected
with ¢cDNA encoding unrelated
protein (CD147) were used as
negative control.

Indirect immunofluorescence
analysis

The specificity of antibody
against CD14 protein was assessed

by indirect immunofluorescence
using fluorescein isothiocyanate
(FITC)-conjugated sheep anti-

mouse immunoglobulin antibodies
(Immunotech). PBMCs were firstly
isolated from heparinized blood of
healthy donors by density gradient
centrifugation over Ficoll-Hypaque
solution (Sigma, St. Louis, MO),
PBMCs were then washed 3 times
with PBS and adjusted to 1 x 107
cells/ml with 1% BSA-PBS-0.02%
sodium azide. To block the non-
specific Fc receptor mediated
binding of the antibodies, cells

were incubated for 30 minutes at
4°C with 10% human AB serum
before staining. Fifty microliters of
blocked cells were then incubated
for 30 minutes at 4°C with
hybridoma culture supernatants or
MAD. After washing twice, cells
were incubated with the FITC-
conjugate for another 30 minutes.
Membrane fluorescence was
analyzed by a flow cytometer
(FACSCalibur, Becton Dickinson,
San Jose, CA). Individual popula-
tions of blood cells were gated
according to their forward and side
scatter characteristics.

of

Determination of isotypes

monoclonal antibody

The isotypes of MAbs were
determined by capture ELISA
(Sigma) in accordance with the
recommended protocol. Goat anti-
mouse I1gG1, IgG2a, IgG2b, [gG3,
IgA and 1gM were used as capture
antibodies, and peroxidase conju-
gated rabbit anti-mouse immuno-
globulins (Dako, Glostrup, Den-
mark) were as used as conjugate,
The reactivity was visualized by
using 3°,3°,5’,5 -tetramethylbenzi-
dine (TMB) as substrate.

Inhibition of referent CDI14
monoclonal antibody binding by

generated CD14 monoclonal
antibodies
PBMCs were pre-incu-

bated with supernatant containing
CD14 MAbs or irrelevant MAb for
30 minutes on ice. PE-labeled
CD14 MAb Leu-M3 (Becton
Dickinson) or FITC-labeled CD45
MAb HLe-1 (Becton Dickinson)
was then added to the pre-stained
cells, and incubated for another 30
minutes. Membrane fluorescence
was analyzed by a flow cytometer.
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The percent inhibition of fluores-
cence intensity was calculated from
the mean fluorescence intensity
(MFI) of the sample in the pres-
ence and absence of the first un-
labeled MAD.

Inhibition of LPS binding to
CD14 molecule by generated
CD14 monoclonal antibody

CD14 MADb, MT14/3, was
purified from ascites by using
anti-mouse IgG coated sepharose
column (Zymed Laboratory Inc.,
San Francisco, CA)} in accordance
with the recommended protocol.

To study the effect of gen-
erated CD14 MAb on LPS binding,
PBMCs were incubated with 50%
autologous plasma for 30 minutes
at 4°C. PBMCs were then pre-
incubated with purified MT14/3
MADb or OKT3 (anti-CD3 MAb;
Ortho Diagnostic System Inc.,
Raritan, NJ) for 30 minutes on ice.
FITC-labeled LPS (Sigma) was
then added, and incubated for an-
other 60 minutes. The membrane
fluorescence of monocytes was
analyzed by a flow cytometer.

RESULTS

Preparation of plasmid DNA en-
coding CD14 protein and expres-
sion of CD14 on COS cell mem-
brane

Plasmid DNA encoding
CD14 protein, named CD14-DNA,
were transformed into E. coli MC
1061/p3. The plasmid DNA were
then isolated from the transformed
bacteria by QIAGEN ion exchange
chromatography and the DNA
yields were determined by the OD
260/280 reading after completion
of all the purification steps. The

OD 260/280 ratios of isolated
plasmid DNA was 1.82, indicating
the purity of the isolated DNA.26
The yield of isolated CD14-DNA
was 2.8 mg/liter of starting bac-
teria.

To wverify whether the
isolated CDI14-DNA can be ex-
pressed to the encoded protein in
eukaryotic cells, the isolated DNA
was transfected into COS cells and
analyzed for CD14 protein expres-
sion by indirect immunofluores-
cence using referent CD14 MAbs,
MEM-18 and Leu-M3. As shown
in Table 1, COS cells which were
transfected with CD14-DNA
showed a very strong positive reac-
tion with both MEM-18 and Leu-

M3, but negative with an irrelevant
CD147 MAD.27 The percentage of
CD14 expressing COS cells ob-
tained from this CD14-DNA trans-
fection was approximately 60-70%.
These results indicated that the
CD14-DNA and the transfection
method used effectively induced
CD14 protein expression on COS
cell membrane,

Production of monoclonal anti-
bodies to CDI14 protein using
CD14 expressing COS cells as
antigen

To generate hybridoma
producing CD14 MAb, we first
prepared CDI14 expressing COS

Table 1 Expression of CD14 protein on CD14-DNA transfected COS cells

Immunofluorescent reactivity

COS transfectants

Anti-CD14 MAb

Anti-CD147 MAb

MEM-18

Leu-M3 M6-1D4

CD14 COS +
M6 COS -

+

+

COS cells were transfected with CD14-DNA or M&-DNA by DEAE-Dextran transfection technique.
The transfected cells were stained with CD14 MAbs, MEM-18 and Leu-M3 or CD147 MAb, M6-
104 Immunofluorescent reactivity was analyzed by a fluorescence microscope.

Table 2  Flow cytometric immunophenotyping of monocyte population,
comparison of results between MT14/1, MT14/2, MT14/3,
MT14/4 and referent anti-CD14 MAb MEM-18

Monoclonal antibody

Donor no.
MT14/1 MT14/2 MT14/3 MT14/4 MEM-18
1 95 a5 95 85 96
2 a5 95 97 94 a7
3 92 a5 97 97 98
4 94 94 92 66 96
5 91 94 96 92 94
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cells by transfection of COS cells
with CDI14-DNA. After 3 days,
approximately 70% of the trans-
fected COS cells were strongly
positive with CD14 MAb, MEM-
18. These CDl14-expressing COS
cells were then used as antigen for
mouse immunization. Spleen cells
of an immunized mouse were fused
with myeloma cells as per the
conventional hybridoma technique.
A total of 612 hybridoma clones
was identified from 960 wells. By
indirect immunofluorescent tech-
mque, cell culture supematants
from 12 of 612 wells contained
antibodies which reacted to mono-
cytes, but did not, or reacted weak-
ly to tymphocytes. To screen fur-
ther for hybridomas that produced
CDI14 specific antibody, all 12
positive supernatants were tested
again by the same technique, but
CD14-DNA transfected COS cells

were used as the antigen. Five out
of 12 culture supernatants reacted
with CD14 expressing COS cells,
but not with mock CDI147 trans-
fectants. The hybridomas in these
positive wells were then re-cloned
two rounds by limiting dilution.
The final clones which gave posi-
tive reactivity with CD14 expres-
sing transfectants but negative to
mock transfectants were propagated
and re-named MT14/1, MT14/2,
MT14/3, MTI14/4 and MTI14/5,
respectively. MT14/1, MT14/2,
MT14/3, MT14/4 and MTI14/5
MAbs were IgGl, 1gG2b, IgGl,
IgG1 and IgM isotypes, respective-
ly.

After single cell cloning,
all generated hybridoma clones
were grown at a high density and
the culture supernatants were col-
lected for further studies. However,

a hybridoma clone, MTI14/5,
stopped producing antibody. There-
fore, this MT14/5 clone was
discarded.

Characterization of the specifici-
ty of generated CD14 MAbs

To confirm the specificity
of generated MAbs, all MTI14
MAbs were used to stained mono-
cytes, granulocytes and lympho-
cytes isolated from S5 healthy
donors by indirect immunofluores-
cence, and analyzed by flow cyto-
metry. As predicted, all generated
MT14 MAbs strongly reacted to
monocytes, weakly reacted to gran-
ulocytes and were negative with
lymphocytes. The reaction patterns
were absolutely identical to those
obtained by using reference CD14
MADb, MEM-18. The typical FASC
profiles of MTI14 and MEM-18

MT14/1 MT14/2 MT14/3 MT14/4 MEM-18
3 3 3 E
B RS R e e SR S e I € e TR e
Fluorescence intensity
Fig. 1 Immunofluorescence analysis of the reactivity of MT14/1, MT14/2, MT14/3, MT14/4 and
referent MEM-18 MAbs with monocytes (A), neutrophils {B) and lymphacytes (C). The
marker represents background fluorescence of negative control MAD.,
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CDI14 transfectants were
then used to immunize mouse and
spleen cells were then fused with
myeloma by conventional hybrido-
ma technique. After fusion, the
hybridoma culture supernatants
were screened using CD14 trans-
fected COS cells and mock trans-
fected cells as antigens. By this
screening procedure, supernatants
from 5 hybridoma clones showed
positive reactivity with CD14
transfectants but not to mock trans-
fectants. With peripheral blood
cells, these five antibodies strongly
reacted to monocytes, weakly
reacted to neutrophils, but did not
react to lymphocytes. The staining
patterns, together with the trans-
fectant experiments, indicated that
the generated MAbs are specific to
CD14 protein. Obtaining 5 hybrid-
oma clones produced antibodies to
a surface molecule within one
fusion is unusual. Our experiment,
therefore, demonstrated that the
high efficiency COS cell expres-
sion system can be used to produce
very good antigen for production of
monoclonal antibody. In addition
to CD14 MAbs, using the same
strategy, 3 clones of anti-CD99
MAbs were also produced in our
laboratory (data not shown).

After 2 rounds of single
cell cloning, however, a hybridoma
clone termed MT14/5 stopped pro-
ducing antibody. The cessation of
antibody producing by hybridomas
due to their having an unstable
assortment of chromosomes has
been described.30 The epitope
recognized by the generated CD14
MAbs was analyzed using the
inhibition test. One of the gen-
erated MAbs, named MTI14/3,
completely inhibited the binding of
referent CD14 MAb Leu-M3.22.23
This result indicated that MT14/3

MADb may react to CD14 molecule
at the same or at a very close epi-
tope of that recognized by referent
CD14, Leu-M3, MADb. Leu-M3 was
an anti-CD14 MADb denived from
the hybridization of mouse Sp2/0
myeloma cells with spleen cells of

BALB/c mice immunized with
peripheral blood monocytes from a
patient with rheumatoid arthritis.22
This MAb was now used as a
LeukoGate reagent in SIMULTEST
reagent kit developed by Becton
Dickinson. In contrast to MT14/3,
MT14/4 MAD enhanced the binding
of Leu-M3 MAb with an unknown
mechanism. This enhancement ef-
fect was also observed in the
CD147 system.3!

A series of studies was
performed to analyze the function
of the CDI14 molecule and in-
dicated that CD14 functioned as a
receptor for LPS.13,1415 1. PS was
shown to bind to CD14, a process
mediated by the plasma protein
LBP, and blockade of the CD14
molecule with some anti-CD14
MADbs prevented LPS induced TNF
release by monocytes. 13,15 We
therefore raised the question
whether our generated CD14 MAb
bind to the epitope which is
involved in LPS8 binding. To ad-
dress this question, monocytes
were Incubated with autologous
plasma, which used as a source of
LBP, in the presence of CDl4
MAD and FITC-labeled LPS. It was
found that the generated CD14
MAb, MTI14/3, inhibited LPS
binding. In the same experiment,
the 1isotype matched control
showed no effect on LPS binding.
These results indicated that MT14/3
MADb recognizes an epitope on
CD14 which 1s involved in LPS
binding.

In conclusion, in the pres-
ent study, we introduce an alter-
native method for preparation of
antigen for immunizing mice in the
production of monoclonal anti-
body. We used the high-efficiency
COS cell expression system to in-
duce the over expression of the
protein of interest on COS cell
surface. This type of antigen was
shown to be a very effective anti-
gen for the production of mono-
clonal antibody against cell surface
molecules. Using this type of anti-
gen, we could produce 5 MAbs
directed against CDI14 protein
within one fusion. This strategy is,
therefore, very efficient in produc-
tion of monoclonal antibody against
any cell surface protein when cDNA
clone is available.
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Abstract

¢ CDY9 is a 32 kDa cell surface glycoprotein which is involved in cell adhesion. Engagement of the CDY9 molecule by CD99
monoclonal antibodies has been shown to induce homotypic aggregation of various cell types. By using a newly established CD99
monoclonal antibody, MT99/3. we show here that LFA-1/ICAM-1 independent cell adhesion pathways are activated via CD99.
Engagement of the CD%9 molecule by MT99:3 induced homotypic cell aggregation of Jurkat T-cells within 30 min reaching its
maximal level within 4 h. The Jurkat cell aggregation was not blocked by addition of CDI1la{LFA-1) and CD34 (ICAM-1}) mAbs.
Furthermore, MT99,3 treatment did not alter the expression of LFA-1 and ICAM-1 molecuies. Induction of Jurkat homotypic
aggregation by MT99/3 was, however blocked by the protein kinase C inhibitor. sphingosine, the protein tyrosine kinase inhibitor,
genistein, and by actin filament polymerization blocking agent, cytochalasin B. Thus, these observations suggest that CDY9 can
mediate P2-integrin independent cell adhesion that depends on activation of protein kineses and reorganization of the
cytoskeleton, © 2000 Elsevier Scicnce B.V. All rights reserved.

Kevwords; CID99; Cell adhesion; Protein kinase C: Protein tyrosine kinase

1. Introduction

Lymphocyte adhesion is one of the critical steps in
the regulation of immune processes involving cellular
localization, effector recognition, and activation phe-
nomena. Engagement of various cell surface molecules
with natural ligands or specific antibodies, such as
CD147, CD99, CD43, CDl14. CD9 or CD4, has been
demonstrated to induce leukocyte homotypic aggrega-
tion [} 7]. Some of these adhesion events seem to be
mediated by the LFA-1/ICAM-1 pathway [1.3-5,7] as

* Corresponding  author. Tel:  + 66-33-945080; fax: + 66-53-
221890.

E-mail address: watchur@chiangmai.ac.th (W, Kasinrerk)

"N. Tokrasinwil and S. Moonsom are researchers supported by
The Thailand Research Fund (TRF) and The Natienal Science and
Technology Development Agency ol Thailand (NSTDA). respec-
tively.

the LFA-1 or ICAM-1 monoclenal antibodies {(mAbs)
block homotypic cell aggregation triggered via these
molecules. The current hypothesis is that the engage-
ment of these molecules would induce an ‘inside-out’
signal that increases the affinity and/or level of leuko-
cyle integrins for their ligand(s) [8].

The CD99 (E2 or MIC2) molecule is a leukocyte
surface protein with a molecular weight of 32 kDa
encoded by the MIC2 gene [9]. Sequence analysis of the
cDNA indicates that CD99 is a cell membrane glvco-
protein that does not belong to any known family of
proteins [10-12]). The extracellular domain is glycosy-
lated with O-hnked sugars followed by a putative
transmembrane domain and a short cytoplasmic do-
main [12]. Although the function of the CD%% molecule
is still unclear, it has been implicated in two processes;
cell adhesion and cell death. In T-cell adhesion events,
D99 mAbs blocked spontaneous T-cell rosette forma-

0165-2478.00 S - see front matter £ 2000 Elsevier Science B.V. All rights reserved.
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tion [13,14]. Furthermore. CDY9 mAbs were shown to
induce homotypic aggregation of double positive
(CD4 + CD8 +) thymocytes [2], T-cell lines [2] and
B-cell line [3]. Recently. a truncated form of the CD99
molecule, named CD99 type 1, was deseribed [3]. Over-
expression of the truncated form of CD99 inhibited cell
adhesion. Apoptosis induced via the CDY9 molecule
has also been demonsirated [15]. This apoptosis induc-
tion is not followed by detectable DNA fragmentation,
and does not belong 1o the Fas/CD95 pathway. Be-
cause of these cellular events induced via CD99, the
molecule was proposed 1o be important for develop-
mental processes such das hematopoictic cell differentia-
tion [15,16].

In the present study. we analyzed the molecular
mechanism underlving CD99 mediated cell adhesion. A
newly established unique CD99 mAb, MT99/3. induced
hemotypic cell aggregation of Jurkat cells via a LFA-1/
1ICAM-1 independent pathway. The Jurkat cell aggre-
gation induced by the CD99 mAb was inhibited by the
protein kinase C (PKC} inhibiter, sphingosine, the
protein tyrosine kinase (PTK) inhibitor, genistein. and
the actin filament polymerization blocking agent cy-
tochalasin B.

2. Materials and methods
2.1. Cells and cell lines

Human peripheral bloed mononuclear cells (PBMCs)
were isolated from heparinized whole blood from
healthy donors by density gradient centrifugation over
Ficoll-Hypaque solution {Sigma. 5t. Louis, MQ). Neu-
trophils were isolated by centrifugation through Ficoll
Hypaque density gradients followed by dextran
sedimentation. Cells were washed three times with PBS
and used for immunophenotyping. Human T-cell lines
(Jurkat, Molt4 and Sup TI). a monocytic cell line
(U937). and an erythroid-myeloid cell line (K562) were
maintained in RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS) (Gibco. Grand Island,
NY). 40 pg/ml gentamicin and 2.5 pg/ml amphotericin
B in a humidified atmosphere of 3%C0; at 37°C, COS7T
cells were cultured in MEM (Gibco) containing 10%
FBS and antibiotics.

2.2. Reagents and antibodies

Cytochalasin B, genistein and sphingosine were pur-
chased from Sigma. All reagents were dissolved in
DMSO (Sigma}. CD4 mAb MT4 (1gM isotype) [17] as
well as isotype matched mAb P-3E10 (1g(G2a) recogniz-
ing an un-defined cell surface molecule were generated
in our Department. CD11a mAb MEM-25 (1gGl) and
CD34 mAb MEM-111 (1gG2a) were kindly provided

by Dr Vaclav Horejsi (Institute of Molecular Genetics,
Academy of Scicnces of the Czech Republic, Prague.
Czech Republic). CD11a mAb HI111 (I1gGl)y and CD34
mAb HASE (1gG1)y arc phycoerythrin (PE) conjugates
kindly provided by Becton Dickinson (Thailand). PE
conjugated X40. an anti-Keyhole limpet hemocyanin
{KLH} mAb. from Becton Dickinson, was used as
isotype matched negative staining control.

For purification of the mAbs. affinity chromatogra-
phy was used. IgM isotype mAbs were purified from
ascites by using an anti-mouse 1gM coated sepharose
column (Zymed Laboratory, San Francisco. CA) ac-
cording to thc methed described elsewhere [18]. 1gG
isotype mAbs were purified by using a protein A coated
sepharose column (Pharmacia, Uppsala. Sweden}.

2.3, Isolation of the ¢DNA coding for the CD99
miolecule

The cDNA ¢ncoding the CD99 molecule was isolated
essentially by using “Brian Seed’s eukaryotic expression
cloning system’ [19] and a one round panning technigue
described previously [20]. Briefly, thirty dishes of COS
cells were transfected with a cDNA expression library
prepared from the human T-cell line HPB-ALL by the
DEAE-dextran transfection method. Three days after
transfection. cells were panned with CD99 mAbs on
dishes coated with sheep F(ab’)2 anti-mouse Ig anti-
bodies. Episomal DNA was collected from the adherent
cells by the Hirt procedure and transtformed into E.
coli. Seventy bacteria colonies were separately grown in
a 5-ml liquid culture overnight. Then 1.5 ml of ten
bacterial suspensions were pooled and one-third of the
isolated plasmid DNA was transfected into COS cells.
After 2 days. COS cells were stained with CD99 mAb
by the indirect immunofluorescence technique and ana-
lyzed by microscopy. Plasmid DNA of the individual
colonies of the CD99 positive poels were again trans-
fected into COS cells and re-analyzed.

For nucleotide sequencing, the c¢cDNA insert was
subcloned into pBS{ +/ —) phagemid (Stratagene, La
Jolla, CA). Double-stranded DNA was sequenced ac-
cording to the dideoxynuclieotide chain-termination
method, using T7. T3 and internal oligonucleotide
primers.

2.4. Hybridomaproduction

A female BALB/c mouse was intraperitoneally im-
munized three times at a 2-week interval with 1x 107
CD99 transfected COS cells. After three immuniza-
tions, mice were intravenously boostered with | x 10°
transfectants. Splenocytes were collected and fused with
P3-X63Ag8.653 mycloma cells by a standard hybri-
doma technique using 50% polycthylene glycol. After
HAT medium selection, culture supernatants were



W Kusmrerk et ol Imnnmofogy Letters 71 (20000 33 41 33

firstly analyzed for antibody reactivity against U937
cells using indircet immunofluorescence assay. The pos-
itive supernatants were then difterentially screened for
CD99 specificity using CD99 transfected COS cells. By
this procedure, CD99 mAb MT99/3, which is of the
IgG2a isotype, was obtained.

2.5 Immmumofluorescence analysis

Cells were analyzed by indirect immunofluorescence
using FITC-conjugated sheep F(ab’)2 anti-mouse im-
munoglobulin antibodics {Immunotech/Coulter Corpo-
ration,  Miami.  FL). To  block  nonspecific
Fe-receptor-mediated binding of mAbs. cells were pre-
incubated for 30 min at 4°C with [0% human AB
serum before staining, Membrane Huorescence was ana-
lvzed on a FACSCalibur (Becton Dickinson, Sunny-
vale., CA) flow cytometer. Individual pepulations of
blood cells were gated according to their forward and
side scatter characteristics.

2.6. Labeling of cell surface proteins and
IMIMUROPrecipitation

For surface labeling, cells were biotinylated by using
Sulfo-NHS-LC-biotin (Pierce, Rockford, IL) (5 mM)
for | h at 4°C. The rcaction was quenched by washing
the cells once with 1 mM glycine in PBS and then twice
with PBS. Cells (5 x 107) were sclubilized in | ml lysis
buffer (1% NP-40, 50 mM Tris-HC] pH 8.2, 100 mM
NaCl. 2 mM EDTA, 3 mM iodoactamide. 1| mM
PMFS, and 10 pg/ml aprotinin}. Cell lysates were pre-
¢leared with protein A-sepharose beads coated with
mouse immunoglobulins, Preclearcd lysates were then
mixed with purified mAb coated protein A-sepharose
beads for 24 h at 4°C. After immunoprecipitation and
SDS-PAGE. biotinylated proteins were transferred to a
nitrocellulose membrane. The membrane was blocked
with 5% skimmed milk i PBS for | h at room temper-
ature. The blocked membrane was incubated for 1 h at
room temperature with avidin-peroxidase (Dako,
Glostrup, Denmark), and the biotinylated proteins were
visualized by the chemiluminescence detection system
{Pierce).

2.7, Homaotypic cell aggregation assay

Jurkat cells were washed three times with RPMI-
1640 medium and resuspended to a concentration of
2.5 % 10° cells;ml with RPMI-1640 supplemented with
10% FBS and antibiotics. One hundred microliters of
cell suspension was then distributed into 96 well flat-
bottomed microplates (NUNC). mAbs were added to
cach well to a final ¢concentration of 2.5 pg/ml to obtain
the total volume of 200 pl. Plates were incubated in a
CO, incubator and examined for homotypic cell aggre-

gation under a phase-contrast inverted microscope
(Olympus, Tokyo. Jupan} at various time points. The
degrees of cell aggregation were scored as follows: 0, no
aggregation (> 90% of cells were unaggregated); 1+ .
the majority of cells were un-aggregated, but a few
small clusters of < 20 cells were observed (this level of
adhesion is typical of the spontaneous adhesion exhib-
ited by many lymphoblastoid cell lines including Ju-
rkat), 2+. 50% of cells were in medium-sized
aggregates (20-350 cells), with the remainder as single
cells: 3+ . nearly all cells were in medium-sized to large
aggregates ( > 30 cells) with only a few ( < 20%) unag-
gregated cells; and 4+, > 90% of the cells were in
large aggregates. Photographs were taken with an
Olympus camera under an inverted microscope.

In order to study the effect of LFA-1 and ICAM-I]
antibodies on CD99 mediated cell aggregation. purlfied
mAbs to CDila (MEM-23) and CD34 (MEM-I111)
were added into wells containing Jurkat and CD99
mAb MTS99/3. Cell aggregation was then determined
and scored as described above.

To study the effect of cytochalasin B or genistein on
CD99 mAb induced cell aggregation, Jurkat cells were
cultured with purified MT99,3 (2.5 pgiml) in the pres-
ence or absence of cytochalasin B or genistein for 4 h.
To study the effect of sphingosine. Jurkat cells were
pre-incubated with sphingosine at 37°C in a 5% CO,
incubator for 15 min. Cells were washed twice and
re-cultured with purified MT99;3 mAb.

28 LFA-T and ICAM-1 expression on CDY9 mAdb
treated Jurkat

Jurkat cells were incubated with or without 2.5 pg/ml
of CD9 mAb MT99/3 for 30 min I, 2 and 4 h in a
CO, incubator at 37°C. Cells were then washed once
and stained with PE-labeled mAbs HIILI(CDIl11a).
HAS8 (CD54) and X40 (isotype matched centrol).
Stained cells were analyzed by a flow cytometer.

3. Results

3.1 Isolation of ¢ CD99 ¢DNA clone and production
of a CD99 mAb

To isolate the ¢cDNA encoding the CD99 protein. a
high-efficiency COS cell expression system was em-
ployed [19]. By using this technique, a cDNA clone,
termed HII, was isolated from a HPB-ALL library.
The nucleotide sequence of the insert was partiatly
determined and compared with the EMBL nucleotide
database. This comparison indicated that the HII
¢DNA insert was identical to the ¢cDNA of CD99.

To generate new CD99 mAbs, a mouse was immu-
nized with HI11 plasmid transfected COS cells and
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spleen cells from the immunized mouse were fused with
myeloma cells using the standard hybridoma technique.
The specificity of the antibodies scereted by the hydri-
domas was determined by indirect immunefluerescence
using €99 transfected COS cells. By this screening, a
CDY9 mAb. designated MT99/3 {Ig(G2a isotype), which
strongly bound to CD99 transfectants but not bound to
mock or any other transtectants was oblained. To
confirm that MT99,3 is a CD99 mAb. the reactivity of
this mAb to various cell lines and peripheral blood cells
was studied and compared with reported reactivity of
established CD99 mAbs. All cell hines tested including
the human monocytic cell line U937, the erythroid;
myeloid cell line K562 and the T-cell lines Jurkat, Sup
T1 and Molt4 were positive with MT99/3 (Fig. 1). With
peripheral blood moenonuclear cells, the MT99/3 mAb
bound to lymphocytes and monocytes but not to neu-
trophils (n="7) (Fig. 2A—C). Red blood cells of seven
healthy donors were also studied for staiming by MT99;
3. Red blood cells from five donors were positive (Fig,
2D). and these from two donors were negative (Fig.
2E). All of these staining patterns were similar to those
tfound in previous studies using CD99 mAbs [I12

v

Fig. 1. Immunoflluercscence analysis of the reactivity of mAb M'T99 3
with U937 (A K562 (B, Jurkat {C). SupT! (D) and Molid (E) cells.
Solid lines represent the immunofluorescence profiles of cells stained
with MT99 3 mAb and dashed lines represent background Nuores-
cence of the negative control mAb,

EEALL . an e

Fig. 2. Immunofluorescence analvsis of the reactivity of mAb MT99 3
with peripheral blood lymphocytes (A), monocytes (B) neutrophils
(C), red blood cells which show positive (D) and negative (E)
reactivity. respectively. Solid lines represent the immunofluorescence
profiles of cells stained with MTY99 3 mAb and dashed lines represent
buckground fluorescence of the negative control mAb,

14.21 23], Togcther with the transfectant experiments,
these results indicate that MT99/3 is a CD99 mAb.

These data were confirmed by biochemical character-
ization of the cell surface antigen recognized by MT99;
3. mAb MT99/3 precipitated a broad protein band of
= 27-34 kDa from lysales of surface-biotinylated Ju-
rkat cells (Fig. 3). This broad zone contained a major
protein band of 32 kDa and a minor protein band of 28
kDa. A similar precipitation pattern was described for
ather CD99 mAbs [3.12,14.21-24]. P-3E10. an 1gG2a
isotype matched control mAb, which recognizes un
un-clustered leukocyle surface antigen. precipitated a
protein band of 55 kDa. and MT4. an irrelevant mAb,
did not precipitate any protein band (Fig. 3).

3.2, MT99;3 induces homotvpic cell aggregation of
Jurkar cells via a LFA-1;ICAM-1 independent
pathvay

As CDY9 mAbs were reported to induce homotypic
aggregation of several lymphoid cells [2,3]. we investi-
gated this phenomenon by using our new generated
CIDY9 mADb. Purified mAb MT99/3 induced homotypic
cell aggregation in Jurkat cells (Table 1 and Fig. 4) but
not in U937 and K862 cells (data not shown). mAb
MT99/3 induced Jurkat cell aggregation was dose-de-
pendent. Some smaller cell aggregates were alrcady
observed with 1 pg/ml of purified MT99;3 and maximal
aggregation was seen when 2.5 pg/ml or higher concen-
trations of the mAb were applied (data not shown). We
also studied the kinetic of MT99/3 induced cell aggre-
gation; after 30 min small aggregates were visible which
gradually increased and reached their maximal size
(4+) at 4 h (Table 1).

Homotypic aggregation induced by CD99 mAbs has
been shown to be both LFAT dependent [3] and LFA-]
independent [2]. We. theretfore. examined the effect of
LFAT and ICAM-1 mAbs on MT99/3 mediated Jurkat
cell aggregation. [n our studies, Jurkat cells were cul-
tured in the presence of MT99:3, MT99.3 + MEM-25
{a CDIl a mAb), or MEM-25 only, We found that
MEM-25 (50 pg/mly by itself slightly induced Jurkat
aggregation after 1 and 2 h incubation, however, in the
presence of MT99/3 or MT99/3 + MEM-25 the degree
of aggregation was increased (Table 2). These results
indicated that mAb MEM-25 had no effect on MT99 3
mediated cell agpregation. Also MEM-111, un [CAM-]
mAb, did not block MT99:3 induced cell aggregation
(Table 2). Furthermore, we studied the level of LFA-]
and [CAM-1 expression on Jurkat cells after engage-
ment of CDY99 by MT99/3. As determined by PE-la-
beled HIIL1 (CDT la) and HAS8 (CDD534) mAbs the
expression of LFA-1 and ICAM-1 molecules did not
change upon MT99/3 treatment (Table 3). These resulis
indicate that homotypic aggregation of Jurkat cells
induced by CD99 mAb is LEFA-1/ICAM-1 independent.
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Fig. 3. Biochemical characierization of the cell surfice antigen rocog-
nized by mAb MT99/3. SDS-PAGE analysts of immunoprecipitates
obtained from lysates of biotin labeled Jurkat cells using MTY99/3
(lane 1), MT4 conirol mAb {lane 2) and P-3E10 contro]l mAb (lane
3} Electropheoresis was performed under reducing conditions. The
positions of molecular weight markers are indicated on the left in
kDa.

3.3. Sphingosine, genistein and cytochalasin B hlock
cell aggregation induced by mAL MT99/3

To analyze whether intracellular signaling is required
for mAb MT99/3 induced Jurkat cell aggregation, we
analyzed the effect of various inhibitors of protein
kineses and cytoskeleton reorganization. Table 4 and
Fig. 4 show that the PKC inhibitor sphingosine and the
PTK inhibitor genistein blocked mAb MT99/3 induced
Jurkat cell aggregation in a dose-dependent manner.
Cyiochalasin B. an actin filament polymerization block-
ing agent, also blocked completely mAb MT99/3 in-
duced cell aggregation, which indicates a requirement
for an intact cytoskeleton (Tauble 4 and Fig. 4). In all
experiments, DMSO diluent controis had no effect on
cell aggregation {(data not shown). Cell viability for all
inhibitors at all concentrations used was analyzed and
found to be greater than 95%.

4, Discussion

In this report, we have isolate a cDNA encoding the
CD99 melecule and used this cDNA to generate CD99
transfectants for immunization to produce new CD99
mAbs. One CD99 mAb, named MT99/3, was estab-

lished and found to induce homotypic cell aggregation
of Jurkat cells. This CD9% mAb mediated celtular effect
involves PKC and PTK-dependent intracellular signal-
ing pathways but is independent of the integrin LFA-I
and its counterreceptor ICAM-1.

The CD99 molecule 15 a 32 kDa transmembrane
glycoprotein which was assigned at the Fifth Intemna-
tional Workshops on Human Leukocyte Differentiation
Antigens [25]. The CD99 molecule has been demon-
strated previously to be involved in cell adhesion
[2,3,13-15,26] and apoptosis [15]. To further investigate
the role of CD99 in cellular adhesion, we established
new CD99 mAbs. For this purpose, we isolate the
CD99 ¢DNA and used it to transfect COS cells for
immunization and mAb screening. One mAb specific
for the CD99 molecule, named MT99/3, was obtained.
MT99/3 mAb precipitated a major protein band of
= 32 kDa which is the same as that described for the
CD99 molecule [12,14.22.24.25]. A 28 kDa minor
protein band was also precipitated by MT99/3. This 28
kDa polypeptide presumably represents the unsialy-
lated, fully glycosviated CL99 molecule as suggested by
previous biochemical studies [12,14] or a truncated
form of the CD99 molecule which was recently de-
scribed [3]. The epitope recognized by MT99/3 was
broadly expressed on hematopoietic cell lines, human
tymphocytes and monocytes, but not on neutrophils.
This staining pattern is 1n agreement with that de-
scribed for other CD99 mAbs [12,13.21-23]. On red
bleod cells, we found that the epitope recognized by
mAb MT99/3 is heterogeneously expressed as erythro-
cytes from five out of seven donors reacted with mAb
MTY99/3. This is probably due to the quantitative poly-
morphism of CD99 expression on human erythrocytes,
involving the blood group Xg phenotype [12.21.23]
Together, the biochemical data and the staining pattern
confirmed that mAb MT99/3 s directed to the CD99
molecule.

Table 1
Homotypic cell aggregation of Jurkat cells induced by mAb MT%9/3+

MAD Homolypic cell apgregation

Incubaiion time (h)

0.5 i 2 4
MT99/3 1P 2 3 4
P-3E10 0 I | |
MT4 0 1 1 |
- 0 1 | 1

4 Jurkat cells were cullured for 30 min. 1, 2 and 4 h in the presence
or absence of mAb MT99 3 (2.5 pg/mi). Homowvpic cell aggregation
was determined under an inverted microscope.

b Degree of cell aggregation was graded as described in Section 2.
Results are representative of ten separate experiments,
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Fig. 4. Photomicrographs { x 100) ol homotypic cell aggregation induced by mAb MT99/3 Jurkat cells were incubated (or 4 h with medium (A},
2.5 pgiml MT99/3 mAb (B). MT4 control maAb (C) and P-3EL0 control mAb (D). Jurkat cells were pretreated with sphigosine (20 pv) and
subsequently cullured in the presence of MT99/3 (E). Jurkat cells were culture with mAb MT99/3 in the presence of genistein {25 pg ml) (F) or
cylohalasin B (30 uM) (G).

Table 2
Effect of LFA-1 and ICAM-1 mAbs on Jurkat cell aggregation induced by mAb MT99/3*

Conditions Homotypic cell ppgregation

[ncubation time (h)

0.5 i

2 3 4
Jurkat alone an |-+ I+ 14+ I+
Jurkal + MT99/3 1+ 2+ 4 4+ 44
Jurkat+ MT99/3 + MEM-25 (50 pgimi) |-+ 2+ 34 4+ 4,
Jurkat+MT99/3 + MEM-111 (50 pgiml) 1+ 24 3+ 4 4.
Jurkat +MT99/3+MEM-111 (100 pg/ml) |+ 2+ 3+ 4 44
Jurkat+ MEM-25 {50 pg/ml) 0 | + 2+ 4+ 44
Jurkat+ MEM-I11 (50 pg/mh) 0 1+ I+ I+ I+
Jurkat + MEM-L1T (100 pg ml) 0 1+ I+ | 4 1+

* Jurkat cells were cultured for 30 min. 1. 2. 3 and 4 b with or without mAb MT99,3 in the presence or absence of purlfied MEM-25 (CDllu
mAb) or MEM-111 (CD34 mAb). Homotypic cell aggregation was determined under an inverted microscope.
" Degree of cell aggregation was graded as described in Section 2,
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Table 3

Expression of LFA-1 and ICAM-1 molecules on mAb MTY99 3 treated Jurkat cells*

Treatment time Mean [lucrescence intensity

X40-PE" HII11-PEP

Untreated MT9Y d-treated
30 min 34 3.5 27.8
lh 35 356 348
2h 3.5 35 343
4 h 38 34 44.6

HAS58-PE"

Untreated

MT99 3-rrcated

Untreated MT99 3-treated
6.7 2314 31.7
36.2 262 39
377 289 13
41.4 351 3201

* Jurkat ¢ells were incubate for 30 min. L. 2, and 4 h at 37°C with or without mAb MT99 3. Cells were washed and stained with indicaled mAbs

and analyzed by a low cviometer.

® X40-PE. negative control antibody: HITTT-PE, anti-CD1la mAb: HASS-PE. anti-CD54 (ICAM-1) mAb. Results are the mean of the mean

fluorescence intensity of (wo scparate experiments.

Table 4

Eflect of various inhibitors on Jurkat cell aggregation induced by mAb MT99, 3"

Culture conditions

Jurkat alone
Jurkat + MT99 3 -
Jurkat+MT99-3 + sphingosine 20 pM

Jurkat+MT99 34 sphingosine 10 M
Jurkat + MTY99 3+ sphingosine 5 uM

Furkat-+ MTY9. 3 + genistein
Jurkut +MT99 3 + genistein

25 pg.ml
12.5 pg'ml

Jurkat+ MTY9. 3 + genistein 6.5 pg.ml
Jurkat+~MTY9 3+ Cyiochalasin B 50 pM
Jurkal—MTY9Y9 3 ¢ Cytochalusin B RARTIY |

Jurkat+MT99 3+ Cytochalasin B

12.5 uM

Concentration of inhibitors

Target of inhibitors Degree of aggregation

- 1
- 4
PKC 1
PKC 3
PKC 4
PTK |
PTK 3
PTK 4
Actin lilament 1
Actin flament 1
Actin filament |

“Jurkat cells were incubated for 4 h with medium or 2.5 pg ml MT99 3 mAb. or pretreated with sphigosine followed by culturing in the

presence of mAb MT99:3, For genistein or cytochalasin B, Jurkat cells were culture with mAb MTY9:3 in the presence of genistein or cytohalasin

B. Resulls arc representative of two separale experiments.

Intercellular adhesive cvents are one of the critical
steps in the regulation of immune processes. Engage-
ment of various cell surfuce molecules with specific
ligands or mAbs generate proadhesive signals that in-
duce cell adhesion [1-7.27]. In the present study we
demonstrate that the CD99-specific mAb MT99/3 can
induce homotypic aggregation of Jurkat cells. However,
U937 and K562, which also express CD99 molecules,
did not show cell aggregation in response to MT99/3.
Thus. our results indicate that MT99/3 specifically in-
duce homotypic aggregation of a T-cell line but not of
myeloid cell lines.

Interaction of LFA-I with ICAM-1 is important in a
variety of adhesion-dependent interactions of immune
cells [8.28.29], and engagement of various cell surface
molecules with specific ligands or mAbs activates LFA-
1 at the cell surface [1.3,27.30]. In this report, we found
that the Jurkat cell aggregation induced by MT99/3
was not inhibited by LFA-1 and ICAM-1 mAbs, even
when high concentrations (100 pg/ml) of the blocking
antibodies were used. The blocking capacity of these

LFA-1 (MEM-25) and ICAM-I (MEM-111) mAbs was
demonstrated previously: they could inhibit cell aggre-
gation of U937 cells induced by mAb Mé-1D4. a
CD147 mAb [1]. Therefore, these results indicate that
engagement of the CD99 molccule by CDY9 mAb
MT99/3 induces aggregation of Jurkat cells which is
independent of LFA-I/ICAM-] pathways, This finding
is in agreement with that shown in thymocytes by
Bernard et al. [2]. However, it is in contrast to the
CD99%-induced aggregation of IM-9 cells reported to be
LFA-1 dependent [3]. At the moment. we do not have
any explanation for this discrepancy. One possibility
could be that CDY99 is involved in regulation of differ-
ent cell adhesion events in T-cells (Jurkat) versus B-cells
(IM-9), Allernatively, the ditference between CD99 me-
diated induction of LFA-I dependent and independent
cell adhesion mechanisms could be a result of the
methods used: cross-linking of the CD% mAb with
anti-mouse [gG was performed to induce IM-9 aggre-
gation [3] while we and Bernard et al. [2] could induce
cell aggregation with soluble CD99 mAbs.




40 W. Kasinverk et wd. honunology Levters 71 (20000 3341

Up-regulation of LFA-1 expression on the surface of
IM-9 and Jurkat cells by CD%99 mAb has been de-
scribed [3]. Our results. however, demonstrate that ¢n-
gagement of CD99 by our newly established mAb
MT99:3 did not increase expression of CDlla (LFA-]
2. chain) and CD54 (ICAM-1) molecules on Jurkat
cells. This observation together with the finding that
LFA-I and ICAM-1 mAbs cannot block MT99/3 in-
duced cell aggregation indicate the independence of the
CD99 adhesion pathway described here from LFA-1;
ICAM-1. As aggregation of thymocytes induced by
CD9%9 mAbs could also not be blocked by mAbs to BI.
B2 and B3 integrins, Bernard et al. [2] postulated that
an unidentified integrin or a peculiar epitope of a
known integrin is involved in CD99-mediated cell
aggregation,

Signal transduction. the process of transmission of an
extracellular message to the interior of the cell, requires
the activation of specific cell membrane receptors and
downstream intracellular signaling cascades. Several
specific ligands or antibodies against cell surface recep-
tors have been reported to induce intracellular signal
transduction resulting in a physiological response of the
cel. Homotypic aggregations of monocytic and
lymphoid cells are mediated by PKC and/or PTK-de-
pendent intracellular signaling pathway after engage-
ment of cell surface molecules [5.30-33]. We. therefore,
asked whether PKC and/or PTK-dependent intracellu-
lar signaling pathways are involved in CD99 mAb
mediated cell aggregation. Our results show that the
PKC inhibitor sphingosine and the PTK inhibitor
genistein significantly blocked cell aggregation induced
by MT99:3. This finding indicates that CD99 mediated
cell adhesion of Jurkat cells is an active process involy-
ing both PKC and PTK dependent intracellular signal-
ing pathways. While this manuscript was in
preparation, Wingett et al. [34] reported that ligation of
CD99 resulted in pronounced tyrosine phosphorylation
of un =~ 29 kDa protein and suggested that a specific
CI)99 linked signal transduction pathway may exist,

Cell adhesion mediated by several adhesion
molecules requires an intact cytoskeleton for cstablish-
ment and maintenance of stable cell conjugates. In this
report. paralysis of the cyloskeleton by cytochalsin B
completely abrogated adhesion induced by mAb MT99;
3. implying that Jurkatl aggregation induced via CD99
mAb is  strongly associated with  cytoskeletal
reorganization.

In conclusion, we provide evidence here that engage-
ment of the CD99 molecule by a specific CD9% mAb
newly generated by us activates intracellular signaling
pathways in Jurkat cells resulting in LFA-I/ICAM-I1
independent cell adhesion. We suggest that our €CD99
mAb mimics a natural higand of CD99, the identifica-
tion and characterization of which will uncover the
function of the CD99 system and its involvement in cell
adhesion events of the immune system.
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