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ABSTRACT

The aims of this research are to generate antibodies against CD4 and CD8 proteins
and use the generated antibodies to develop methods and reagents for CD4+ cell
determination,

On completion of 3 years’ work (December 1994-November 1997), the out puts
from this study are as follows:
1. Two hybridomas that produced antibodies against CD4 and CD8 proteins, named MT4
and MT8 respectively, were generated. MT4 and MT8 monoclonal antibodies (mAb) were
proved to be specific to CD4 and CD8 proteins as they reacted to native and recombinant
CD4 and CD8, respectively. The MT4 and MT8 mAb could inhibit the reactivity of
standard CD4 (Leu3a) and CD8 (Lcu2) mAb. Furthermore, they could be used to
enumerate CD4+ and CD8+ cells in blood samples as well as using standard CD4 and CD8
mAb. These results, therefore, demonstrate that generated MT4 and MT8 mAb are specific
to CD4 and CD8 proteins, respectively. -
2. DNA immunization was also used to produce polyclonal antibedies to CD4 proteins in
mice and rabbits. By using this techmque, anti-CD4 antibodies were induced in tested
animals after 1-3 inoculations of ¢cDNA encoding CD4 protein (CD4-DNA). In the mouse
system, 4 out of 5 mice produced anti-CD4 antibodics after CD4-DNA immunization. In
rabbits, 3 of 3 rabbits produced anti-CD4 antibodies after DNA immunization. These
antibodies reacted with either native or recombinant CD4 molecules.
3. The manual ros:atting method was developed for enumerating CD4+ cells. To evaluate
this method, CD4+ cells in normal and HIV infected individuals were determined by using
both manual rosetting and standard flow cytometry, simultancously. The absolute CD4+
cell counts obtained from both methods were very similar with the correlation coefficient of
0.95. The manual rosetting technique was developed further for a simple procedure. MT4
mAb was directly coa;cd on sheep red blood cells or tosyl-activated beads. These coated
patticles were then used to enumerated CD4+ cells in blood samples by direct manual
rosetting technique. The CD4 1+ cell counts obtained [rom this direct manual rosetting,
however, was significantly lower than those obtained by using standard flow cytometry.
4. Sandwich ELIS/{ for quantifying soluble CD4 proteins was established by using
generated MT4 mAb and rabbit anti-CD4 antibodies, which were obtained from DNA

_immunization. The sandwich ELISA was uscd to determine soluble CD4 proteins in blood



of 59 HIV infected and 56 healthy individuals. The study has shown that the levels of
soluble CD4 proteins in tested blood were not correlated to the absolute number of CD4+
cells with the correlation coefficient of 0.187. When the levels of soluble CD4 proteins in
HIV infected and healthy individuals were compared, no significant difference in soluble
CD4 levels in both studied groups was observed.

5. To develop a home made reagent for CD4+ cell determination by flow cytometry,
fluorescein isothiocyanate (FITC) was conjugated to‘ affinity purified MT4 mAb. To
evaluate this developed reagent, 30 HIV infected and 30 healthy individuals were
determined for CD4+ cells by using both the commercial Simultest reagent kit (Becton
Dickinson) and the home made FITC labeled MT4 mAb, simultaneously. The study has
shown that both percentages and absolute CD4+ cell counts obtained from both reagents
were equivalent. The correlatiof; coeffictent for regression analysis were 0.995 and 0.996
for percentages and absolute CD4+ cell counts, respectively. The results suggest that the
home made FITC labeled MT4 mAb reagent is an acceptable alternative reagent for

monitoring CD4+ cells in blood samples by flow cytometry.



IV TN
= a  a T 1 3o df Vl [9 J
i'ﬂNﬂﬂi'ﬂjﬂuﬂﬂglm‘l’l“lﬂﬁlmiﬂ‘i:ﬁl'lU‘UENl’jﬂﬂl‘!ff) 250Ad  (human
. . . ] - LY ¥ - vl “ Yo .:
immunodeficiency virus; HIV) i ldedhesaie ﬂili]‘ljumﬂ'llﬂi..mﬂ NOURAALTO
(!J;j ° 1 4 v 1 v o Yea ga::wl'lwlyw oo W v
waduandudwoundmitsd waunazunedallgaaronda U lafumsimeyen
[ ] = 4 o =] ) )3
Hudwnn tosmaniseinlull we. 2543 wiinuInvAnisesioaduinis 2-6 &
L 4
» 1 d a a = T ]
au MIunsszinateslsaeadoteiaiai Mltifaransenuetngunssneszuu
AIDIUTY FenunaziAsugnaveslssivg
A d’ o o 1 3= 4; et & A =
dioe’l¥a (v whdiene damseeis hisloinsuseiiiveeinisveinisaa
ef a Y o ~ g a PR . v o I
el (ndhwldnia) dinsnindie v dgvadiiil CD4 protin BYLUANADG
I3 - - L
(CD4+ cells) trazyi IR iradiflnidonu1191ia CD4+ cells aATILIUDY N1TAADIVOITAT

]
o

fananszaomiuaosll sunseNsduiu Cha+ cells araaloond 500 cells/mm® g
1 a = o A’ . . . = d{ J 4
Thoszisuiinisaaienlo o (opportunistic infection) MIAALTDTSTULUTIVHIATH
theewdunzSansiadiodnnu Cpas cells anaunde 200 cellsymm?® uazfiliy
dwinalszamoiio$ i CDa+ cells aanamiiotiounit 50 cellshnm?
» v .
@ as o @ = a L4
Antunisasaofuinau Ch4a+ cells Tugaayodaausminnldwnnsainnu
1 d
sunssvea lsauaziludyinisinisinsinuigilwld  National Institute of Health
[] ¥
winlszmeanigonsm @ hidoumuninindumsinyddade HIV i
CD4+ ccils 1ué'ﬂ'mﬁmnn7h 500 cclls/mm? ﬁa‘hiﬁnﬂuv’n’aﬂﬁ antiretrovirus treatment
UARBINSINTUT NI CD4+ cells agotnminae aziiod i CD4+ celis anad
maviound 500 celis/mm? 9zd0alitun antiretrovirus Tudilwhiill CD4+ cells Yount
200 cells/mm? 1723 IASuntleadunisdadenloTemafin@uonmsly antiretroviral
»
. . ¥yq ¥y . 0 ¥a 3 L 5y
therapy. Public Health Service (PHS) 19 Iddounziiihd@aso HIV naaunis lasuns

ATUVTIUIU CD4+ cells 1} 3-6 LAY

a o LYY Yo A 4:; b
M3ATITUIINI CD4 cells Toguiion 1453 flow cytometry Fuiluiihlving
o1 A A [Py g 4 -~ a ada v o S A Voo @
ninyedo unItidsamniwmie usuAueandimganin aaniulunsITel 433609
- cl -‘a 1 - s .' - -~ L] - o
ianuaulesnern3Izmilminews vmnbind mivminnld lunisaseduduu
=3 . . ry = ar dﬂ A' c’; 2 L)
CD4+ cells ¥3D CD4 proteins yumldes TavnudduilszSudue mans oy
recombinant CD4 1Dz CD8 proteins MIHAALDUAVDA AO CD4 1192 CD8 proteins A2

. » ¥
111 weuauean 18 1 lunswamitiudsuazinas 191U U Coa+ cells



ar d ar
Taglszaanvealnsaniside
- - F=) = J o
1. WaatauAved o CD4 uaz CD8 Tsauvuunives
» » [
2. hueupveannaa 1d uwauduiimuasiiwuieasimiius muau cba+
cells

aad e 4 o s
3. nSomBeyI T IennIuGUIT flow cytometry

6



AR BUUIIU

= £ =4 1 i =
1. MiNanueUaenns CD4 uar CD8 T‘I."iﬂu

. b 4
woupuRueaas CD4 woe ¢D8 TUsau Tumsdnyiil 1@ idEms 2 F5undnm

715 3% Hybridoma 11023 DNA immunization TanimsAnudad
1.1 mswantululnauea ueudvennes CD4 uaz CD8 1WsAu iIsmuine

#1N13 immunize MY Balb/C A8 CD4+ cell line H3B CD8+ cell line i
splenic cells Y89 immunized mice uw‘éauﬁ’u mycloma cclls?ﬂﬂﬁ?‘)‘ﬁm?ﬁ‘lﬁ’aﬁ W 5x10
spleen cells MIHALUN mycloma cells (P3-X63-Ag8) 1 x 10’ cells (ratio 5:1) ﬂuﬁ 700 g
U 5 U A medium i{mﬁaﬁﬂﬂduﬂ 37°C Aszuna 10 W1 1AY 50% PEG solution 2
ml Tagaeovq @nluna 30 Fui wiwedn 30 Suh _mm'fmﬁn Iscove’s modified
Dulbecco’s medium (IMDM) 5 ml Tutia) 1 wH ud @y IMDM 90 5 m! ﬂu'ﬁ 700g 5
i ui resuspend cells 11 10%FCS-HAT selective medium 60 ml %1 100 LU v cell
suspension Tidvaslu 96 well-plate 'ﬁﬂ feeder cells E)Q (m?uu spleen feeder cells 100
Hhiwell NOU 1 fuy plate 1) incubate ﬁ 37°C 5%CO, incubator Uszanm 23 ﬁ'ﬂmﬁ
IR culture supernatant 17 screen M7 clone fatausuiveinsusudnuiiauls
17038 indirect immunofluorescent 1aul¥ CD4+ tinz CD8+ cell line 1$unBuAIY 910
Yunsaetuiu supernatant Flnavandnafalauld CD4 tay CDS wransfected COS cells

=1 -
Wue ALY

i)'lfmi}nﬁnlﬁHﬂU’JﬂMﬂscreening method 1 hybrid cells 311 single cell cloning
ol ] : d' M A o
1a03% Limitting dilution $143U 3 38 9IMTU expand hybrids W14 Tavdrunilariily
d . R a 4 o Iy a o 4 v oy
N1y Tiquid nitrogen Bndumitniildadauondved lunasanaaninieluyeames
my

1.2 MIWaaINdinauea nouAuenianIs DNA immunization 3IEMIMae

Sududionsnion cONA Atmuanisadn cp4 Tsfudt insen ogly
eukaryotic expression vector plTH3IM 1035 Cesium chloride-ethidium bromide gradient
ultracentrifugation 9 lmfuﬁ'\msﬁmng Balb/C 130 N5z plasmid DNA ﬁm‘s’un‘lﬁ'
{1 intamuscular Nddanl doadainaassiouiiaynads astemsdy
pouAued ludinlanih lUrn§nsoriu cos celis *_ﬁ'qn transfect 3IAW CD4-DNA

St g - o - of a { o
10038 indirect immunofluorescent ialouAVOATIszAUZ Mimsnzdvdimiei iy

Ayl



. L4

=% =Y e b 13 . =% s oL
2. NIADY specificity 1’04llﬂuﬁlu0ﬂﬂlﬁ1ﬂﬂ1ﬂ Tnodiimsanyinei

. i i J
2.1 innlashiinl§iimfusasiiveufouiiavlosguufinsad

o o

a0 CD4+ cell lines, CD8+ cell lines 1182 CD4- cell line, CD8- cell lines 11
UfAsorvuueuAueAnmivu1a1adt indirect immunofluorescent HUAIATIVABY

ﬂﬁﬁ?mf’hunﬁm fluorescent H3 D flow cytometer

2.2 Anwlag immunoabsorption technique

ady

A nOURLBARABIMSTANY incubate AU COS cells # transfect 1AIRIY CD4-
DNA 130 vector control # 4°C 111 30 w1# Ty absorbed antibody 11 absorbed
antibody Q2 pre-absorbed antibody mv‘iwﬂﬁﬁ?mﬁuwaﬁﬁﬂ CD4 protein BUA T
a329M1§j1301A20nE01 Auorescent 138 flow cytometer naznfivuiRvunavelnse

£ 71 absorbed antibody 11012 pre-absorbed antibody
2.3 msanulaunsiulial §i3euea specific antibody

111 CD4+ cell line 138 CD8+ cell line M58 PBML 1 incubate SULBUAUBAT
Aoan1snAaeUf 4°C 30 1R ASUIAT AL standard CD4 mAb-PE 30 standard CD8
mAb-PE (“ﬁt’li}’lﬂ‘u?ﬁ'ﬂ Becton Dickinson) uﬁ"l incubate ﬁ 4°C 30 mﬁﬁnwnﬁ 3 n%aﬁ"m
1%BSA-PBS 0.02% azide tdIn3791RA31EHAW flow cytometer ATUIUNT % inhibition

Y93 mean fluorescent intensity (MF])

2.4 MIAMNIAEMIATINNUSIUIY CD4+ cells M3D CD8+ cells hudsalanly

neuRveaaIunldSouintuiy standard CD4 mAb 170 standard CD8 mAb

]

lamﬁi)ﬁ1u heparin ut’huun peripheral blood mononuclear cells (PBMC) Tno3t
Ficoll-Hypague centrifugation 11 PBMC wwinlfasodunenduedfinionldnse
standard monoctonal antibodies 1033 indirect immunofluorescent #52931AS1ZHA flow
cytomter HAEITHU %CDA+ cells BT %CD8+ cells 7t 13z ManeuBuedaion1ddy
standard monoclonal antibodics

»
o » b e Ll

3 m:ﬁmuﬁ%‘ua:mmmmummuummu CD4+ cells
3.1 N13N3I0MU CD4+ cells 1A Manual Rosetting

»

od [ of a w
mudealaold K -EDTA Wumsduidoauda ¥y 1 ml veudeanaunuiin

a . P o g . i = 3
uamiladoaias FACS lysing solution (Becton Dickinson) 5 m! incubate ﬁqmnqunm

»
_ 10 1IN 1WA 2 ATIAI0 1%BSA-PBS Azide 1137 resuspend cells 770 1%BSA-PBS



Azide 250 11 1R Ry AB serum 231U 25 i wd NIl incubate hnduids 30 wiil ga
1¥ad 25 Ll Tei134 microcentrifuge 1AM 10 il anti-CD4 monoclonal antibody 1187 incubate
TS 30 Wit asuna Jud 2 ﬂﬁ"'w’a'w 1%BSA-PBS Azide 1187 resuspend A2
1%BSA-PBS Azide 40 [Ll 1Ay 10 LI ¥83 anti-mouse immunoglobulins coated beads
(Dynal) 32111 rotate 1 52719 Asuaninsad 10 p Tuwemfniien Turcs solution

o « ar
10 U &I % rosettes 14 hemacytometer A2UNADIFANTIAUSISUAT 1AW rosettes

Tusmdoavinadiatos 200 ¥0d
3.2 M3n39113101 solubte CD4 protein luidenlns3s Sandwich ELISA

MNITAADY anti-CD4 monoclonal antibody 14 ELISA 96 well plate ({AY serum
W30 plasma U&7 incubate 71 37°C 1 #2113 &19M0M 3 AFa URURY rabbit anti-CDA4
antibody (ﬁ1ﬁ1ﬂ03§ DNA immunization) incubate ‘7.1 37°C 1 ‘i';'ﬂm f’{Nl‘Nﬂﬁl 3 ﬂ%& ll’c!'t”l
1A% anti-rabbit immunoglobulin-peroxidase 1187 incubate ﬁ 37°C 1 1';"1111\1 Aranan 3 ﬂﬁ’:\‘l

13 TMB  substrate #4733AA1 OD NANULTINAY 450 nm.
3.3 MANILINHE FITC labeled anti-CD4 mAb INOAT9Y U1 IU CD4+ cells

M13IAT oI AMSIATOY anti-CD4 monoclonal antibody (MT4) Tugy
ascites mmfum‘%‘ummuﬁueﬁiﬁ'u?qn%’l"lmﬁ% Affinity chromatography Vi1 purified
anti-CD4 mAb ?i"lﬁmﬁﬂnmm’hu fluorescein isothiocyanate (FITC) 1a078 Alkaline
reaction YIM3UUN unbound FITC 80NN FITC labeled anti-CD4 mAb 1Av35

Ultrafiltration (Amicon)

» »
nsyamilszAniamusninn FITC labeled MT4 mAb #14Taumsiiily
w g - = ¥ ¢ 4 - o N .
ATV MU CD4+ cells Twdsanuilnitasdi00ad 10033 Direct immu-
nofluorescent H1AIRIIWU NI CD4A+ cells AW flow cytometer 1W3vmALLNAT 1AM

F5umsg i flow cytometry 1Au19ai 101 Simultest (Becton Dickinson)



‘; Yar o o
Nan 163U InmsA TN
1. MsuanueuRvefne CD4 finz CD8 Tilsiu

1.1 msuanluTulnauea ueuAvenlnuis Hybridoma

vInmsAn Ianih CD4+ waz CD8+ cell line yuflutouinulumsfanyi
wanTuTulnousn UOUAUDA WAINIT fusion WIMT screen hybrids 7114 Taori
supematant mﬁmﬁﬁ?mﬁu CD4+ 1182 CD8+ cells (1A833 indirect immunofiuorescent)
mmfuﬁuh supernatants ﬁ“lﬁwamnmmﬁwﬁv CD4-DNA transfected COS cells LDz
CD8-DNA transfected COS cells ilmm‘sﬁﬂy1ﬂ§’"~:ﬁvp§3%mu1iﬂuun hybridomas 7
nanluTulnousa nOUAUDA AB CD4 AL CD8 protein Idpt1az 1 Taau Wish
MT4 (A MT8 AWEIRY ¥ MT4 1oz MTS 3 isotype 1Duwiia IgM

MNMSANYIAIUS I YR IME A VORI TE I
1. MT4 monoclonal antibody (mAb) ﬁ'lﬂ'ﬁﬁ? uﬂﬂ"ﬁu CD4-DNA transfected COS cells H#
hivi§jAiSu1 CDS-DNA transfected COS cells M3A3391 MT8 mAb vimlfAsun1afy
CD8-DNA transfected COS cells llﬁ1ﬁﬁ1ﬂﬁﬁ§m CD4-DNA transfected COS cells )
2. MT4 tinz MT8 mAb YimlAsu s uwizfiu cell line expresing CD4 U CD8 protein
amdau ua hivinl§iseniy cDa- n3e CDB- cell lines
3. MT4 1ing MT8 mAb ©11130 inhibit standard anti-CD4 mAb (Leu3) 118¥ standard anti-
CD8 mAb (Leu2) Tumsiuiuususous umie
4. ilo MT4 uay MT8 mAb inldasamiudian CDa+ uaz CDB+ cells Tuidoanuh
T IndiRoanuns 19 standard anti-CD4 mAb Uag standard anti-CD8 mAb

" Fohudayiuldn mTs uaz M8 SulyTulnauea usufiued de CD4 uae

cpg Tusdumudidy

ﬂiwnznﬁumamamﬁwﬂnaﬂu manuscript: Kasinrerk W, Tokrasinwit N,
Naveewongpanit P. Production of CD4 monoclonal antibody and development of home
made reagent for CD4+ lymphocyte determination. J Med Ass Thai (submitted, 1997) ‘AIN
Tanndodn

LY L oy ] oo N . N
1.2 MInanIndinanen LeUAVOA YIS DNA immunization

Tugas 56 Wisnon Tdiimsfenimsnszquszvugiiquiudehiauas
b a oo - - o L 4 ; = wy & wo o
hisaunawsiialaomsiin DNA Admuamsad e Tdsaumind ld ludamaasumny
nmisfadinlilsAutsumou Fun33Aana11 DNA immunization M38 DNA vaccination

;yﬁw L LY oy = - = ¥
TumsfAnuiid3do1Mine13 DNA immunization mldlunmsnBausufvefne CD4



Tsdu nsdnurilSududlontsan DNA encoding CD4 protein (CD4-DNA) 19113
intraquadriceps muscle 118\11111154‘116\11113. Balb/C 100 plg/dose nnﬁ'ﬂmﬁ la‘maﬂﬂﬂl‘{
M3 retro-orbital plexus riaum‘sﬁm}nﬂ%y'a uANHFUUIMATOUNT anti-CD4 antibody
activity 1978 indirect immunofluorescent Tatld CD4-DNA transfeted COS cells uaz
CD8-DNA transfected COS cells (fiutouiiton namsnaaoswud 4 Tu 5 vewmyiiaa

#70 CD4-DNA a3 1usuavedne cD4 TUsau Taudl antibody titer 1:40 94 1:160

wonawndl §a18dnmsatauoudnedde cps Tsdulasis DNA
immunization TunszAw Tﬂu”lumsﬂ"ny15§3€u1ﬁ'ﬁnyﬂunsz¢hu 3 & fie @aft 1 fn
sucrose DY 20 1T AIA CDA-DNA #2792 8 sucrose HBU 20 WIT uBIiA CD4-
DNA Heufits chioroquine #1371 3 AR bupivacaine Aoy 24 311us A CD4-DNA
11mﬁmﬁuc?ﬁ”nv;nﬁ'ﬂﬂ1ﬁltf’1’1ﬁ1=°ﬁ§'unmﬂﬁaum anti-CD4 antibody activity 1733
indirect immunofluorcscent 1A81¥ CD4-DNA transfeted COS cells waz CDS-DNA
transfected COS cells (LUDURIY HANMINARBINUA NszaEns 3 Faamnsaadn
HOUAUDAAD CD4 proteins 1AOTNIEAIUAIN 2 ¥35dI0 sucrose Az CD4-DNA +
chioroquine TiraAfign Tavamnsonsedulinszdwadusudvedindamsia cpa-
DNA 1fio4 7 S4 (1 dose) 3ERUUBIBLAVLAYBINTLAON 3 swvauiledn cps-

» »
DNA As3aeq 11 uazil antibody titer D14 1:500 MAIN13RA CD4-DNA 6 9

nnAIAMIRIM Iz vemeRTEATHAR IdR lumgazas e wuh
1. uauﬁnaﬁﬁnﬁm'lﬁ’\'ﬂWﬁﬂ‘\{hﬂﬁﬁ?UﬂﬁﬁU CD4-DNA transfected COS cells U@ 171
ﬂﬁﬁ?mﬁu mock transfected CbS cells
2. uBURVBATNAR IS IMIZAY CD4+ cell lines uA v FAT017Y CD4- cell
lines
3. ueUALBATHAA IR E1N50 inhibit standard anti-CD4 mAb (Leu3a) lumsduiiu cD4
proteins YU CD4+ cells
4. woudveRitnaa TR unsainnldasanivinnu coa+ cells Tudonnuinduaz
Thvoad Taolimlndifoaiunis 14 standard anti-CD4 mAb (Leu3a)
womsanuifinaashifiudy 33 DNA immunization gnnsovinnlduda
HOUALBAND leukocyte surface protein o ‘
ﬂi'IUﬂ%l?JUﬂ'UBQNE\ﬂ]S'\']ﬂﬂBﬂII reprints 2 l"!il'ﬂfl: Kasinrerk W, Tokrasinwit N,
Piluk Y. Production of mouse anti-CD4 antibodies by DNA-based immunization. Asian Pac

J Aller Immunol 1996 Loz Kasinrerk W, Tokrasinwit N, Changtamroung K. Production of
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Tagilszmdniiesadfviidensianniimsanviu§ o codr cells hufion
J Vv e ¥ o o . 3 a ar & [
I 1umi3s flow cytometry 10U 1@dMmI1335 Manual rosetting ¥unn laverfundanmsae i

o ' N . .
whole blood ¥ MAMIAIADALAIBENNBUAIY red blood cell lysing buffer (Becton Dickinson)
» 3

mnﬁuﬁumaﬁﬁ'lﬁ {lysed whole blood) mﬁansmnu anti-CD4 mAb Ufiz anti-mouse

o a o o 4
immunoglobulin coated beads ANAIAL 11AIAT 19TV IUIU CD4 rosette AWNABIFANTIAL

annsAneluainfdua 16 sunarfilanddtuon 24 e Inedn tysed
whole blood NIATIANN %CD4+ cells 1meid Manual rosetting wazA MU
absolute CD4+ cells/pl. (lanen#tA1 white blood cell count) Wisfisuiuisinmsgu
Simulset (flow cytometric analysis) -HAaNINARIBINLIY %CD4 positive cells Twdadon
gl 2 Aaliumnsnariy TnaiAnduilssAna andunus (correlation coefficient) A
1 0.93 ARALTEY % CD4+ cels Tad% Manual rosetting LAY flow cytometry AN
6.35 UAL 6.32 ANAW AITIERINY 2 A5 Lifianumnsneetinaiiud Aty (paired t test;
p>0.05) Wilai/atu %CD4+ cells lu absolute number (cells/pLl) wuindildan 2 33
Tiusnsinaie Taiidndnlss@nsauduwus (correlation coefficient) Wiy 0.95 Aadn
absolute CD4+ cell count 48998 Manual rosetting WaY flow cytometry infu 529.04 LAY
515.75 celis/pt Auatsy Tanbifianunansteetinaiiiudndty (paired t test; p>0.05) 3%
Manual rosetting 'ﬁ‘lﬁhfuﬂuonﬁu monocyles WAT granulocytes Tuidamias
AIEATIBUANANITNARDBI L manuscript: Kasinrerk W, Tokrasinwit N, Intharasut S,
lNaveewongpanit P. Manual rosetting method for enumerating CD4 positive cell. J Med
Lab Sci (in press, 1997) Felduunndnnudn
ARSI Ban1sWaNNAS Manaul rosetting WiAENmRnEay Tae
NSARBL MT4 mAb Aulaidanuaauns uas tosyl-aclivated beads WANNINIASIATY
3% CD4+ cells Tanmss Taafinanisnndaiing
1. 111 MT4 mAb ascites Tilinnzuudiadasuasuny tneld glutaraldehyde udatin

MT4 coated SRBC limsaatiuianuau CD4+ cells Inun1sAnwisldnin CD4A+ cell line Sup
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T1 ¥l lumsAngr samineasinyh Sup T1 form rosette iU MT4 coated SRBC
B3 5% quqﬁmmﬁ 90% B3 Sup T1 express CD4 proteins VUAUYRA HAMS
naaoaiiuaaabiifiuin mild MT4 ascites Tthndiou SRBC fimamla hifine

2. 117 MT4 mAb Ttlimenu tosyl-activated magnetic beads (Dynal) Taoms ﬁnmﬁyﬁ:uﬁ’u
Aoms purificd MT4 mAb 9101 ascites JCVET: affinity chromatography uwdnh purifed
MT4 mAb 1?\1?%1'1]] coat N tosyl-activated magnetic beads mmfu%'uh MT4 coated
beads |Ua3291Tu§ 119U CD4+ cells Tﬂunﬁﬁnmﬁ%nﬁ’uﬁ'dumim CD4+ cell line
Sup T1 uaz Molt4 wlFlumsfinm HONSNARDINLTING Sup T1 U@z Molid
#1130 form rosette 1 MT4 coated beads 1NN 90% ‘%ﬂilﬂﬂﬂﬁlﬁu’h MT4
coated beads @130 form rosette 1 CD4+ cells 19 'il‘!mfui!ﬁ‘I MT4 coated beads

Tdasamiviwiu cpd+r celis Twdeasudnasiag 5 swlSoududs flow

[]
L

cytometer HONTINABDINUIT AN IATALIT rosetting THHEAININITIAITIU flow

o s d’

R e . .
cytomter (15790 1) Fananaiuiisiinn 1 lineneeas29170 human CD4+
+ ¥ 1

J =y -
cells mnTutaf}a'uaa CD4 iR uaduaont CD4+ cell lines

3.2 MIN 191131191 soluble CD4 protein THIdpAIALIT Sandwich ELISA

p1iIMsas19MIU5 10 soluble CD4 Tundeauuiiudsiinied $ 111 CD4+ cells
3991M13 set up 33 sandwich ELISA titons2am 151t soluble CD4 Twifion Tnverd
HANMSAB 1Y MT4 mAb INGOUMAA IRVAIBE19ASIS UAUAY rabbit anti-CD4 antibody
(potyclonal antibody 91078 DNA immunization) I18% anti-rabbit immunoglobulin-HRP
oz TMB substrate Taomisfinuiiiguiinis Tamsnmiiuaiimns auvesouiuod
UOY conjugate ﬁ%:l' TAv1¥ recombinant CD4 protcin 'ﬁqﬁ'ﬂﬂ CD4-DNA transfectd COS
cells 111 positive control (102 recombinant CDIla protein ﬁ'lv’fmn CDI1-DNA transfectd
COS cells 11lu negative control Tunts set up sandwich ELISA lﬂﬂ\lf’l’ conditions 'Timmz
auudr3ainms a9 soluble CD4 TuidoadAnide HIV §1uu 59 AU LazAY
An@snau 56 Ay wmsSouiivum 0D A14AUS 11U absolute CD4+ cell count
g 1Udw wan1smAaBIMY31 UTiar soluble CD4 protein 714 liTiAwdius
1 absolute CD4+ cell count 1w (131371 2 wozgUlit 1) TaudimdudszAnSanduiug
(A1 0.187

donFumAinniZinn soluble CH4 proteins 11115Dﬂl‘§aﬂl‘§6 Hy fupulnd wy
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13197 1 UAAY %CD4+ cells LT absolute CD4+ cells 11115051 1a03% direct manual

rosetting Hoz 7% flow cytomeltry

Sample No. % CD4+ cells Absolute CD4 count*
Rosctie** Flow cyto.*** Rosette Flow cyto.
1 84 12.5 730 1086
2 9.1 15.8 646 1122
3 83 16.0 672 1296
4 8.5 16.4 650 1255
5 13.7 22.0 863 1386
* cell/il

** Direct manual roselting technique

*** Flow cytometry
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N19137 2 HEAIf CH4 ¢ cells AU U9t soluble CD4 proteins TURAnFD HIV

Sample |[CD4+ cell Ob Sample |CD4+ cell oD
No. (cells/pl} No. (cells/pl)
1 10 0.132 31 30 0.123
2 220 0.208 32 30 0.179
3 30 0.128 33 864 0.169
4 30 0.281 34 440 0.172
5 83 0.206 35 30 0.119
6 30 0.148 36 388 0.199
7 30 | 0.152 37 30 0.180
8 30 0.101 38 359 0.131
9 30 0.134 39 30 0.278
10 30 0.115 40 30 0.131
11 81 0.166 41 169 0.147
12 30 0.127 42 30 0.141
13 528 0.133 43 30 0.000
14 213 0.143 44 414 0.141
15 367 0.131 45 104 0.131
16 59 0.120 46 97 0.144
17 403 0.185 47 110 0.207
18 147 0.234 48 30 0.129
19 395 0.167 49 740 0.161
20 , 865 0.195 50 329 0.131
21 36 0.112 51 30 0.117
22 30 0.127 52 44 0.154
23 110 0.124 53 388 0.205
24 931 0.166 54 30 0.132
25 ' 30 0.171 55 30 0.132
26 - 73 0.143 56 30 0.181
27 30 0.130 57 30 0.123
28 30 0.150 58 95 0.149
29 73 0.153 59 30 0.186
30 30 0.124
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d’ - . - = L TEY .dv
M1313% 3 1w 3113170 soluble CD4 proteins Tuideanmilnfinasgfmiie HIV

Sampie| Normal | HIV Sample | Normal | HIV
No. _ No.
1 | 0342 | 0243 31 0.152 | 0.124
2 | 0219 | 0.132 32 0.148 | 0.123
3 | 0.128 | 0.208 33 0.261 | 0.179
4 | 0161 | 0128 34 0.157 | 0.169
s | 0.122 | 0281 35 0.199 | 0.172
6 | 0.238 | 0.206 36 0.127 | 0.119
7 | 0.149 | "0.148 37 0.139 | 0.199
8 | 0.135 | 0.152 38 0.199 | 0.180

9 | o5 | o101 39 0.160 | 0.131
o | 0.122 | 0.134 40 0.193 | 0278
1n | 0.152 | 0.115 41 0.155 | 0.131
12 | 0.113 | 0.166 42 0.159 | 0.147
13 | 0125 | 0.127 43 0.144 | 0.141
14 | 0248 | 0.133 44 0.195 | 0.141
5 | 0.135 | 0.143 45 0.140 | 0.131
16 | 0.158 | 0.131 46 0214 | 0.144
17 | 0.158 | 0.120 47 0.115 | 0.207
18 | 0.172 | 0.185 48 0.161 | 0.129
19 | 0.120 | 0.234 49 0252 | o0.161
20 | 0.116 | 0.167 50 0.199 | 0.131
21 | 0213 | 0.195 51 0.120 | 0.117
22 | 0.141 | 0.112 52 0.104 | 0.154
23 | 0.168 | 0.127 53 0247 | 0.205
24 | 0175 | 0.124 54 0249 | 0.132
25 | 0:142 | 0.166 55 0.193 | 0.132
2% | 0211 | 0.171 56 0285 | 0.181
27 | 0.147 | 0.143 57 0.123
28 | 0.208 | 0.130 58 0.149
29 | 0.287 | 0.150 59 0.186
30 | 0299 | 0.153
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-

(fosnnilipiudsunfsgiuildlunsasmius o o4+ cells Tudenfie s
v [ : - =t 4; b1 el o J 4’:1 o yqddy
flow cytometry HANWUINIWY (BUAVBA) NiFluTEAInaNENIIAMWININ 1T
] a - [] o« ' ar
TimmnziudsemaTnediiadssnonissuaiimsszuaveslsmoadge  Timnziu
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=5 1 ¥ v ] “y ¥ : o‘;’ = y
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Asian Pacific Journal of Allergy and Immunology (1996) 14 : 99-105

Production of Mouse Anti-CDa Antibodies
by DNA-Based Immunization

Watchara Kasinrerk, Niramon Tokrasinwit and Yaiyarat Piluk

The feasibility of directly injec-
ting purified closed-circular plasmid
DNA that encodes antigenic protein
for producing both antibodies and cell
mediated immune responses has
recently been demonstrated.” This
strategy can be defined as the physi-
cal delivery of an antigen encoding
expression vector in vivo forsthe
induction of antigen expression and
the elicitation of specific immune
responses. The DNA-based immuni-
zation technique has several advan-
tages over conventional protein
antigen immunization. DNA is
simple to produce and purify than
protein antigens and is highly stable.

Leukocyte surface antigens are
molecules which are of critical im-
portance for the function of human
leukocytes. Antibodies raised against
surface molecules have become a
major tool in immunophenotyping
and characterizing the structure of

these surface molecules® Highly pure

SUMMARY The intramuscular injection of plasmid DNA encoding an antigenic
protein has been developed recenily as a tool for immunization. DNA-based
immunization was shown to generate immune responses against the encoded
antigen in diverse animal species. In this report, we prasent the use of DNA-
based immunization for the production of antibodies to CDa, a human leukocyte
surface molecule. Mice were injected intramuscularly with eukaryotic expression
vector containing ¢DNA encoding CDa protein, termed CDa-DNA, and were
subsequently assayed for anti-CDa antibody production by indirect
immunofiuorescence. Sera collected from 2 of 3 inoculated mice reacted with
CD4a expressing transfected COS cells and Sup-T1 celis. Anti-CD4 antibody
activity was abolished by adsorption with CDa molecule exppressing ceils, CD4’
ceil depleted lymphocytes were also used fo confirm the specificity of the ant
CDa antibodies present in immune serum. CDa-DNA immune serum reacted with
approximately 1,3 of freshly isolated lymphocytes but to very few cells in the
CDa’cells-depleted preparation. CDa-DNA immunizad sera was used to enumerate
CDa4'cells in the peripheral blocd of & healthy donors and 2 AIDS patients. The
number of CDa’cells estimated by DNA immunized sera was very similar to
estimates using standard anti-CDa monoclonal antibody Leuza. DNA-based
immunization is therefore capable of raising antibodies to human leukocyte surface
antigens. This technology may be useful for producing antibodies to other ceil
surface antigens In mice or other animals.

antigen is required to produce
polyclonal antibodies against a
leukocyte surface molecule. DNA-
based immunization therefore has the
potential to be a novel alternative to
standard antigen immunization. We

report here an investigation inte the

production of antibodies to leukocyte
surface antigens by DNA-based
immunization. We found that injec-

From the Department of Clinical immunology.
Faculty of Associated Medical Sciences. Chiang
Mai University. Chiang Mar sozeo, Thaland.
Correspondence : W. Kasinrerk
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tion of plasmid DNA encoding
human CD4 protein into mouse
quadriceps muscle is capable of
eliciting anti-CD4 antibodies. These
antibodies reacted with either recom-
binant CD4 or native CD4 molecules.
The DNA immunization technique is
simple and rapid and produces
antibodies capable of immunophe-
notyping leukocyte surface molecules.

MATERIALS AND METHODS

Cells and cell lines

Peripheral blood mononuclear
cells (PBMC) were isolated from
heparinized blood of healthy donors
or AIDS patients by Ficoll-Hypaque
density centﬁfugationf Sup T-1 cells,
a human T cell line expressing high
levels of surface CD4 protein; were
cultured in RPMI 1640 supplemented
with 15% fetal calf serum (FCS;
Gibco, Grant Island, NY), 40 pg/m}
gentamycin and 2.5 pg/ml amphoteri-
cin B in a fully humidified atmosphere
of 5% CO, at 37°C. COs cells were
grown in Minimum Essential Medium
(MEM; Gibco) containing 5% FCS
and antibiotics at 37°C in a 5% CO,
atmosphere.

Plasmid DNA for immunization
c¢DNA encoding CD4 protein
was inserted into an eukaryotic
expression vector wHaM (designated
CD4-DNA), which was a kind gift
from Dr. H Stockinger, University of
Vienna, Vienna, Austria. TH3M is a
high-efficiency eukaryotic expression
vector containing a simian virus 40
(SV40) origin of replication and
synthetic transcription units. The

transcription units consist of a chimeric
promotor composed of human cytome-
galovirus AD169 immediate early
enhancer seguences fused to the
human immunodeficiency virus (HIV)
long terminal repeat (LTR) sequences.
A polylinker containing two BstX1
sites is inserted immediately down-
stream from the LTR sequence. The
SV40 small tumor(t) antigen splice
and early region polyadeaylylation
signals, which derived from pSVe,
are placed downstream from the
polylinker?

Plasmid DNA preparations
-Plasmid DNA was transformed
into competent E. coli MC1061/p3
and the transformed bacteria were
grown with vigorous shaking in
250 ml Ternific Broth per 1 liter flask.
After overnight cultivation, cells were
harvested and lysed by an aikaline lysis
procedure! DNA was then purified
by cesium chloride-ethidium bromide

density gradient ultracentrifugation?

The resulting DNA was phenol/
chloroform-extracted, ethanol precipi-
tated and resuspended in TE (10 mM
Tris, 1 mM EDTA) pH 8.0 for trans-
fection or immunization into mice.
The concentration and purity of each
DNA preparation was determined by
OD260/280 reading!

DNA immunization

Isolated plasmid DNA was in-
jected weekly into the quadriceps
muscle of both hind legs (100 pg
per leg) of 4-8 week-old Balb/C
temale mice. Blood samples were
collected from the retro-orbital venous
plexus of ether-induced anesthetized
mice prior to each DNA inoculation.

—_—

Serum samples were then separated
and stored at -20° C.

DEAE-Dextran transfection of
COS cells

Plasmid DNA encoding CD4
or CDs proteins were transfected into
COS cells using the DEAE-Dextran
transfection method. Briefly, 1x10
COS cells were transfered to 6 cm
tissug culture dishes (NUNC, Ros
kilde, Denmark) on the day before
transfection. Cells were transfected in
2 ml of MEM containing 250 pg/ml
DEAE-Dextran, 400 uM chloroquine
diphosphate and 2 pg DNA. After
3 hours at 37 ~C. the transfection
mixture was removed and the cells
were treated with 1096 DMSO in PBS
for 2 minutes at room temperature,
Cells were cultured in MEM con-
taining 5% FCS overnight, washed
once, and recultured with the same
medium for another 2 days to allow
expression of CD4 or CD8 proteins.

Immunofluorescence analysis

The specificity of anti-CD4
protein antibodies was assessed by
indirect immunofluorescence using
FITC-conjugated sheep anti-mouse
immunoglobulin antibodies (Dako-
patts, Glostrup, Denmark). To block
non-specific Fc receptor mediated
antibody binding, tranfected COS
cells, Sup T-1 cells or PBMC were
incubated for 30 minutes at 4 C with
10% human AB serum before stain-
ing. Blocked cells were then incubated
for 30 minutes at 4 ~C with various
dilutions of tested antisera or anti-
CD4 monoclonal antibody (MAb)
{Leu 3a; Becton Dickinson, Sunny-
vale, Ca) or anti-CD8 MAb (Leu 2a;
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Becton Dickinson). After washing,
cells were incubated with the FITC-
conjugate for another 30 minutes.
Membrane fluorescence was analyzed
under a fluorescence microscope or
flow cytometer (FACSCAN, Becton
Dickinson}. For flow cytometric
analysis, individual populations of
blood cells were gated according
to their forward and side scatter
characteristics.

Detection of anti-CD4 antibody
activity and immunoadsorption

Serum samples from immunized
mice were tested for anti-CD4 anti-
body activity by indirect immunoflu-
orescence using either transfected COS
cells or the Sup-T1 cell line. Stained
cells were analyzed by fluorescent
microscopy or FACSCAN. Immuno-
adsorption of anti-CD4 antibody from
immunized serum was performed to
confirm the specificity of anti-CD4
antibodies. Briefly, CD4-DNA immu-
nized serum was incubated with 1x10
Sup-T1 cells or CD4 or CDa& express-
ing transfected COS cells for 80, min-
utes at 4 C. After incubation, the cells
were removed by centrifugation.
Anti-CD4 antibody activity was then
re-analyzed by using CD4 or CDs
expressing transfected COS cells or
Sup-T1 cells by indirect immunofluo-
rescence.

CD4* cell depletion

PBMC were treated with
anti-CD4 MADb Leusa (Becton Dic-
kinson) at 4 "C for 30 minutes. The
ireated cells were then mixed with
sheep anti-mouse IgG-coated Dyna-
beads (Ma450; Dynal, Oslo, Norway).
Cells that pound the iron conjugate

were separated with a magnet in
accordance with the recommended
protocol (Dynal).

Enumeration of the percentage of
CD4" cells in clinical specimens

PBMC were isolated from
heparinized blood of healthy donors
or AIDS patients by the standard
Ficoll-Hypaque density centrifugation
methed. Isolated PBMC were stained
with CD4-DNA immunized serum,
non-immunized serum or anti-CD4
MAD Leu3a by indirect immunofluo-
rescence. Membrane fluorescence
was analyzed on a FACSCAN.

RESULTS

Large-scale preparation of CD4-
DNA and expression of recombinant
CD4 protein in COS cells

CD4-DNA was amplified in
E. coii MC 1061/p3, and the plasmid
DNA were isolated from transformed
bacteria using the alkaline lysis
procedure, and then purified by
CsCl-EtBr gradients. The DNA yields
were determined by OD 280s280
reading after completion of all the
purification steps. In 3 lots of DNA
preparations, the OD 280/280 ratios
were between 1.8-2.0 The yields of
purified plasmid DNA were approxi-
mately 3 mg/litre of bacteria.

The isolated plasmid DNA were
then transfected into COS cells and
analyzed for CD4 protein expression
by indirect immunofluorescence. The
CD4-DNA transfected COS cells
showed strong positive reaction with
anti-CD4 MADb Leu3a, but did not
react with anti-CD8 MADb leu2a.
These results indicated that the

isolated CD4-DNA encodes CD4
protein and the encoded protein can
be expressed on eukaryotic COS cells.

Production of anti-CD4 antibodies
by CD4-DNA immunization

Three Balb/C mice were immu-
nized with CD4-DNA at one-week
intervals. For negative controls, mice
were immunized with Mé-DNA,
which encodes a human leukocyte
surface molecule® or with "HaM
vector lacking any expressible gene
insert. The anti-CD4 antibody activ-
ity in sera was evaluated by indirect
immunofluorescence using CD4-DNA
and CD8-DNA transfected COS cells
as antigens. Serum anti-CD4 antibody
activity was detected in 2 of the 3
immunized mice injected with CD4-
DNA (Table 1). Neither preimmune
sera from the same mice nor control
sera was reactive (Table 1.)

The reactivity of anti-CD4
antibodies was also investigated us-
ing Sup-T1 cell line. This cell line
was positive with CD4-DNA immu-
nized sera, but negative with preim-
mune sera (Fig.1). Anti-CD4 titers
were 1:160 and 1:40.

Anti-CD4 antibody specificity
CD4-DNA immunized serum
was adsorbed with either Sup-T1 cells,
CD4-DNA transfected COS cells or
CDs -DNA transfected COS cells. The
anti-CD4 antibody activity of adsorbed
sera was then re-analyzed with CD4-
DNA transfected COS cells, CDs-
DNA transfected COS cells and
Sup-T1 cells. As shown in Tabie 2,
the activity of anti-CD4 antibodies was
eliminated after adsorption with
Sup-T1 or CD4-DNA transfected
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Table 1. Anti-CD4 antibody activity in sera before and after DNA

immunization

Mouse fmmunization  Serum
No.

Immunofiuorescent reactivity

b
CD+-COS CDs -COS

1 CDa-DNA Pre-immunization
Dose 1

Dose
Dose
Dose
Dose
BDose

Dose

Ww o~ Mmoo s W N

Dose
2 CDa4-DNA, Pre-immunization
Dose 8
Dose 7
Dose 8
3 CD4-DNA Pre-immunization
Dose t
Dose 2
Dose 3
Dose 4
Dose 5
Dose a
Dose 7
Dose @
4 Vector-DNA® Pre-immunization
Dose 8
Dose 7
Dose 8
5 Me.—[JNAd Pre-immunization
Dose 8
Dose 7

Dose 8

a
COS cells transfected with CD4-DNA were strongly positive with anti

Leusa.

-CD4a MAD

b
COS cells transfected with CD8-DNA were strongly positive with anti-CDs MAb

Leuza.

c .
Vector lacking any expressible gene insert.

Plasmid DNA encoding Me protein?

————y

COS cells. In contrast, anti~CD4‘1
activity was still detected in serum {
after adsorption with CDS-DNAi
transfected COS cells. ‘

Peripheral lymphocytes before -
and after CD4" cell depletion were used
1o confirm the specificity of anti-CD4
antibodies. As shown in Table 3, CD4-
DNA immunized serum stained
approximately 309 of cells in freshly
isolated lymphocytes, but only about
4% in a CD4 cell depleted population.
As a control, anti-CDa MAD Leusa
was used, and a similar reaction pat-
tern was found (Table 3.) Preimmune
serum did not react with either the
depleted or non-depleted population.

Enumeration of the percentage of
CD4 celis in peripheral blood sam-~
ples using CD4-DNA immunized

serum

To further characterize the
anti-CD4 antibody activity in CD4-
DNA immunized serum, we used this
serum for the enumeration of CD4
cells in peripheral blood. PBMC
from & healthy subjects and 2 AIDS
patients were stained with CD4-DNA
immunized serum and anti-CD4 MAb
Leu3a side by side. The stained cells
were analyzed by flow cytometry.
Both methods gave similar results
(Table 4.) Non-immunized normal
mouse serum was included in all
experiments and gave no reaction
(Table 4.).

DISCUSSION

Several investigators have dem-
onstrated that the immunization of
mice with a plasmid DNA vector
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DNA immunization.

Table 2. immuncadsorption of anti-CDa antidody activty generated by CDs-

Serum  Adsorbed

immunofluorescent reactivity®

dilution cells CD#-COS® CDg-CO8* Sup-T

1:40 None + - +
Sup-Ti - - -
cDa-cos” - - -
CDs-COS® . - .

1:80 None + - -
Sup-Ti - - -
CD4—COSb - - -
CDs-COS® . - .

* )mmunofluorescent reactivity was analyzed by fiuorescent microscopy
b CD4-DNA transfected COS cells.
¢ CDa-DNA transfected COS celis.

Table 3. Percentage of CD4 cells in peripheral blood lymphocytes
before and after Cpa’ cell depletion determined by staining
with CDa-DNA immunized serum and anti-CDa MADb Leuaa

Donor  Anti-CD4 MAD DNA immunized  Pre-immune serum
Leusa serum?

No. Before® After” Before After Before  After

1 33¢ 4 a1 T 1 }

2 75 2 28 2 0.7 0.3

aSerum obtained from CD4-DNA immunized mouse.

b Before CDa* cell depletion

CAfls'.ar CD4" cells depletion.

dPercentage of CD4" cells was determined by fiow cytometric analysis.

containing genes results in the
induction of immune responses to
the encoded proteins‘.’zThc use of
DNA-based vectors as an alternative
to antigen immunization is a novel
strategy, now under development
and evaluation. Plasmid vectors
containing several genetic elements
are required to drive the intracellular
expression of the foreign gene insert.
These genetic elements include (i) a
transcriptional promotor, (ii) an
optional enhancer element to augment
gene expression, (iii) the foreign gene
encoding an antigenic gene product,
and (iv) RNA-processing elements,
primarily a polyadenylation signal and
an optional intron elements.” In addition,
the plasmids should contain two
bacterium-specific genetic sequences
to allow large scale production of
DNA, Le. an antibiotic selectable
marker to permit the identification
and isolation of bacterial cells suc-
cessfully transduced with the gene of
interest. and a bacterial origin of repli-
cation to facilitate large scale amplifi-
cation of the plasmid DNA within this
host cell. Once the DNA enter the
mammalian cells, the encoded proteins
are expressed through normal cellular
transcription and translation mecha-
nisms. Immunization with DNA-based
plasmids has been attempted success-
fully in various species including mice,
chicken, ferrets, cattle, and non-human
primates by various routes of adminis-
trations.*'* Most experiments, how-
ever, have been conducted with DNA,

cDNA encoding CD4 protein
constructed in the ecukaryotic
expression vector 7“H3M was used

to produce antibodies to leukocyte



104

KASINRERK, ET AL

Table 4. Determination of the percentage of CD4” lymphocytes using anti -
CDa MADb Leuza and CDa-DNA immunized serum

Subject 7% Positive cells in lymphocyles
No. Anti-CD4 MAb DNA immunized Non-immunized
Leusa serum ® serum
t 39. 39.7 0.9
2 33.5 33.1 1.0
3 29.2 30.4 2.0
a 35 214 0.9
5 26.8 325 1.9
8 ars 3ot 1.2
7b 5.0 5.4 0.5
sb 0.5 0.5 1

¢ Serum obtained from CD4-DNA immunized rﬁéusa.
b Subject Nos. 7 and 8 were AIDS pateints and by standard Simutest flow
cytometry the percentage of CD4" iymphocytes were 7 and 2. respectively.

m

£ conpugate control 81 1n6-CD4 mAb LEUIA #q preimmuse  serum 1:10

2] €124-DNA immnized serum §1CDA4-DNA imamized sersnZ] CD4-DNA imtnaized serum
It 1:20 I 40

CELL NLMBER

W ¢ DLDNA immunized serum. 87CD4-DNA inimunized serum
180 1180

[L 4 o

FLUOQRESCENCE INTENSITY

Fig. 1. Immunofiuorescent analysis of the reactivity of anti-CD, antibodies with
the Sup-T1 cell line. Sup-T 1 cells wera stained with either anti-CD*
MAD Leu3a, pre-immune serum or CD*-DNA immunized serum. The
intensity of fluorescence was measured by FACSCAN with logarithmic
amplification.

——

surface antigens. The transcription uniyg’
presented in the 7TH3aM vector meet
the criteria for plasmid vectors useqd

it DNA-based immunization. This

study demonstrates that mice inocu-

lated with TH3M containing encoding
CD4 protein indvces anti-CD4
antibody; 2 of 3 inoculated mice
gencrated anti-CD4 antibodies
detectable by immunofluorescence.
Anti-CD4 antibodies bound either
recombinant CD4 proteins which were
expressed on transfecied COS cells, or
native CD4 proteins on lymphocytes
and Sup-T1 ceils. Direct intramuscu-
lar injection of plasmid DNA has been
widely used to induce antibody pro-
duction, due to its simplicity and
effectiveness. However, a large quan-
tity of DNA is required (approximately
100-300 pg/inoculation). ™ ¥'* Al
ternatively, delivery of DNA-coated
gold beads into epidermis by a biolistic
device has been shown to generate
immune responses. " This biolistic
transfection required less DNA than
intramuscular inoculations.

CD4+-DNA immunized serum
was used to count CD4” cells in
peripheral blood and gave comparable
results to standard methods in &
healthy PBMC and 2 AIDS patients.
A reduction in circulating CD4'cells
is characteristic of AIDS patie:ntsz,l and
was found in our 2 patiens using both
CD4-DNA immunized serum and
anti-CD4 MADb Leu3a.

The direct introduction of genes
into mouse muscle and its expression
in vivo may allow the processing of
gene products and lead to the presen-
tatton of an effective target antigen.
This DNA-based immunization
strategy is simple and rapid. To our
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knowledge, production of antibody
to the human leukocyte surface
antigen using DNA immunization

‘technology has not been previously re-

ported. Anti-CD4 antibodies, as we
demonstrated here, can be used to
determine cell surface molecules, and
'have many other potential applications.
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Abstract. DNA immunization is a new methodology, where antigen encoding DNA plasmids are injected directly
into muscle or skin with the purpose of eliciting an immune response to the gene product. In this report, DNA
encoding human CD4 protein were immunized into rabbits for the production of anti-CD4 antibodies. Rabbits
were immunized intramuscularly with CD4-DNA in three different procedures. Anti-CD4 antibodies were induced
in all immunized rabbits. The rabbit that was pre-treated with sucrose solution, followed by injection of CD4-DNA
containing chloroquine, produced anti-CD4 antibodies after only one DNA 1noculation. This was faster than those
receiving the same pre-treatment, but followed by injection of DNA without chioroquine or pre-treatment with
Bupivacain. The generated antibodies bound either recombinant or native CD4 proteins. The CD4-DNA
immunized serum could inhibit the binding of standard CD4 mAb Leu3a to CD4 proteins. This result, therefore,
confirmed the specificity of rabbit anti-CD4 antibodies generated by DNA immunization. Rabbit anti-CD4
antiserum was used to enumerate CD4* cells in the peripheral blood of 5 donors. The percentage of CD4” cells
obtained by DNA immunized serum was very similar .o those obtained using the standard CD4 monoclonal
antibody, Leu3a. These studies, thus, demonstrate that DNA immunization is an effective method for the
production of hyperimmune globulin products in rabbits,

INTRODUCTION

DNA immunization refers to the induction
of an immune response to a protein expressed in
vivo, subsequent to the introduction of its encoding
DNA. In contrast to classical protein immunization,
where antigens are  administered, DNA
immunization involves the administering of genetic
material encoding the antigen. The antigen is,
therefore, produced within the cells of the
immunized individual and induces the immune
responses. The possibility of using direct transfer of
plasmid DNA to induce an immune response to the
expres essed protein was first indicated by Acsadi ef
al. Subsequently, several investigators have
demonstrated the feasibility of using direct injection
of plasmid DNA for the induction of protective
immunity against various pathogens’ and the
production of hyperimmune globulin products.'®"

Immunization with DNA-based plasmid has
been successfully attempted in_several tissues by
various routes of administering.'’ The intramuscular
injection has been demonstrated as the most
efficient route to transfer an aqueous solution of
plasmid DNA."? This method, however, still resul:;
in a low efficiency of gene transfer and considerable

variability in gene expression.'" Davis ef al. have
demonstrated that the variability of gene transfer by
intramuscular injection was reduced 'y pre—
treatment of a hypertonic sucrose solution.
investigators demonstrated that the efﬁcnency of
gene transfer by using pure DNA in rcgeneratmg
muscle was better than in normal muscle."™"” The
administration of toxic agents tending to cause
muscle necrosis and repair, either prior to or
concurrently with injection of DNA, has been used
to increase the expression of encoded protein and
enhance the immune responses.”*'®

In the present study, the production of anti-
CD4 antibodies by immunizing ¢DNA encoding
CD4 protein, CD4-DNA, into rabbits was studied.
It was found that the immunization of CD4-DNA
could induce anti-CD4 antibody production. Pre-

*Corresponding author. Mailing address: Department of
Clinical Immunology, Faculty of Associated Medical
Sciences, Chiang Mai University, Chiang Mai 50200,
Thailand. Telephone No. (..6653) 945080, 94508]1. Fax No.:
(..6653)221890. E-mail: watchara@@chiangmai.ac.th
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trecatment of rabbit, wiath hypertonic sucrose
solution and followed by injection of plasmid CD4-
DNA containing chloroquine, was able to induce
anti-CD4 antibody production after only one DNA
inoculation .

MATERIALS AND METHODS

Plasmid DNA and antibodies. cDNA encoding
CD4 protein was inserted into an eukaryotic
expression vector TH3M (designated CD4-DNA)",
which was kindly donated by Dr. H. Stockinger,
University of Vienna, Vienna, Austria. TH3M is a
high - efficiency eukaryotic expression vector
contining a simian virus 40 (SV40) ongin of
replication and synthetic transcription units. The
transcription units consisting of a chimenc
promotor composed of human cytomegalovirus
AD169 immediate early enhancer sequences fused
to the human immunodeficiency virus (HIV) long
terminal repeat (LTR) sequences. The SV40 sinall
tumor (t) antigen splice and early region
polyadenylation signals, which derived from pSV2,
are placed downstrem from the polylinker."” CD4
monoclonal antibody (mAb) Leu 3a, PE-labeled
Leu3a and CD8 mAb Leu 2a were purchased from
Becton Dickinson (Sunnyvale, CA). FITC-
conjugated sheep F(ab’)2 anti-mouse
immunoglobulins antibodies were purchased from
Dakapatts (Glostrup, Denmark).

Cells and cell lines. Peripheral blood mononuclear
cells (PBMC) were isolated from heparinized blood
of healthy donors by Ficoll-Hypaque density
centrifugation. Sup T-1 and Molt4, human T cell
lines which expressed high levels of surface CD4
proteins constitutively, were cultured in RPMI 1640
supplemented with 15% fetal calf serum (FCS,
Gibco, Grant Island, NY), 40 pg/ml gentamycin
and 2.5 pg/ml amphotericin B in a fully humidified
atmosphere of 5% CO; at 37°C. K562, a human
erythro-myeloid cell line lacking in CD4 expression,
were cultured in the same medium. COS cells were
grown in Minimum Essential Medium (MEM;
Gibco) containing 5% FCS and antibiotics at 37°C
m a 5% CO, atmosphere.

DNA preparations. For large scale preparation, the
plasmid DNA were transformed into competent E.
coli MC1061/p3 and the resuiting bacteria were
grown with vigorous shaking in 250-ml Terrific
Broth per I-liter flask. After overnight cultivation,
cells were harvested and lysed by the alkaline lysis
procedure.'”” DNA were then purified by cesium
chlonide-ethidium  bromide  density  gradient
ultracentrifugation.'” It  was  subsequently
resuspended In phosphate buffer saline (PBS) pH
7.2. The concentration and purity of DNA
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preparation was determined by 0D260/28:
reading.'’

DNA immunization. Threc rabbits were injected
intramuscularly with isolated plasmid DNA in three
different ways. Rabbit number 1 was injected with
250 ul of hypertonic 25% sucrose solution 20
minutes prior to the administering of 500 pg of
isolated CD4-DNA. In rabbit number 2, a pre-
injection of 25% sucrose solution was alsc
performed prior to the administering of plasmid
DNA. However, 500 pg of CD4-DNA containing
200 uM chloroquine diphosphate was used as an
immunizing agent. In rabbit number 3, 100 pl of
0.5% Bupivacain hydrochloride solution (Marcaine;
Astra, Sodertalje, Swgden) was administered 24
hours before injecting with 500 pg CD4-DNA. The
same procedure of DNA immunization was
performed in each rabbit at one-week intervals.
Blood samples were collected from immunized
rabbits prior to each DNA inoculation. Serum
samples were then separated and stored at -20°C.
DEAE-Dextran transfection of COS cells.
Plasmid DNA encoding CD4 or CD8 proteins were
transfected into COS cells using the DEAE-Dextran
transfection method.™ Briefly, 1x10° COS cells
were transferred to 6 cm tissue culture dishes
(NUNC, Roskilde, Denmark) on the day before
transfection. Cells were transfected in 2 mi of MEM
containing 250 pg/ml DEAE-Dextran, 400 puM
chloroguine diphosphate and 2 pg 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.
Cells were then cultured overmight in MEM
containing 5% FCS, washed once, and re-cultured
with the same medium for another 2 days to allow
expression of encoded proteins.
Immunofluorescence analysis. The production of
antibodies against CD4 proteins was assessed by
indirect  immunofluorescence  using  FITC-
conjugated sheep anti-mouse immunoglobulins
antibodies. 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. Cells were then
incubated for 30 minutes at 4°C with various
dilutions of tested antisera, CD4 or CD8 mAb.
After washing, cells were incubated with the FITC-
conjugate for another 30 minutes. Membrane
fluorescence was analyzed under a fluorescent
microscope or flow cytometer (FACSCalibur,
Becton Dickinson). For flow cytometric analysis,
individual populations of leukocytes were gated
according to their forward and side scatter
characteristics.

Inhibition of standard CD4 mAb binding by
rabbit anti - CD4 antibodies. CD4" cells were
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pre-mcubated with CD4-DNA immunized serum or
pre-immune resum for 30 minutes on ice. The PE-
labelled CD4 mAb Leu3a (Becton Dickinson) was
then added to the pre-stained cells, which were
incubated for another 30 minutes. Membrane
fluorescence was analyzed by a flow cytometer. The
percentage of inhibition of fluorescence intensity
was calculated from the mean fluorescence intensity
of the sample in the presence and absence of rabbit
serum,

Enumeration of the percentage of CD4" cells in
blood samples. PBMC were isolated from
hepannized blood by the standard Ficoll-Hypaque
density centrifugation method. Isolated PBMC were
stained with rabbit CD4-DNA immunized serum or
CD4 mAb Leu3a by indirect immunofluorescence.
Membrane fluorescence was analyzed on a flow
cytometer.

RESULTS

Preparation of plasmid DNA encoding CD4
protein. Plasmid DNA encoding CD4 protein,
CD4-DNA, were transformed into E cofi MC
1061/p3. The plasmid DNA were, then, isolated
from the transformed bactena by CsCI-EtBr
gradients 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 were between 1.8-2.0. The
yields of isolated CD4-DNA were approximately 3
mg/hiter of bacteria.

To verify whether the isolated plasmid
DNA can be expressed to the encoded protein in
eukaryotic cells, the isolated DNA were transfected
into COS cells and analyzed for CD4 protein
expression by indirect immunofluorescence. COS
cells, which were transfected with all isolated CD4-
DNA, showed strong positive reaction with CD4
mAb Leu3a, but negative with CD8 mAb Leu2a.
Production of rabbit anti-CD4 antibodies by
CD4-DNA immunization. Three rabbits were
immunized with CD4-DNA at.one-week intervals as
described in matenals and methods. The sera were
collected 7 days after each DNA immunization. The
anti-CD4 antibody activity in sera was evaluated by
indirect immunofluorescence using CD4-DNA and
CD8-DNA transfected COS cells as antigens. The
anti-CD4 antibodies was induced in all immunized
rabbits (Table 1). The antibodies were detected
after four, one and two DNA immunizations for
rabbits number 1, 2 and 3, respectively. The anti-
CD4 antibody titer of 1:500 was present in all
immunized rabbits after six DNA immunizations.

The specificity of generated anti-CD4
antibodies was confirmed by using CD4" cell lines,
Sup-T1 and Molt4, and CD4" cell line K562 as
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antigens. Sup T1 and Molt4 were positive with
CD4-DNA immunized sera, but negative with
preimmune sera (Fig. 1). K562, in contrast, was
negative with both immune and preimmune sera
(Fig. 1).

Inhibition of standard CD4 mAb binding by CD4-
DNA immunized serum. The specificity of anti-
CD4 antibody presence in the CD4-DNA
immunized serum was analyzed by ine inhibition
test. CD4-DNA immunized and preimmune serum
were used to inhibit the binding of siandard CD4
mAb Leu3a to CD4 proteins on Molt4 cells. As
shown in Fig. 2, 81% of mean fluorescence intensity
(MF1) obtained from the binding of PE-labelled
Leu3a was inhibited by CD4-DNA immunized
serum, whereas, only 3% inhibition was observed
by preimmune serum,

Enumeration of the percentage of CD4* cells in
peripheral blood lymphocytes using CD4-DNA
immunized serum. To further charactenze the anti-
CD4 antibody activity in CD4-DNA immunized
serum, this serum was used for the enumeration of
CD4’ cells in peripheral blood lymphocytes. PBMC
from 5 subjects were stained with CD4-DNA
immunized serum and CD4 mAb Leu3a, side by
side. The percentage of CD4" cells in the
lymphocyte population was analvzed by a flow
cytometer and a comparison made between using
CD4-DNA immunized serum and standard CD4
mAb. As shown in Table 2, the percentage of CD4"
cells obtained by using both antibodies was very
stmilar.

DISCUSSION

Over the past five years, the principle of
DNA immunization has been demonstrated in
several different animal models. The expression
vectors used have encoded antigens from several
viruses, bacteria and parasxte antigens as well as
leukocyte surface proteins.”!! Currently, it is clear
that the induction of both humoral and cellular
immunity is possible with the DNA immunization
strategy. Several studies showed that the DNA
immunization technique has several advantages over
classical protein immunization. Large scale
production is easier and less expensive to
produce and maintain quality control for DNA than
for protein antigens. DNA, in addition, is highly
stable matenal. DNA immunization, therefore,
promises to be an attractive alternative to the
classical vaccines and an immunizing agent for the
preparation of hyperimmune serum.

Several DNA delivery methods have becn
used to introduce plasmid DNA into animals.'> The
most efficient route to transfer pure plasmid DNA
is intramuscularly, when it is injected as an agueous
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Table 1. Anti-CD4 antibody activity in sera before and after DNA immunization

Rabbit No. Serum® Immunofluorescent reactivity
CD4-COS* CD8-COS®
1 Pre-immunization - - - -
Dose 1 - - - -
Dose 2 - - - -
Dose 3 - - - -
Dose 4 1+ w+t - -
Dose 5 3+ 2+ v - -
Dose 6 3+ 3+ - -
2 Pre-immunization - ¢ - - -
Dose 1 1+ w+ - -
Dose 2 2+ 1+ - -
Dose 3 24 3+ - -
Dose 4 4+ 4+ - -
Dose 5 4+ 4+ - -
Dose 6 4+ 4+ - -
3 Pre-immunization - - - -
Dose | - - - -
Dose 2 1+ wt - -
Dose 3 3+ 2+ - -
Dose 4 4+ 4+ - -
Dose 5 4+ 4+ - -
Dose 6 4+ 4+ - -

* COS cells transfected with CD4-DNA were strongly positive with CD4 mAb Leu3a.
® COS cells transfected with CD8-DNA were strongly positive with CD8 mAb Leu2a.

¢ Sera were collected seven days after the indicated dose of immunization and tested for the presence of
anti-CD4 antibodies by indirect immunofluorescence.
“Serum dilutions,

“Positive reactivity: w+; weakly positive, 1+ to 4+; degree of fluorescent intensity.
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Figure 1, Immunofluorescence analysis of the reactivity of anti-CD4 antibodies with Sup-T1, Molt4 and K562 cell
lines. Sup-T1 (A), Moit4 (B) and K562 (C) were stained with either preimmune serum or CD4-DNA immunized
serum. Shaded peaks and unshaded peaks represent the immunofluorescence profiles of cells stained with CD4-
DNA immunized and preimmune sera, respectively.
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Figure 2. Inhibition of standard CD4 mAb binding by CD4-DNA immunized serum. Preimmune serum (A) or
CD4-DNA immunized serum (B) was used 10 inhibit the binding of PE-labelled Leu3a. Solid lines represent the
immunofluorescence profiles of cells stained with PE-labelled Leu3a. Dashed lines represent the
immunofluorescence profiles of cells pre-incubated with preimmune sera or CD4-DNA immunized. The
percentage of mean fluorescence intensity inhibition was indicated in each figure.
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Table 2. Determination of the percentage of CD4” lymphocytes using CD4 mAb Leu3a and CD4-DNA

immunized serum

Subject % Positive cells in lymphocytes
No. CD4 mAb Leu3a CD4-DNA immunized serum
1 24 25
2 36 36
3 27 30
4 46 43
5 31 33

solution (12). This route, however, still results in a
low efficiency of gene transfer and a considerable
variability of gene expression. It is likely that this
situation is due largely to the limitation of diffusion
by physical factors such as the organization of the
connective tissue, and extent of the extracellular
matrix (13,14). The diffusion barriér can be
overcome by pretreating mature muscle with a
hypertonic solution of sucrose, which presumably
forces the myofiber apart, thus, opening channels in
the connective  tissue.  Intramuscular injection
of hypertonic sucrose solution 20 minutes prior to
the administering of DNA into mice, gave an
increase in reporter gene expression (14).

The efficiency of gene transfer, using pure
DNA in skeletal muscle, is at least ten times more
effective in regencrating muscle than in normal
mature muscle.”"'’ Administration of toxic agents
tended to cause muscle necrosis and repair.
Therefore, several toxic agents have been used to
pre-treat muscie for induction of regenerating
muscle (2-4,18). Injection of the local anesthetic,
Bupivacain, 24 hours prior to injection of DNA has
been used to increase the expression of HIV gp 160
constructs and enhance immune responses (3,4).

In an attempt to produce a large amount of
antibodies to the human CD4 protein, this study
carried out the introduction of DNA encoding CD4
protein into rabbits. DNA encoding CD4 protein
were injected into 3 rabbits in different ways. The
first rabbit was pre-treated with sucrose solution,
followed by CD4-DNA injection. The second rabbit
was also pre-treated with sucrose solution, but this
was followed by injection of mixed CD4-DNA and
chloroguine. The third rabbit was pre-treated with
local anesthetic, Bupivacain. Inoculation with CD4-
DNA induced anti-CD4 antibody production in all
tested rabbits. The rabbit that was pre-treated with
sucrose solution, followed by injection of CD4-
DNA contamning chloroquine, however, produced
anti-CD4 antibodies faster than the others. By this

v

method, the antibodies could be detected only 7
days after the first DNA inoculation. This
observation is probably due to the effect of sucrose
pre-treatment and chioroquine, which was added
into the DNA solution. Chloroquine is a weak base
that can diffuse readily across phospholipid
membrane, thus, raising the pH in the lysosome or
endosome and reducing the activity of lysosomal
enzymes (21). In the presence of chloroquine, the
degradation of injected DNA within host cells was,
therefore, decreased. Finally, the expression of
encoded protein was increased and enhanced the
induction of the immune responses.

In the previous study in mice, where CD4-
DNA were directly immunized in the absence of any
reagent, the ant: CD4-antibodies were induced in 2
of 3 immunized mice (11). The antibodies were
detected in immunized mice afier more than 3 weeks
of DNA administrations (11). In the present study,
in contrast, all immunized rabbits produced anti-
CD4 antibodies and the rapid induction of anti CD4
antibodies production was observed. The high
efficiency and rapid induction of antibody
production was observed. The high efficiency and
rapid induction of antibody production may due to
the effect of pre-treatment of rabbits and the reagent
added in the CD4-DNA solution. However, to
indeed verify the effect of these reagents for
enhancing the immune response by DNA
immunization, more experiments are required.

The titer of anti-CD4 antibodies generated
by the DNA immunization was high. Generated
anti-CD4 antibodies bound either recombinant CD4
proteins which were expressed on transfected COS
cells, or mnative CD4 proteins on human
lymphocytes and T cell lines. These rabbit anti-CD4
antibodies could inhibit the binding of standard
CD4 mAb Leu3a to CD4 proteins. These results,
therefore, confirm the specificity of rabbit anti-CD4
antibodies generated by DNA immunization. Rabbit
anti-CD4 antiserum was used for determining CD4"
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cells in peripheral biood. The percentage of CD4™
cells in 5 healthy lymphocytes gave comparable
results to standard CD4 mAb Leu3a.

DNA immunization has been demonstrated
to induce antibody response against several encoded
antigens in various animals. The present report
conveys the expeniment performed in rabbits, which
demonstrated that CD4-DNA injection induces anti-
CD4 antibody production. The pre-treatment of
rabbit, with hypertonic sucrose solution and
injection of plasmid DNA in the presence of
chloroquine, induced the antibody production after
only one DNA inoculation.
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ABSTRACT

The measurement of CD4 positive cell levels is clinically usefu! in monitoring
mmmune status and is used to guide the therapy of human immunodeficiency virus
infection. The standard method for determination of the number of CD4 positive cells
i1s carried out by flow cytometric analysis. This technique, however, requires
expensive, complex instrumentation as well as trained technologists. The rapid growth
of HIV infection in developing countries has increased the need for a simple and cost-
effective method for CD4 positive cell monitoring. Therefore, the purpose of this
study was to establish a non flow cytometric method, named the manual rosetting
method, for quantifying CD4 positive cell numbers. In this investigation, 24 HIV
infected and 16 healthy individauls were enumerated for CD4 positive cells by using
both standard flow cytometry and the manual rosetting method simultaneously. The
mean percentage of CD4 positive cells in the total of white blood cells from samples
performed by the manual resetting method was 6.31%, while the standard method
yielded a mean of 6.48%. The correlation coefficient for regression analysis was 0.93.
The mean of absolute CD4 positive cells obtained from both methods were 529.04
and 515.75 cells/ul, respectively. The correlation coefficient for regression analysis
was 0.95. The interference of granulocytes and monocytes with the manual rosetting
method was evaluated. Very few CD4 rosetting cells were detected in granulocyte and
monocyte populations. It was concluded that the manual rosetting method appears to
have the potential to quantify CD4 positve cells in the limited laboratory facilities of
developing countriea and have a strong correlation with standard flow cytometric

technology.
Keywords: CD4 count, CD4 percentage, flow cytometry, manual rosetting method
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CD4 positive cell enumeration is an important immunodianostic measurement
used in evaluating patients infected with human immunodeficiency virus (HIV). The
progressive depletion of CD4 positive cells is associated with the likelihood of
clinical complications and the development of AIDS [1,2]. The United States Centers
for Disease Control and Prevention proposed that a CD4 positive cell count less than
200 cells/pl be used as one of the criteria for AIDS in the case definition[3]. CD4
positive cell counts are also used for monitoring HIV seropositive individuals into
various treatment protocols [4-7)].

In most laboratories, the standard method for CD4 positive cell enumeration
involves the use of a flow cytometric method [8]. By this method, CD4 positive cells
in whole blood specimens are identified by immunophenotyping and analyzing the
results by using a flow cytometer. The results obtained in this manner are a proportion
of lymphocytes that are CD4 positive cells or a percentage of CD4 positive cells.
These results must be combined with a hematology determination, which provides the -
absolute number of circulating lymphocytes and calculated to the absolute CD4
positive cell count. This standard flow cytometric method requires expensive
instruments and reagents as well as trained technologists, thus limiting the availability
of CD4 positive celis quantified in developing countries.

Recently, several methods that do not require flow cytometer were developed
for enumerating CD4 cells {9-13]. However, the reagents used are still expensive.
Some methods still require special and expensive equipment [9,11-13 ]. In this study,
another non-flow cytometric method, named the manual rosetting method, was
developed for enumerating CD4 positive cells. By this method, lysed whole blood
samples were stained \&:ith CD4 mADb and the stained cells were then incubated with
sheep anti-mouse immunoglobulin coated beads. The rosettes, which were CD4
positive cells. were then counted by a light microscope. This technique is simpler and
less expensive than the flow cytometric method. The clinical utility of this assay is
very attractive in developing countries where HIV prevalence is high and funds for

flow cytometry and service are limited.



MATERIALS AND METHODS

Subjects

EDTA anticoagulated whole blood was obtained from HIV infected and
normal individuals for evaluation of CD4 positive cell counts by flow cytometry and
the manual rosetting method. HIV infection diagnosis was made on the basis of
positive testing for the presence of anti-HIV antibodies by both GPA (Gel particle
agglutinétion; Serodia HIV, Fujirebio, Japan) and ELISA (3rd generation Abbott anti-
HIV1/HIV2, Abbott laboratory, USA).

Enumeration of CD4 positive cells by flow cytomeltry

100 pl of blood was incubated at room temperature with 20 pl of each
Simultest reagent panel (Becton Dickinson, Moutain View, CA) in separate tubes. The
Simultest reagent panel was composed of two-color reagent pairs of leukoGATE
(CD45-FITC/CD14-PE), control 1gG1-FITC/1gG2-PE, CD3-FITC/CD4-PE, and CD3-
FITC/CD8-PE. After 15-30 min incubation, red cells were lysed by the addition‘ of
FACS lysing buffer (Becton Dickinson) to the tubes. Samples were subsequently fixed -
with 1.0% paraformadehyde and analyzed using a FACScan flow cytometer with
Simulset software (Becton Dickinson). The results obtained in this manner were the
percentages of CD4 positive cells in the lymphocyte population. The absolute CD4
positive cell counts were then calculated as the product of the total white blood cell

count, percentage of lymphocytes, and the percentage of CD4 positive cells.

Enumeration of CD4 positive cells by the manaul rosetting technique

For the manual rosetting technique, 1 ml of whole blood was incubated with 5
m! of FACS lysing buffer (Becton Dickinson) at room temperature for 10 min. The
resulting lysed whole blood (LWB) was then washed twice with phosphate buffered
saline containing 1% bovine serum albumin and 0.02% sodium azide (1% BSA-PBS-
Azide), and resuspended with 250 pl of the same solution. To block the Fc receptors,
the cell suspension was added with 25 pl of human AB serum and incubated for at
Jeast 30 min on ice. Aliquots (50 ul) of LWB were added into a 1.5 ml microtube

followed by 10 pl of anti-CD4 mAb (Leu3a, Becton Dickinson), and placed on ice for



30 min. As a control, 1%BSA-PBS-Azide was added instead of antibody. Stained
cells were then washed twice with 1%BSA-PBS-Azide and resuspended with 50 pl of
the same solution. Ten microlitres of sheep anti-mouse 1gG coated beads (Dynal,
Oslo, Norway) were added. The beads were washed once and resuspended in 1%BSA-
PBS-Azide with 10%AB human serum prior to use. The blood/bead mixture was
gently rotated on a platform shaker at room temperature for 1 h. After incubation, the
mixture was gently resuspended and 10 ul of it was added to 10 ul of Turk’s solution
(2% acetic acid and 0.01% gentain violet). This was then loaded into the chamber of a
hemacytometer for counting. Cells that had formed rosettes with three or more beads
were counted as CD4 positive cells (Fig. 1). The percentage of CD4 positive cells was
obtained by counting at least 200 white blood cells. The absolute CD4 positive cell
counts were then calculated from the total number of white blood cells and the

obtained percentage of CD4 rosetting cells.

Preparation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMC) were isolated from heparinized
venous blood by Ficoll-Hypaque density gradient centrifugation. The PBMC were -
washed twice with 1% BSA-PBS-Azide and adjusted to a final concentration of 1

x107 cells/ml with the same solution.

Preparation of granulocytes

Granulocytes swere isolated from the pellet of the Ficoll-Hypaque density
gradient isolation of PBMC by the dextran sedimentation method. Cells were then
washed twice and the contaminated red blood cells were removed by using hypotonic
lysis with ammonium chloride buffered. To block non-specific Fc receptor-mediated

binding of antibody, human AB serurn was added to a final concentration of 10%.

Preparation of E" and E populations

To isolate E" and E populations. 2-aminoethylisothiouronium-hydrobromide
treated sheep red blood cells (AET-SRBC)[14] were added to the PBMC, incubated at
37°C for 10 min, and then centrifuged at 600g for 2 min. Cells were kept at 4°C

overnight. The rosette forming celis in the pellet were resuspended and isolated



further by Ficoll-Hypaque gradient centrifugation. E" and E fractions were collected
and the sheep red blood cells were then lysed with ammonium chloride buffered. E'
and E° cells were then resuspended in 1%BSA-PBS-Azide with 10% human AB

serum.

Statistical analysis

The CD4 positive cell counts obtained from flow cytometry and the manual
rosetting method were compared by using the student paired t-test. The correlation
coefficient (r) of both methods was established for all samples by linear regression
analysis. Sensitivity was defined as the number of individuals with CD4 positive cell
counts < 200 cells/ul by both methods divided by the number of individuals with CD4
cell counts < 200 cells/pl by flow cytometry. Specificity was defined as the number of
individuals with CD4 positive cell counts > 200 cells/ul by both methods divided by
the number of individuals with CD4 cell counts > 200 cells/pi by flow cytometry.



RESULTS

Comparison of the manual rosetting method and flow cytometric method

The manual rosetting method was developed for the enumeration of CD4
positive cells in countries where funds for flow cytometry are limited. Blood
spectmens from 24 HIV-seropositive and 16 HIV-seronegative donors were
enumerated for CD4 positive cells by standard flow cytometry (Simulset) and the
manual rosetting method. In the case of flow cytometry, the percentage of CD4
positive cells in white blood cells was calculated from the percentage of CD4 positive
cells in the lymphocyte population (obtained from flow cytometric analysis), and the
white blood cell count and leukocyte differential (obtained using standard laboratory
procedures). A correlation plot comparing the percentage of CD4 positive cells in
white blood cells obtained from both methods is shown in figure 2. Linear regression
analysis resulted in a slope of 0.76 and an intercept of 1.67 % when data from the two
methods were compared. The correlation coefficient (r) of this regression analysis was
0.93. The mean value of the percentage of CD4 positive cells for samples tested by
standard flow cytometry and the manual rosetting method were 6.31 % and 6.48%, °
repectively. No significant difference in these values was seen (p> 0.05).

The absolute number of CD4 positive cells were then calculated from the
percentage of CD4 positive cells and the number of white blood cells per pl. A
correlation plot which compares between the absolute CD4 positive cell count
obtained from the reference flow cytometric method and the manual rosetting method
is shown in figure 3. The mean value for samples tested by standard flow cytometry
and the manual rosetting method were 515.75 and 529.04 cells/pl, respectively. Linear
regression analysis of both methods resulted in a slope of 0.80 and an intercept of
114.53 cell/pl. The correlation coefficient for this regression analysis was 0.95. Again,
no significant differences or trends were seen in these values (p>0.05).

Since the CD4 positive cell count of less than 200 cells/pl was used as the
critiria for AIDS in the case definition [3], the data obtained from both methods were
also evaluated, based on the CD4 positive counts of more or less than 200 cells/pl.
This analysis demonstrated that the manual rosetting method was 89% sensitivity and

96% specificity (Table 1).



Effect of granulecytes and monocytes on the manual rosetting method

Potential sources of interference with the rosetting method could be due to cell
types other than CD4 positive T lymphocytes. To address this question, granulocytes,
which do not express CD4 protein [15], were isolated from 4 normal donors and used
as subjects for the manual rosetting method. By immunofluorescent analysis, the
isolated granulocyte populations contained 0.6-5 % CD?3 positive T cells, 0.3-1.4 %
CD4 positive cells and 0-0.4% CD14 positive monocytes (Table II). Very few rosette
forming cells, range 0.3-0.7 %, were observed in these granulocyte populations (Table
II). These results indicated that granulocytes did not interfere with the manual
rosetting method.

The interference of monocytes was also investigated. PBMC were separated
into E" and E populations by sheep red blood cell rosetting [14]. The E* population
isolated from 4 normal donors consisted of more than 57% CD14 positive monocytes
(range, 57-78%) and less than 3% of CD3 positive lymphocytes (range, 0.6-3%)
{Table III). The rosette forming cells obtained from the manual rosetting method were
barely detectable in these E° populations (range, 1-4%). The resuits indicated that
monocytes were not detected by the manual rosetting method. In contrast, in the E*
population which contained a majority of CD3 positive cells and CD4 positive
lymphocytes (Table [V), a high number of rosette forming cells were observed (Table
V).



DISCUSSION

The absolute number of CD4 positive cells 1s an important marker for the
prognosis and classification of the state of the disease, and monitoring for the therapy
of HIV infection[1-7]. The accepted standard method for the enumeration of CD4
positive cells is flow cytometry. However, problems facing the clinical laboratory are
that flow cytometry generally does not lend itseif to routine high-volume testing, and
requires expensive equipment and reagents. In addition, specially trained personnel
are required to operate flow cytometry instrumentation. This technology, is therefore,
costly for adaptation as a routine method in laboratories in developing countries.
Alternative methodologies for CD4 positive cell determination that should be simple,
inexpensive and reliable are urgently needed for use in laboratories, especially in
developing countries. To support this requirement, we introduce a non-flow
cytometric method called the manual rosetting method for determination of CD4
positive cells.

The principle of the manual rosetting method is that lysed whole blood
samples are pre-stained with CD4 mAb and the stained cells are then incubated with
anti-mouse immunoglobulin coated beads. The CD4 rosette forming cells are then
enumerated by a light microscope. The obtained percentage of CD4 positive cells are
then calculated to the absolute number by multiplying with the white blood cell count.
The manual rosetting method described here is simple, needs no any special
instruments and is a cost-effective method for quantifying CD4 positive cells. A high
degree of correlation between standard flow cytometry and the manual rosetting
method has been found for both percentage and absolute CD4 positive cells
(correlation coefficient, 0.93 and 0.95, recpectively). Furthermore, the manual
rosetting method has high sensitivity and specificity for identifying individuals with
less than 200 cells/ul of CD4 positive cells.

It is known that peripheral blood monocytes express CD4 molecules on their
surface[16] and that these cells can interfere with and affect the accuracy of the flow
cytometric measurement of CD4 positive lymphocytes|8.17]. Therefore, the standard
flow cytometric method generally emplovs a T-cell specific antibody, CD3 antibody,

to discriminate between target cells and contaminated cells[18,19]. In this study,



experiments were performed to confirm that the manual rosetting method was able to
discriminate between the CD4 positive lymphocytes and monocytes. Four normal
blood samples were separated into E* and E populations using a conventional AET-
sheep red blood cell rosetting technique[14]. The E™ population, which contained 60-
80% CD14 positive monocytes and less than 3% CD3 positive T cells was used to
examine the issue of potential interference from monocytes. It was found that in the E’
population, by using the manual rosetting method, a very low number of rosette
formimg cells (range 0.6-3%) were determined. In contrast, in the E* population,
which contained more than 50% CD3 positive T cells, a high number of rosette
formimg cells (range 44-60%) were determined. The resultant near-zero rosette
formation in the E™ population indicated that there was no interfering effect from
monocytes in the enumeration of CD4 positive cells by the manual rosetting method.
This may be due to the low density CD4 expression on the monocyte surface[16].
Monocytes, therefore, do not form rosettes with anti-mouse immunoglobulin coated
beads. Granulocytes were also tested for interference and their affect on the accuracy
of the measurement of CD4 positive cells. As predicted, by the manual rosetting
method, approximately 1% (range 0.6-1%) of CD4 rosetting celis were detected in
these populations. These results indicated that granulocytes do not affect the accuracy
of this manual rosetting method.

In summary, a non-flow cytometric method, named the manual rosetting
method, was introduced for the enumeration of CD4 positive cells. The manual
rosetting method is simple, inexpensive and meets the growing demand for CD4

counts, especially in developing countries where HIV prevalence is high.
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Table I. Sensitivity and specificity of the manual rosetting method compared with

flow cytometry.
Manual rosetting *
<200 cells/ul > 200 cells/ul  Total
Flow cytometry
<200 cells/ul 16 2 18
> 200 cells/pl 1 21 22
Total 17 23 40

*89% sensitivity and 96% specificity.



Table 1. Interference of granulocytes with the manual rosetting method.

Sample Immunofluorescence Manual rosetting
No. | %CD3pos. | %CD4pos. | %CD14 pos. | %CD4 rosette
1 0.6* 0.3 0 0.8
2 0.6 0.3 0 0.4
3 4.6 1.4 04 1.1
4 1.7 0.8 L 0.2 0.6

Granulocytes were isolated from 4 healthy donors and were determined for

percentages of CD3,

CD4 and CD14 positive cells by indirect

immunofluorescent technique. An aliquot of cells was enumerated for CD4

positive cells by the manual rosetting method.

* % positive cells.



Table III. Interference of monocytes with the manual rosetting method.

Sample Immunofluorescence Manual rosetting
No. %CD3 pos. | %CD14 pos. | %CD4 rosette
1 1.0* 78 4.0
2 0.6 57 1.0
3 1.6 77 2.8
4 3.0 73 2

The E™ population was isclated from 4 healthy donors by

sheep red blood cell rosetting and determined for the

percentages of CD3 and CD14 positive cells by indirect

immunofluorescent technique. An aliquot of cells was

enumerated for CD4 positive cells by the manual rosetting

method.

* % positive cells.



Table IV. Enumeration of CD4 positive cells in the E* population by the manual

rosetting method.

Sample | Immunofiuorescence Manual rosetting
No. %CD3 pos. | %CD4 pos. | %CD14 pos. | %CD4 rosette
1 95% 58 2 60
2 77 48 0.8 53
3 66 42 1.8 44
4 75 48 3.0 58

The E” population was isolated from 4 healthy donors by sheep red blood
cell rosetting and determined for percentages of CD3, CD4 and CD14
positive cells by indirect immunofluorescent technigue. An aliquot of
cells was enumerated for CD4 positive cells by the manual rosetting
method.

* % positive cells.
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FIGURE LEGENDS: -

FIG. 1. Representative picture in a hemacytometer chamber of CD4 positive cell
binding beads.

FIG. 2. Correlation plot comparing the % CD4 positive cells measured with the
manual rosetting method and the standard flow cytometric method. The linear
regression is expressed by the equation Y=1.67 + 0.76x (1=0.93).

F1G. 3. Correlation plot comparing absolute CD4 positive cell count measured with
the manual rosetting method and the standard flow cytometric method. The

linear regression is expressed by the equation Y=114.53 + 0.80x (r=0.95).
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Abstract

A hybridoma secreting monoclonal antibody (mAb) specific to CD4 protein
was generated. This monoclonal antibody, named MT4, was proved to be specific to
CD4 protein as it reacted with CD4-DNA transfected COS cells, CD4+ cell lines and
CD4+ lymphocytes. Furthermore, MT4 mAb inhibited the binding of standard CD4
monoclonal antibodies to CD4 proteins on CD4+ cells. To develop a home made
reagent for CD4+ lymphocyte determination by flow cytometry, fluorescein
isothiocyanate (FITC) was conjugated to MT4 mAb. To evaluate the developed
reagent, 30 HIV infected and 30 healthy individuals were determined for CD4+
lymphocytes by using both commercial Simultest™ reagent kit and home made FITC
labeled MT4 mAb simultaneously. The study has shown that both percentages and
absolute CD4+ lymphocyte counts obtained from both reagents were equivalent. The
correlation coefficient for regression analysis was 0.995 and 0.996 for percentages and
absolute CD4+ lymphocyte counts, respectively. The results suggest that home made
FITC labeled MT4 reagent is an acceptable alternative reagent for monitoring CD4+ ‘

lymphocytes in blood samples by flow cytometry.
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Accurate and reliable measures of CD4+ lymphocytes are essential for the
assessment of the immune system of human immunodeficiency virus (HIV)-infected
persons'™. The pathogenesis of acquired immunodeficiency syndrome (AIDS) is
largely attributable to the decrease in CD4+ lymphocytes™™®. Progressive depletion of
CD4+ lymphocytes is associated with an increased likelihood of clinical complications
©19_Consequently, the Public Health Service (PHS) has recommended that CD4+
lymphocyte levels be monitored every 3-6 months in all HIV-infected persons”. The
measurement of CD4+ T lymphocyte levels has been used to establish decision point
for initiating prophylaxis*?, anti-viral therapy''> and monitoring the efficacy of
treatment"*'®_ 1t is also used for prognostic indicators in patients who have HIV
disease "™ Moreover, CD4+ lymphocyte levels are a criterion for categorizing HIV-
related clinical conditions by CDC’s classtfication system for HIV infection and
surveillance case definition for AIDS among adults and adolescents"”.

The standard method for CD4+ lymphocyte enumeration involves the use of
flow cytometric method®**?. This method, CD4+ lymphocytes in whole blood
specimens are identified by immunophenotyping and analyzing the results using a flow
cytometer. The results obtained in this manner are a percentage of CD4+ lymphocytes.
These results must be combined with a hematology determination which provides the
total white blood cell count and the percentage of lymphocytes (differen-tial) and .
calculated to the absolute CD4+ lymphocyte count. The siandard fiow cytometric
method, however, requires very expensive reagents, i.e., fluorescent dye labeled
monoclonal antibodies specific to leukocyte surface molecules. This technique, thus,
limits the availability of CD4 + lymphocyte enumeration in developing countries.

In this report, a monoclona! antibody (mAb) specific to CD4 protein was
generated. The generated CD4 mAb was, then, developed to be a home made reagent
for CD4+ lymphocyte determination by flow cytometer. This home made reagent
could be used cheaply to enumerate CD4+ lymphocytes in blood samples as well as
commercial products. The clinical utility of the reagent produced is very attractive in
developing countries where HIV prevalence is high and funds for flow cytometry and

services are limited.



MATERIALS AND METHODS
A\

Production of monoclonal antibody to CD4 protein

Human T cell line, Sup T1, 1 x 107 cells were injected intraperitoneally into a
BALA/c mouse. A booster immunization was followed a week later with intravenous
injection of 1 x 10° Sup T1 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 as previously described”™. After that, cells were distributed
into 672 wells of 96 well-plates. Two weeks later, hybridomas were identified by an
inverted microscope . Cell culture supernatants from hydridoma containing wells were
screened for antibody against CD4 protein. The positive clone was re-cloned three
rounds by limiting dilution. To produce high concentration of CD4 mAb, the cloned
hybridomas were injected intraperitoneally into BALC/c mice that were pre-treated-
with 2. 6, 10, 14-tetramethyl-pentadecan (Pristane). Ascitic fluid containing CD4 mAb

was harvested, usually, 10-20 days after hybridoma inoculation.

Screening for CD4 specific monocional antibody

Hybridoma cell culture supernatants were firstly analyzed by indirect
immunofluorescence using Sup T1 cells as antigens. The positive supernatants were
screened further for antibody specific to CD4 protein by the same technique but using
cDNA encoding CD4 protein transfected COS cells as antigens. In all experiments,
COS cells transfected with cDNA encoding unrelated protein were used as negative

control.

DEAE-Dextran transfection of COS cells

To prepare cDNA encoding protein of interests, the cDNAs, which had been
constructed into an eukaryotic expression vector tH3M, were transformed into
competent £. coli MC1061/p3. After that, plasmid DNAs were purified by cesium
chloride-ethidium bromide density gradient ultracentrifugation™. The resulting DNAs
were phenol/chloroform-extracted and ethanol precipitated, then resuspended in TE
(10mM Tris, ImM EDTA) pH 8.0. The Plasmid DNAs were transfected into COS

cells using the DEAE-Dextran transfection method®?. Briefly, 1x10° 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 containing 250 pg/mi
DEAE-Dextran, 400 uM chloroquine diphosphate and 2 ug DNA. After 3 hours at
37°C, the transfection mixture was removed and the cells were treated with 10%
DMSO in PBS for 2 min at room temperature. COS cells were then cultured overnight
in MEM containing 5% FCS, washed once, and re-cultured with the same medum for

another 2 days to allow expression of the encoded proteins.

Indirect immunofluorescence analysis

The specificity of antibody against CD4 protein was assessed by indirect
immunofluorescence using fluorescein isothiocyanate (FITC)-conjugated sheep anti-
mouse immunoglobulin antibodies (Immunotech, Coultrer Corporation, Miami, FL).
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. Blocked
cells were then incubated for 30 minutes at 4°C with culture supernatants or mAb.
After washing, cells were incubated with the FITC-conjugate for another 30 minutes.
Membrane fluorescence was analyzed by flow cytometer (FACSCalibur, Becton

Dickinson, San Jose, Ca).

Determination of isotype of monroclonal antibedy

The isotype of mAb was determined by capture ELISA (Sigma, St. Louis, MO)
in accordance with the recommended protocol. Goat anti-mouse IgG1, IgG2a, IgG2b,
IgG3, IgA and IgM were used as capture antibodies, and peroxidase conjugated rabbit
anti-mouse immunoglobulins (Dako, Glostrup, Denmark) were used as conjugate. The

reactivity was visualized by using 3°,3°,5",5’-tetramethylbenzidine (TMB) as substrate.

Inhibition of standaré CD4 monoclonal antibody binding by MT4 monoclonal
antibody

CDa4+ cells (peripheral blood lymphocytes or human T cell lines) were pre-
incubated with MT4 mAb or irrelevant mAb for 30 minutes on ice. Phycoerythrin
(PE)-labeled CD4 mAb Leu3a (Becton Dickinson) or FITC-labeled CD3 mAb Leu4

(Becton Dickinson) was then added to the pre-stained cells, and incubated for another



30 minutes. Membrane fluorescence was analyzed by a flow cytometer. The percent
inhibition of fluorescence intensity was calculated from the mean fluorescence intensity

of the sample in the presence and absence of first un-labeled mAb.

Fluorescent labeling of M'T4 monoclonal antibody

MT4 mAb was purified from MT4 hybridoma induced ascitic flutd by using
UltraLink™ Immunobilized Mannan Binding Protein column (Priece, Oud-Bejerland,
The Netherlands) according to the recommended protocol (Priece). The concentration
of punified MT4 was measured by reading the absorbance at 280 nm and adjusted to 2
mg/mi in PBS containing 0.1 M NaHCO;. Fluorescein isothiocyanate (FITC; Sigma)
,dissolved in DMSO at a concentration of 10 mg/ml, 25 ul was slowly added to 1 ml of
antibody (2mg/ml). The mixture was rotated at room temperature for 90 min. The free
fluorescein dye was, then, removed by ultrafiltration using Centricon concentrator
(MW cut-off 10,000; Amicon, Beverly, MA) and equilibrated with PBS. The ratio of
fluorescein to protein was estimated by measuring the absorbance at 495 nm and 280

nm. The concentration of the FITC labeled antibody was measured by reading the

absorbance at 280 nm.

Enumeration of CD4+ lymphocytes by FITC labeled MT4

One hundred microliters of K;EDTA-whole blood was incubated at room
temperature with 50 pl of FITC labeled MT4 (40 pg/ml). After 30 min room
temperature incubatidn, 2 ml of lysing buffer (Becton Dickinson) was added and let
stand at room temperature in the dark for 10 min for lysis of red blood cells. Cells
were then washed once with 2 ml of PBS containing 0.1% sodium azide. Samples were
subsequently fixed with 1% paraformadehyde and analyzed by using a FACSCalibur
flow cytometer with CELLQuest software {Becton Dickinson). The lymphocyte
population was gated according to their size and granularity using light scattering, i.e,
forward scatter (FSC) and side scatter (SSC) with linear scale. The percentage of
CD4+ lymphocytes in the gated population was determined by using FITC .
fluorescene-1 (FL.1) and FSC. The absolute CD4+ lymphocyte count (cells/pl) was
then calculated as the product of the total white blood cell count, percentage of

lymphocytes, and the percentage of CD4+ lymphocytes.



In some cases, contamination of red blood cells occurred within the gated
cells. The contaminated red blood cells were gated out from the lymphocyte
population by making another gate using FL1 and FSC. The percentage of CD4+ cells
in the lymphocyte population was then re-calculated from the number of lymphocytes

in second gated population,

Enumeration of CD4+ lymphocytes by commercial Simutest"™ reagent

One hundred microliters of K;EDTA-whole blood was incubated at room
temperature with 20 il of each Simultest™ reagent panel (Becton Dickinson) in
separate tubes. The Simultest™ reagent panel was composed of two-color reagent
pairs of leukoGATE (CDA45-FITC/CD14-PE), control 1gG1-FITC/lgG2-PE, CD3-
FITC/CD4-PE, and CD3-FITC/CD8-PE. After 15-30 min room temperature
incubation, 2 mi of lysing buffer (Becton Dickinson) was added and let stand at room
temperature in the dark for 10 min for lysis of red blood cells. Cells were then washed
once with 2 ml of PBS containing 0.1% sodium azide. Samples were subsequently
fixed with 1 % paraformadehyde and analyzed using a flow cytometer with Simultest
IMK-lymphocyte software (Becton Dickinson). The absolute CD4+ lymphocyte count
was then computed from the total white blood cell count and the percentage of

lymphocyte.



RESULTS

Production of CD4 monoclonal antibody

After fusion, cell culture supernatants from hybridoma containing wells were
tested for reactivity with surface antigens of Sup T1 celis by indirect immuno-
fluorescence technique. Forty-three culture supernatants showed clearly positive. To
screen further for hybridomas that produced CD4 specific antibody, all positive
supernatants were tested again by the same technique, but CD4 transfected COS cells
were used as the antigen. One of these culture supernatants reacted with CD4
transfected COS cells, but not with mock transfections. The hybridomas in this culture
well were then re-cloned three times by limiting dilution. A final cione (3ES8) that gave
the same reaction pattern with transfected COS cells was propagated and re-named
MT4. By using capture ELISA for isotype characterization, MT4 mAb was proved to
be of IgM isotype.

Characterization of MT4 monoclonal antibody specificity

To confirm the specificity of generated mAb, MT4 mAb was used to stained
CD4+ T cell lines, Sup T1%” and Molt4“®, and CD4- cell lines, K562¢” and U937°"
by indirect immunofluorescence and analyzed by flow cytometry. As predicted, MT4
mADb reacted to both CD4+ cell lines, but not to CD4- cell lines. Then, MT4 mAb
was used to stain peripherat blood lymphocytes by the same technique. The resuits
were compared to those obtained by using standard CD4 mAb Leu3a. As shown in
Table 1, percentages of positive cells in 5 donors obtained by using both antibodies
were very similar.

To characterize the specificity of MT4 mAb further, MT4 was used to inhibit
the binding of standard CD4 mAb to CD4 proteins on both peripheral blood lympho-
cytes and CD4+ cell lines. Peripheral blood mononuciear cells from 3 normal donors
were, firstly, incubated with MT4 or control antibodies. Then, PE labeled CD4 mAb
Leu3a or FITC labeled CD3 mAb Leu4 was added and the fluorescence intensity was
determined by a flow cytometer. It was fou'nd that MT4 mAb inhibited the binding of
standard CD4 mAb Leu3a in all 3 donors tested with the percent inhibition of 97, 98

and 97, respectively. The irrelevant mAb control, M6, had no inhibitory effect with the



percent inhibition of 4, 8 and 3, respectively. In contrast, MT4 mAb did not inhibit the
binding of standard CD3 mAb Leu 4 (% inhibition of 1, ! and 0, respectively). The
FACS profiles were similar for each donor and one of which is shown in Fig. 1. CD4+
cell lines, Sup T1 and Molt4, were also used to confirm these results by the same
technique and it was found that MT4 strongly inhibited the binding of standard CD4
mAb (PE labeled Leu3a) to both cell lines (Fig. 2). Whereas, irrelevant antibodies had
no effect (Fig. 2).

Enumeration of CD4+ lymphocytes by FITC labeled MT4 monoclonal antibody

In order to develop a home made reagent for enumerating CD4+ lymphocytes
in blood samples by using the generated CD4 mAb, fluorescent dye (FITC) was
conjugated to the MT4 mAb. The FITC labeled MT4 was then used to determine
CD4+ lymphocytes in blood samples. For performing CD4+ lymphocyte determination
using the home made reagent, Blood sample was incubated with FITC labeled MT4,
after that, red blood cells were lysed and the stainec.iicelis were analyzed by a flow
cytometer with CELLQuest software. By flow cytometric analysis, the lymphocyte
population was firstly gated using FSC and SSC (Fig. 3A and 3C). Fluorescent labeled
cells in the gated lymphocytes were then determined according to their fluorescence
intensity by using FL1 and FSC (Fig. 3B and 3D). The results obtained in this manner
were the percentages of CD4+ cells in the lymphocyte population. In some cases, a
number of red blood cells were contaminated in the lymphogate (Fig. 3E). Since red
blood cells are smaller, in size and less fluorescent than lymphocytes (Fig.3E), those
contaminated could be gated out by making another gate using FL.1 and FSC (Fig. 3F;
R2). Then, the percentage of CD4+ cells in the lymphocyte population was re-
calculated from the number of cells in the second gated population (Fig. 3F).

By the method mention above, the lymphocyte populations were gated out
from other cells accordin:g to their size and granularity. It was possible that some non-
lymphocytes could have been contaminated in the lymphogate and affect the accuracy
of the flow cytometric measurement of CD4+ lymphocytes. To address this question,
40 blood samples (20 healthy and 20 HIV infected persons ) were stained with PE
labeled CD14 /FITC labeled CD45 mAb and analyzed for non-lymphocytes in the
lymphocyte population that had been gated by using FSC and SSC. As shown in Table



2, very few monocytes and granulocytes were detected in the gated lymphocytes. The
FACS profile from one donor 1s shown in Figure 4.

To evaluate the accuracy of the home made reagent, CD4+ lymphocytes from
30 healthy and 30 HIV infected persons were determined by using home made FITC
labeled MT4 and standard Simultest™ reagent kit. As shown in Table 3, both
percentages and absolute CD4+ lymphocyte counts obtained by both reagents were
very similar with no statistics significantly difference. A correlation plot comparing the
percentages and absolute number of CD4+ lymphocytes obtained from both methods
are shown in Figure 5 and 6, respectively. Linear regression analysis resulted in a slope
of 0.971 and an intercept of 0.933 when the percentage of CD4+ lymphocytes from
the two methods were compared (Fig.5). The correlation coeflicient of the percentage
CD4+ lymphocytes obtained from both methods was 0.595 (Fig 5). When the absolute
CD4+ lymphocyte counts were compared, linear regression analysis resulted in a slope
of 0.996, an intercept of 8.914 and the correlation coefficient obtained from both
methods was 0.996 (Fig. 6). These results indicated that home made FITC labeled
MT4 reagent can be used to enumerate CD4+ lymphocytes in blood samples in

equivalent to those given by the commercial reagent.
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DISCUSSION

The absolute number of CD4+ lymphocytes is an important marker for the
prognosis and classification of the state of the disease, and monitoring for the therapy
of HIV infection!*'®. CD4+ lymphocyte counts must be monitored every 3-6 months
in all HIV-infected persons'”. The accepted standard method for the enumeration of
CD4+ lymphocytes is flow cytometry®2". By this technique, the CD4+ lymphocyte
number is the product of three laboratory techniques: the white blood cell count, the
percentage of lymphocytes and the percentage of CD4+ lymphocytes. Measuring the
percentage of CD4+ lymphocytes is carried out by immunophenotyping and analyzed
by a flow cytometer. However, a problem facing the clinical laboratory is that flow
cytometry requires very expensive reagents. This technology is, therefore, costly for
adaptation as a routine method in laboratories in developing countries. In this part of
the world, inexpensive and reliable reagent is urgently needed. To support this
requirement, anti-CD4 monoclonal antibody was generated in our laboratory. The
generated monoclonal antibody was then conjugated to fluorescein isothiocyanate .
(FITC) and used as a homa made reagent for enumerating CD4+ lymphocytes.

By using conventional hybridoma technique”®, in this study, a hybridoma
producing CD4 specific monoclonal antibody, named MT4, was obtained. The
specificity of MT4 mAb was confirmed as it reacted with CD4-DNA transfected COS
cells, CD4+ cell lines and CD4+ lymphocytes. Furthermore, MT4 mAb inhibited the
binding of standard CD4 monoclonal antibodies to CD4 proteins on CD4+ cells.

The MT4 mAb was then conjugated to FITC by alkaline reaction. The ratio of
fluorescein to protein was estimated by measuring the absorbance at 495 nm and 280
nm. In this study, the ratio of 0.6 was obtained and this ratio was in the recommended
ratio for the optimal conjugation of FITC to antibody™.

The home made FITC labeled MT4 was then used to enumerate CD4+
lymphocytes by flow cy*;ometer using CELLQuest software. By flow cytometric
analysis, the lymphocyte population was firstly gated according to their size and
granularity using FSC and SSC. The percentages of CD4+ lymphocytes in the gated
lymphocytes were then determined by using FL1 and FSC parameters. It is known that
monocytes also express CD4 molecules on their surface®. Therefore, if monocytes

were contaminated in the lymphogate, these cells can affect the accuracy of the flow



cytometric measurement of CD4+ lymphocytes. The commercial Simultest™ reagent
kit, thus, generally employs PE labeled CD14/FITC labeled CD45 (leukoGate) for
setting gate around the lymphocyte cluster. It also employs a T lymphocyte specific
antibody, CD3 mAb, to discriminate between CD4+ lymphocytes and contaminated
monocytes. By using the home made FITC labeled MT4 mAb, however, lymphocytes
were gated according only to their size and granularity. To clarify whether non
lymphocytes had been contaminated in the lymphocyte population that had been gated
by FCS and SSC, 40 blood samples were stained with PE labeled CD14/FITC labeled
CD45 and analyzed for monocytes and granulocytes in the lymphogate. It was found
that very few monocytes and granulocytes were in the gated lymphocytes. The resuits
indicated that parameters FSC and SSC can be used to gate the lymphocyte
population.

In some samples, contamination of red blood cells within the lymphogated was
occurred. This contamination could also affect the accuracy of the flow cytometric
measurement of CD4+ lymphocytes. To correct this affect, the contaminated red blood
cells had to be gated out. According to their size and auto fluorescent, contaminated
red blood cells could be easily gated out by making an additional gate using FL1 and
FSC. The percentage of CD4+ cells in the lymphocyte population was then re-analyzed
from the second gated population.

In this study, CD4+ lymphocytes from a total of 60 blood samples were
evaluated by both the home made FITC labeled MT4 reagent and the standard
Simultest™ reagent kit. It was conclud_ed that the home made reagent provides results
which are equivalent to those given by the commercial Simultest™ reagent kit. A very
high degree of correlation between both reagents has been found in both percentage
and absolute CD4+ lymphocytes. The results suggest that home made FITC labeled
MT4 reagent is an acceptable alternative reagent for monitoring CD4+ lymphocytes in
blood samples. ‘

In summary, a home made reagent for determining CD4+ lymphocytes in blood
samples by flow cytometry has been developed. This reagent is more cost effective
than available commercial reagents. Therefore, it is appropriate for use in measuring

CD4+ lymphocytes in either asymptomatic HIV infected persons or AIDS patients. We
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believe that this home made FITC-labeled MT4 meets the growing demand for CD4

counts, especially in developing countries where HIV prevalence is high.
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lable 1. Percentage of positive cells in peripheral blood lymphocytes determined

by staining with MT4 mAb and standard CD4 mAb Leu3a.

Donor Monoclonal antibody
No. MT4 Leu3a Myeloma control’
1 32° 32 0
2 37 39 0
3 30 32 0
4 33 33 0
5 24 25 0

* Myeloma induced ascitic fluid which was used as negative control.

b Percentage of positive cells was determined by flow cytometric analysis.
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Table 2. Determination of monocytes, granulocytes and lymphocytes in the

lymphogate using FSC and SSC.

Donor* % cells in lymphogate Donor % cells in lymphogate
no. Mono. Gran.  Lymph. no. Mono.  Gran. Lymph.
1 0.3 47 95.0 21 03 6.5 932
2 0.0 6.7 933 22 09 3.8 953
3 0.2 58 94.0 23 1.1 3.0 95.9
4 0.1 4.4 95.5 24 0.8 4.1 95.1
5 0.2 3.6 96.2 25 1.1 2.5 96.4
6 0.2 4.7 95.1 26 0.8 4.4 948
7 0.2 5.9 93.8 27 0.8 3.1 96.1
8 0.1 74 925 28 1.0 5.0 -94.0
9 0.1 6.7 931 29 05 4.7 4.8
10 2.0 42 93.8 30 0.4 7.1 92.5
11 0.3 59 93.7 31 1.0 2.4 96.5
12 0.5 4.0 95.5 32 0.2 33 96.5
13 0.6 7.3 92.1 33 1.0 6.0 93.0
14 0.9 49 94.2 34 0.4 22 - 97.4
15 12 34 95.3 35 1.0 52 93.8
16 0.8 4.9 94.2 36 0.5 5.5 94.0
17 0.2 53 94.5 37 0.6 3.4 96.0
18 1.1 , 52 93.6 38 02 6.4 934
19 0.1 29 97.0 39 12 38 95.0
20 0.5 5.1 94.4 40 0.9 4.8 943

* Donor no. 1-20 were healthy donors. ; Donor no. 21-40 were HIV infected donors.
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Figure legends:

Fig. 1. Inhibition of standard CD4 mAb binding to lymphocytes by MT4 mAb.
Peripheral blood lymphocytes wefe pre-incubated with MT4 mAb (B and D) or
without mAb (A and C). PE-labeled CD4 mAb Leu3a (A and B) or FITC labeled CD3
mAb Leud4 was added to the pre-stained cells. The membrane fluorescence intensity
was analyzed by flow cytometry.

Fig. 2. Inhibition of standard CD4 mAb binding to CD4+ cell lines by MT4 mAb.
Moit4 (A-C) or Sup T (D-F) were pre-incubated with MT4 mAb (B and E), M6 mAb
(C and F) or without mAb (A and D). PE-labeled CD4 mAb Leu3a was added to the
pre-stained cells and the membrane fluorescence intensity was analyzed by flow
cytometry.

Fig. 3. Flow cytometric analysis of CD4+ lymphocytes using FITC labeled MT4 mAb.
Lymphocytes in the blood samples were gated according to FSC and SSC (A and C;
gate R1). The percentages of CD4+ lymphocytes were determined by FL1 and FSC (B
and D). In the case of red blood cell contamination (E), the contaminated red blood
cells were gated out according to FI.1 and FSC (F; gate R2). Samplesin A, B and C,
D were taken from healthy and AIDS patient, respectively. The percentage of CD4+
lymphocytes detected in each sample was indicated.

Fig. 4. Determination of monocytes and granulocytes in the lymphocytes gated by
using FSC and SSC. Lymphocytes in the blood samples were gated according to FSC
and SSC (A). The gated cells were analyzed for bright CD45+ lymphocytes, weak
CD45+ granulocytes and CD 14+ monocytes according to their fluorescent reactivity
(B). The percentage of cells in each quadrant was indicated.

Fig. 5. Scattergram of percentage of CD4+ lymphocytes from 60 blood samples as
determined by home made FITC labeled MT4 and commercial Simultest™ reagent.
Fig. 6. Scattergram of abslolute CD4+ lymphocyte counts from 60 blood samples as

determined by home made FITC labeled MT4 and commercia} Simultest™ reagent.
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