ditions i, 94°C2 5—(94°C15 ¥, 60°C30 %, 72°C2
AEIOLY F)-T2CTT H—4C E LT

SEELT, CMV OBEREKIC X35 % Posi-
tive Control, PA O EBERKIZ & 5 FHF % PA Nega-
tive Control, WA DA% Negative Control & L
o RIGH, BRAEETVWPCREHMAHRL;-. ¥
Tid, BHERERFE + (CMV 7 ADTES L), BRH
RatERy R — (CMV &/ ADES ) & L=,

7. Real-Time PCR &

Real-Time PCR iZ & 5 CMV-DNA &L, &
PCR TR\ 7z 742 bp ¥ 4 XT? PCR primer, TagMan
probe (5'-ACCGGTTTGGCAACATTCCATTGTG-3")
5 £ U TagMan Universal PCR Master Mix(Perkin-
Elmer Applied Biosystems)# B\, ABI PRISM 7700
Sequence Detector System (Perkin-Elmer) {2 CfF - 7z.
cycling conditions [¥, 50°C 2 4—95°C 10 44— (95°C 15
¥, 60C14, 2C1la% 40y +)—4C & L7,
Positive Control & L THEHO DNA BD /S A3 F %
HuwZh LDl ok CMV-DNA BRI L 7=,
Negative Control & L THESEA®H . CMV-
DNA HiZ, copies/mLCT#EL /2.
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|. CPEDEEICLIBEMOTE

0.2% PABLXU03% PA ¢ CMVEBEHOEEER
DEAEThZThE I BIUKR2ICTELA. CPECS
o % RERfi % LDso il (R ORM)ICTHE L. 0.2%
PAOFA TR IC N L, 5 241 1009
TCIDsp/mL, 10 5#1z 10471 TCIDs,/mL, 30 &4z
1026 TCIDso/mL DRPMEDF b HFBH LA Fi
0.3% PA OfF A CLIAARR I o L, 5 SrHic 1019
TCIDsp/mL, 10 £#iZ 1027 TCIDsy/mL, 30 581z
10331 TCIDso/mL DREH(H O A BBD LI, FH
BEfDHERS I & D BB As i L 7.

2. St PCRIACK 285

early SBRIEF 2 &1 742 bp ¥ { XOMIBHURIZ 51+ 2
03% PA & CMV BEBROZEFHORALR KT
L. BHRIC 2% GA DB DWW TRAKIRLA. £
7o, early ET- % &8 2,952 bp ¥ 4 X OB IS
5 0.3% PAORBER S IR L. 7 4 L AR
B PCR BEMICH L, 742 bp ¥ 4 XORMEFUL TIL,
PABEUGA X442, 105412 25%, 30 5412 50
KHBHELI. 5HBOEMIFMAIETIE, GALD Y
PA DTS4 PCR EYh LS H T/, 2,952bp 4
A ZOHMBERIK Tid, PCREWMN 5 52 75%, 10

1 0.2%BK8E CMV OXERATO CPE 52

CMV OFR 10248 10-3 4= 10-448 10-5 4% 10-8 4% LDsgq titer®™
N.C.*2 o/e 0/6 0/8 0/6 0/ —
N.C.(0.2% PA*%) 0/6 0/6 0/6 0/6 0/6 —
p.C.¥ 12/12 12/12 12/12 1212 012 —
5 a4 22/24 18/24 i 6/24 2/24 0/24 -3.42
109 20/24 17/24 ) 6/24 - 0/24 - 0/24 -3.29
09 8/16 il 316 2/16 0/16 0/16 -2.32

CPEDENORD 7o LE/R Y LK
*1) LDg, titer : 50% lethal dose ( } THEET)
*2) N.C. : Nagative Control
*3) PA : Peracetic acid
*) pC. ! Positive Control
F? 0.3%BEBEE CMV OERBETO CPE B

CMV DR 107215 1073 ¢ 1074 45 1075 f 10-¢ 15 LDsq titer*!
N.C.*2 0/86 0/6 0/6 0/6 0/6 —
N.C.(0.3% PA*3) 0/6 0/6 0/6 0/6 0/6 —
P.C.* 1212 12112 12/12 1212 o2 -

57 18/24 15/24 1 6/24 0/24 0/24 -3.05
1049 1/24 } 8/24 0/24 0/24 0/24 -2.29
304 ! 1/16 0/16 2/16 0/16 016 —1.69

CPEQRBHSEND 7z LE/B 7 LY
*1) LDgg titer : B0% lethal dose (|} T ET)
*) N.C. : Nagative Control
*3) PA ! Peracetic acid
*) pP.C. ! Positive Control
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®3I 0.3%BEML CMVOERESTOPCRRGRE

F6 0.3%BEELE CMV RET{LE:O PCRREEER

(3 F & 742 bp) (FF8 742 bp)

10 BRI 10048 10°48 1048 1074 1018 CMY REDER 10 & 100 £5 1.000 &
N.C* - - - - - N.C.*! - - -
N.C.(0.3% PA*2) - - - - N.C.(0.3% PA*Y) - - -
P.C.*2 + + + - p.C*3 + + +
65 + + + - - 54 + + -
109 + + + - - 104 + - -
3059 + + - - - 0T + - -

+ BB - RNl
*) N.C. : Nagative Control
*2) PA ! Peracetic acid

*3) P.C. : Positive Control

T4 2USNLIITI—LECMVOERESTOPCRERKS

+ MY - BEEY
*1) N.C. : Nagative Control
*7) PA  : Peracetic acid

*3) P.C. : Positive Control

£RT %ALY T—ILE CMV BET{LE® PCR Rt R

(78 7420p) (5+F8 742 bp)
10 BFHRFZT 10265 10842 105 1058 105fE CMV BEDOFER 108 100 15 1,000 1%
N.C.* - - - - - NC.* - - -
N.C.{2% GA*%) - - - - - N.C.(2% GA*Y) - - -
P.C.*3 + + + + - P.C.*2 ‘ + + +
55 + + + + - 5 43 + + +
105 + + + - 10 % + + +
30 % + + - - - R + + +

+ RUBYE - BN
*1) N.C. : Nagative Contro!
*2) GA : Glutaraldehyde
*3) P.C. : Positive Control

#5 0.3%BKEE CMV OEBRESTO PCRRAKSR
(%78 2.952bp)

10 fEHIRRS) 024 1006 10F8 10°48 10°4E

NAC.*I —_ — —_ —_ p—
N.C.(0.3% PA*%)
P.C.*3
54
109
30 9 - - - - -

+ BB - By
*1) N.C.: Nagative Control
*2) PA ! Peracstic acid

*3) P.C. : Positive Control

I+ + 1
|
|

SHIZ100%, ZhEhi&L/i. 0.3% PADEHK
B oiEsEOAk 2 wY £ X Tit, PCREHOHE
DMRALBEE TS Z L AR AN,

HKIZ, 742 bp Y A4 ZOMEHEKIC VT, CMV B8
B L 03% PA% 10 fs RSB CERa AL &
DERERGICHALA. FHRIC 2% GA ORELZ 2T
RTKARLAE. CMVEBROBRESH RB1FY, »
TN PA BOHIR T 513 L ERRT PCR B0y &ks
FFECRDHON/A. CMVBEFICHL, 10050 0.3
% PA BCiT 10 581, 1,0001500.3% PA BTt 5
SDERICETh TR CHh- 7. ThiciL GA L,

+ BB - Bdkl
*1) N.C. : Nagative Control
*2) GA ! Glutaraldehyde
*3) P.C. : Positive Control

CMV it CR IRERICIRIE T 5 2 &7 <, 30 riRafisk
LIRERITVER %L S

3. Real-Time PCRE{C & D185t

ROEBLIURT TRLACMY BB L 03%
PA % 10 fEBISR CEA S ¢ 2 & 2O 2T,
Real- Time PCRIZ X D EMAL LA, TOERZHI1 &
SUR 2R LA. CMV#HiREICHL, 54#iIcik
CMV-DNA % 09% LA BRI &4, PA OERFIICE
LA NAY ) AR EECEDZ. CMVE
BREICR L, 100650 03% PA B Cid 10 &5k,
1,000 50 0.3% PA RICHR 5 4812, ThFEh CMV-
DNA BB ALTARLA. —F, GA Ti
CMV S@&Kicw L, 1L,000£59 2% GA fiiZ T 30
SRERE L 10,500 coples/mL OBIFEHEH L.
GA |3 CMV B LRI ET 5T L7 < CMV-
DNA A Epic i s hi.

* 2

AL, PA (3 GA ORI LR E Y OB L R
THAREPEN M RS ROBENTER L L
TEAENTVS.

SEEAIEEXRZ DNA Y /L kBT S CMV %3
TANAELTHERL . CMV iR o sieg
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s
g 10 —— WA D10 R
8 & L7:0.3%A
2
" h |~ CWVEE % D 10018 it
10 & L1=0, 380
-]
F <ax | —k— CHVIBR %D 1000¢4 8
& e ——— &L 10,354
; N.D.
o )]
A\Y
Fk: PTa 5 10 30

B [min.]

1 CMVERRZICXL 10 SREHEEA - L720.3% PA
DIERIZ35(T D Real-Time PCR R (742 bp ¥ A

AORERHEER)
N.D. : Not Detected
nEHd : Positive Control

EBREBRR . CMV-DNA 45 200 copies/mL LA
TELA
0.3% PA OfEAT, B¥RMEMICHE, CMV-DNA £t
BELRPERLA

-
<
&

E
~
2 108 —— CVERENDICRE
g. &L 10, 3%PA
[F]
= —a— VR A D100 R
10¢ % & LFD. 34P
P
—— VR B D100 R
E. <2 & L120 34PA
2 KD
2 -
nELY 5 10 30

B [min.]

K2 CMVEREREICHL 10 SRS EE LA 2% GA D
{ERIIC 451 % Real-Time PCR J5E (742 bp 4 £ X

OHINIE)
N.D. : Not Detected
MR : Positive Control

EHNEMRR : CMV-DNA £ 4 200 copies/mL L}
FTeLi
2% GA OfFATIiL, 30 ZRB%4, CMV-DNA 8412
ERERL

BT, ¥/ A02EERFIARRSNEERSEIISN
TWEL I EHLFIFATETHS. RMETE, CMV %
BRWPA DT A WAY ) ACsT 5 R AR5
7@, PAB LU CMV fERHD CPE i » L 7= %
iio® &, £tk PCR # LU Real-Time PCR 242
$HCMV Y/ ABEBEER s ThZh&s L.

CPE OEIZE T, 0.3% PA(EREE) L CMV B
Hi (REH{H : 105 TCIDs/mL) 2 % i & 87, 2O
B, 30 HEOREMS 1033 TCIDse/mL B4 L 7=,
FliCiZ 7 A VAY 7 ACHT 2HSHESEIC W
EAONESFERETHHIC LA LTRBE»HT
CEPbadi. SO ERD, PA D CMV ORIRIR
REXMGl s A 2B 5 LE 2 Nk ElRERI >V
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TO®EHIE, SROY9H 0.12% PA &1 5 A MG
NOEEA LI hoTRDOONLHEL TV, 46
DR T, 0.06% PA(PA FH® 100 {255 12 1)
% IMR-90 fHfa~ DB X hizh - /.

EMEPCR Tk, CPEOBREBTHVWPA L LY
CMV fFH# 5 DNA #hh i L 45 RE% O PCR
wREL . D 4V AR O PCR MR L,
742 bp ¥ 4 AOBIEAM Tt 30 5412 50%, 2,952 bp
B A AOKWEHIK Tl 10 54812 100%, FhEhisk
BRHONT. T42bp 10 4 2,952 bp & 4w o REIHAT
BOKXKE WY AL XTI PCR ESBE SR T win S
b, PA S DNA OEESCEHAIIEEL TWa E
EZizbhi.

%7z, 7420p Y4 XOHPETKIZ T, CMV BE
BIZH L 03% PA % 10 fEBXRERMIE L L TR & ¥4
RE, PARZHE T 513 Y GHMETPCR EHOR%
PEREFLAD LN, ORI 24T Real-Time
PCRE¥MWTEEBRNIHBHLAER, 5 0&I01
CMV-DNA £ 99% LA LA % 2, PAEHH2
DT LA TO CMV-DNA B0V BERETH -
7. Tihbbh, T PCR ORAT L Real-Time PCR @
BRI -8R E R CHICHL 2% GA T
12, &t PCR ¥ LU Real-Time PCR * & 1277 4 ) R
P ADRFEARD LN EREARNTIRIOSET
4 CNV-DNA E# & X % 10,000 copies/mL IE L T
Wi, SHiZGADIFRABF THAEBRIGK L5H
AREEREILH, DA LVAHGERERT L L00
DNA AMRIFBEEIhTBRELALZ 260k, GAR
CMV D & D8~ RS A L st LR TR
ANARBEDHOENTWEY b, HFLLY/
LADFFEDBT AN ADEBIET D g2z W
#HHMEh/z. $ED PCR ONEEEFE & CPE OB E&E
BIEBWT, DANRY JAET A NVARBES L LIS
RrAI L DA tHmER L8, Fh o a5
LEIPIIRHT LI TCELL - /.

CNGOFRESLG, PAOERBRENI A LR /A
DEEIL VLB EBEES L TWA L0 LRI h,
PA % GA X V) LA CEE T A W AY ) LAREEBIE
HETRTIEHWONITR - . EFROEHRE T,
10L @ 0.3% PA ZWIZ 100mL @ CMV BB (R
fifi : 10° TCIDgso/mL BE) #ERER 5 L, 5~10 5T
DANAY S AECHEEINSMICAED. PA DR
B, BERE(CH,COOH), @Rk # (H0,) #s L Uf
PA (CH;COOOH) ? 3 4 Fic & 2 PRiRIEI L b, B
B IREEE OB L%, BRI AZERFRYEOHES T
%, PARMHRBDHESE TS L3N TS, Tucker®
LI PASEARShAERI Y TREM Y EDD L
TPAOHRBHREREL TS, PADT AN Ricxt
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THOHBYRICHET 2R/EI W b 301948, &40
DEIRTVANWAY ) LEEEE LTXOWBEMA L
#19 5i243 Real-Time PCR B3 FH TH L EE L LA
2. O Lit, SEHE PCR B4 Real-Time PCR IC
Lo TERMCEML TR LD, YOBREYA
NWAT ) LSBTV B EREETLFEELTE
ATl tedTR Bt 5LDTHS.

IEXY, PAW CPE ###EL LBl 0E 5
O CMV ORBWIFEONF MR T L EHTE, B
B¥iZ Real-Time PCR i &K 0 &/ ATEERI# 5T 5
CEARFFLRA. ko T, CMVICXH L PA L GA
& O LERHTY A VAR ERT LF 2 N

FHLOERIT, 200342 A 14~16 B TIHEE A
B EAARERRFSBLICSVWTREL, EEHNLS
b DTHB.

BOBRRERAAICELY, PCREMBLTIBAVW AW
7= Applied Biosystems Japan Ltd. KE <l L LiF ¥ ¥,
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Study of Antiretroviral Drug-Resistant HIV-1 Genoty

pes in

Northern Thailand: Role of Mutagenically Separated
Polymerase Chain Reaction as a Tool for Monitoring
Zidovudine-Resistant HIV-1 in Resource-Limited Settings

Siriphan Saeng-Aroon, MSc.* Nuanjun Wichukchinda, MSc, * Lay Myint, MD, PhD,}
Panita Pathipvanich. MD,} Kova Ariyoshi, MD, PhD,*} Archawin Rojanawiwat, MD,*
Masakazu Matsuda, | Pathom Sawanpanyalert, MD, PhD,* Wataru Sugiura, MD, PhD,{ and
Wattana Auwanit, PhD*

Summary: As the number of HIV-I-infected individuals recciving
antiretroviral drugs has been rapidly increasing in developing coun-
tries, there is an urgent need for drug resistance genotype information
of non-B subtype HIV-1 and for the establishment of a practical sys-
tem of monitoring drug-resistant viruses. This study first sequenced
the reverse transeriptase region of HIV-1 in 12 infected individuals
who had been treated with zidovudine (AZT)Y/didanosine or
AZT/zalcitabine as dual therapy at a government hospital in northern
Thailand and then compared the above sequence method with muta-
genically separated polymerase chain reaction {MS-PCR) for detect-
ing M41L and K70R mutations. Concordant rates of detecting M41L
and K70R mutations by the 2 methods were 96.9% (93/96) and 92.7%
{89/96), respectively. The M41L and K70R MS-PCR could detect
86.4% of AZT-resistant strains with any resistance mutation, which
was determined by the sequencing method. Then 292 drug-naive in-
dividuals were screened for the presence of drug-resistant HIV-1 by
the MS-PCR assay and it was found that 2 individuals (0.7%) carried
viruses with either the M4 1L or K70R mutation. It is feasible to testa
large number of samples with MS-PCR, which is sensitive, cheap, and
easy to perform and does not require sophisticated equipment. The
M41L and K70R MS-PCR is potentially a useful tool to monitor the
spread of AZT-resistant HIV-1 in resource-limited couatries.
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[V-1 has tremendous ability to mutate swiftly and to de-

velop resistance to almost all clinically used antiretroviral
drugs. Reduced sensitivity to nucleoside reverse transcriptase
inhibitors (NRTIs), non-NRTI (NNRTIs), and protease inhibi-
tors has been studied extensively and is linked to specific point
mutations in either the reverse transcriptase or the protease
gene.! Most current knowledge for interpreting these geno-
typic changes has been derived from studies on HIV-1 subtype
B viruses. Worldwide, however, the majority of HIV-1-
infected people live in developing countries and most of them
are infected with non-B subtypes. Non-B subtypes differ from
subtype B in pol gene by 101 5%.% We and other groups have
published data showing some discrete differences in the pat-
terns of drug resistance mutations between subtypes.>~> Witha
growing demand for access to antiretroviral therapy in re-
source-limited countries, the resistance patterns of non-B sub-
type viruses to antiretroviral drugs are beceming an important
issue.

In Thailand, with a population of approximately 62 mil-
lion, it was estimated that 695,000 people were living with
HIV-1 infection. Of these, the majority are infected with
CRF01_AE (previously known as subtype E), and 55,000
people had AIDS in 2000.5 In the past, only a small minority of
HIV-1-infected patients could afford antiretroviral drugs due
to the high monthly price; thus most were either not treated or
were treated with suboptimal antiretroviral regimens, mostly
dual therapy.” When patients are treated suboptimally, HIV-1
acquires resistance to drugs more quickly.
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Furthermore, the prevention of mother-to-child HIV-1
transmission (PMTCT) program, which uses a short-course
zidovudine (AZT) regimen, was expanded first in northern
Thailand in [997 and later throughout the country.” This ex-
panded program could also trigger the emergence of AZT drug
resistance. Studies of HIV-l-infected individuals with pri-
maty HIV infection have shown that drug-resistant HIV strains
can be transmitted from one adult to another and occasionally
transmitted vertically from mother to child.’~'2 To control the
spread of drug-resistant HIV-1, a monitoring system of anti-
retroviral drug-resistant HIV-1 in an epidemiologic scale is ur-
gently needed.

The po! gene has been commonly sequenced for testing
drug resistance in many HIV laboratories of developed coun-
trics. However, access to the sequencing test in developing
countries is limited due to the relatively high costs of reagents
and unavailability of expensive equipment such as an auto-
mated sequencer. Polymerase chain reaction (PCR)-based as-
says are an alternative method of detecting point mutations,
having the advantage of increased sensitivity and low cost. Al-
lele-specific primer extension assays have been applied to de-
tect drug-resistant HIV-1; however, they have not been ad-
equately specific for widespread application.'*"* Conversely,
mutagenically separated PCR (MS-PCR) is a PCR-based point
mutation assay that overcomes this specificity limitation and
has been successfully applied to detect drug-resistant HIV-1 of
non-B subtypes.'>!7 Previous papers evaluated the perfor-
mance of MS-PCR in.developed countries, but it has not yet
been used in resource-limited settings.

We conducted this study with the following objectives:
to evaluate the performance of MS-PCR specific for M41L and
K70R mutations in detecting AZT-resistant HIV-1 strains in
Thailand; to apply the MS-PCR to the screening of AZT-
resistant HIV-1 among drug-naive HIV-1-infected Thais: 2nd
to investigate the patterns and prevalence of drug-resistant
genotypes among HIV-1-infected Thai individuals who had
been treated with suboptimal antiretroviral regimens by se-
quencing the pol gene,

PATIENTS AND METHODS

Study Population

We used samples obtained from HIV-1~infected indi-
viduals who attended the Day Care Center clinic at the Lam-
pang Hospital from July 6, 2000, to July 15, 2001 and gavea
written informed consent. The Lampang HIV study was ap-
proved by the Thai government ethics committee. The Lam-
pang Hospital is a government referral hospital with approxi-
mately 800 beds, situated in the center of Lampang province,
which is 100 km south of Chiang Mai in northemn Thailand.
Plasma samples were collected from these individuals and
stored at ~80°C until their use. Viral load measurement was
conducted using a commercial kit (Amplicor HIV-1 Monitor
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Test, version |.5; Roche Diagnostics. Branchburg, NI CD4'
cell count was measured by How cytometory (FACScan: Bee.
ton-Dickinson, Franklin Lakes, NI).

Direct Sequencing

After viral load measurement, the residual RNA wag
used for drog resistance genotyping by sequencing pof genc as
previously described.'” Briefly, an 888-basepair (bp} reverse
transcriptasc fragment (base number of nucleotide: 2485-
3372) was ampliticd by PCR after a reverse transeription (RT)
reaction {rom the RNA by an RNA-PCR kit {AMYV One Step
RNA PCR Kit: Takara, Osaka, Japan). Primary PCR products
were further amplified with a high-fidelity DNA polymerase
(KOD DNA polymerase; Toyabo, Osaka, lapan). Scquencing
was performed using an autosequencer ABI-3100 (Applied
Biosystems, Foster City, CA) with dye terminators {BigDye
Terminator Cycle Scquencing Ready Reaction Kit; Applied
Biosysicms). The sequence results were assembled and
aligned on the reference HIV sequence of HIV-1 HXB2 (Gen.
Bank accession number M38432) by ABI Prism SeqScape
Software {(Applied Biosystems). They were submitted to
Stanford HIV RT and Protease Sequence Database
(http://ivdb.stanford.edu/) for drug resistance genotyping,

M41L and K70R MS-PCR

On measuring the viral load, we used the residual RNA
for the MS-PCR experiments. The method of MS-PCR for de-
tecting M4IL and K70R AZT resistance mutations in
CRFOI1_AE has been described in a previously published pa-
per.'” Briefly, the first-round RT-PCR was conducted to am-
plify a 370-bp RT region, which spans codon 41 and 70. The
second- and third-round PCR werc conducted with 1 common
forward primer and 2 reverse primers, which are allele spe-
cific. The size of the wild-type specific primer was designed
about 20 nucleotide bases longer than the mutant type-specific
primer so that the wild-type PCR product could be easily dif-
ferentiated from the mutant-type PCR product by electropho-
resis with a 3% agarose gel. We used clinical samples, of
which drug-resistant genotypes were confirmed by the se-
quencing method used for positive controls, and included them
for every experiment. When an MS-PCR result showed double
bands, of which one was faint, we retested the sample.

Statistical Methods

We compared proportions by the x test. Means of con-
tinuous variables were compared by a nonparametric test, the
Kruskal-Wallis one-way analysis of variance. The data man-
agement and statistical analysis were conducted using Epi Info
version 6.04.

RESULTS
A total of 489 HIV-1-infected individuals attended .thc
clinic during the observation period. History of antiretroviral

© 2004 Lippincout Williams & Wilkins
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drug therapy was available from 487 infected individuals, in
whom 336 were drug natve and 151 were drug experienced; 22
individuals were exposed to a single NRTI, 114 to two NRTIs,
14 to three or more antiretroviral drugs including protease in-
hibitors, and one did not have regimen information.

Patterns and Prevalence of Drug Resistance
Mutations Among Suboptimally
Treated Individuals

Qut of the |14 individuals who had been exposcd to 2
NRTIs, we first analyzed 112 individuals who had received
AZT/didanosine {ddl) or AZT/zalcitabine {ddC) dual therapy
for the sequencing of RT region; the other 2 individuals had
received either d4T/ddC or AZTAamivudine (3TC). A total of
108 individuals (96.4%) were infected via the heterosexual
route. The median (range) duration of dual therapy was 621
{28—1600) days; 76 individuals were on therapy and 36 pa-
tients were off therapy at the time of sampling; 28 individuals
were exposed to AZT/ddI, 76 to AZT/ddC, and 8 to both
AZT/ddI and AZT/ddC. Sequence data were obtained from 99
individuals, of whom 57 (57.6%) had mutations that are known
10 be associated with AZT, ddl, or ddC resistance. We could
not obtain sequence data from 13 individuals, mainly because
of their low viral load; 10 had a viral load under the detectable
level (<400 copies/mL). Assuming that the individuals without
sequence data did not have any drug-resistant virus, the preva-
lence of drug-resistant viruses detected by the sequencing
method was 57/112 (50.9%) among those who had received
dual therapy. If confined to the 76 individuals on therapy, 48
{63.2%) had drug-resistant viruses. Figure | summarizes
amino acid variations at the sites, which are known to be asso-
ciated with AZT, ddl, or ddC resistance mutations in subtype B
infection. The most common drug resistance mutations were
D67N, followed by K70R and T215Y/F. Other mutations were
also commonly seen at codon 41, 210, and 219. No mutation of
Q151M was found. We also analyzed associations among
these specific mutations. The presence of D67N was strongly
associated with K70R and less significantly with M41L; 31
(86.1%) out of 36 individuals with D67N mutation had either a
K70R or M41L mutation (Table 1). The presence of T215Y/F
was strongly associated with M41L but not with K70R; 22

TABLE 1. Associations of D67N and T215Y/F With M41L
and K70R Mutations

Codon 67 Mutation

M4IL* K70Rt M41L or K70R*
Wild Mutant Wild Mutant Wild Mutant
Codon 67
D 57 6 55 8 49 14
N 26 10 12 24 5 31

*P<0.0001, 1P =0.017.

Codon 215 Mutation

M41L* K70R MAIL or K70R}
Wild Mutant Wild Mutant Wild Mautant
Codon 215
T 66 2 46 22 45 23
Y/F 17

14 21 10 9 22

£ <0.0001, +£ = 0.0005.

(71%) of 31 individuals with T215Y/F mutation had K70R or
M41L mutation (Table I).

Drug Resistance Mutations in Relation to the
Duration of Antiretroviral Therapy

The prevalence of drug resistance mutations correlated
with the duration of dual therapy among 76 individuals on
therapy. Among those with the duration of therapy for <180
days, 180-365 days, and >365 days, drug-resistant viruses
were found to be predominant in 3 (30%), 8 (62%), and 33
(69%) individuals, respectively, with the median numbers of
drug resistance mutations of 0, 2, and 2, respectively (Fig. 2).
The number of drug resistance mutations was significantly as-
sociated with the median level of viral load: the median (inter-
quartile range, IQR} viral load of individuals with no mutation,
with 1-4 mutations, and with =5 mutations was 7412 (<400~
62,432); 37,871 (7866-105,105); and 156,989 (32,682-
184,767) copies/mL, respectively (P =0.018 by Kruskal Wal-
lis one-way analysis of variance).

Codon 41 44 65 67 69 70 T4 108 118 151 184 210 215 219
Lonsensis B M E K D T K. AYJ v o M 1 I K
N=09 L{12) D(3} V(1) N33 D{1)  R29) ) - ) - - W13} Y/F(28) QE(20)
V(1) E(2) N(2) : F(2) 1{10) N(1)
i(2) G(2) S(1) M1} 5(2)
5,861} N(1)

FEGURE 1. Patterns of AZT, ddl, or ddC resistance mutations, This figure shows amino acid variation at known AZT, dd!, or ddC
resistance mutation sites. The frequency of each substitution is shown in parentheses. Reported drug resistance-associated

mutations are shown in bold.

© 2004 Lippincote Williams & Wilkins
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FIGURE 2. Prevalence of AZT, dd|, or ddC resistance mutations
in relation to the duration of the dual therapy. Open cnrcles
indicate samples without resistance mutations.

Drug Resistance Mutations After Stopping
Antiretroviral Drug Therapy

The interval between stopping dual therapy and the time
of sampling was also associated with the presence of drug re-
sistance mutations. Twenty-six individuals who had been sub-
stantially exposed to dual therapy for >180 days were off
therapy at the time of sampling. Seven individuals (27%) were
off therapy for >180 days and 19 (73%) were off therapy for
<180 days. Drug-resistant viruses were detected in only 1 in-
dividual (14%) in the foriner group but 7 individuals (37%) in
the latter group.

Evaluation of M41L and K70R MS-PCR in
Detecting AZT-Resistant Strains

We then compared direct sequence methods with M41L
and K70R MS-PCR in 96 antiretroviral drug-experienced in-
dividuals for whom both sequence and MS-PCR results were
available (Table 2). Overall concordant rate for codon 41 was
96.9% (93/96) where M4 11 was regarded as a mutant type and
concordant rate for codon 70 was 92.7% (89/96). Discordant
results were seen mainly in the samples that were determined
as mutant type by the MS-PCR and as wild type by the se-
quencing method.

To study the sensitivity of M41L and K70R MS-PCR as
a screening strategy in detecting AZT-resistant strains, we de-
fined the AZT-resistant strains as viruses with at least one AZT
resistance mutation, which was detected by the sequencing
method. Out of the 96 plasma samples that were tested by both
the sequencing and the MS-PCR methods, 52 samples had no
AZT resistance mutation and 44 samples had at least one AZT
‘esistance mutation and were regarded as containing AZT-
esistant viruses. Of the 44 samples with AZT-resistant vi-
-1ses, the M41L and K70R MS-PCR detected either M41L or

054

TABLE 2. Comparison Between MS-PCR and
Sequencing Results

Codon 41 Mutntions

Sequencing Results

M I |
MS-PCR resulty
Wild 84 1+ t
Mutant 2 7 2
*Sequence result ol this patient showed o mixed type ol Mand L: iturned
oul 1 be mutant type when MS-PCR experiment was repeated.

Codon 70 Mutations

Sequencing Results

K R

MS-PCR results
wild 65 |
Mutant & 24

K70R mutation in 38 samples, resulting in the sensitivity of the
M4IL and K70R MS-PCR in detecting the AZT-resistant vi-
ruses at 86.4%. The number of AZT resistance mutations re-
lated to the detection rate of AZT resistance mutations by the
MS-PCR (Table 3}, When the viruses had multiple mutations,
the seasitivity of the M41L. and K70R MS-PCR was consider-
ably higher. Of 39 samples containing HIV-1 with more than
one AZT resistance mutation, 37 samples (94.5%) were diag-
nosed as having resistant viruses by the M41L and K70R MS-
PCR. .

Screening AZT-Resistant Viruses Among
Antiretroviral Drug-Naive Individuals in
Northern Thailand

We applied the M4 1L and K70R MS-PCR to the screen-
ing of 292 antiretroviral drug-naive HIV-1—infected individu-

TABLE 3. The Sensitivity of M41L and K70R MS-PCR in
Detecting AZT Resistance Mutations

M41L and K70R MS-PCR Results
AZT Resistance

Mutations, n Total Wild Mutant Sensitivity
0 52 52 0 ——
1 5 4 1 20%
2 14 1 13 92.9%
3 11 | 10 90.9%
=4 14 0 14 100%

© 2004 Lippincorr Williams & Wilkins
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als attending the Lampang Hospital for the existence of AZT
drug-resistant viruses. There were 271 individuals {92.8%)
whe were known to be infected with HIV-1 via the heterosex-
ual route. We found 2 patients {0.7%) who carried mutant vi-
ruses: one had M41L and the other had K70R mutation. Later
it was noted that these 2 patients, as well as their spouses, had
never received any antiretroviral drugs but both had partici-
pated in clinical trials of herbal medicing in the past.

DISCUSSION

Our observation showed that AZT, ddl, or ddC resis-
tance mutations were found in >50% ol individuals who had
received dual therapy. The prevalence of drug-resistant viruses
was higher among individuals who had received the drugs for
a longer period, as previously reported.'™'? We attribute the
Ligh prevalence of resistant viruses to the fact that the dual
therapy was suboptimal. Clinicians working in government
hospitals, however, did not have other options because the
mare efficient antiretroviral therapy such as triple or quadruple
therapy was not affordable for most patients when this study
was conducted.” Recently, access to multiple antiretroviral
drugs has been dramatically improved, because the Govern-
nent Pharmaceutical Qrganization {GPO) started the produc-
tion of generic antiretroviral drugs known as “GPOvir,” which
is a combined tablct of stavudine, lamivudine, and nevirapine.
We nevertheless anticipate that individuals who had already

“had viruses resistant to NRTI dual therapy may not gain as
much benefit from the generic medicine as antiretroviral drug—
naive individuals do. ‘ .

The most common mutations abserved in this study
were D67N, K70R, and T215Y/F, and we found few mutations
at codons 65, 74, 108, 151, and 184. Such patterns of NRTI
resistance mutations are similar to the patterns in CRFO1_AE
infection as well as in subtype B infections that have been re-
ported in our previous report.* MI84V mutation was often
found in our previous study but not in the current study. We
think that this difference reflects on the rare use of 3TC in
Thailand when this study was conducted. Our current study,
though a cross-sectional observation, showed several associa-
tions among resistance matations such as D67N and M41L or
K70R, T215Y/F and M41L in Thai strains as known in sub-
type B infection 2%

We found a high concordance rate of MS-PCR with the
sequencing method in detecting M41L and K70R point muta-
tions. The finding is compatible with previous papers.'®'” Dis-
cordant results between the MS-PCR and sequencing method
were seen in some samples, most of which showed mutant type
by the MS-PCR but wild type by the sequencing method. We
think that such discordances are due to the greater sensitivity of
MS-PCR for detecting a minor virus population than the se-
quencing method. However, a high sensitivity and specificity
of detecting 2 particular point mutations do not specifically
justify the application of M41L and K70R MS-PCR for the

© 2004 Lippincott Williams & Wilkins

screening of AZT-resistant viruses in the field. DE7N and
T215Y/F mutations are very common but 1t is technically dif-
ficult to establish MS-PCR specific for these mutations due to

‘a higher degree of polymorphism around the mutation sites.

Our data showed that these mutations were frequently accom-
panied by M41L and/or K70R as previously reported in sub-
type B.** Furthermore, we cvaluated how efficiently the M4 1 L.
and K70R MS-PCR could detect AZT-resistant viruses that
were detected by the sequencing. The overall sensitivity was
reasonably high particularly among the viruses with multiple
drug resistance mutations.

This is the first report that addressed the transmission of
drug-resistant HIV-1 using a large number of samples in Thai-
land. We found that the prevalence of HIV-I strains with cither
M41L or K70R mutation was as low as 0.7% among our drug-
naive population. Considering that the overall sensitivity of the
MS-PCR for detecting HIV-1 with any AZT resistance muta-
tion was 86.4%, the prevalence of AZT-resistant HIV-1 was
estimated to be 0.8%, which is still very low. There is still the
concem that the low prevalence of resistant virus could be a
consequence of the fact that the resistance to AZT in the drug-
naive population was often associated with mutations at codon
60 or 215. To exclude this possibility, we further tested 60
samples, which were randomly selected from the drug-naive
samples and confirmed that none had drug resistance muta-
tions at these sites, The majority (127/292) of drug-naive indi-
viduals (43.5%) were initially diagnosed as HIV infected in
1997 or before, when the PMTCT program started in the re-
gion, and many were likely to have been infected several years
prior to their first diagnosis of HIV infection. Thus, our result
may not show an effect, which could have been triggered by
the PMTCT program. A report from the United Kingdom sug-
gests that transmission of drug-resistant HIV-1 isincreasing.?
We believe that our report is important in providing the base-
line information on AZT-resistant HIV-1.

There has not been a consensus on the strategy of moni-
toring the transmission of drug-resistant HIV-1 in developing
countries. Detecting individuals with primary viremia is ideal
but not practical. In our study, we surveyed a drug-naive popu-
lation for the presence of drug-resistant viruses. One concern
with this approach is that drug-resistant viruses, which are gen-
erally less fit, might have been overwhelmed by the wild-type
viruges in the absence of antiretrovirzl drug pressure because
drug-resistant viruses among drug-treated individuals disap-
pear following the interruption of antiretroviral therapy.?
However, a recently published paper showed 2 cases of trans-
mission of drug-resistant HIV-1 in which the resistant geno-
types remained as a dominant population for a prolonged pe-
riod in the absence of antiretroviral therapy.®® Another way to
monitor the spread of antiretroviral drug—resistant viruses is to
screen infected individuals shortly after they receive antiretro-
viral therapy, which selects a minor population of insidious
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resistant viruses, before de novo resistance mutations oceur.
Further studies are needed.

This study demonstrates that it is feasible to apply MS-
PCR techniques for screening a large number of ficld samples
for the presence of AZT-resistant viruses in Thailand. Taking
into account the enormous benefits of MS-PCR such as much
lower cost, ease of use, no requirement of automated sequenc-
ers, and higher sensitivity of detecting a minor virus popula-
tion, we think that the M41L and K70R MS-PCR is a useful
technique for the screening of AZT-resistant HIV-1 in epide-
miologic surveys in developing countries. Recently, GPOvir
has become widely available in Thailand. As the patterns of
drug-resistant mutations against 3TC and nevirapine are rela-
tively simple, we propose that MS-PCR technique should be
considered for monitoring viruses resistant to this combination
of antiretroviral drugs.
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Abstract

GM-CSF is believed to be an essential factor for growth and differentiation of myeloid dendritic cells (DC). Employing a low-
density fraction of rat bone marrow cells, we attempted (o generate DC with human Flt-3/F1k-2 and IL-6. In this culture system,
typical DC gradually appeared without exogenous GM-CSF supplement. Phenotypes and functions of the DC were examined. Evi-
dence provided that the most efficient long-term outgrowth of DC progenitors was obtained by GM-CSF independent culture sys-
tems with the aid of Flt3/Flk-2 and IL-6, not with c-kit figand and IL-6. Furthermore, CD103 (0X-62}, which is widely used for rat
DC separation, was found to be insufficient for enriching DC, due to the down-regulation of the marker. However, the most efficient
selection of rat DC was made by CD161a (NKR-P1A), a C-type lectin family. The GM-CSF independent DC was functionally active

in vitro as well as in vivo assays.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Rat dendritic cell; GM-CSF; 1L-4; TNFa; c-kit ligand; FIt3/F1k2 ligand; [L-6; APC; CD161a

1. Introduction

Klinkert and Bowers {1,2] first described a method to
generate specialized antigen presenting cells {APC), den-
dritic cells (DC) [3], and/or veiled-type cells {V(C) [4]
from low-density fraction of bone marrow cells under
a serum free or conditioned medium. DC are known
to bear distinguishing morphology and distinct pheno-
types from various types of macrophage {M¢) popula-
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tions judged by their phenotypic characteristics [5-7].
Nevertheless, DC are generally difficult to obtain in a
substantially large number for many experimental pur-
poses, due to their paucity in the periphera! lymphoid
tissues. In this regard, however, Steinman and his col-
leagues reportedly generated a substantially large num-
ber of DC with an in vitro system emploving
granulocyle-macrophage  colony-stimulating  factor
(GM-CSF). Hence, GM-CSF was believed to support
both growth and differentiation from DC-precursor
and/or its progeny in mouse BMC and peripheral blood,
respectively [8,9]. Additionally, it has also been reported
that co-stimulatory factors such as tumor necrosis factor
{(TNF-») [10,11] and/or IL-4 were also eflective in
enhancing human DC induction from BMC culture.
Furthermore, it has been shown that pure human DC
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colony was generated from CD34+ cells by additional
cytokines such as c-kit ligand with GM-CSF and
TNF-a for 2 long-term BMC culture [12].

DC-like or DC-lineage APC. interstitial DC includ-
ing skin Langerhans cells, found m many non-lvmphoid
tissues [13), is believed to play a primary role in initiating
immune responses accompanying transpianted tissues
and organs. However, inasmuch as the most, if not all.
DC or DC-related APC are derived from hematoge-
neous organs such as BMC, it 1s important to determine
the crucial cytokine that induces cell growth, differentia-
tion and migration of DC from its BMC progeny. In
particular, the presence of GM-CSF independent DC
subset was demonstrated [14]. Heretofore, subsets of
the DC, myeloid, lymphoid, andfor plasmacytoid DC,
have been proposed by their phenotypes, differential
function to produce specific cytokines, and their growth
requirements [14,15]. Thus, it is important to identify a
specific factor and a general principle to induce growth
and differentiation of DC from their progenitor.

DC play an important role in cellular immunity.
However, obtaining a large number of DC for experi-
mental as well as clinical settings requires multi-step sep-
arations and time-consuming processes. Thus, it is
necessary to establish a simple and efficient culture sys-
tem to generate a large number of well-characterized DC
so that wide audiences in cellular immunoclogy as well as
clinical medicine are able to use the DC for their
applications.

In this study, we examined recombinant cytokines
including GM-CSF and IL-4 to induce the growth
andfor differentiation of DC precursors in rat BMC.
Furthermore, using Flt-3/FIk-2 and c-kit ligand known
as hematopoietic cell growth factors (type 1l membra-
nous tyrosine kinase), with IL-6, we also attempted to
determine a minimal requirement to increase the fre-
quency of DC precursor(s} from hematopoietic stem
cells to obtain a practical amount of functionally mature
DC from rat BMC culture systems.

Our study demonstrates that unlike mouse systems,
GM-CSF per se was not able to support a meaningflul
growth of rat DC progenitor in BMC, regardless of
the cytokine sources, murine, or human. However, we
did obtain the outgrowth of the precursors that con-
tained DC progenitors by 1000-fold with combined
cytokines, cither Flt-3/Fik-2ligand with IL-6 or c-kit Ii-
gand (stem cell factor: SCF) with IL-6, the former com-
bination produced far better yields than the latter in
terms of outgrowing DC-committed progenitor cells.
Thus, a relatively large number of rat DC was obtained
from the single step long-term (two or more months)
BMC culture without the mulu-step and time consum-
ing processes of BMC. Furthermore, our study provided
evidence that GM-CSF. TNF-z, and 1L-4 promote dif-
ferentiation of DC and hence down-regulate the growth
of DC progenitors.

2. Materials and methods
2.1 Animals

Inbred strain of male and female rats that include
LEW (MHC: RTLh, DA (MHC: RTlavl), PVG
{(MHC: RTle¢) and its hybrid {DA xLEW} Fl,
{(LEW x PVG) F1 as well as recombinant strain of
PVG.1U (MHC: RTlu) where PVG background and
its MHC was denived from WF {MHC: RTlu), were
originally obtained from Hartan Olac (Blackthorn, Bic-
ester, England). C57BL/6 (MHC: H-2b) mice were ob-
tained from Tokyo Expernimental Animal (Tokyo,
Japan). Animals were maintained in our anima! facility
under the specific pathogen free.

2.2. Reagents

Monoclonal antibodies (mAbs) that included mouse
anti-rat  FITC-CD103 (MRC-0X62), PE-CDi03
{MRC-0X62) used for specific rat DC marker [16] were
purchased from Serotec Bioproduct, UK (Dainippon
Pharmaceutical, Osaka, Japan). Likewisc, mouse anti-rat
FITC-CD3, FITC-CD4, PE-CDH, FITC-CDE, PE-CDS,
FITC-CDR0, FITC-CD36, PE-CDl6la (NKR-PIA)
were purchased from BD Immunocytometry products
{BD Pharmingen International, Fujisawa Pharmaceuti-
cal, Osaka, Japan), respectively. Mouse anti-rat hybrid-
oma cloned cell lines that included anti-rat class 1
(MRC-0OX18), class II (MRC-OX6, MRC-0X3), ED-
1, ED-2, TcR (R73), CD3, W3/25, MRC-0X35, MRC-
0X38 (CD4), MRC-0OX8 (CD8). MRC-0X39 (CD25),
MRC-0X26 (CDT71), MRC-OX7 {CD9%0), MRC-0X43,
HIS24 (CD45R, mouse CD45R/B220 equivalent) were
obtained from European Collection of Animal Cell Cul-
tures {Salisbury, United Kingdom). Hybridoma cell line
IA-29 (mouse anti-rat CD34) was donated from Dr.
Masayuki Miyasaka {Osaka University, Osaka, Japan),
and 3H3 {mouse ant-rat CD80), 24F (mouse ant-rat
CD86) were generously provided by Dr. Hideo Yagita
(Juntendo University, Tokyo, Japan), respectively.

Cytokines that included recombinant mouse and hu-
man GM-CSF, human IL-6 were generously supplied by
Kirin Brewer {Maebashi. Gunma. Japan). Likewise, re-
combinant rat ¢-kit ligand {SCF} was generously pro-
vided by Amgen {Thousand Oaks. CA). Recombinant
rat 1L-2 and IL-} were purchased from R&D Systems,
USA (Funakoshi, Tokyo, Japan}. Recombinant human
FIt3/Flk2 ligand, rat GM-CSF were purchased from
PeproTech, USA (IBL, Gunma. lapan).

2.3. Cultire medium
Medium for primary cell preparation was performed

by Dulbecco’s phosphate-buflered  saline  (D-PBS)
(DAB, OXOID, Basingstoke. Hampshire, UK).
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For cell cultures, different medium with or without
serum (fetal bovine serum: FBS) were emploved.

(1) Serum-free RPMI1640 containing 25 mM Hepes
(Whittaker, Walkersville, MD) supplemented with
2mM t-glutamine and antibiotics was used 1o
determine the effect of single cytokine on the
growth of BMC,

(2} For screening purpose to analyze the effects of com-
bined cytokines, complete medium (CM) RPMI11640
supplemented with 0% FBS (Hyclone, Logan, UT),
2-mercaptoethanol (5 x 107° M), 2mM t-glutamine
and antibiotics was employed.

(3) For generating a large scale of DC from a long-term
culture of rat BMC, GIT (NIHON Pharmaceutical,
Tokyo, Japan) supplemented with 2mM L-gluta-
mine, and antibiotics without 2-mercaptoethanol
was employed. This medium was already supple-
mented with well conditioned-serum components.

{4) For mixed lymphocyte culture (MLC), complete
medium (CM) RPMI1640 supplemented with 2.5%
LEW rat or [0% FBS (Hyclone, Logan, UT), 2-
mercaptoethanol (5% 107° M), 2mM vL-glutamine,
and antibiotics was employed.

2.4. Cell preparation

Suspensions of spleen, lymph node, thoracic duct
lymphocytes (TDL), and BMC were prepared according
to standard procedures [17].

2.5. Preparation of lectin-free conditioned medium

Conditioned medium was prepared according to the
method by Kilinkert [2], as described before [5], with
several modifications. In brief, spleen cells from LEW
rat was stimulated by Concanavalin A (Con A) for
2 h, and were further incubated for 120 h after washing
out residual Con A.

2.6. Examination of ¢ytokines

Ten to 10000 units of recombinant murine
{(mouse, rat} and human GM-CSF or 15% of the
conditioned mediumn was employed in [.5mt RPMI-
1640  medium  supplemented with 10% FCS,
5x107° M of 2-mercaptoethanol, 2mM vL-glutamine
and antibiotics. The initial cell dose was 7.5x 10°
cells/1.3ml and cultured in 24-well plates (Nunc,
Naperville, TL).

To examine the effect of single or combined cytokines
on the growth and differentiation of DC from BMC,
RPMI-1640 medium supplemented with 10% FBS, 2-
mercaptoethancl (5 x 107° M), 2mM L-glutamine and
antibiotic was used.

2.7. Cell surface analysis by flow cyiometry

An aliquot of cell suspension was stained with mono-
clonal antibodies and analyzed by flow cylometry using
a FACScan (Becton Dickinson Immunocytometry Sys-
tems, San Jose, CA).

2.8. Cell separation by autoMACS systems

According to the manufacturer’s procedures (auto-
MACS systems: Miltenyi Biotec, Bergisch Gladbach,
Germany), the positive selection of cells was performed.
Briefly, cells were first incubated with FcR blocking anti-
body for 10 min on ice and then stained with PE-conju-
gated monoclonal antibody for 30 min on ice. After two
times washing by D-PBS, the cells were further incubated
with anti-PE magnetic microbeads (107 cells/20 pl, Milte-
nyi Biotec, Bergisch Gladbach, Germany), incubated for
30 min at 4 °C temperature. Cells bound by magnetic-
beads were likewise washed carefully and re-suspended
in 4 ml buffer solution, and followed by magnetic separa-
tion by autoMACS systems.

2.9. Cytospin preparation

To assess the marphological characteristics of prolif-
erating DC, cytospin preparations of 1x 10* cells were
made in a cytocentrifuge (Shandon, Pittsburgh, PA,
USA} in 800 rpm for 10 min, stained with May-Gruen-
wald and Giemsa (Merck Japan, Tokyo, Japan), and
examined by light microscopy.

2.10. Skin grafting

The procedure of skin grafting was performed
according to standard procedures [18] In brief, full
thickness of donor male trunk skin was removed and
the skin muscles were trimmed off by a pair of forceps.
Size of the donor skin was 2x 2.5 cm; approximately
5 cm?. Female recipient’s skin bed was laterally prepared
by trimming off the epidermal layer while keeping the
skin muscle by fine optical scissors. Graft skin was su-
tured, gauzed and bandaged by elastic bandage. Nine
days after skin grafting, the bandage was removed and
inspected by daily bases for first 3¢ days and at least
twice weekly thereafter,

2.11. Graft versus host (GVH) assay

The popliteal lymph node weight assay {19} was em-
ployed for screening purposes and single dose assays
were performed. In brief parental donor cell suspensions
were prepared at 10 x 10%/0.1 m] and injected into each
foot pad of 4-6-week-old F1 hybrid. Following the foot
pad-injection, draining popliteal lymph node was ex-
cised at day 7 and weighed.
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2.12. Mixed lvmphocyte culture

One source of responder LEW T cells was prepared
from LEW rat that had been lethally irradiated
{10 Gv) and subjected to the thoracic duct drainage.
Normal 1.5 x 10 LEW TDL consisting of 70-80% T
cells were collected from three to {four LEW donors.
After intravenous inoculation of the LEW TDL into
the lethally irradiated syngencic LEW recipient, we col-
lected the first $-30 h thoracic duct lymph from the leth-
ally irradiated LEW rat. This population is known to
contain more than 99% T cells. Tentatively, this T cell
population was labeled as LEW _ | pw. The other source
of responder LEW T cells was likewise labeled
LEW _p.. Thus, 1.5 x 107 LEW TDL was injected into
the lethally (10 Gy) irradiated DA rat that had been sub-
jected to similar thoracic duct drainage. This LEW _pa
pepulation is known to be incapable to cause GvH reac-
tivity to DA in vivo as weli as MLC reactivity in vitro,
respectively. Employing these responder LEW T cells
{(LEW_ pw or LEW_p,) syngeneic MLC as well as
allogeneic MLC was set up as follows: For syngeneic
MLC, 2 x 10°/0.1 ml responder LEW T cells were stim-
ufated with a graded dosage of syngeneic LEW DC,
from 5x 10%0.1 1o 0/0.1 ml cells. Normally, 0.5 uCi
methyl-[*Hthymidine {Amersham International, Amer-
sham, UK) was added 10 25 pl of cell suspension at
day 4 to day 6 in a 6 h pulse. Likewise, for allogeneic
MLC. 2 x 10°/0.1 ml responder LEW T cells were stim-
ulated with a graded dosage of allogeneic DA DC.

Standard deviations of [*H]thymidine incorporation
were determined from a minimum of four replicated mi-
cro-cullures.

213 Irradiation

To ensure uniformity of tissue distribution of the
radiation dose, rats were rotated in a Perspex box at
15 rpm around a vertical axis m the horizontal beam
from two-way X-ray irradiation source {MBR-1520A-
TWZ; Hitachi Medico, Tokyvo, Japan). The beam was
filtered with shaped lead disks 1o a dose uniformity
across the beam of >96%. The dose was delivered at
approximately 1 Gy/min.

3. Results
3.1 Effect of GM-CSF on rat hone marrow cell eultures

Qur attempt to generate rat DC by a scrum-free med-
ium supplemented with a conditioned medium [5] based
on the early studies [1,2] led to a limited amount of DC
recovery, {inal cell recovery was usually around 0.1% of
total BMC input. Ience, attempts were first made to
determine whether and to what extent single cytokine

GM-CSF is able to increase DC yields in short-term cul-
tures ol rat BMC as observed in mouse systems [§]. For
this purpose, BMC culture supplemented with single re-
combinant GM-CSF was compared with those employ-
ing serum-free RPMITG40, or those with conditioned
medium.

Un-manipulated whole BMC at 7.5 x 10%/1.5 m| were
cultured for one week. On day 7, free-floating cells were
harvested. and counted under phase-contrast micros-
copy. In this particular experimental sctting, unlike
mouse systems, even species-matched GM-CSF was un-
able 1o generate a significant increase of rat DC recov-
ery, as shown in Fig. 1A. Although we examined a
wide range of GM-CSF concentrations from |1 to
1000 ng/mi, the results were not significantly altered,
and final DC recovery in mouse systems was found to
be, at most, 1.8x10° DC/7.5x10° BMC/well (final
DC recovery was approximately 2.3 £ 0.4% of the initial
BMC input compared with that of 0.2 £ 0.03% in rat
DC recovery). It should be noted that rat GM-CSF
per se has nearly equal activity for granulocyte-macro-
phage (GM) celony formation under an agar culture
system for both mouse and rat BMC, however, the
mouse GM-colony was significantly larger than those
of rats (data not shown), and most of the BMC ap-
peared to proliferate and adhere to the culture dishes.
Despite the growth-promoting activity, final DC recov-
ery by GM-CSF was not as high as was expected.

3.2. Effect of GM-CSF and IL-4 on rat bone marrow cell
cultures and comparison of other putative cytokines for
DC induction

Based on the studies by others, we examined three
sets of culture systems in an effort to seek better culture
systems to obtain a large number of DC from rat BMC
progenitors. Thus, one culture system adopted an FBS-
supplemented RPM11640 medium containing two cyto-
kine combinations, mouse GM-CSF and rat 1L-4 {20].
The other two sets ol culture systems were based on
the reports that employed type Il membranous tyrosine
kinase, as a growth factor for hematopoietic stem cell, c-
kit ligand or F1t3 ligand. It has been shown that the for-
mer type 1[I membranous tyrosine kinase c-kit ligand
generated pure human DC colony from CD34+ cells
of BMC with GM-CSF and TNFu [12], and the latter
FIt3 ligand IL-6 combinations have been shown as
growth factors for primitive multipotential hematopoi-
etic progenitor cells [21].

The single step of low-density separation method (4,
1.077) was chosen. Inasmuch as our preliminary experi-
ments repeatedly demonstrated that a single step of
two-layers separation which employed two layers of
Ficoll-based separation medium, i.e., the light density
(d; 1.077) medium over the high density (d; 1.094) med-
ium and cach layer was cultured separately, resuited in a
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(A} Production of DC with recombinant GM-CSF. (B) Effcct of cytokines of BMC cultures and DC induction.

Fig. 1. (A) About 7.5 x [0%/1.5 ml rat bone marrow cells (BMC) and mouse BMC was cultured for one week with recombinant rat GM-CSF and
mouse GM-CSF under various concentrations of GM-CSF under serum free medium, respectively, At day 7, survived, free-floating cells were
harvested and the number of typical veiled shaped DC was counted by phase-contrast microscopy. Each column was expressed by an average of
quadruplicated celiure wells. Figure showed representative results of BMC culture employing GM-CSF at the dosage of 20 ng/ml. Left column was
from serum free RPMI1640 medium supplemented lectin-free condition medium described in Section 2. Central column expressed final DC recovery
from mouse BMC culture with mouse GM-CSF. Likewise, right column expressed the number of DC from rat BMC culture supplemented with rat
GM-CSF. (B) 7.5 % 10%1.5ml low-density {d; 1.077) rat bone marrow cells were cultured for two weeks with three different conditions under 10%
FBS supplemented-RPMI 1640 medium. Namely (1) rat GM-CSF (20 ng/mi) and rat IL-4 (10 ng/ml) (2) human Fit3/FIk2 ligand (100 ng/ml) and
human 1L-6 (10 ng/ml) (3) rat c-kit ligand (100 ng/ml) and human 1L-6 (10 ng/mi). At day 7 and day 14, survived, free-floating cells were harvested
and the number of typical veiled shaped DC was counted by phase-contrast microscopy, respectively. Total cells (open column) and content of DC

(shaded column) were compared with each experiment. Each column was expressed by average of quadruplicated cullure well,

far higher yield of DC recovery in the low-density frac-
tion of BMC (data not shown). ‘

Thus, the low-density (; 1.077) rat bone marrow cells
were cultured for two weeks with three different condi-
tions under 10% FBS supplemented RPMI 1640 med-
ium. Namely,

(1) rat GM-CSF and rat TL-4,
(2) human FIt3/FIk2 ligand and human IL-6,
(3) rat c-kit ligand and human JL-6.

Atday 7 and day 14, survived, free-floating cells were
harvested and the number of typical veiled shaped DC
was counted by phase-contrast microscopy, respectively.
Total cells and content of DC were compared with each
experiment.

As shown in Fig. 1B, the FIt3/FIk2 ligand with 1L-6-
supplemented culture medium was found to produce the
best recovery of veiled-type DC at 14 days, compared
with other culture conditions. During the course of
BMC culture, the DC recovered by BMC culturing
was often dependent upon FBS regardless of the cyto-
kine concentration. Indeed, DC induction was never
succeeded by a single cytokine such as Flt3/FIk2 without
FBS supplementation (data not shown). To standardize
and simplify the culture systems and to avoid the lot dif-

ference of FBS, we employed the well-defined culture
medium, GIT supplemented with freshly prepared L-
glutamine and single antibiotics for further study. Under
the conditions, generation of DC from rat BMC ap-
peared to be stable. Thus, we performed phenotypic
and functional analyses with GIT-based culture systems
instead of the RPMI1640 culture medium.

3.3. Histological examination and FACS analysis of DC

Fig. 2A (fresh BMC) depicts representative flow cyto-
metric analysis of low-density BMC, and Fig. 2B (at eight
weeks) depicts that of DC induced by GIT based medium
supplemented with human Flt3 ligand and 1L-6. When
DC were generated by FIt3/F1k2 ligand and IL-6 for
eight-week’s culturing, the most prominent picture was
evident in anti-CD161a (NKR-P1A), a C type lectin fam-
ily [22], which has been described as a marker for rat NK
cells [23). Additionally, anti-CD70 (thyl.l) with two
phases of dull and bright popuiation, CD80 and CD&6
of B7 family, and CD54 (ICAM-1) of co-accessory mole-
cules with a single peak, were found to be consistently po-
sitive. By contrast, CD11b/c (MRC-OX42) expressed on
most of the typical M, and CD45R/B220 (HIS24) which
is considered to be a counter part of mouse B220, a marker
for plasmacytoid DC, was down-regulated and stained as
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Fig. 2. (A) Cell surface phenotypes of LEW fresh bone marrow cells (BMC) analyzed by various mAbs which are related with antigen presenting
celis (APC}. These include mAbs specific lor class 1 (MRC-OX8). class Il (MRC-OX6) and co-accessory molecules for B7.1 (CD80), B7.2 (CD86}
and for functional cell surface molecules of M for complement CD 1y, and CD161a (NKR-P1A} of the C-type lectin family expressed on NK cells.
{B) Cell surface phenotypes of oiitgrowing DC derived from LEW bone marrow cell cultures for cight weeks supplemented with human Fli3/Fik2
and human 1L-6, were analyzed by various mAbs with a unique and restricted region where DC accumulated. Antibodies used are mainly concerning
with antigen presenting cells (APC). These include mAbs specific for class | (MRC-OX18), class 11 {(MRC-OX6) and co-accessory molecules for
ICAM-| (CD34). BT.1(CDRO), B7.2 (CDE6) and for functional cell surface molecules of M for complement CD 1y and one of the C-type lectin
family expressed on NK cells, CD16la (NKRPIA). Rat DC specific MRC-0X62 (CD103}, rat M specific CD4, CD ., EDI, ED2, 0OX43 were all
negative or extremely dull. Consistent finding was most of DC under the culture conditions expressed CD161a {NKR-P1A) at a relatively high level.
(C) Representative flowcytometric analysis of cell surface markers of cutgrowing DC derived from LEW BMC; BMC cultures supplemented with
human FIt3/Fik2 and human EL-6 at 1wo weeks and three wecks, were positively selected by AutoMACS cell separation systems with PE-CD161a
{NKR-PIA) and anti-PE micromagnetic beads described in Section 2. Cells were analyzed by various FITC-mAbs. Antibodies used are mainly
concerning with antigen presenting cells (APC). These include mAbs specific for class I1 (MRC-0OX6) and co-accessory molecules for B7.2 (CD86)
and for functional cell surface molecules of COH 1y, (MRC-0X42) and rat DC specific MRC-OX62 (CD103), CD4 specific for a subset of rat M¢ as
well as CD3. Consistent finding was that most of CD103+ (MRC-0X62) DC, if not all, was down-regulated or lost the marker during the extended

cultiere and hence became dull or null (see B).

nearly null cells. As for the CD4 as well as CD8 that has
been used to define fymphoid DC in splenic and thymic
Iymphoid DC m mice, likewise, not expressed. Further-
more, unlike co-accessory molecules that appeared to be
up-regulated during the culture, CD103 (0X-62) which
has been widely used for one of the rat DC spectfic marker
was found to be down-regulated during the culture (Fig.
2C, at two weeks vs. at three weeks, and B).

Bascd on these profiles, positive selection of fully ma-
ture DC by CD34, CD71, CD380, CD86, and/or CD16!a

was constdered for final purification of DC. Neverthe-
less, inasmuch as co-accessory molecules such as
CD54, CD80 and CD86 play important roles in T cell
activation, use of these mackers for DC separation
may not be suitable for the subsequent examination of
purified DC as APC in in vitro as well as in vivo studies.
Therefore, a population of CDI61a* DC was enriched
m high purity (>98%) by automatic cell separation sys-
tem as described in Section 2. Their functional aspect
as antigen-presenting cells (APC) were analyzed in the
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Fig. 2. (continued)

following experiments on in vitro as well as in vivo
systems.

Fig. 3 illustrates typical figures of DC colonies under
phase-contrast microscopic observation (A). Following
autoMACS cell separation of CD161a* DC, described
in Section 2, its cytospin preparation (B), phase con-
trast outlook of cell suspension (C), and May-Gruen-
wald and Giemsa staining {D) were shown.

3.4. Functional analysis of CDI61+ DC in vitro

The most typical characteristic of DC as a special-
ized APC in vitro is that mature DC has profound
capability to activate autologous or syngeneic T cells,
in particular the CD4+ T cell subset, generating the
so-called autologous or syngeneic MLC reaction. In
allogeneic MLC it has become evident that both
CD4+ and CDS8+ T cells equally contribute to the re-
sponses, whereas in syngeneic MLC the contribution
of CD8+ T cells is minimal or none. This is because
fully matured DC expresses an enormous amount of
class 1L on the cell surface, compared with any other
known cells. In contrast to class Il expression, the le-

vel of class I expression on fully matured DC appears
not to be as high as class II, and skin Langerhans
cells express nearly null class [ in vivo [24]. Thus, in
syngeneic MLC, CD4+ T cell-DC not CD8+ T
cell-DC interaction [25] is unique and results in
non-specific polycional activation of the CD4+ T sub-
set in vitro. To examine the APC-activity of CDI161a-
selected DC in vitro, in particular for syngeneic MLC,
we prepared two types of in vivo purified T cells from
TDL. As described in Section 2, one source of TDL
was prepared from LEW rat that had been lethally
irradiated and subjected to the thoracic duct drainage,
and further inoculated with normal LEW TDL. This
population is known to contain more than 99% T cells
(26]. Tentatively, this T cell population was labeled as
LEW_;gw. The other source of TDL was likewise la-
beled LEW_ps. The latter LEW_p, T cell preparation
is important to evaluate whether and to what extent
the LEW_ps T cells respond 10 nominal antigens
such as heterologous serum such as FBS in the pres-
ence of allogeneic APC. Due to the MHC restriction,
LEW_pa T should not respond to any peptides in
allogeneic MHC such as RTlavl of DA. Thus, LEW
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Fig. 2. {continued)

TDL was injected into the lethally irradiated DA rat that
had been subjected to similar thoracic duct drainage.

Classical local GvH assay demonstrated that
LEW _ygw T cells were active to both allogeneic DA
(RTlavl) in (DAxLEW) Fl and PVG {(RTlc) in
(LEW x PVG) F1, whereas LEW _pa T cells were func-
tionally inactive with respect o allogeneic MHC of DA,
however, the same cells retained their reactivity to third-
party allogeneic MHC of RTic in (LEW xPVG) Fl
(Table 1).

In Fig. 4A (2.5% rat serum) and Fig. 4B (10% FBS)
demonstrate that in vivo purified LEW _gw T cells re-
sponded in syngeneic MLC [27] were observed regard-
less of serum sources (svngeneic or xenogeneic).
Likewise both in vivo purified LEW_, gy T cells and
LEW_pa T cells were equally active in syngeneic
MLC (Fig. 4C). Unexpectedly, for allogeneic MLC,
CDI161a* DC from DA was found to be able to activate
LEW_pa T cells significantly in the absence of heterol-
ogous serum such as I'BS. although it was far less strong
and dose-dependent manner than that of syngeneic
CDI161a™ LEW DC (Fig. 4D).

3.5. Functional analysis of CD16la® DC in viro

Lastly, we examined the in vivo function of CD161a"*
DC as a specialized APC. Emploving weak histocom-

patibility antigen difference, rat H-Y antigen, we immu-
nized female rats with isogeneic male DC and
subsequently challenged them by male isografts and
compared with female rats immunized with fresh
BMC. Based on our previous studies and for screening
purposes, a single dose of assays was performed. As
shown in Table 2, regardless of the cell administration
route, as few as 1 x }0° CDI161a* male LEW DC were
found to sensitize female rats with male-specific antigen
H-Y, hence, female LEW rats rejected male isografts.
However, intravenous administration of CDI16la* DC
failed to have this effect in DA rats under the immuniza-
tion protocols. It should be noted that regardless of the
route (subcutaneous, intra-peritoneal or intravenous) or
sources of cells (fresh BMC or DC described as above),
PVG.1U (RTtu), which 1s known genetically to be non-
responder, failed to sensitize with H-Y antigen.

4. Discussion

Several findings emerge from our study.

First, unlike mouse systems [8], rat DC progenitor in
BMC did not fully respond to GM-CSF in terms of the
growth of DC progenitor. Murine GM-CSF. both
mouse and rat origin, do have a similar capacity to form
granulocyte and M¢ colonies in agar medium cultures
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Fig. 3. Typical DC culture generated by FIt3/FIk2 ligand and 11.-6 for eight weeks culturing was shown, When DC were generated spontaneously by
Flt3/FIk2 ligand and IL-6, the most prominent picture was seen under the microscope. Large DC cell cluster or colony-like cell cluster appeared (A).
With anti-CD161a (NKR-PIA), one of the C type lectin family, BMC-derived DC was positively separated by autoMACS systems as described in
Section 2, and cytospin preparation was made following separation. [ts fresh cylospin preparation with phase contrast image revealed the
interference of phase contrast by magaetic bead attached on cell surface of DC. Hence its appearance looked as much smooth and as glossy (B).
Phase contrast outlook of cell suspension for a short-term culture after the separation (C), and its staining by May-Griinwald and Giemsa was shown

(D).

Table |

Local GvH assay by recirculating T cells

Source of cell population  FI1 hybrid LN weight £ SE {mg}*

Injected side  Control

LEW_ gw TDL® DAXLEW 128421 5.0+04
LEWxPVG  99+8 47102

LEW_p, TDL DA xLEW 70+08 42+£0.l1
LEWxPVYG 9246 48403

* Each estimates is the mean of four assay animals with 10 x 10%,

510701 ml of re-circulating T cells (>99% purity} were injected
inte foot pads of FI recipients at day 7, popliteal lymph nodes were
removed and weighed.

containing mouse and rat GM-CSF (data not shown).
However, culturing rat BMC with a single supplement
of GM-CSF failed to significantly increase DC vield.
It appears that GM-CSF per se (acilitates the differenti-
ation of DC progeny rather than the growth of DC
progenitors.

Second, combined cytokines of rat c-kit ligand and
human IL-6 are able to support undefined BMC precur-
sors by five hundred folds to one thousand folds within

one month by in vitro culture [12), however, they fail to
increase DC progeny of rat BMC, Indeed, the early ex-
panded smooth-surfaced, round cells rapidly changed
into large, irregular and spindled cells following a
GM-CSF-containing medium, however, these cells were
unable to differentiate into typical veiled-typed DC.
Heretofore most undefined adherent cells were not fully
characterized, how GM-CSF, TNF-«, and IL-4 influ-
ence the induction of DC is not known,

Third, combined Flt3/Flk2 ligand and IL-6 [21] ap-
peared to support the growth of a low-density fraction
BMC for at least the first four week’s culture. It main-
tained the proliferation of round smooth-surfaced cells
along with other adherent cells. Regarding the undefined
adherent irregularly shaped cells, combined Flt3/Flk2
ligand and IL-6 culture systems resulted in far fewer
adherent cells compared with those of GM-CSF
supplemented cultures. At any time points of cultures,
switching into the cocktails of cytokines such as IL-4
or TNIF-u (data not shown), down-regulated the prolif-
eration activity of smooth round-shaped cells. Thus,
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Fig. 4. (A) Highly purified LEW T cells (LEW_ gw) (>99%) were prepared by collecting thoracic duct lymph filtration in vivo through lethally
irradiated LEW rat that had been under the thoracic duct drainage and injected with 1.5 x 10® normal LEW TDL as described in Section 2. About
2 % 10° LEW _gw T cells were cultured with various numbers of CD161a* LEW DC generated with Fit3/Fik2 ligand and IL-6 from long-term bone
marrow cell {(BMC) cultures. During the syngeneic MLC cultures at day 4, day 5. and day 6. 0.5 pCi methyl-"H)thymidine of 25 ul was added 1o cell
suspension in a 6 h pulse. In this culiure 2.3% syngencic LEW rat serum was employed. Optimitl cell ratio and maximal activation occurred around
20T cell/1 DC and at day 4 10 day 5, respectively. (B} Highly purified LEW T cells (LEW__gw) {»99%) were prepared by collecting thoracic duct
lymph filtration in vivo through lethally irradiated LEW rat that had been under the thoracic duct drainage (LEW_ gw) and injected with [.5 x 10*
normal LEW TDL as described in Section 2. About 2 x 10° LEW_ gw T cells were cultured with various number of CD161a™ LEW DC generated
with Flt3/FH2 ligand and IL-6 from long-term bone marrow cell cultures. During the syngeneic MLC cultures at day 4, 3, and 6, 0.5 pCi methyl-
(*H]thymidine of 23 pl was added to cetl suspension in a 6 k pulse. In this culture 10% FBS was employed. In the presence of heterologous serum such
as FBS, optimal cell ratio was not determined. However maximal activation likewise occurred at day 4 to 5. (C) In order to determine the relative
diflerence between purified LEW T celis filtered through syngencic LEW or alfogeneic DA rat with syngencic MLC reaction, reactivity was estimated
at single day 4 that appears to be maximal [*HJthymidine incorporation, Thus 2 x 10° LEW_ gy and LEW _p4 T cells were likewise cultured with
various numbers of CDI61a* LEW DC generated with Fit3/FIk2 ligand and 1L-6 from long-term bone marrow cell cultures. (D) In order to
determine the functional difference between purified LEW T cells filtered through syngenctic LEW or allogencic DA rat with aflogencic MLC
reaction, reactivity was estimated al single day 3 that appears to be maximat [*H}thymidine incorporation. Thus 2 x 10° LEW | gw and LEW T
cells were likewise cultured with various number of CD161a™ DA DC generated with Fit3/FIk2 lizand and 1L-6 (rom long-term bone marrow cell
cultures. Although it was weaker than LEW_ gy, LEW_pa T cells were sipnificantly activated with a wide range of CD161a” allogencic DA DC.
This was sharp contrast to in vive reactivity of LEW_p, to DA alloantigen.

typical veiled-shaped, free-floating VC or DC appeared
in substantially large numbers along with large irregu-
larly shaped adherent cells that outnumbered the DC
colony. A population of DC-committed progeny of
BMC appeared to account for a small percentage of cells
compared with those of Md-committed progeny. It
should be noted that additional cytokines such as
GM-CSF, IL-4 and/or TNF-o rendered proliferating

free round cells into irregularly shaped adherent cells.
Differentiation of DC-committed progeny into fully ma-
ture DC, however, was found not Lo be totally depen-
dent on these cytokines. Rather these cytokine
combinations appear Lo facilitate the DC progeny to dif-
ferentiate further into fully mature DC.

Regarding the phenotype of DC specific markers, no
single-cell surface marker has been able to define DC



