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Investigation of simplified international diagnostic criteria for autoimmune hepatitis

Akira KANEKO, Mitsuhiko KUBO, Ryoko YAMADA, Tomoki TANIMURA,
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The simplified international diagnostic criteria for autoimmune hepatitis (AIH), re-revised by the Interna-
tional ATH Group in 2008, were investigated in 114 patients with AIH from 15 centers in Japan. While apply-
ing of the criteria, we had to pay attention to anti-nuclear antibody measurement methods, and liver histol-
ogy scoring. Definite and probable ATH were diagnosed in 83 and 22 patients, respectively. The criteria
were found to be useful for the diagnosis of AIH in Japan. However, 9 patients who did not meet the diagnos-
tic criteria showed normal immunoglobulin G levels or were negative for autoantibodies. As the criteria
were unreliable for diagnosing such atypical cases in the present series, we speculated that we should not
rely solely on these, criteria and take a more holistic approach to diagnosis in such cases.
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Abstract

Purpose  Current Japanese  puidelines recommend  that
patients should be switched from lamivadine o entecavar
when they meet certain criteria. This analysis examines the
efficacy and safery of bongterm entecavie thetapy in
patients who were switched o entecavir alter 24 weeks”
larmivadane therapy in Japanese studies ETV 47 and ETY
(6l

Methods  The Phase 1] Japanese study ETWV-AMT ussessed
the elficosy of different entecavir doses when compared
with Lamivisdine. A total of 33 Japanese paticots who
received lamivodine 1600 mg daily in ETY-47 entered the
open-label sollover siudy  ETV-000 and  subsequently
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received treatment with entecavie 0.5 mg duily, Hepatitis B
virus (HBYY DNA soppression, alanine aminotransferose
{ALTY nermalization, bepatitis B e antigen {HBeAg)

Cseroconversion, and resistance  were evalualed  among

patients with available swnples for up o Yh weeks. Safely
wis assessed throughow the reatment period.

Results  Aller 96 weeks of entecavir therapy in ETY O6l),
Y% of patienls achieved HBY DNA <400 copies/mlL as
compared 1w 2% of pativnts who completed 24 weeks of
lamivudine therapy in ETV-047, Incrensing proporiions of
patients achieved ALT aormalizaion and HBeAg sero-
copversion (ollowing long-term enatecavic lreatmenl. No
patients experienced viologic breakthrough, and substi-

s assectfed  with enlecavir  messslance were ol
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ebserved in patients with detectable HBV DNA. Entecavir
wis well tolerated during long-lerm tremment,
Conclusions  Switching lamividine-weated patients with
chromic hepatatis B to entecavie resulis in increased virg
logic suppression with o evidence of resistance through
2 years of entecavar therapy. These findings support rec
gmmendations o the current Japanese reatment guidelings
that stable lamivadime patients should be switched ©
entecuvir.

Keywords  Japunese - Chrenic hepatitis B« Entecayir -
Laenivudine - Switch

Intreduction

Chronic bepattis B virus (HBV) infection affects more
than 3530 million peeple worldwide, and s a leading coose
of fiverselated mortahty [1]. Although Japan has ome of
the lowest prevalence rmes for chronic hepatitis B (CHB)
0.8%) among Asian coontries, B i sl estimated that
over 1 million people are chronically infected with HBY
[2]- These individuals are ar an increased risk of develop-
ing cirrhosis, liver failure or hepatocellular carcinoma
{HOC) [3].

Lomivudine was the first nucleoside analog introducesd
Foor the treatment of CHE. L clinical trials, it damonsieated
superior efficacy 1o pluceho for HBY DNA suppression,
alonine aminotransberase (ALTY normalization and hepa-
ntis B e antigen (HBeAg) seroconversion (4, 5. However,
a mujor limitution of lamivedine therapy is the develop-
ment of ressstance, which accws i up e 7098 of patients
through 4 years of therupy 6] Entecovir is a podent
inhibitor of HBY seplication [7]. In globyd Phase TH stud-
ies, entecovir demonstrated superior histodogic, virelogic
and ochemical responses when compared with lamivo-
dine in mocleoside-naive patients and Tamivadioe-refrac-
ey pasiends al 48 weeks |B-10] o the Japanese Phase 11
siudy BTV, weatment with entecaver resulied in a
superior reduction in HBY DNA as compared to Jamivo-
dine [T1]. ln contrast w mivisdine, emecavir has been
shown 1o bave a high gepetic barrier m resistance; the
curmulative probabality of resistnce (hrough 5 years of
treptmient has been reported 1o be 1.2% [12]. The penetic
barrier Is lower in patients who are infected with lamivu-
dine-resistant HBY and  consequently  higher resistance
rates are ebserved in this population with long-term weat-
ment [12].

Cuwrrent Japasese  eatmens  guidelines  recommensd
that ol trewtment-noive CHE patients with ALT levels
=31 IUVL should be treated, dependent on theiv viral load.
The threshodds (or reatment are HBY DNA =5 logy,
copies'mL in HBeAg-positive patients, =4 logy, copies/mL

in HBeAg-negative patients, and =3 Jogy, copiesiml. in
cirhotic patients [13]. Lamivodine, adefovir, and entecavir
ane currently approved for the treatment of CHE i Japan.
Entecavir (L5 mg once daily is the st choice therapy for
treatment-natve HBeAg-positive and pegative patients aged
35 wears or elder. In weatment-naive patients <35 years, the
guidelines pecommend weating Oest with imterferon for
HBeAp-positive  patiems, and  treating HBeAg-negative
patients with HEY DNA =7 log, copiesiml with emecavie
until undetectable HBY DNA is achieved, followed by o
comhbination of entecavir and iMerferon for 4 weeks, amd
finadly interferon monotherapy for N0 weeks, HBeAg nega-
tive putients with HBY DNA <7 log,, copiesfmL should be
iwmitored of can receive mmierferen therapy. For patients
whiv are lamivudine expericoced, but not necessarily
resistant, the guidelines also recommend thal putients
cun be switched to entecavir (L5 mg duily il they have
received lamivading therapy. aml have HBY DNA <21
logy copiesfmL. Patients with HBV DNA =21 log,
copiessml can also be switched 1o entecavie 0.5 mg
once dnily i they do ned have viral breakthrough,
Limited dats on the efficacy of entecavir in this patient
population are availahle, bowever, the design of the
Japanese  study ETYAMT and  the rollover swdy
ETV .0/ presents an opporiunty 1o assess the efficacy
of this treatment oplion, This report examines the long-
tarm efficacy, safery and sesistunce of emecavie 0.5 mg
daily among  patients whoe  were  dicectly  switched
from  lamivadine following 24 weeks” westment in
ETV-M47,

Materials and methods
Study population

Study ETV-047 was & Phase I, randomized, double-blind
study eonducted o evaluate the dose-sesponse relationship
of enlecavir and compare Lthe antivirsd activily and safety of
entecaviv o lamivadine in Japanese patients with CHB. In
ETV-(M47, 137 patients were randomized 10 receive one of
three entecavir doses [001 mg (n = 35), 0.1 mg {n = 34}
or (L5 mg i = 345, once daily] or lamivadine [100 mg
{n = 34}, once daily] for 24 weeks, The study diesign and
complete nclusion critena have heen described previously
[T Briefly, eligible paticots had HBeAg-positive or
-pegative CHB with compensated hver disease, HBV DNA
=16 logy copies'mL by PCR assay. <12 weeks” priog
therapy with ant-HBY nucleoside anabogs and ALT levels
1.25-1) = wpper limit of pormad (ULN) Aller completion
of wearment in ETV-047, all patients were eligible to enroll
immeedintely in the rollover stedy ETV-060, with no gap in
doaing.
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The rolfover stsdy ETV 080 was designed 10 provide
open-label entecavir for patients who had  completed
therapy m the Japunese Phase 11 peogram. Patients whe
completed 24 weeks of treatment in ETV-AM7 enrolled in
ETV-060 sand recerved 0.5 my entecavir once daily, Afler
96 weeks of treatment in study ETV-O6), patients could
complete the study and were eligible 10 eceive com-
mercinlly availuble enlecavir, which wis approved by
Japapese health authorities while sisdy ETY-060 was
CREoing.

The curvent analysis describes results for a subser of 33
patients who received lamivichine for 24 weeks in ETV
047 and entecavie 0.5 mg once daily For up to % weeks in
ETV. 6k

Efficacy analvses

Efficacy assessmients evaluated the proportions of paticnts
who had available samples (non-compleler = missing)
every 24 woeks through 1) weeks” reatment. Efficacy
end points assessed incloded HBY DNA <40 copies/ml.
by PCR assay. ALT normalization (< 1.0 = ULN), HBeAg
seconversion amaong patients who were HBeAg posinve
at hascline, and bepatitis B surfuce antigen (HBsAg) loss,
Serum HEY DNA was determined by Roche Amplicor”
PCR ussay (Roche Diagnostcs KK, Tokyo, Japan: limit
of quantification = 400 copies/mL} in a central labovatory.
Climical fnboratory tests, PCR assays for HBY DNA, and
serologic tests for HBY were performed at SRL, Ine.
{Tokyo, Japun}, the central <linical laborvory designated
By the trial sponsor. On-trestment testing for resistance was
carried ot using @ directsequencing PCR method.

Sufery amalvses

Salery anmalyses mclude the incidence of mdverse events,
serious adverse events, laboratory abnormalities, ad dis-
continuations duse 1o adverse evems en-reatment through-
ol ireatment in study ETV-060, On-lreatment ALT flares
were defined as ALT =2 » haseline and =10 = ULN.

Resistance anulysis

Resistance lesting was performed using a direct-sequencing
PCR method. Pared samples from all patients with HEV
DNA =400 copiesimb were amalyzed for substitutions
assoctated with entecavir or lamivading resistance o week
96 (72 weeks of entecavir therupy) or week 120096 weeks
of enlecavir therapy). Patients who discontinued theragy
prior 10 week 1200 had their last on-treatment sample ana-
lyzed All patiems with virologic breakthrough 121 log,q
increase (rom nadic on o consecwive MCRsUTeMEns)
were also wested [or resistance.

) Springer

Results
Sty population

Of the 34 patieats in ETV-047 whe received eatment with
lamivading HiF mg ence dnily for 24 weeks, 33 entered
ETV-060 asd received treatment with entecavie 0.3 mg
once doly, Two patients discontinued trentment during
ETV-06iF ene due 10 an adverse event (depression) and the
vther due 1o msulficent effect, Tn additien, one patient
completed treatment ot wesk 76 (52 weeks of entecavir
therapy ) after mecting the cateria foe protecol-delined
complete response wundetectable HBY DNA by PCR assay,
unebetectable HBeAg apd normal serum ALT)

Baseline demographic and disease charcteristics for the
swich cohon are presented in Table 1 The majority of
paticnts (BI%) in the cohort were male with a mean age of
A3 years, The mean duaion of eotecavie therpy  was
1059 weeks (runge 25-141 wecks) Baseline mean HBY
DA amd ALT levels were 79 logye copies/ml and
184 LWL, respectively. Ninety-ome percent of patients
were HBeAg-positive and B8% had HBY geosodype ©
imfection.

Virologic end points

Alter completion of 24 weeks of lamivodiee ueatment in
ETV-047, 21% (732 of potients 10 the swilch cobert bud
achieved HBV DNA <400 copiesiml (Fig. 1} Following
the switch 1o entecavir, the proportion of patieats achieving
HEY DNA <0 copies'ml increased 1o 82% (27/33) by
week 38 (34 weeks of entecayir therapy . Yiral suppression

Tuhle | Baselme (pretresiment) demogrupluics and disease charne
teristics: swilch cobuon

Churncenistic ETVARTLED laplvudine
80 emecsvir switch oohon
ir = 3%

Ape, mean |vesms) 423

Mule, n 1% 2748

Eilmicity Fapanese, ot 154 EERE L]

Ealecavir ireatises pericgs, HE9 28140

mhenn jranges iweeks )

HbeAp positive, & 13} X9l
HEY DN by PCR. 7.4 §{L80p
mean loggs oopiesiml. (50
ALT UYL, s (500 IBLE (132w
HHY genatype. & (%)
A X (6
B 246
N ) {ER)
Thbsees {]
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Patients with HBY DNA
<400 coplesimL (%)
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Fig. 1 Propomion of patients wigh HBY DMA 400 coples'ml.
through 130 weeks of therapy (ETV-047 1o ETV-0600. Denominators
represent patients with ovailshle sumples. ETV entecavir, HBV
hepatitis B virus, LVD Lemivadine

LR

HBV DNA
(log,, copienmL)

o 33 2 1 Y a e

Fig. 2 HBY DONA suppressiom through week 120 (96 weeks of
entpcavir therapy). [ndividual patieat HBY DNA profiles are plotted
i gray. Mean HBY DNA levels are by the zofid Mack
fime. ETV wittecaviz. HEY bepatitls B virus, LVD bsmlvodine

wis maintained with longer entecavir treatment, with 84%
20031) and 90% QIO achieving HBV DNA <K
copigsimb. at weeks 72 and 120, respectively (48 and
96 weeks of entecavir therapy). Mean HBY DNA levels
decressed from o baseline of 790 to 332 log,, copies'mL
after 24 weeks of lamivedine therapy in ETV-047, and
repched 2.64 log, copies/mL alter 96 weeks of entecavir
therapy in ETV-060 (week 120¢ Fig. ). No viral breuk-
through wis observed during entecavir therapy.

Biochemical end points

ALT normalization (<10 x ULNYwas demonstrated in 76%
{25/33) of putients after 24 weeks of lamivudine therapy in

.
2
2

2

¢

Patisnts with ALT $1.0 x ULN (%)

Fig. 3 Proporion of patkests with ALT noemalization (<10 x ULN)
through 120 weeks of therapy (ETY-4M7 to ETV-060). Denominarors
represent patients with available ssmples, ALT slanige aminotrans-
fernse, EYV eptecavin; LV lamivadine, [FIN upper Hmit of pormal

10
o b
L E

(9 wses ETVH

Fig. 4 Proportion of potiests with HBeAg seroconversion through
120 woeks of theragy (ETY-MT to ETV-080). Dewomimators repre-
sent patients with available samples armong the 30 patients HBeAg-
positive at baseline. ETV entecavir, HieAy bepatitis B » antiges, LVD
lamivudine

ETV-M7 (Fig 3. Following weatment with entecavir in
ETV-060, ALT noemalization was maintained in 90% (27300
of patients schicving this end poind by week 1200 Minor
Ruciuutions in the proportion of patients achieving ALT
nesmalization were aliributed to potients discontimeing enle-
cuvir therapy during the course of ssdy ETV-060.

Serologic end points
HBeAg sermconversion was assessed among the 30 palicnis

in the switch cobort whe were HBeAg positive al haseline
in ETV-47 (Tuble 1, Fig. 4% Three patients {10%)

) Springer
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achieved HBeAg seroconversion dunng the initial 24.week
lamivudine treatment period in ETV-047 (Fig. 4. Fol-
lowing switch 1o entecavie in ETV.060, two additional
paticnts developed HBeAg seroconversion by week 120
196 weeks of entecavi therapy ), None of the patients i the
switch cobort experienced HBsAg loss during Irealment in
ETV-047 or ETY-060.

Resistunce

Four of the 33 paticnts who received entecavir therupy in
ETV-060 had HEV DNA =300 copesfml. either at rear
ment discontirsmion or al week 120, One patient discon-
tnued theragsy at week 63 (44 weeks of entecavir therapy)
due 1o insufficient effect. HBY DNA prior o treadment
discontinuation was 3.1 log), copiesml, however, resis-
tance testing revenled noo substitulions asseciabed  with
entecavi resistunce. The rermaining three paticnts had HBY
DNA =400 copiesfml wt weeks 96 and 1205 however, only
twe patients had samples available for testing. Neither
patient’s samples had substitutions associated with ente-
cavir o lamivadine resistunce gither st weeks 96 or [20.

Sufery

Entocayir was well wlerated during long-term trestment
and the salery profile of patients in the switch colworel was
copsistent wilh that previeusly reporied for patients whoe
received contimsous enecavis therapy in siudies ETV-00
and ETV-060 (Table 25, Seriows miverse events (Meniere's
disease, subcutaneous abscess and ALT (are) were repor-
ted an three patents (9,19, The mest frequently reported
adverse events during treatment in ETY-060. ocowrring in
= HFE of patients, were masopharyogits (7655, diarrhes
{21%), back pain {18%), influenza (IE%), and allergic
rhindtas (15% ). One patsemt discontinued entecavit therapy
due o depression, which the investigaior considered was

Table 2 Summary of sufety m ETV060: switch cobort

Om-trearmens in BTV-066) Parients, 4 %)

Any mdverse evens ERNRLLL}]
Chncal advesse events 3310
Labaratory advarse evimts 33 (100

Gerade 14 elipiesl adverse event Eidi

Grade W4 laborulory advense event 315
Clinical senous wlverse ovent® ity
Priscortisuations due o alverse events 13
Dheatbn ]
ALT flares® i

* lochuding ALT flares
"OALT =2 = basebioe and =M < ULN

£! Springer

pessahly related 10 entecavir therapy. An ALT fare (ALT
=X w haseline and >10 = ULN) oceurred in one paticot st
week 18, and was gudped o serows adverse event by the
investigator, bur was not associated with o change in HBV
DNAL No deaths were veported during the study.

Discussion

Prodownd long-teem suppression of HBY DNA 15 required
for putients 1o meel the goals of CHB therapy, which are (o
prevent eorhosss, hepatie failure, HOC and liver-related
death [ 14-16]. A mujor concern with long-lerm thempy is
the increasing nsk of swelecting  resistance  mutistions,
especially for therapics with a low-genclic barrier (o
resistance. such as lamivudine. The current amalysis poe-
sents results for w gohort ol Japanese patients who were
switched directdy from lamivadine o Jong-tenmn entecaviy
therapy. The results show that this switch cobort achieved
additional HBYV DNA suppression afler the switch 1o oat-
ecavir. The proportion of patients with HBV DNA <dix)
copies/mL increased from 2% afier 24 weeks of laniva-
eime tremtrment o 82% (ollewing an additional 24 weeks of
entecavir treatment. Mean HBY DNA decreased from 3.52
logn copesimb. al week 24 10 280 log o copresiml. al
wieek 48, Rutes of HBY DNA suppression were maintainesd
in this cohoet, with 9095 of putients achieving HBY DNA
<M copiesfmL through 96 weeks of endecavir therapy
fweek 1200, These results are comparable o those achieved
by the cobort of potients who received entecuvie .5 mg
once daily in the Japanese Phase 1 stsdies and the rollover
stidy ETV-060 [17]. At baseline in ETY 060, 56%% of this
cobort had  achieved HBY DNA =4DD  copies'ml.,
increasiog o 33% through 96 weeks of entecavr therapy.
Ameong patients with abnormal ALT levels ut ETV-060
baseline, B8% of patients in the entecavir 0.5 my cobort
achieved pormalized ALT levels al week 96 as comparesd
w ¥ of patients in the switch cobort. Rates of HBeAg
semcenversion ab week 96 in ETV-DM) were nlso similar
(20 vs. 19%, respectively). These raes of vical suppeession
also show comparison vorably 1o those reported for the
global aucleoside-naive cohorts treated for a similar period
of time [18, 9] The polent antiviral activily of entecavir
and its high gepetic bamrier to resistance is expectod Lo
minimize the petential for resistance i the switch cohort,
allowing lopg-term therapy for patients. Liver biepsics
were pol obtined Trom patents o the switch oodiort;
however, the histologic benefits of long-lerm entecavir
therapy have been recently repurted for a coburt of paive
Japonese patients in the ETV-080 rollover study [20].
Following teatment with entecavie 0.5 mg  daily  foe
3 years, ull putients experienced histologic improvement
and 37% experienced improvement in fbrosis score. In
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addition, the results from o separate global study have
confirmed the histologic benefits of long-term entecavir
treatment |21].

Previows Japanese (ETV-052-0600 and global (ETV-
026) studies have examined the efficacy of entecavir in
lamivudine-refractory patients, In these studies, entecavie
demonsteased  efficacy, with 3% of Japapese paticnts
achieving HBY DNA <4 copies/mL theough 3 vears”
wrewtment [10, 221 However, as o esalt of the lewer
penetic bumier in these patienis, a major drowback of
entecavir therapy in this population is the development of
resislance. The cumalative probabilities of genotvpic ent
ccavir resistance among lamivadine-refaciory  patients
were 33% through 3 vears” treatment in Japaniede palieni
and 51% through 5 vears” treatment among patients in the
global cohert [12, 23] I the current study, oo entecavie- o
famivudine-ussocialed resistance substitulions were detec-
ted atter 96 weeks of entecavir weatment. However, in
contrust 10 the previows stsdics where the majority of
patients had high baseline HBV DNA and documented
larmivudine resistance | 10, 23], patienis in the switch cohorl
received endecavir after achieving variable degrees of HBY
DNA suppression with 24 weeks of lamivuding therapy,
Thereiore, the fact that no resistance has been ohserved in
this cohort o date is oot usexpected. This observanion is
copsistent  with an  analysis of lamivedine-velractory
patients enrolbed in the worldwide lamivudine-relactory
study ETV-026. Patients with baseline HBY DNA <7 logs
copiesiinl. had a higher probability of achieving HBV DNA
<MM) copies/mL a5 compared 1o those whe had baseline
HBY DNA =T log, copies/ml. (73 vi. 16%) (24].
Furthermare, among the 42 entecavir-treated patients n
ETV-026 who achieved HBY DNA <300 copies/mL
through 96 weeks of therapy, only one patient subse.
quently developed entecavir resistance.

Current recommendations on the treatmen) of paticnls
with documented  fomivedine  resistance  suggest  that
patients should receive a second diug withow cross resis-
tance, The combination of lamivudine und wdefovir has
been shown to be superior 1o adefovie monotherapy for the
trestment of lamivadine resistance, especially in prevent-
ing the selection of adefovir resistance [25-27]. Alhough
only short-term clinical data are availabbe for teneloyir,
rutes of viral suppression among lamivudine-expedenced
of resastunt patients whe received tenolovir meonstherapy
diy oot differ significantly from those of fregtment-nnive
patients |28, 2], Small stucies have also shown pegylated
interferon alpha-2a to be a sofe and beneficial trestment
option for lamivudine-expenenced patients [ 4], However,
the treatment options for Japanese lamividine-resisiant
patients ase mode limited. since peither tenofovir noe
pegyinted interferon alpho-2a are currently approvesd in
Japan.

The Japanese gpudelines recommend that patienis with
detectable YMDD outations should receive ireatment with
a combination of lamivichine amd adefovir [13], However,
the guidelines also allow patients who have received
=<3 years of lamivadioe theeapy. have HBY DINA <)
copies/mL, amd po breakthrough hepwtitis or  YMDID
muations w switch ditectly to entecavie. The results pre-
sented in this analysis suggest that the strtegy of swilching
i enlegavie i an effective one tha may avoid the addi-
tional eost and potential toxicity of combination treatment
with lamivudine and adefovir, Among poatients in the
switch cobort, 96 weeks of entecavir reatmem was well
iodernied and the safely profile was comparable with pre-
vinms experience in Japanese patients, One patlent exper-
enced an ALT flare (ALT =2 x haseline and =10 = ULN)
18 weeks after initiating enfecavir, which was not associ-
ated with o change in HBY DNA, This Jow e of ALT
Aures is consistent with previeus findlags and demonsties
that lnmivudine-ireated patients con be switched salely 10
eatecavir with a minimal risk of such Jares |10, 22).

In summary, the data l'rom the switch cohort presented
in this gnalysis demonsiate the CHB putiems cun be
switched from lamivudme w0 long-term entecavir, The
tremtmient with entecavie resulted in increosed rates of
virologic suppression with no evidence of  resistance
through 2 years of therapy. These findings support rec-
emmendations in the curment Japanese eatment guidelines
that patients on stable lamivudine therapy with no YMDD
mutations should be switched o emecavir.
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Semi-quantitative discrimination of HBV mutants using allele-specific
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The anatysis of tepatites B vires {HBV] onutations i for mnderstarsding HBY progression aod for deciding on
appropriate clinlcal treatrments. However, It is difficult oo deternsine the gquantitative abundance of various mosams in
beterogencous mixtures by conventivnal methods such as direct sequendng or the TagMan assay. In this study, we
investigated the possibdlity of using both allefespecific oligoneceotide hybridization (ASOH) and allele-specific
oligpouclentide competitive hybridization [ASOCH) with the Handy Bio-3trand system lor the identification of
theres well-defiped HEV variants: the Basal core prosnoter [BOP] mutations €762 and nt1764], the pre-coee [I'C] mutation
(vt IBOG]. and variance an i ER5H, Using standandized mnintures of wibd-type and mutant DINA, eptional lybeidization condivions
for ASDH and ASOCH were determsined. Next, the performance of these methods was evaluated ustng actual serum DNAS
from HBV patiesas. Excellent reprostucibility was ehtalnid both in the aaalysis of istermal positive controls and in the
semi-guantitative categarization of viral mintures into five abundance groups (0%, 25%, 50%, 75%, and 100%
wniant wirus ) Corvhined with real-ione ICR 00 detesimiing the HBV viral b, this bybridizatbon sneChos] ofTers & tw tood with
applications both in HEV dimical research and treatment.

© 2004, The Socety Bor Bictechnodogy, Japan. All dghes reserved,
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Hegatitis B wirus (HEV) causes transiept and chromic infection of
thie Bver, and {5 one of the most widespread infectious diseases (nthe
wirkl. Due to frequent mutations, HEVs in patients are not uniform,
and this diverse mutant population can affecs the progressicn of HEY,
Thuxs, the analysis of HEY mutations is impoertang for understanding
HEY progression and determining the appropriate clinical reatrmens
{ =4} Understanding HEV mutations, HBV fsads and other biomaz-
lers will privide new approaches for predicting HBV progression,

A sariety of HEV matations that affect HEV vitus activity asd
disease progression have been repocted (55 Among these, the basal
cive pramoter [BOP) mutation (G, 7), the pre-core mutativn (PC)
{8113 and n1185& variance (12} are the most well-defined, The BC

Abdrevianans ASHL alielsspecfic sligonuckoide hybndization; ASOCH, allele
sperific olgreedentide compeniove aviedization: E3V, Hepatte B vires; B9 basal
e proeies; PC, pre-tore GEPA penotype-specdc prabe assay, BRR mesirioon
trap=ere lemgth polymorptes; SNE sngie-nuclertide polymomphem; FL flosmscence
iniessing

" Cosvespondizg authee Precision Sysem Soience To Lrd 38 Taresongno Masado,
Chibas 27700004 Japan. Telo =31 47 300 GR02; fax: +K3 47 103 4811

Familadareses harami ginpa@pecedp L1 Geyal, salfinales onjn (] Asahina
rrakac@nmehnsen jp (R Makao), carmada®nme hossogn jp 1Y Tamada L
masaadt] sakahasidpes co jp | M Taiabashi), gehdador rustas jp [ Yohaa L
yatyuhasnmehogggn i (19 Yeesusashi|

rutation {G o A, ntIS56 ] infroduces 3 stop codon {TAG ) into the ORF
and aborts the rranstation of e precursor of HBeAR (13, resulting In
seroconversion from HiedAg |-+ ) to Anti-HBe Ab [+ 5, Stemeloop RNA
structures arownd n2IEYG often patr with nt1858. Six HBV genotypes
{A=F) have been defined for nt 1858, Cenotypes & and F have the base
C ar ne1858, which forms a seable bond with the base G ar position
IBA6 in wild-type IC, and maineaing the wild-type phenotype. The
other genotypes (B C 0 amd £} have T at position 1858, A double
eiiutation iny the BCP (st 1762 and 0t 1764} frecjuently ocoues in chronic
HBY patients. These BCP mutations increase viral replication and
enhance disesse activity.

A number of methods have been proposed ro detect HEV muta-
tiois, inclading direct sequencing RFLP [14), point mutation agsays
(153, INNO-LPA Line Prabe Assays {16), reverse dot blots [(17),
genotype-specific probe assays (GSFA] [12), DNA arrays (18}, mass
s;!e!d”rmmtrw assays [19), Molecular-beacon [20), and resl-time PCR

{21 Except for Molecular-beacon and real-time PCR, all af these are
qu.:iautwc methods and do not provide quantigative assessments of
hieterogenesus MUt mixores.

Previously, we developed a three-dimensional DNA array (8io-
Strand), as well as a total three-dimensional DA array system | Handy
Bio-Stramd 1, This systern consists of a DA array (the Bio-Steand Tip), a
spotter, & scanner, and analysis software (Hy-solt) (220, The per-

LEBS- 172078 - see Bom) maiter © 2008, The Sooiety for Bintechnology. lapin All rights reserved.

deoa: WLINE, Libiosc 200806020
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formance of Bio-Strand was first demenstrated with SNP genorvping
(22-25%, In this study, we developed a Haody Bie-Steand method that
uses allele-specdic oligonudeatide hybeidization (ASOH) and allebs-
specilic aliguauclectide competitive ybidization [ASOCH] Lo guan-
ticasively discriminate HBY muganes. Our prefiminary assessment of
this method’'s ability o guantify specific HEV ondations in hetero-
geneans viral mixteres is described below,

MATERIALS AND METISOS

Macerlade and DNA etracxion Al PCH svirmers, OpF poobed, and oougetin
iTabie 1) weee synthedzed by SICMA Cencays [hikan, Japac). DEgoS sofrwars
{Wicheslar Budogy Tnaghts, Cascarle, 5w weed 8o design IR primers and 12
sstrmabe the e eneopy of iersa stabeldty of each probe. Postve oorznel DA
(T3 F,F{oand sample A& for bEnd test (071010 ad SE-GHD v purdied from
winle hiood wera ohtaced Tom HEY satent usng the SMTEST EX-RA0 Hudeic
Ao Txractive kit Dersere Soence labresmnes. Fubeshima Japan ). Total nuckeic
acids were soedipitated with 9595 ethazel dred aod resussendnd o 50 gl aeslle
warer Usng AMPLOOR HBV mocipx (F Hnimannds Reche, Basel, Swraerlind)y
PIBM lestdbe of €18 G4 €6, €4, 5, iemch O veerw wtipnated 20 b 107, 5077, 5071, s,
WP and 90 coples =0, respectively, The Erhoos Comiteee of the assocasd
tretutios apperesd 128 b, and svitles sfirsed donsent wis alblaimd from
S [HCeTE

Amplification of the tanget Frapment  The target THA fapment |30 bps |
coezalnizg the BEP aad I mutaton sies and o358 was ampblad by coted KX
Amnpifcatos reacnon mistures |30 e contapsng 3 ood e muce sod sobsion, 14
TAKARA B Tag e, 10 amad dWTTS, 1 o] HEV 16005 10 goome HBY 19945, amd
25 U TAKASA Ex Taq (TANARA HIG Shiga fapes were prepansd, heated 10 34 °C dor
S rrtin mhpected 1o 25 oy of 84 °C T HEs 5B T 300 Sl 7070 fre 2005 dend Ehoen
loepe a1 4 C In & Therswd Cycler Dioe [TAKARA BRD). A allipet o the A PCR snhen
11 9d ¥ vweas Ferther amplified cxing the primers HEV 58855 and 31V 1995-A5 ender the
sarne condEioas. The PCR oroducts were resooved n 2 35 sdaoose el and plaified using
3 PCF Cean-up kb and e Moagtraton Spmem 1200 | Precisices Systern Sciesce, Chiba
Japartl Tew conceniratnns of the IR pradhaes were diterimeed with & Nanedrep
spegrophoecineser (Thermo Fsher Soeniific, Wakham MA) and thes &iuied to
W1y, 1€ wigh serie waler

Preparation of standands  The stancrd DONA Togsents (Talle 30 waere
amplfied fo kotal DNAx prepansd from paters sers by nested PR o1 desonbed
ibove, The ampcfiad DNA fagmests were damed G pCRL-TOR) (vengen
Car=bad, USA) snd sheeir DA sequences wese determined usieg PCR promens by an
AR swgewacwr | Invimpen . dlter wauenoe sonlfirmutine, thive PCR-aeliliad
HEW fragewems were selected and denoted o T £, aod F Toe FCR fragments were
dikesad 0 104 g vt stenle sure st ssbead fo prepare gandandied restures:
Doy, OVE - 755355, DV E - B 508, DUE - 255,753 Eaaly, and Faaly, which were
denged ¥ m ¥ respectively (Tabie 11 Toese suxtures were sprefed and faed on the
Riss-Zirand and were used 1o deserziae aptimal heidization condislens.

fmseobilization of ONA oo fip-Sramd A thres-dmensims DRA array (-
Spearnd Tip, Pross sinn Spsdem Swnon | was prepared as deserieed previnady 137 A5
shipant of parthed D& sciutinn | D00 ng ol ) wias miked with an equal valuse of 2 8
RLaCE! ared Bl sminture wrospotted onie s thead using a spaltisg led After dryisy fora
few minutes, e Bio-Sasd was soepared by woapping the throad aimied 3 slinddal
tree {omre i) ARer fiing e deraiured THR onto the Dio-Stred by ukravicies
rraflagion (wavelengeh 280 am, 120 mly che Blo-Strand wis nsecosd o 2
ransparens piastic tip {flie-Strand Tip ) ’

AROE and ASOCH  Oliznnsdestide lfeidication gl wastesy ol Ve Rie-Seasl
Top for ASOE and ASDE3 were carmed oul using e Mageraties Systes 1200 38
descrbml pewviansty 1225 The Rios-Stramd Tip was impenead twie = 4650 pl of the
trhinidizanen beffes (22 S50 |1 550 0 GU5 M KDL 15 mM sedine diae with

TABLE 1. Sequences of PCR peirmers O poobes, and oon ebeled compenimns.

Bame Target ilse [IRA sequence 13 = 17}
HIN =01-5 Exserzal 1=t MCR BLERCETARILICITY
HEV SMLAS [FEEAER N (e APR T P
HEY 34635 internal Ind PCR CHAIEH EITTILEEMT
HEY #R0-a5 LECAIASAIE I AP a B
Cy5-0PE1 B? Ty5 Prodes Oy gEntaaapgrotts
Cy5-mee LyS pptnastyaicttiy
Cy5-702 L Oy gorigad s
CyS-203 Crfegpotetagmo
Ce5-0A3 nriEsK Cyb-agtongacrgin
L5 GAS Ll aghocmacngt
CPad Cammegrat ooy s gradtagt
Cpnad HEEELTacrgn

Tee rarzer shes of e BV pencinic sequence weve denotel 3s bold chareoers.
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TABEE 2. TINA Sequences 9t rach soutation site in the standad PCR DA
Sagrrwnts [T F and Fi

Srasduad P L8 [ 4-<t]
PR [NA prp—ym—n " " :
Pragmeat mHTE2 nrl 764 Tepe nriang Type =F 1858
n AL wild i wolil ¢
E TA Eallic e 4 a ==y T
F AL weibd i wikil T

WA g omi sEman speres DR Dlnvitigen 1 el for 1) min and then monbated Sor
S min in 450§ of e Sybedizacion beffer costainezg 30 oM af the Oyh probes Eseed in
Tabile 1 Tor AWHH men-vbeed ooposng pigonuclentiges | 15102540 were adkderd an
peemperposs. Aftar bybeidizanion. the 1ip was subjecied s sacoessd v warsings in 450l
1 wash busfer (20 350 weth (12 505 1o S50 with 00% 506 s 1212 550wt 01%
S50 fer 2 i, v e snabed by 450 40 o 2 550 The O Dooreseent Igbrisdizabon
siznals wers deescped ussg o Handy Bo-Strand scanner {Preciion Syseem Soenzel. T
heterping spmal miersdy e svwrnge vibse wis vaiuliing frees siphs different spets,
Tee Aupcsscrnos merstes (Fs) were caloulted usng Hyvsmx sipsar (Fecdsen
wpshee scpnce]

Blingd tew foe BOE, PC, and orE838 varlanie using patent INA  Bind sesns 5o
2 P and o 1958 waranos were carred cut iming DMAs obesined from parents (0l n
Uit and GF o U0 AL samples s positive sk [P -PEmes spotted and Sonl
oz elgst differsnt areas of the same 3ip Serasd. Each Binestrand T wes hyboiilired
g el ey e ASCH] o ASOCT el Afvey washing, e Handy Bo-Strand soanner
waes used o deperr the O3 Hucrescence signais oo e SipRrand Tps. The sgnal
intenasty was caulated g the awerage valor Som toe eghl deéfemnt oty To
detesming che raros of wid-rvoe oo U I e sanples, he Muetessnoe lsensis
from the wild-cype and meesant probes were compaved vt these of the staedwed
i,

Afver the hibad test, 5N7 rypes of pabens TS sequences were also Setemired
Iry dired] seipmncizg Tarpet DhA Sagments avew smplBad uxing the peimers HIW
WS and HEW 190445 FCR Aler peatmoent with ExoGARIT (GE HealthCare
Nwsoence, Bocsinghamshire UK they wese apslied Sor seqimnoop @ Macrogen
Rockville, USA] wirh ehe prtimers ERY 1653-5 or HAV 105545 BOR (220 The parcerg
stmdance o ratn st tarpet sibe Wy devermeed by viaval inspection of the elecire-
pharegmam by e Ealned nvestgaten wikh oo knowSedge of the HEV chadficacions
e Eme samgles

RESULTS

Optimization of ASOH and ASOCH conditions for determiining
the relative abundance of the mutants BCP, PCand T-1858  Fg
shows a schematic of the proposed method for determinag e
retative abundance of the targeted HBV species using the Hardy
Bin-Strarel svileens Viral DNA was isolaed from patient sera by
canventional methods, and the targeted DNA fragments were
amplified by nested POR. After punifying the DM and devermirdrg
its tancentration, amplicons were fixed on the surface of micm-
porows nylon thiead (Bio-Strand] by ubavioler radiation. The
ASOH and ASOCH reactians were carried out af roam temperature
with CyS-labeled olippouclectide probes that were desizned m
detert the dinically important HBY mutations st BCP amnd PC and
the base at n1858, Fuocescenoe signals were detected using a
Haisiy Bio-Strarel scanner, and the abumdance of each mutant was
determinesd,

TABLE 3. Mercent shundasce of pach speces in the standand mistare,

ST Whaing (51 Putvert abmedasw 6]
W L4 = 1EGA
n E F Wikd  Mulast Wik Mule r 7

H 1 [ LU 1 ] i 1 i WH i
2 75 5 ] 75 25 75 5 75 15
] k] o i ] Al 30 L L H kU]
™ 5 75 fi & 5 25 ] 5 5
™ LI« ft ] i o et aoomn
M i [ 1 W i 1 i LUNI (111}

STT5 sonws the rourw of the amdand mistors whish was proganad Iy 2k theww
stanulard PCR IHA fragment (10 E and FL
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1 Basin. Bossa,

Serum DNA containig HBY DNA

Step1
Step2
HBY virus DMA
-
Step3
Step4
Bio-Strand Tip 1
Bio-Strand %‘unr;mmm i

PCH Primers 1
v
¥ I 5
T
PCR Primer 2
Bio-Strand Tip 2
Cyfi Probes 153

P 1. Schematicns of the A50H and ASBCH ssaayvs exing the Bandy Bie-Soand sysgem: Stepl: Vous DA and REL: are prepaned foom sseit senom. Shepd: 198V fogments 104 bosj
ace amipefiad weng nested POR. Step 3 The HEY fagments aa parified, deasesed, spomed sod chen Zxed on Bio-Soasd. Step 4 Two scromata: bpbeldizacons e separasely cargied
o usirg v io-Stooed Tipes frea bargek sive Each Biee Semand Tip costaing diferem Oy peobes, The starsand smuall drcies showe the O mnbsoubes and che target sries, mypactivedy

The perrfect-matchiig CF pmlses Bind bo e SKP sites, Bul imismatibisg does dont

Fig, 2A shows the results of ASQH for the guantitative discrimina-
than of the BOP mutation usng the CyS-CPR1 (wild-type s and Cy5-
CPR2 [mtant; probes, The fAuosescence intensities (FIs) of PLPL 3,
P, andd PS5 accurately rellected the abundance of the BOP mutants a8
%, 5%, 50 75%, and 100%, respectvely, P gave a result similar to
that of PE, deraonstrating the high reproducibility of this assay, Unlike
the previous results for SNP gepatyping §22), accurate results were
obtatned without wsing competitars {roa-labeted probes containing
oppesing sites). Double mutations {nt 1762 and nt1764) in the center
of the Cy5 probes are likely to be the reason for the bigh specificity and
alsp the low background signals,

Fig. 2B shaows the results ehtained using ASOH with the Cy5-PC2
{wild-type] and Cy5-PC3 (mutant) probes wo detect the PO
muration. tach B increased in proportion te the increase in the
arsaurst of the PC mutant. The Fs ol the standard solutions (PL 923,
13, P4 and Ph) allowed samples o be categonized into fve groups
accoeding to the matant content. In contrast te the resdy for the
BCP mutarst, the Ov5-PC2 and Cyv5-IC3 probes did not give egual s

for P31 which contained equal amounes of wibd-type and mstang
DINAC The B fue the wild-type DMNA was about 27% higher than for
thi mutant DNA. This is probably due to non-spedfic binding of the
CY5-PC2 prabe (wild-type, base G] to the mutsd amplicon. Ta
improve the specificity of CyS-PO2, we added competitive unlabeled
probe [CVPCI) e the bybeidization solution. Despite our expecta-
tions, this approach (ASDUH) did not improve the specificity of the
Cy5 probes, and the toral signal intensity was bower than thar of
ASIH (data nat shown |

Concerning nrlB58. it was difficult o distinguish between
fragments E or F {T-1858} and fragment D {C-1858) by ASOH. due to
the nor-specific binding of the Cy3 probes [data pot shown ). We
applied ASOCH using two dilferent sees af probes, Oy5-CAT/ CP-CAZ
and Cys-GAS/CP-GAS Hi 20 shows the ASOCH results for nt1358
with Cy5 probes amd theis unlabeled competitors (base C 10 aM OS5~
AT and 100 oM CR-GAZ: base 15 10 oM Oy5-GAS and 100 ndd OF-
CAT). The background was moderately high, bur the staadard
mixtures (F1-P6) were clearly distinguishabie,
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Dur peevious study estimated that the Handy 8io-Strand system
lybeidization signal errar, the ceeflicient of variation (O], was 4.6+
11.3% 1220, To obearn retiabde classifications. standard mixtures were
prepared within 2-1 fold of e previcusly deteemined OV, st 25%
intervals and used as internal cantrods (fable 3] We alsa confirmed
Lthat starxlard mixtures prepared at 205 astervals worked well a5 Tor
internal contrasl {data pat shenen,

A
25000

:

E

Fluoresence Intensity
:

Pi P2 Pl P4

P4 P&

Fluoresence Intensity
g
T+

1000 H
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Determination of the relative abundance of BCP and PC
mststants and ot IBSET i patient serum DRA i a blind test  To
determine the accuracy foo guantification of rutatsons by ASOH and
ASOICH, blind vests were carried out using DNAS from patient sera.

Fig 3 shows the results of using ASDH to deteos BOP sequences in
ten patients [C1-Cl0 L The patient samples were dassilied inte theee
groups. The frst group (€1, €2, 03, 08, and €9) showed the same
pattern as PLADE mutant BUP). The second group {C4, 08, 7, and C10)
shonwed the sarme pattern as P5 1003 comtant BOP), The last group,
consisting anly of panent C3, was sirmlar 1o 175 { 500 mutand BCP) AL
of the resulss, except for that of C5, were copsistent with those
chtained by direct sequencrg. Drect sequencing af £5 exhibited that
it contained 255 mutant BOP, which is lower that that ohserved by owr
mechod [Table 4).

Fig. 38 shows the results of dassilication of the same el patient
seriem UdA samples on PO mutant ssing ASGH. The ten samples were
dassified into three groups. The Frst group (O, €2, 04, C5, and C8B)
resembled P1 0% mstans PO, The second growp (€3, 06, CY, and C10)
showwed a patters similar o PS5 [ 100% mutant PO The B pateosal £7
was similar 1o that of P2 {25% mutant #C). All the results were
consiszent with the resules from direct sequencing

Fig. 3T shows the percent abnndance of 11858 in the ten patient
samples (GI-GI0) determined by the ASDOH method. The patient
samples were classified inta four groups. The fisst graup (G4, G5, G6,
G769, G exhebited a simidar parrem to P5 and PG5 {1005 T-1858).
This group belanged to HBY genotypes 8, C, 11, and E The second group
inchatbed G2 ared C8, and had FI patterns semilar wo chat of 1L (0% T-
58], The second group belonged o HBV genatypes A and B The third
group (only GE) showed a similar FY pattern to P2 (25% T-1858). The
last groug {oaly G3) shawed an 1 patterns similar ta P4 {753 T-1858),
All the resules. except for those of G1 and G3, were consistens with
direct sequering. Minor T base peak was not seoagnioed ag the direct
seqquencng for G 1, G3 showed the different ratie between our methad
and diredt sequencing. These moorgistencees should be due o the
difficulty in recogniziog a minor peak denved from nti358 at our
direct seguences.

Estipnation of the internal stability of the probes  Under opei-
mized fvbrdization conditons, competitive iyhodization (AS0CH)
was nat sffectnve 25 a PU mitation (pt13%6) assay. To determine the
reason for this unexpected result, we esremated the free erergy of
intermal stability [AG) af each probe by the neighbor meshod using the
Oligod program ¢ Molecular Biolegy Insighizs, Cascade, USAJ, because a
dilleeency in internal stability az this site mighe bave a4 significant
irrpract on the ASCCH reaction, Figs, 4A-0 show the calculated AG of
the probes far BCP, PC, and at183E, respectively. The AG of the PC
mutation probe was determined to be very ow (- 12 keal mal),
whsereas the AGs of the BOP probe and the nt 1B5E poobe had moderate
values { ~ & kcal/mol 1. The internal stability of the PCmutation poobes
i approdmately Divice as ligh as thst of the BOP or 0t 1858 probes,
Thus, it appears that the bigh internal stability of the BC mutation
probe may interfere with the exchange between the Cys probes and
their nan:laheled competitors, providing a pessible explanation for the
inabilery of ASOUH to mncrease probe specificiny.

AL 2 Opumizaton of B AUE sl ASDUE ssaaysusing povitive ombrns coetainesyg
e mitarea sbe. (A Fach BCP munes sacude was hvbesdiand using ASOH wih
HY s CyS-CPR (witd-type, &G0 or 10 =M C¢547FR2 | muatant, T4 Black Bars and
swhite hars represen) the Flofwikl-type T4 Gl el [T, e v (B Each
PComigsten was beidzed esing ASCH with 10 0 Oy PC2 Dwelidrype, Grar 10 oM
Ly (mutant, A1 Black Sy and white bars resresent the 1 o wild-type (4] and
THEINT LA, sespenryaly. {03 Toe orlE5E wis Mybeidised wsing ASOCH with 30 oM Oy5-
CAS ICT and 300 nM CI-0AZ (T or 10 ¥ OVA-GAS T and 100 =8 C1-CAD 1) Badk
bars and white baes represent the A of Clvse and T hase & UEGE respecivele A seties
oé smandardized suwtures Dmacrures of ampidoons D, E e Flowere feed oeto B Bie
Seanil Al dads <rarmn 43 He 2ean - shedaed devlition uf the Flel the et ot
{=H1
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DISCUSSION

Using the Handy Bio-Strand system, we hove demonstraied thae
ASOH and ASDUH can semi-quantitatively determine popubation
differences of HEV mutants, Our method is very reliable and

i

€1 €2 C3 C4 C5 C8 C7 C8 CB CI0

il

Gl G2 G G4 GE G GY GA G GID

Fluoresence Intensity
:

ot

g

i

Fluoresence Intensity
g

1. B, Bwerc,

TABLE 4. Atundance determined by Handy Bo-Sirand or dirser sequeniing.,

Tiepet site Saprple Fandy MHpwct
Bie-Smand sequenciag
BCP Cl W W
[ W W
3 W W
(e ] M M
(83 WMLy WMt
h M e
o M M
LB W W
e W W
[ ] M W
n ol w W
2 W W
3 M M
e | W W
s W W
€] L B
i L AR RER T WMty
8 W W
e ?al ko
Cin kL kL
ntl45E ol =131 L
2 [ [
5] =T (n C=1{un
= T ¥
[P T T
Lh T ¥
P T T
=] [ £
[#] T 3
1] 1 H

Woand mprmme wikl m}e and mmm rEpe, reapecively. Donceming 1o speciss
irviabsews, B vaties of wald e Se rmlant Bype o ©m T i 0B 1RSA ) aiw showo wnder
e abundancs pasues

applicable for determining the relative abundance of mutant species
in sera from acteal HBY patients. As shown in Table 4, while there
were no differences berween two methos used in the classification of
maor species, but contradictary results were abserved for C5 [BCP
rmautation], G {nt 1858, and G3 (1858} This inconsistency s Hiely
caused by inacourate guantification of minoer peaks by direcrsequence.
It was speculated that our method was able to estimate the achual
percent abundance of mivuee species roughly |- 25%) That &
because the internal contrals and the same patient samples ahvays
show similar hybrdization patterns a2 the repeared experiments. and
it was demopstrated that sur method shows moee reliable ratio than
direct sequencing at the peevious SNIF genotyping study for hetero-
type samples {221 [(Data sat showa ),

Cprmpared with ather methods, the Handy Bio-Strand method has
same advantages. It may have higher compatibility than other
methods with regands to the quantification of various murations,
Because the design ol the CyS probes and their competitors are
much simpler than the design of TagMan and Maoleoular<beacnn
probes. Conventional methods such as POR-RFLP (14, 15) and direct
seqrencing are very simple, but they pose difficulties as quantitative
assays, Derect sequencing can only detect major HBY specles and &
unlikely to identify minor mutants, Waltz et al, also reparted that
direct sequencing cowkd pat detect minor populakars { <200 of HEY

A % Slind quantiicaban of the 0P and MC swkskony and nt 85687 = DR from
patieze e [A) The BOP couration was analyzed by ASOH Bk bars and v hive
bars repeesent the F1 of ward-nype DAG) and mustast (T748), respectvely. (3] The PC
stk s e by ASOH Bk hars and sehite bars sepresent the Bl wild-type
Pt and murare (A, respecevely. [0 The =IR3E shie was anaiyzed by A500H, Back
bars and white kars reppesentahe B of Chase sod T hase 0t 24 1858 sespectovely A sevies
of srandandoed mosunes [P1-P6) and potient samgdes (OO0 or GI-G00) wers
separately fed om each Bie-Srasd. Condbons %or both hyleidization and infeemld
posit conprels wee the s o chose @ P 2 Al dots arv Sows a5 the mean s
stazdard devizton of che F1of the dferent spots (2 - 31
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