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TasLe 1. PrasMa RALTEGRAVIR CONCENTRATIONS AND PATIENT CHARACTERISTICS FOR EACH
LIGT1A1 GENOTYPE IN 56 PATIENTS
Wild-type Heterozygote Homozygote p value
*6 genotypes
n 13 2
Male:female 374 12:1 1:1 .S,
Age (years) (mean+5SD) 50+15 50+11 41 and 69 0.807
Weight (kg) (mean*SD) 62.3+11.0 68.3£7.6 439 and 33.9 0.005
Raltegravir concentration (ug/ml) (mean=SD) 0.12+0.09 0.16+0.10 0.53 and 0.03 0.230
*28 genotypes
n 11 0
Male:female 40:5 10:1 — n.s.
Age (years) (meanxSD) 49+13 52+18 —_— 0.606
Weight (kg) (mean+SD) 63.7+12.3 59.2+5.9 —_ 0.078
Raltegravir concentration (ug/ml) (mean=SD) 0.14+0.11 0.11+0.09 — 0.502

n.s., not significant (p>0.05). All of the patients were found to be wild type for the *27 allele (i.e., *27-/-).

regimen. On the other hand, patients heterozygous for the *6
or *28 allele did not display significantly different plasma
raltegravir concentrations when compared to patients ho-
mozygous for the respective wild-type allele (Fig. 1A and B).

Table 1 shows plasma raltegravir concentrations and pa-
tient characteristics sorted by the UGT1A1 genotype of the 56
patients. The body weights of the two patients with the *6
homozygote were lower than those of patients who were wild
type or heterozygous for this allele, and this difference was
statistically significant. However, the other differences in
patient characteristics for each UGTIA1 genotype (*6 and *28)
were not significant, indicating that these characteristics did
not correlate with the differences in raltegravir concentration
seen among LIGT1AI genotypes.

Table 2 shows the relationship between UGT1A1 genotype
(both *6 and *28) and raltegravir concentration in the 56 pa-
tients. Plasma raltegravir concentrations were 0.12 yg/ml
(*6-/- *28-/-; n=30), 0.11pg/ml (*6-/- *28-/+;
n=11), and 0.16 ug/ml (*6 -/ + *28—/ —; n=13). There were
no statistically significant differences in the plasma raltegravir
concentrations between patients carrying wild-type alleles
and those heterozygous for *6 or *28.

Discussion

The polymorphisms (*6, *27, and *28 alleles) associated
with the UGT1A1 locus lead to deficiencies in UGT1A1 ac-
tivity. As a result, individuals with these alleles may have
higher plasma raltegravir concentrations. In fact, Wenning
et al.'! reported that plasma raltegravir concentrations are
modestly higher in individuals with the UGT1A1%28 homo-
zygote compared to those carrying the wild-type allele. Re-

TasLE 2. RELATIONSHIP BETWEEN UGTIA? GENOTYPE
(*6 AND *28) AND RALTEGRAVIR CONCENTRATION
IN 56 PATIENTS

*6 28 Raltegravir concentration p
genotype  genolype n (ug/ml) (mean+ SD) value
-/- -/- 30 0.12+0.09 —
-/= -/*28 11 0.11+0.09 0.848
- /%6 -/= 13 0.16+0.10 0.106
*6/*6 -/- 2 0.53 and 0.03 0.725

grettably, we could not confirm this result because we
identified no patients with the *28 homozygote among our 56
recruited patients. Within our patient sample, there were no
statistically significant differences in plasma raltegravir con-
cenirations between patients with wild-type and *28 hetero-
zygous genotypes. Further assessment of the relationship
between the UGT1A1*28 genotype and plasma raltegravir
concentrations will require studies on additional subjects.

The UGT1A1%6 and *27 polymorphisms are commonly
found among Asians, where the UGT1A1*6 polymorphism is
more common than LUGT1A1*28.% Among our 56 recruited
patients, we found 2 patients with the *6 homozygote and
another 13 patients with the *6 heterozygote. On the other
hand, all 56 of our patients carried wild-type sequences at the
position corresponding to the *27 allele. In the single male
patient homozygous for *6, the plasma raltegravir concen-
tration (0.53 ug/ml) was modestly higher than that seen in
patients with wild-type alleles (0.12 ug/ml) or *6 heterozy-
gosity (0.16 ug/ml). The single female patient homozygous
for *6 had a lower plasma raltegravir concentration (0.03 ug/
ml). Thus, in this study, we examined only a small number of
patients with the *6 homozygote. In addition, the in-
traindividual variability in raltegravir concentration is known
to be very large.'? As a result of these limitations, we could not
demonsirate any correlation between UGT1AI*6 homozy-
gosity and plasma raltegravir concentration. This observation
is similar to that of Neely et al.'> who reported that the high
degree of variability in raltegravir concentration and small
population size appeared to obscure any pharmacogenomic
effects on plasma raltegravir concentrations by the *28 allele.

Our results also indicated that heterozygosity for the re-
duced-function *6 and *28 alleles appeared to have no sig-
nificant effect on plasma raltegravir concentrations in
Japanese HIV-1-infected patients. Additional clarification of
the contribution of the UGT1A1 *6 and *28 polymorphisms to
plasma raltegravir concentrations will require further inves-
tigations with larger subject populations.
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WRRIZ T B HIV, HCV EERYYEFIZRT 5
NP4V AE—=T 2y, YINEY VERABEEOBERE

woERE X & E LW B HE W
O Y HRE O 4 B O#FE F K
A I SR KoOOMOBH R T
A S S S A E A
¥ W Y % ik F E

2y AHBEERTVY—ICTHV, HCOVEERR 10 EMICE LRI A vo—TJx0y, Utey
UHBEENMTONE. HCV genotype (&, 1o 34, Sbh 26l 2b, 2c, 3a, 4a, BnH#F
NZN 1 HFDOTHofe. QBIICH HIV EEDFRSN. 20535 5 FITHHIV BIOZEBERThN
. PERESZAE 7 HITH oz, &HCABRICEELNEEERIFROEN oz, HOV DFEFFHN
DA )VABMERIE, genotype 1 FlE4 T4 HAR Tl (25%), 1 &Fzld 4 LS T 6 Fld b #l
(83%) |CERHSN=. HIV, HCV BERZYEMICHT 2EEEET, ZeTERERESEZI SN

e
ZEIMRE
T =

WE, AFRCBIT S e MREREY 4 VA (hu
man immunodeficiency virus ; HIV) e i
MOBEECH B, — B MEEAERTH 5 HIV
B CBTHY A WA (hepatitis C virus ;
HCV) BT AT 2EENE(, TH
HIV et Ofy 2 S15503 HCV Bie L 2
THEHY, HTH HIVBEOMKEEEITBIT S
HCOV EEHIEH 98% tmf s Twnwi?, F7z,
WAEDOPHIV FHEOERIT L b v I REYE
EEA L, HCV I X ) PRSP RE S N B HED

1) BElNmBsse v BEERE Y ¥ — L
2) ENERERREATERRELEER .
3) EvHEEEBLEBRESR Y Yy — BuEd

4) BRI A v 7V Y 4 U AFE e v 7 —

5) B ERER ¥ 5 — ERDIZE Y 5 -
6) SWBRERFBIELRIIAL AP

Corresponding author © $§%8 %F:2 (tsuzukit@nnh.hosp.go.jp)

(54)

C BMBIERTN, HIV, "TAvy—T 0y, UNREUY, HCV genotype

BWMLTwa, bAEETORETIE, 1997 4£5
52006 4E 2BV A HIV, HCVERBRED H 5
MR EEBER OEHE L, 43% 2SHCVICL %
bOLFESNTED, HIVEEEOBEICE
iJ5 CHEBEFAOBRBEIRERBEELE 2T
Vi B2,
I B ©

HIV, HCV EBEBEFICBIT AT A V& —
7 xzu v (PEGIFN), U2N¥ Y ¥ (RBV) #FH
Bk, HCOV BRI 5 52 REOHE LI
B o 2MERPWOPERET S, 9, HIV
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JRISRE LT B L HI P I A v 2 EE (highly
active anti-retroviral therapy : HAART) 12, CD4
MR 2 M 52 & TL ) %L PEG
IFN, RBV $EHEE T W RE L 5 5 E, WA
EERIC L AHERRICE DIGREOWEIC D%
BAHZELEHY, HEERORTO—ELED LY
#5907, CHBUEFEDY A VABOETF
& LT HCV genotype t& PEG-IFN, RBV #tH#E
EOWBRBIIKE (HLEEFEEZLONTY
B, TORYREBPEMBRELZETRELS
HIV EEREEICBWT, 1b, 2a, 2b AL OE
WIZ BT 5 HCV BEPUEF] Tl F 1172 genotype
bHABEOHETHFELTBY, ZhoDiEd
DRI BT 5 D ETOHE IR v, Bl
EoZ e wsE 2T, EEGHERE A ARE
WilE7 oy 7IEREETHAEEREERE Y & —
BT AEBEOHREBE L, TOMERETH
LMCTAHIEEHBE L
I WREFH

20044128 25201148 FCltHERET
PEG-IFN, RBV fRHEEZ{T o7z HIV, HCV &
BRRIBI R R8s, BEER, HCV geno-
type, VRERCIR, BIM/ER 2ME L7z #5384
@ adherence i, #5HH P OFEREBEICH
THRRGEOEEG LEREL, EFAT LKL
72. HCV genotype 1%, C/El B X UF NS5B 4818
DIFERINZEOSWTHE L. V77 VY AD
BeFliZ, Los Alamos WFZEfT® HCV sequence da-
tabase 2> & L, RAEVERIL, maximum like-
lihood ¥ 12 T replication 1000 B @ 4 # TAT -
7’:5)6)‘

W BT A EEHER LS B, HCV Bl
BRI HE T B BRI L TIT b 2, &) PEG-
IFNo2b 25H v &z, 5 8M1E, genotype 1
F 7213 4 Tl 48~72 8, genotype 1 T7213 4 LA
AT 2448 B % HEE L L, genotype, BI/EH
BEUHRERISECS U TRE LT

$72, WREFEOBERMTH S, RREHIZHEE
TEFE L7z HIV BB ¢ HCV-RNA B2
BHLTw5 206109 %, PEGIFN, RBV #ffH5#
HEORG & E 2 iz 27 H10 HCV genotype I

- (55)

1187

DWT SRR L7z
i # e 3

MEIEF OERETF L WBFRK R % Table 1 IR
T T EERNE 106, BT, K3, ¥
BEEIT 405127 T, LEIE3HE D 405
ERWMTHolz, A, BBANEFH, HEA
FEA 260 (FEBIS, 7) Td o iz, HEW BRI
i, EBRSPHEREEICEEETSTRBY, £09
Lo 2B GEF L, 6) Wi ERICH$ 56 AJE
MBI BRI RS E Z 2 S, RBICERE
o 7ehS, BRESRRER L SER o 2 A% A JEnEk
MR, 4 BB, 2 FANEERRE
BE, 2000 HATH o7
1b 2536, 3bAS2#1, 2b, 2c, 3a, 4a, 6nHF
NENIPTOTHo/. T4 NVAEIRZERS
loglU/ml DL ET® o 7o, CAUVEMEIF 4 o M 72
WAL P 992234 T, 6FIICBVWTI04E
PR & BE,r o 7. BEHKIEEEIHT, &
R 20~40g/H CHhH oo, BBRICERE L
Mol @BV T HBsHBERBEYETH -
7o, WREWMAERROFEBERZXZREN, ALT
83=551U/1, K IMER 6700+1600/ul, ~EZF T ¥
> 143=18g/dl, /MR 202+59%10%ul TH-
7o ERICOWTIZ 2HTHITENRTBYD, »
T F2UTThoiz.
EEEEIRIE, RIS R RIVERIC TR
R E 2o 3EMAEED, RETIZ2HE EE
TA3 A TH o7z, genotype | Fizld 4 DIEFIT
W ABlE 280 (50%) BT 48 BEE AT D
M, LBICIRESEARARICT 28T, 14T
A Y7 VR Y REEROBIERICT 24 BT
k&7 o7z genotype 1 F7/213 4 DALo 6 6L
BTk, 36 B0%) T48E, 24 (33%) T
24 BOBEMTbNI, 1 HCHRERGERRICT
128 THIEE o7z, WBEREIE &K Thb
EFER) T A v AL (SVR) % 681 (60%)
2Tz, genotype 1 T/ 48T 4 VARSI
IZBW T SVRIZ 460 141 (25%), HE%h 14,
EER OB (breakthrough) 1#1, BEBEOFH
WR1BITH o7z, genotype 1 F/2id 4 DA OGE
BlciE, SVRE 65105554 (83%) 12D,

HCV genotype 12,
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Table 1. BEH R L PEGIFN/RBV fHHREORE
7 adherence .
wpl i SR NS HCY %%X HCV Heil gﬁ%@ #E® ALT TBl  Alb WBC Hb (XP§34 /WA (%) - RII\II%V@ g@?}; Yt
Sope (logIU/ mfids MR (¢/H) QU/D (mg/d) (g/dd () (g/d) PEG- TR ik gy AR
YPE i (48) H N RBY e B
1 M 30mft #& 1 60 P 25 20 38 091 44 8100 164 242 sk 100 100 ?i’%ﬁh 48 NR
2 M 40f @ b 60 P 2 0 78 103 45 6700 151 239 R 100 100 4 48 SVR
3 0P 208 Bf b 61 =—wmyss 7 0 136 076 33 4600 124 118 i 50 100 B 8 32 BT
4 M 60REft #HE 2 64 EA 20 0 31 135 44 800 124 125 kM 70 65 WB};{:,J 8 48 SVR
Hb A
5 M 30t #® 2 70 E A 10 30 69 040 50 6000 149 283 A2F1 100 100 8 24 SVR
6 M 408t #E 3a 59 P+ 30 0 78 158 3% 6800 131 163 ki 70 70 WBC, 8 48 SVR
Plt, Hb
WA
7 M 30Ef Bfs 3 63 MTYYT 4 40 94 068 47 6300 161 186 A2F2 100 100 4 24 SVR
8 F 308 #E 3 68 ETVT 3 0 28 051 44 4900 129 180 kMK 50 100 "\gv’&]%(l i%é%@: 12 NR
s
9 F 30K ®E da 58 WETYT 9 0 66 055 42 5200 128 196 k¥ 100 100 4 ¥7 % 16 24 Rel
I VR
FEIR
10 M S0Rt ¥t 6n 67 EMT YT 13 0 212 065 50 9400 173 287 M 100 100 8 48 SVR
w o EAC OB AIENEM AN X A B, PEGIFN; RFf v ¥ —Txu ¥, RBV: YY) >, adherence ; 8BS 5/ 5B PoFEE58, NR . non-

response, SVR ; sustained virological response, BT | virological breakthrough, Rel: relapse.

8811

Mg R |

xr
7

B

Loz
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Table 2. HIV BB ORI
TN #f CD4 () g@%% [FN 7 IFNI%\?;M \ . HIV 150
FEW - BRI %{g:f Al HIV &8 EREEE HIV #8 (HAART) HIV hE0EE y}(ﬁ%gﬁ
(/ul) B (copies/ml) SRR S
(/ud) (copies/ml)
1 631 455 1.0% 105 10X 108 aL
2 599 344 Mg Meg AZT, 3TC, NVP ABC, 3TC, NVP TEN # A
12 HE
3 599 393 M 20x 104 TDE¥, FTC, EFV
4 488 111 e Mt ABC, 3TC, LPV/r
5 532 416 T ey AZT, 3TC, EFV TDF, FTC, RAL IFN AR
6 461 116 Y Mg AZT, 3TC, LPV/r TDFE, 3TC, LPV/r IFNﬁ)\
2 B
7 590 344 Mg Mg TDF, FTC, EFV TDF, FTC, RAL IFN E@%}“
24 JBHT
8 711 533 BT By TDE, FTC, FPV
9 323 119 i Reac iR sk AZT, 3TC, ABC, 3TC, IFN # A
SQV-HGC, RTV SQV-HGC, RTV 6 A
10 935 490 My Wribgd® d4T, 3TC, NVP

AZT VFR7Yy, 3TC, 537V, NVP, AES¥ Y, ABC: 734 €W, TDF,
YHFYY, BFV . 277 Loy, LPV/ri g¥F+¥n (8EY FFYE4), RAL:

F/REN, FTC, =AY
ST YN, FPV k2R

7T TN, SQVHGC; YN, RTV; Y b FEN, AT Yo7 Tr,

B 1BITH - 72

PEGIFN, RBV fif F#RE R O MERE A ITH L
T 4 61T PEGIFN OW#E %, 2461TRBV O&E
PWULETH - 72, PEGIFN @ adherence i 1K
T 50%, RBV @ adherence iZHEKT 65% TH o
Fo. IRERGEeR e U Taflic B TEERE
YEFNIRED T o 7z,

Table 2 {2 HIV (T3 2 ERICOWTR Lz,
PEG-IFN, RBV ff LR AR @ CD4 Bkl
Bid 323~935/ul TH o 7248, GBS ORI
EROBWPIZE D e TeoRd 2 Rd7z. H
MRBEESSE L TWE 85 CD4 Bk
Ja % 200/l LT ~O AL 3BT D /298, &
FEFNT B W THRERIC B RURGE O & PR
Tz, PEGIFN, RBV fF FISHEEBRAARET © HIV-
1TZEMEE, 146 GEF L T 1L0x10°copies/ml
THoleh, OREITEBRBEOARTCDL G
PEMERRZLAS 500/u] L E & MERE L Tw/z, HAART
ZoWTE, 2o 1flzEwT 9 #FliZ PEGIFN,
RBV #FHBRERBR 2 O frbhTwiz., 209
B 18 GEFI4) RIFNEEZRBTA LR
I B uh 24 B E0 1 HAART PRI 3 T8

(57)

h, TOMDEFIELAET & Y HAART 25T 1L
TWw/z, PEGIFN, RBV $FEEEOBRIBICS 2 -
T, 4RIV FT VY (AZT) » SO
WREBRHEAICEEMNMT bz, EEERICO
WTIE 16 GEBI6) T PEGIFN, RBV ¥ F
R 2B, LB GRESIS) CRGHHEEERA
CATITFEEC, o 348 GEGI2, 7, 9) 1ZH
PR OB 6~24 BRICEE STz,

PEGIFN, RBV #FHBERK2ERICAZT %
B L 72BN LA & BRIMER O AT &
J& & T, AZT #Z ¥ ¥ % 8l < PEGIFN, RBV
PRESEAEB SN 2L, ARCELS
R, —K PEGIFN, RBV PREBE I & % o
72, ZOHBAZT %#F /7 RENV(TDE) ICEE L,

P ICEIMIETE L PEGIFN, RBV BFE#EE
OERATREE 2 0, 0% b &, IFEkiR,

CD4 B IR A 2 30 /o2 48 A ok 5 %
179 2 &3 TE 7 (Figurel). %72, FEBBR
WEEBEHER O 7 r ¥ L ¥y (EFV) &
WL EOBMEREELLPTVWI LR HEE
{2, PEG-IFN, RBV fFHBEEEAIC Y20 T2
FEB GEH 5, 7) 128 Tl 3H) 122 H AT
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PEG-IFNa2b 60pz/w ~3
RBV  600mg/day
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HAHLERESMRE 81098 £7%

HCV-RNA 6.3 5.94.9(-) () (3 () () () (DEEE G ) (Log U/ mi)
60003 500 r— s
5000 < a0 \ f\ f\%b" EEE'/./: 12 :\:’}

25,4000 S N = NP N
> ﬂ 300 \‘ : l g™ 8 4]
4 3000 | & IV i!?dﬁﬁ, o/ i
# 200 N N 6
= 2000 % y 4 ‘?
1000 B 100 7 CD4B 4R X
o G 0
88 11B 2B 5H 8B 128 4B
20054 20064 20074E
Figure 1. JE 6 B IE & B HIVIZ 2 3 % AZT, 3TC, LPV/riZ X 5

HAART I vy —Tx Y,

N ESTE VE,
Fo 7 T,

bz, 2B, fEF 31 HAART 1284 % adher-
ence VSRR 720, WEPRIC HIV OFEELS
R bhizs, CD4 Bkl dki 200/w 2L L%
ML v
SEOBEFNREORERTH L HRITBITS
HIV, HCV EEREFOH B 27 41T HCV geno-
type ZMET L7z, JEINBVILEEHN T X 5 BRI
B 12 FEBITIX, genotype la 25861 (66.7%) &
Bb% <, 3ad2f (167%), 1bB L F2ab
FNENLHE 83%) THhole. —K, FEMms
M yE A DAL © o B EH 15 SEFI T, geno-
type 1b 23681 (400%) L|bE L, laBL U
3pAENFN2H (183%), 2b, 2¢c, 3a, da,
6n BENEILH (67%) TH o7z, (Table 3).
AV
LSFETOLT A, HIV, HCV EHEBIEICB
A CHBMIFJoR L, HCOV BMRGge & FHRIC

PEG-IFN, RBV §flEEZH.0IATHONTET

SITVY, LPV/r

(58)

YSEY YOEREEER R LD,
TP OBLERD, FLWEEREZHRL .
JNEY) CBEREEER TS L, AZT 2 TDFICEEL, sk
DEEZHFoTHhERT L I —Tz0Y,
DB, MERBRL 2RO B BEHEOBRFELRETE SVRAMESN.
YRTVY, TDF; Fk¥EN, 3TC:
U NFENER), PEGIENoZb; X7 A v ¥ —7 =W alb, RBV;

&
NIy

UNEY PRRREEER L. £
AZT;

neren (LE
gy v,

vA. —fkiz HIV, HCV BEERIMES TO PEG-
IFN, RBV BER#EEE, HCV HMBRE4 L Ik
B L TERRIME N L ST WA, ZOM
T S P N T, EEOEBEICY
Teo T, WBEEABIT457% CD4 Bl %
AT A AP HCY BEO SR Lc RS
HEDWMELH YT, BEIZE U T HAART 24
AT sz eRERI N TWEY, ZORBK
HAART L DEWHERBICL 2FEFL 1LY
BELoD, +4hEOPHCY ¥ +o0 2 BEE
5552 ERBEEELZLNTVAEY,

4, HBRTo HIV, HCV EERIERICE
7% C EVEMIF 49 %5 PEGIFN, RBV 48
BEOBHREZRI L5, ABEBICEBEBY
REER oo, —HERITHIV IR A7
BAAOEEZLEL LS, EELRASIERR
Bl hodz 2k, —iIC CD4 Bk s
200/pl LT A, BRI RBEOBBE
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Table 3. HEEITHT 2 HIV/HCYV EREEELE O HCV genotype

ageg e
HCV i e &tk
genotype 3&ﬁg§§£}§§§éﬁﬁ 3?3&%%§§f§§§?&&i§¥ (=27

la 8§ (66.7%) 2 (13.3%) » 10 (37.0%)
1b 1 (8.3%) 6 (40.0%) 7 (259%)
2a 1 (8.3%) 0 (0%) 1 (3.7%)
2b 0 (0%) 1 (6.7%) 1 (3.7%)
2 0 (0%) 1 (6.7%) 1 (37%)
3a 2 (16.7%) 1 (687%) 3 (11.1%)
3b 0 (0%) 2 (13.3%) 2 (74%)
da 0 (0%) 1 (6.7%) 1 (37%)
6n 0 (0%) 1 (6.7%) 1 (3.7%)

AhEwhbiLTEY, HCV ISR+ 5 IFN 2w
TRIREOE ARSI NT, HIV OBREMEE
ENTWAY., SEOERL, HERERICEY
TRERFOREERFH- LTz, —F, ik
W33 T OEMCE MR B, Thick
b 7o T CDA G E L WA 2D . 7272
L, PEG-IFN Q#%5-8138% ® C BB H:IF 494
PEICHE U I3RS U THEEBRZ 1T, &
RHICI3IZ CD4 MR EIc &b ez IFN #5
BOBBSITbh Twiz, 36T CD4 B
B 200/ul % TH o 7278, BEROHMARED
EHERED oo, — IS, IFN S
CD4 BRI D WA Z D TH T U ¥k
B AZ0EGRETET, ZREER &5
EEwEENRTEY, IFNOREEED B
DMV 2 [ EHED R EE 2 bz,
EPEER 2 IER O HCV  genotype 13 1453
B, 4B 1HETENLUADNE6FITH o7z, PEG-
IFN, RBV fFfHBEEAICY 2o T, genotype
1 BLU 4 OEFIZERSTFHESNEZ EE2F
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Clinical evaluation of peginterferon o plus ribavirin for patients
co-infected with HIV and HCV at Nagoya Medical Center

Tomoyuki TSUZUKI, Hiroaki IWASE, Masaaki SHIMADAY, Noboru HIRASHIMA?,
Yusuke HIBINO, Nobumitsu RYUGE, Masashi SAITO, Dai TAMAKI, Asako KAMIYA,
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At Nagoya Medical Center, 10 patients co-infected with HIV and HCV received peginterferon o (PEG-
IFNo) plus ribavirin therapy. Three of the cases were HCV genotype 1b, 2 cases were HCV 3b, and 1 case
each were 2b, 2¢, 3a, 4a and 6n. Nine patients received anti HIV therapy from the beginning. In 5 of these pa-
tients, anti HIV therapy was modified when PEG-IFNw plus ribavirin freatment was started. Of the above, 7
patients completed the protocol No patients had severe adverse effects. Sustained virological response was
achieved in 1 of 4 (25%) of the patients with genotypes 1 or 4, and in 5 of 6 (83%) of the patients with other
genotypes. PEG-IFNo plus ribavirin therapy is considered a safe and efficacious treatment for patients co-
infected with HIV and HCV.
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ABSTRACT

We report key mechanistic differences between the
reverse transcriptases (RT) of human immunodefi-
ciency virus type-1 (HIV-1) and of xenotropic murine
leukemia virus-related virus ({MRV), a gammaretro-
virus that can infect human cells. Steady and pre-
steady state kinetics demonstrated that XMRV RT
is significantly less efficient in DNA synthesis and
in unblocking chain-terminated primers. Surface
plasmon resonance experiments showed that the
gammaretroviral enzyme has a remarkably higher
dissociation rate (ko) from DNA, which also resuits
in lower processivity than HIV-1 RT. Transient
kinetics of mismatch incorporation revealed that
XMRV RT has higher fidelity than HIV-1 RT. We
identified RNA aptamers that potently inhibit
XMRYV, but not HIV-1 RT. XMRV RT is highly suscep-
tible to some nucleoside RT inhibitors, including
Translocation Deficient RT inhibitors, but not to
non-nucleoside RT inhibitors. We demonstrated
that XMRV RT mutants K103R and Q190M, which
are equivalent to HIV-1 mutants that are resistant
to tenofovir (K65R) and AZT (Q151M), are also resist-
ant to the respective drugs, suggesting that XMRV

can acquire resistance to these compounds through
the decreased incorporation mechanism reported
in HIV-1.

INTRODUCTION

Xenotropic murine leukemia virus-related virus (XMRYV)
is a gammaretrovirus that was first identified in some
prostate cancer tissues (1,2) While some subsequent re-
ports confirmed the presence of XMRYV in prostate cancer
samples (3-6), several others found little or no evidence of
the virus in patient samples (7-9). XMRV DNA was also
reported in 67% of patients with chronic fatigue syndrome
(CFS) (10), but several subsequent studies in Europe and
the USA failed to identify XMRV DNA in CFS patients
or healthy controls (11-15). Hence, the relevance of
XMRYV to human disease remains unclear (16) and have
been challenged (17). Most recently, it has been reported
that XMRYV has been generated through recombination of
two separate proviruses suggesting that the association
of XMRYV with human disease is due to contamination
of human samples with virus originating from this recom-
bination event (18). Nonetheless, as a retrovirus that can
infect human cells, XMRV can be very helpful in
advancing our understanding of the mechanisms of retro-
viral reverse transcription, inhibition and drug resistance.
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XMRYV RT is similar to the Moloney murine leukemia
virus (MoMLV) RT, which has been the subject of struc-
tural and biochemical studies (19-24). Most of the dif-
ferences between these gammaretroviral enzymes are at
the RNase H domain (Supplementary Figure SI).
Comparisons of human immunodeficiency virus type-1
(HIV) RT with MoMLV RT have revealed structural
and sequence differences (21). For example, HIV-1 RT
is a heterodimer composed of two related subunits
(25,26) [reviewed in (27,28)]. Its larger p66 subunit
(~66kDa) contains both the polymerase and RNase H
domains; the smaller p51 subunit, (~51kDa), is derived
from the p66 subunit by proteolytic cleavage and its role is
to provide structural support and optimize RT’s biochem-
ical functions (29). In contrast, structural studies have
demonstrated that MoMLV RT is a monomer of about
74 kDa, although one study reported that it may form a
homodimer during DNA synthesis (30). So far, there are
no published biochemical or structural studies on XMRV
RT. Hence, the present study on this enzyme and its com-
parison to related enzymes provides an excellent oppor-
tunity to advance our biochemical understanding of the
mechanism of reverse transcription, its inhibition and
drug resistance.

MATERIALS AND METHODS

Expression and purification of XMRV, HIV-1 and
MoMLYV RTs

The plasmid pBSK-XMRYV containing the coding se-
quence of XMRV RT from the VP62 clone (GenBank:
DQ399707.1) was chemically synthesized and optimized
for bacterial expression by Epoch Biolabs Inc (Missouri
City, Texas, USA). The 2013 bp XMRYV RT sequence was
amplified from pBSK-XMRVRT by PCR, using the for-
ward and reverse primers 1 (all primer sequences are
shown in Supplementary Table S1), resulting in Ndel
and HindIII restriction sites. Drug resistant XMRV RT
mutants Q190M and K103R (equivalent to HIV-1 QI51M
RT and K65R) were generated by site-directed mutagenesis
using forward and reverse primers 2 and 3. The digested
amplicons were ligated into pET-28a (Novagen), resulting
into a construct that expresses an N-terminal hexa-
histidine tag. pET-28a-MRT encoding full-length
wild-type MoMLV RT was provided by Dr M. Modak
(New Jersey Medical School, Newark INJ, USA).
Expression and purification of MoMLV and XMRV
RTs were carried out similarly to our previously published
protocols (23,24). Briefly, RTs were expressed in BL21-
pLysS Escherichia coli (Invitrogen) grown at 37°C and
induced with 150uM IPTG at ODgyy 0.8, followed by
16h growth at 17°C. A cell pellet from a 31 culture was
incubated with 40 ml lysis buffer (50 mM Tris-HCIL, pH
7.8, 500mM NaCl, 1mM PMSF, 0.1% NP-40, 1%
sucrose and 2mg/ml lysozyme), then sonicated and cent-
rifuged at 15,000g for 30min. The supernatant was
diluted 2-fold in Buffer A (50mM Tri—HCI pH 7.8,
ImM PMSF, 4% streptomycin sulfate and 10%
sucrose), stirred on ice for 30min and centrifuged. The
supernatant was loaded on a Ni-NTA column and
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bound proteins were washed with 20ml Buffer B
(20mM Tris—HCI pH 7.5, 500 mM NaCl) and 5 mM imid-
azole, followed by 20 ml Buffer B with 75mM imidazole.
RT was eluted in 2ml fractions with 20 ml buffer B con-
taining 300 mM imidazole. Fractions with RT were pooled
and further purified by size exclusion chromatography
(Superdex 75; GE Healthcare). RTs (>95% pure) were
stored in 50 mM Tris—=HCI pH 7.0, 100 mM NaCl, 1 mM
DTT, 0.1% NP-40 and 30% glycerol in 10 pl aliquots at
—20°C. Protein concentrations were determined by mea-
suring UVygq (molar extinction coefficients of 106 and
103M~'em™' for XMRV and MoMLV RT).

HIV-1 RT was cloned in a pETduo vector and purified
as described previously (29,31,32). Oligonucleotide se-
quences (IDT-Coralville, TA, USA) of DNA/RNA sub-
strates are shown in Supplementary Table SI1.
Nucleotides were purchased from Fermentas (Glen
Burnie, MD, USA). They were treated with inorganic
pyrophosphatase  (Roche Diagnostics, Mannheim,
Germany) as described previously (33) to remove PPi
that might interfere with excision assays.

Steady state kinetics

Steady state parameters Ky, and k¢, for dATP incorpor-
ation were determined using single nucleotide incorpor-
ation gel-based assays. XMRV RT and MoMLV RT
reactions were carried out in 50mM Tris-HCI pH 7.8,
60mM KCI, 0.1mM DTT, 0.01% NP-40 and 0.01%
bovine serum albumin (BSA) (Reaction Buffer) with
6mM MgCl, or 1.5mM MnCl,, 0.5mM EDTA, 200 nM
or 100nM Tgp6/5-Cy3-Pyisp, 20nM or 5SnM RT for
XMRYV and MoMLV RTs, respectively and varying con-
centrations of ANTP in a final volume of 10 pl. The reac-
tions for HIV-1 RT were carried out in Reaction Buffer
with 100nM Tgqs6/5-Cy3-Pgigp, 10nM HIV-1 RT and
6mM MgCl, in a 20l reaction. All the concentrations
mentioned here and in subsequent assays reflect final con-
centration of reactants otherwise mentioned reactions
were stopped after 15min for XMRV, 4min for
MoMLV RT, and 2.5min for HIV-1. The products were
resolved on 15% polyacrylamide-7M urea gels. The gels
were scanned with a Fuji Fla-5000 Phosphorlmager
(Stamford, CT, USA) and the bands were quantified
using MultiGauge. Results were plotted using GraphPad
Prism 4. K, and k., were determined graphically using
Michaelis—Menten equation.

Gel mobility shift assays

Formation of RT-DNA binary complex: 20nM Tg3/
5-Cy3-P4iz. (Supplementary Table S1) was incubated
for 10 minutes with increasing amounts of MoMLV or
XMRV RT in 50mM Tris-HCI pH 7.8, 0.01% BSA,
SmM MgCl, and 10% (v/v) sucrose. The complexes
were resolved on native 6% polyacrylamide SO mM Tris—
borate gel and visualized as described above.

Active site titration and determination of Kp pna

Active site concentrations and kinetic constants of DNA
binding for XMRYV, HIV-1 and MoMLV RTs were
determined using pre-steady state experiments. Reactions
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with XMRV and MoMLV RTs were carried out in the
reaction buffers listed above. For XMRV RT 100nM
protein was pre-incubated with increasing concentrations
of Tg31/5-Cy3-Pyy54, followed by rapid mixing with a
reaction mixture containing 5mM MgCl, and 100 pM
next incoming nucleotide (dATP). The reactions were
quenched at various times (5ms to 4s) by adding EDTA
to a final concentration of 50 mM. The amounts of 19-mer
product were quantified and plotted against time. The
data were fit to the following burst equation:

P = A(l — e Fons )ty 1)

where A is the amplitude of the burst phase that represents
the RT-DINA complex at the start of the reaction, kgp is
the observed burst rate constant for dNTP incorporation,
ks is the steady state rate constant and ¢ is the reaction
time. The rate constant of the linear phase (k.,) was
estimated by dividing the slope of the linear phase by
the enzyme concentration. The active site concentration
and T/P binding affinity (Kppna) were determined by
plotting the amplitude (A4) against the concentration of
T/P. Data were fit to the quadratic equation (Equation 2)
using non-linear regression:

A = 0.5(Kp+[RTH[DNA] — \/ 0.25(Kp+[RTI+[DNAJ)?
— (RTH[DNA])
2

where Kp is the dissociation constant for the RT-DNA
complex, and [RT] is the concentration of active polymer-
ase. HIV-1 RT’s DNA binding affinity was determined as
previously described (29).

Surface plasmon resonance assay

We used surface plasmon resonance (SPR) to measure the
binding constants of XMRV and HIV-1 RTs to double-
stranded DNA. Experiments were carried out using a
Biacore T100 (GE Healthcare). To prepare the sensor
chip surface we used the 5-biotin-Tqs7/Pa2s oligonucleo-
tide (Supplementary Table S1). One hundred and twenty
RUs of this DNA duplex were bound in channel 2 of a
streptavidin-coated sensor chip [Series S Sensor Chip SA
(certified)] by flowing a solution of 0.1 uM DNA at a flow
rate of 10 pl/min in a buffer containing 50 mM Tris pH
7.8, 50 mM NaCl. The binding constants were determined
as follows: RT binding was observed by flowing solutions
containing increasing concentrations of the enzyme (0.2,
0.5, 1, 2, 5, 10, 20, 50, 100 and 200 nM) in S0 mM Tris pH
7.8, 60mM KCI, ImM DTT, 0.01% NP40 and 10mM
MgCl, in channels 1 (background) and 2 (test sample) at
30 pl/min. The trace obtained in channel 1 was subtracted
from the trace in channel 2 to obtain the binding signal of
RT. This signal was analyzed using the Biacore T100
Evaluation software to determine Kp pna, kon and Kogp.

Pre-steady state kinetics of dNTP incorporation

The optimal nucleotide incorporation rates (kpo1) were ob-
tained by pre-steady state kinetics analysis using single
nucleotide incorporation assays. A solution containing
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XMRV RT (150nM final concentration) and Tg31/
5'-Cy3-Pgig, (40nM) was rapidly mixed with a solution
of MgCl, (5mM) and varying dATP (5-200 pM) for 0.1
to 6 before quenching with EDTA (50 mM) (all concen-
trations in parentheses are final, unless otherwise stated).
Products were resolved and quantified as described above.
Burst phase incorporation rates and substrate affinities
were obtained from fitting the data to Equation 1.
Turnover rates (kpo), dNTP binding to the RT-DNA
complex (Kgqatp), and observed burst rates (kops) were
fit to the hyperbolic equation:

Fobs = (kpol[ANTP]) /(K yantp+{dNTP]) &)

HIV-1 RT’s DNA binding affinity was determined as pre-
viously described (29).

Fidelity of DNA synthesis

The fidelity (error-proneness) of XMRV RT was deter-
mined and compared with that of MoMLV RT and
HIV-1 RT by primer extension assays using 10 nM hetero-
polymeric Tq100/5-Cy3-Py4ig.. Reactions (10 ul) were car-
ried out in Reaction Buffer containing all four dNTPs
(100 pM each) or only three dNTPs (missing either
dATP, dGTP or dTTP) at 100 uM each. Incubations of
the XMRYV and MoMLV (50 nM) reactions were at 37°C
for 45min and 30min for HIV-1 RT (20nM). Reactions
were initiated by adding dNTPs, stopped with equal
volume of formamide-bromophenol blue, and an aliquot
was run on a 16% polyacrylamide~7M urea gel.

Kinetics of mismatch incorporation

For these experiments, instead of including the next correct
nucleotide (dATP) in the polymerase reactions, we used
dTTP as the mismatched incoming nucleotide. Hence,
50nM XMRV RT was pre-incubated with 35nM Tgs3;/
5'-Cy3-Pg;g, in reaction mixture. Reactions were initiated
by adding dTTP (5-750 uM) and SmM MgCl,, followed
by incubation (37°C) for 5min, due to the decreased
mismatch incorporation rate of XMRV. For MoMLV
RT, 30nM RT and 20nM DNA used and the reactions
were carried out for 2.5minutes. For HIV-1, 30nM RT,
20nM DNA and 0-200 uM nucleotide were used and the
reactions were carried out for 2.5 min. The amount of ex-
tended primer was quantified and plotted against the con-
centration of dTTP. The data were used to derive the
Kqantp Of incorrect nucleotide binding, the rate ko
(using Equations 1 and 3) and the efficiency of the
misincorporation reaction (kpoi/Kq.a1Tp)-

Determination of ir vivo fidelity

ANGIE P cells, which contain a retroviral vector (GA-1)
that encodes a bacterial B-galactosidase gene (lacZ)
and a neomycin phosphotransferase gene, were plated
(5 x 10° cells/100 mm dish) and after 24 h were transfected
using the calcium phosphate precipitation method with a
plasmid expressing either XMRV or amphotropic MLV
(AM-MLYV) (three independent transfections per vector).
After 48h, the culture medium with XMRV or (AM-
MLYV) was harvested, serially diluted and used to infect
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D17 target cells (2 x 10° cells/60 mm dish) in the presence
of polybrene. The infected D17 cells were selected for re-
sistance to G418 (400 pg/ml) in the presence of 1 uM AZT
to suppress reinfection, and characterized by staining with
5-bromo-4-chloro-3-indoyl-p-p-galacto-pyranoside
(X-Gal) ~2 weeks after G418 selection. The frequencies of
inactivating mutations in /acZ quantified as described
before (blue versus white colonies) (34).

Processivity of DNA synthesis—trap assay

Processivity reactions were carried out in Reaction Buffer
containing 20nM  Tgqi00/Paig. 100 uM of each dNTP,
30nM HIV-1 RT, 50aM MoMLV RT or 100nM
XMRYV RT and lpg/ul unlabeled calf thymus DNA trap
in 50 uL.. Enzymes were pre-incubated with Tgyg9/Pq;g for
I min before adding dNTPs (100 pM each) together with
the calf thymus DNA trap. Reactions were incubated at
37°C, and 10l aliquots were taken out at 3, 7.5 and
15min for HIV-1 RT or at 7.5, 15 and 30min for
XMRV RT and MoMLV RT, and mixed with equal
volume of loading dye. The effectiveness of the trap was
determined by pre-incubating the enzyme with the trap
before adding Tgi100/Pqig- Control DNA synthesis was
measured in absence of trap under the same conditions.
Reaction products were resolved as above.

Single turnover processivity assays

Thirty nanomolar Tg3,/5-Cy3-Pqi5. was pre-incubated for
10 min with 100nM XMRV or 50nM MoMLV RT in
Reaction Buffer, then rapidly mixed with 100pM
dNTPs, SmM MgCl, for varying times (0.1-45s) before
quenching with EDTA (50mM final). Single turnover
processivity of HIV-1 RT was assayed with 40nM
enzyme, 20nM DNA and 50 uM of each nucleotide were
used. The reaction products were resolved and quantified
as described above. The data were fit to a one-phase ex-
ponential decay equation for the elongation of the 18-mer
primer. The rates of appearance and extension of products
from subsequent nucleotide incorporations (19- and
27-mer) were obtained by fitting the intensities of corres-
ponding bands to double exponential (Equation 4):

P = A(l — e f)+(e o y+C 4

where A is the amplitude, P is the amount of 19-mer,
20-mer or higher length products, k; is the rate of
product generation, k5 the rate of subsequent elongation
and C a constant (29,35).

Assays for reverse transcriptase inhibition

DNA synthesis by 50nM XMRV RT or MoMLV RT was
carried out in Reaction Buffer using 20nM  Tgig0/
5-Cy3-Pyiga, 2.5pM dNTP, 5mM MgCl, and varying
amounts of NRTI (0-100 uM). Reactions were quenched
with 95% formamide after 1 h incubation at 37°C (38). In
experiments with aptamers 10nM XMRYV RT, 20nM
Ta31/5-Cy3-Pyiga and 50 M dNTPs were used in the
presence of varying amounts of aptamer for 30 min (0—
500nM for m.1.3; 0-25nM for m.1.4 and m.1.1FL). The
inhibition of DNA polymerization was monitored by
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resolving the products on 15% polyacrylamide—7 M urea
gels and visualized as described above. Bands correspond-
ing to full extension products were quantified using
MultiGauge Software and ICses were obtained from
dose-response curves using GraphPad Prism.

PPi- and ATP-dependent excision and rescue of
T/Pazrmp 0F T/Peraa-mp

The ability of enzymes to use PPi or ATP to unblock
template-primers that had AZT-MP (T/Pazr.mp) OF
EFdA-MP (T/Pggrga-mp) at their 3’ primer ends was mea-
sured as follows: 20 nM of T/Pazt-mp 0 T/Prrga.mp were
prepared as described before (32). They were incubated at
37°C with either 60 nM HIV-1 RT or 200nM XMRV RT
in the presence of 0.15mM PPi or 3.5mM ATP for PPi- or
ATP-dependent rescue reactions, respectively. Reactions
were initiated by the addition of MgCl, (6 mM).
Aliquots were removed at different times (0-90min) and
analyzed as above. Rescue assays were performed in the
presence of 100 uM dATP to prevent EFdA-MP reincor-
poration, 0.5puM dTTP, 10uM ddGTP and 10mM
MgCl,.

Molecular modeling

The sequence of XMRV RT from the VP62 clone was
aligned with that of MoMLV RT (PDB: IRW3) (21,22)
using ClustalW. To generate the homology model of
XMRV RT, we used the Prime protocol of the
Schrédinger software suite (Schrédinger Inc. NY). The
resulting molecular model was further energy minimized
by OPLS2005 force field using the Impact option of
Schrédinger. The final model was validated with
PROCHECK v.3.5.4.

RESULTS
Comparison of RT sequences

The XMRV and MoMLV enzymes are closely related
(~95% sequence identity) with most of the differences be-
tween them being in the RNase H domain (Supplementary
Figure S1). While XMRV and MoMLYV differ signifi-
cantly from HIV-1 RT, the known polymerase motifs
(A-F) are well conserved in all three enzymes
(Supplementary Figure S1). Specifically, the active site as-
partates in Motifs A and C (Figure 9) (D150, D224, D225
in XMRV RT; D150, D224, D225 in MoMLV RT; D110,
D185, D186 in HIV-1 RT) are conserved in all three RTs.
Also, the three enzymes are similar in Motif B, which is
involved in dANTP binding and multidrug resistance (AZT
and dideoxy-nucleoside drugs) through the decreased in-
corporation mechanism (27,39-41). Specifically, all three
enzymes have a glutamine at the start of this motif (Q151
in HIV-1 RT, Q190 in XMRV RT and Q190 in MoMLV
RT). Motif D includes HIV-1 RT residues 1210 and T215,
which when mutated they enhance excision of AZT from
the AZT-terminated primer terminus. This motif is mostly
different in XMRV and MoMLV RTs, where the corres-
ponding residues are N226 and A231 (Supplementary
Figure S1). K219 of HIV-1 RT Motif D is proximal to
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the dNTP-binding pocket and is also conserved in the
other enzymes (K235). The DNA primer grip (Motif E)
(36,42) in HIV-1 RT (M3239G231Y237) is slightly different in
the gammaretroviral enzymes (L245G246Y247). Motif F at
the fingers subdomain of all enzymes has two conserved
lysines that bind the triphosphate of the dNTP (K65 and
K72 in HIV-1 RT; K103 and K110 in XMRV and
MoMLYV RTs).

Several HIV-1 residues involved in NRTI resistance
have the resistance mutations in XMRV and MoMLV
RTs (Table 1). Hence, XMRV and MoMLV RTs have a
Val as the X residue (codon 223) of the conserved YXDD
sequence of Motif C. An M 184V mutation at this position
in HIV-1 RT causes strong, steric hindrance-based, resist-
ance to 3TC and FTC (43-45), and to a lesser extent to
ddl, ABC [reviewed in (46)], and translocation defective
RT inhibitors (TDRTIs) (43) (Table 1). Similarly, the
M41L mutation, which causes excision-based AZT resist-
ance in HIV is already present in XMRV and MoMLV
RT (L81, Table 1). The gammaretroviral enzymes differ
from HIV-1 RT in several other HIV drug resistance
sites (HIV residues 62, 67, 69, 70, 75, 77, 115, 210, 215)
(Table 1). Finally, there are also differences in residues
that are essential for NNRTI binding in HIV-1 RT:
W229 changes to Y268 in XMRV RT, Y181 to 1.220,
Y188 to L227 and G190 to A229 (Table 1) (27,28,47-49).

Preparation of MoMLV and XMRYV RTs

The sequence coding for full-length XMRV RT from the
VP-62 clone (NCBI RefSeq: NC_007815) (1) was opti-
mized for expression in bacteria, synthesized by Epoch
Biolabs and cloned as described in ‘Materials and
Methods’ section. Both XMRV RT and MoMLV RT
were tagged with a hexahistidine sequence at the
N-terminus and expressed with a yield of ~2mg/l of
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culture. Purified enzymes (>95% pure, Supplementary
Figure S2) were stored at —20°C. The presence of NP-40
or glycerol was critical for enzyme stability.

Steady state kinetics of nucleotide incorporation

Initial polymerase activity assays using Tg31/5-Cy3-Pyisa
displayed overall slower polymerase activity of XMRV
RT compared to HIV-1 and MoMLV RTs. This observa-
tion led us to investigate the steady state nucleotide
incorporation properties of XMRV RT using single nu-
cleotide incorporation assays. The estimated values for
keat (19.9min~" for HIV-1 RT (32), 3.3min~"' for
MoMLV RT, 0.6min~! for XMRV RT) and K gnre
(0.07uM for HIV-1 RT (32), 3.3uM for MoMLV RT,
3.0 uM for XMRYV RT) show that XMRV RT has a dras-
tically reduced efficacy (kco/Km.antp) at nucleotide in-
corporation, compared to both MoMLYV and HIV-1 RTs.

DNA binding affinity

To assess if the efficiency of XMRV RT was also affected
by a lower DNA binding affinity we measured the DNA
binding affinity of the enzymes using three methods:
gel-mobility shift assays, pre-steady state kinetics and
SPR. Gel-mobility shift assays showed that the Kp pna
for XMRV RT was marginally higher than that for
HIV-1 RT and MoMLV RT (data not shown) (50) sug-
gesting weaker binding to DNA.

DNA binding affinity using pre-steady state kinetics

Pre-steady state kinetics allows estimation of the fraction
of active polymerase sites as well as the Kp pna value for
the enzyme. The amplitudes of DNA extensions using
XMRYV RT and/or MoMLV RT at varying DNA concen-
trations were plotted against the DNA concentration and

Table 1. HIV-1 RT drug resistance mutations with wild-type XMRV RT and MoMLV RT residues

HIV-1 HIV-1 HIV-1 resistance mutations XMRV MoMLV
residue RT wt RT wt RT wt
numbers 3TC ABC TDF DAT EFdA
Thymidine analog 184 M v v - - v V223 V223
mutations (TAMs) 41 M - L L L - L81 L81
67 D - N N N - G105 G105
210 L - w w W - N226 N226
215 T - FY FY FY - A231 A231
219 K - QE - K235 K235
Non-thymidine analog 65 K RN RN RN RN - K103 K103
regimen mutations 70 K EG EG EG - - D108 D108
74 L - VI - - - V112 V112
75 A\ - ™ M ™ - Q113 Q113
115 Y - F F - FI155 FI55
69 T Ins Ins Ins Ins - N107 N107
Multi-NRTTI resistance 151 Q M M M M - Q190 Q190
mutations 62 A A\ v v v - P104 P104
75 v - I - 1 - Q113 Q113
77 F - L - L - L1113 L1115
116 F - Y - Y -~ F156 F156
TDRTI Mutations 184 M A\ v - - v V223 V223
165 T - — ~ - R H204 H204

The HIV-1 RT data are based on data from the Stanford HIV Database (85).

wt = wild-type.
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the data were fit to the quadratic equation (Equation 2),
yielding a Kppna of 330M for XMRV RT, 19nM for
MoMLV RT (Table 2) and 12.5nM for HIV-1 RT (32).
These values did not change significantly when tested with
DNA of different lengths (data not shown). Hence, the
transient kinetic experiments confirmed the findings of
the gel-mobility shift assays showing XMRV RT to have
lower DNA binding affinity than HIV-1 RT.

Binding kinetics of XMRYV and HIV-1 RT to
double-stranded DNA

Measurements of Kp pna Using gel-mobility shift assays
and pre-steady state kinetic methods do not offer insights
regarding the kinetics of binding and release of nucleic
acid from the viral polymerases. Hence, we used SPR to
measure directly DNA binding and the DNA dissociation
components of the Kp pna. We attached on the SPR chip
a nucleic acid biotinylated at the 5 template end and
immobilized it on a streptavidin sensor chip. Various con-
centrations of either XMRYV or HIV-1 RT were flowed
over the chip to measure the association (k) and dissoci-
ation (ko) rates of the enzymes in real time (Figure 1).
HIV-1 RT had considerably slower dissociation rates than
XMRYV RT, and longer dissociation phases were needed
to obtain reliable values.

Several methods were tested to best fit our data. The
‘heterogeneous ligand” method gave the best fit for both
XMRV and HIV-1 RT. In this model the x* values for
DNA binding to XMRYV and HIV-1 RT were 9.3 RU? and
48.1 RU?, respectively, compared to 15.1 RU? and 152
RU? when we tried fitting the data in a ‘homogeneous
ligand” model. The former model assumes that RT binds
DNA in two different modes and provides two association
(kon) and two dissociation constants (kog).

Our data show that XMRV RT has a slightly faster rate
of association (k,,) than HIV-1 RT. We measured two kg,
values of 7.3 x 10°M~'s ™" and 8.2 x 10°*M~'s™! for XMRV
RT versus 7.6 x 10°M™'s™" and 1.2 x 10°M~'s™" for HIV-1
RT. Interestingly, the dissociation rate of XMRV RT was
significantly faster than that of HIV-1 RT (0.28s™" and
0.0045s"" for XMRV RT and 7.8x10™* s 'and
0.0076s~" for HIV-1 RT) (Table 3). This difference in
dissociation rate resulted in a Kp pna at least 1 order of
magnitude higher for XMRV RT compared to HIV-1 RT
(38 and 54nM versus 1.0 and 6.1nM for XMRV and
HIV-1 RT, respectively) (Table 3).

Table 2. Kinetic parameters of DNA binding and synthesis by HIV-1
and XMRV RTs

Nucleotide affinity and HIV-1 RT* MoMLV RT XMRV RT
incorporation
fepor (871 24.44£09 14.1£0.8 8.940.6
Kpol/Kaanp (s™'epM™) 188 0.56 0.33
DNA binding affinity:

KD.DNA (HM) 12.5 19.0 32.5

YHIV-1 RT data published previously (29).
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Nucleotide binding affinity and optimal incorporation
efficiency

A transient-state kinetics approach was used to estimate
the dNTP binding affinity (Kgqantp) and maximum nu-
cleotide incorporation rate (kyo) (55). The rates at varying
concentrations of next incoming nucleotide (dATP) were
determined by plotting the amount of extended primer as
a function of time. The rates were then plotted against
dATP concentration. The data were fit to a hyperbola
(Equation 3). The Kyqgntp for XMRV RT is 26.6 uM
and the kpo is 8.9 s~! (Figure 2) (Table 2). Under simi-
lar conditions the Kggantp and kpo were 1.3puM and
24.457" for HIV-1 RT (29) and 25uM and 14.1s™" for
MoMLV RT.

300; HIV-1RT
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0 - .E‘”‘”"ﬂ
binding

dissociation
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Figure 1. Assessment of Kp pna, kon and ko using surface plasmon
resonance. SPR was used to measure the binding affinity of RTs to a
nucleic acid substrate. Increasing concentrations of each RT (0.2, 0.5, 1,
2, 5, 10, 20, 50, 100 and 200 nM) were injected over a streptavidin chip
with biotinylated double-stranded DNA immobilized on its surface as
described in ‘Materials and Methods’ section. The experimental trace
(red) shown is the result of a subtraction of the data obtained from the
channel containing the immobilized nucleic acid minus the signal
obtained from an empty channel. The black curve represents the
fitted data according to the ‘heterogeneous ligand’ model that
assumes two different binding modes for RT on the nucleic acid.

Table 3. DNA binding constants for HIV-1 and XMRV RTs from
surface plasmon resonance

HIV-1 RT XMRV RT
Fon (M™'s71) 7.6 % 10° 7.3 % 10°
kot (571 78x 1074 2.8% 107!
Kp pnar (aM) 1 38 (38-fold)*
kon (M™'s71) 1.2 x 106 8.2 x 10*
ko 571 7.6% 1073 45% 1073
Kppnaz (aM) 6.1 54 (9-fold)”

“Increase in Kp pna (decrease in affinity) with respect to HIV-1 RT.
(Kpixmrv rT/KDiaIV-1-RT a0d Kpo.xmry rRT/KD2HIV-1-RT)-
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Fidelity of nucleotide incorporation

To assess whether XMRV RT displays high nucleotide
incorporation fidelity we monitored the incorporation of
three dNTPs by XMRV RT and compared with HIV-1
RT (52). The results of fidelity assay are shown in
Figure 3. The lanes marked ‘4dINTPs’ for all enzymes rep-
resent the DNA synthesis using a Tgi00/5-Cy3-Pgisa
template-primer in the presence of all four dNTPs. The
subsequent lanes, marked ‘-dNTP’, correspond to the syn-
thesis of DNA in the absence of that specific deoxy-
nucleotide triphosphate. The comparison of the DNA
synthesis in the absence of one nucleotide by HIV-1 RT,
MoMLV RT and XMRV RT shows that HIV-1 and
MoMLV RTs were able to misincorporate and extend
the primer beyond the missing nucleotide more efficiently
than XMRYV RT, suggesting that the latter is a less error
prone DNA polymerase. It should be noted that the
higher fidelity of XMRYV is not the result of measuring a
smaller number of errors because of the decreased repli-
cation rate, as the assay conditions were optimized to
allow production of the same amount of full length prod-
uct in the presence of all four dNTPs for and MoMLV
RTs. To further investigate the fidelity of DNA synthesis
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Figure 2. Pre-steady state kinetics of nucleotide incorporation by
XMRV RT. 150nM XMRV RT was pre-incubated with 40nM Ty3;/
5-Cy3-Pqig, rapidly mixed with a solution containing MgCl, (5mM)
and varying concentrations of dATP: 25uM (filled square), 35uM
(filled triangle), 50uM (filled inverted triangle), 75uM (filled
rhombus), 100pM (filled circle), 125uM (open square) and 150 uM
(open triangle); and incubated for 0.1 to 6s before being quenched
with EDTA. The DNA product for each dATP concentration was fit
to the burst equation (A). The burst amplitudes generated for each
dATP concentration were then fit to a hyperbola equation (B)
yielding the optimal rates of dNTP incorporation; kpo (8.9 57" and
dNTP binding to the RT-DNA complex; Ky aatp (26.6 tM).
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by XMRV RT, the kinetics of mismatch nucleotide in-
corporation were carried out in a quantitative manner
by monitoring the incorporation of single mismatched nu-
cleotide under pre-steady state conditions. The estimated
Kp grrp (mismatch) and ko values show that XMRV RT
has a lower affinity for a mismatched nucleotide but com-
parable turnover number than MoMLV RT, suggesting
that the observed higher fidelity over MoMLV RT is
due to differences during the nucleotide-binding step
(Table 4). However, compared to HIV-1 RT, XMRV
RT has decreased both affinity and incorporation rate,
suggesting that its higher fidelity is the result of both
decreased binding of mismatched nucleotides and slow
rate of incorporation. '
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Figure 3. Comparison of in vitro fidelity of HIV-1, MoMLV and
XMRV RTs. Extension of 10nM Tgy00/5-Cy3-Pyiz. by HIV-1 RT,
MoMLV RT or XMRV RT (20, 50 and 50nM, respectively) in the
presence of 150 uM each of three out of four nucleotides (the missing
nucleotide is marked at the bottom of each lane). Reactions were run
for 30 min for HIV-1 RT and 45min for XMRV RT and MoMLV RT.
For each enzyme the first lane in each set shows the position of
unextended primer, the second lane shows full extension in the
presence of all four dNTPs, and each consecutive lane shows extension
in the presence of three dNTPs. The arrows on the right mark the
expected pauses based on the indicated composition of the template
strand.

Table 4. Kinetics of mismatch incorporation for HIV-1, MoMLV
and XMRV RTs

Enzyme HIV-1 RT  MoMLV RT  XMRV RT
Kqane (HM) 9403 38.9+11.6 25672
kpor (571 6.81+1.2 0.16£0.01 0.15+0.018
Kpot/ Ka.ane (s™'uM)  0.756 0.0041 0.00058
Fidelity® 0.04 0.007 0.002

“Fidelity is the ratio of the incorporation efficiency (kyo1/Kq.antp) of the
mismatched nucleotide (dTTP) over that of the correct (dATP) ([kpor/
KJdTTP/[lepo/ KJAATP).



