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Successful genotype-tailored treatment with small-dose efavirenz

King and Aberg [I] recendy published an excellent
review of the chmical impheations of  population
thfferences and genonuce vananons in efavirenz (EFV)
treatment. They elegantly summarized the relatonship
berween EFV concentration under standard dosage
(600 mg once daily) and the genotype of cytochrome
p450 2B6 (CYP2B6), a primary hiver enzyme in EFV
metabolism. They also highlighted the importance of
CYP2B6 516 G=T SNP as a marker of indiwviduals ar risk
of high EFV concentration and potential development of
central nervous system (CNS) side-effects. However, it 1s
desirable to discuss posable personalizanon of tearment
by EFV dose modification

As we described in our recent climeaal study 2], we
reduced EFV dosage mn 12 panens with CYP2B6
516G>T polymorphism who were found w0 have
extremely lngh EFV concentrations when treated with
the standard dosage. The dosage was reduced from 600 to
400 mg in five individuals and to 200 mg in seven, and
their HIV-1 load was successfully suppressed below
detection limit (50 copies/ml) at chese dosages. Interest-
ngly, nme of the 12 suffered from chrome CNS-related
symptoms at the standard dosage, but these nuproved in
all mine by EFV dose¢ reduction, An example of these
patients 15 a 7l-year-old man who reported having
nightmares almost every mght since starnng EFV-
contammg anoretroviral therapy at 6(0mg 3 years ago
(Figz. 1). Plasia EFV concentranons were extremely high
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Fig. 1. Efavirenz dose reduction resulted in reduced efavir-
enz concentration and improved central nervous system
related symptom. A CYP2B6 516T/T genotype holder
reported having nightmares every might for 3 years, which
disappeared after efavirenz (EFV) dose reduction,

and analysis of the 516G >T SNP showed CYP2B6 516
genotype T/T. The EFV dosage was reduced to 400 mg.
Thas resulted in a dramane change in dream contents from
nightmares to pleasant dreams. These changes occurred
although the EFV concentration remaned high at
400 mg, Therefore, we further reduced the dose to
2(00mg. The second reducnon resulted in complete
disappearance of dreams. Although he missed the dreams,
the EFV concentranon decreased o wichin the target
range at 200 mg, The EFV dose has been at 200 mg for
more than 2 years, and the HIV-1 load remains under
detecnion limit.

Hasse er al. [3] also reported a panent with genotype
CYP2B6 516T/T, who had chronie CNS symiproms and
extremely high EFV concentration at 600 mg dose, bur
the symproms resolved by reducing the EFV dose to
200) mg. Considered rogether, the above reporr and our
study suggest that the quality of life of CYP2B6 516T/T
genotype holders who suffer from CNS-related symp-
toms can be improved by reducing EFV dose from the
standard to 400 or even 200 mg. In their review, King and
Aberg [1] indicated thar the cost remans an wsue for
wennfying CYP2ZB6 316 genotype. However, one
Japanese commercial laboratory has already developed a
CYP2B6 316 genotype detecrion system based on the
Invader assay [4], which vosts only Y8000 (~875) per
single test. Thus, the financial benefits of reducing
EFV dosage should compensate for the cost of geno-
typing Further large-scale studies are needed to discuss
genotype-based talored EFV trearment.
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Successful use of darunavir, etravirine, enfuvirtide and tenofovir/emtricitabine in pregnant woman with

mulliclass HIV resistance

A 38-year-old HIV-1-positive African woman was
prcsn.‘nlcd o L'I]T“I: ar 6 “'C{,‘k! f_!r a win pﬂ:gﬂﬂl’llj}l I'I'l
the past, she had received nucleoside reverse transcripase
mhibitors (aidovudine, lanuvudine, tenofovir and dida-
nosine), nonnucleoude reverse transcniptase inhibitors
{efavirenz and nevirapine) and protease inhibitars {nel-
finavir and lopmavir). Her switches n anuretroviral
theripy (ART) had been because of virological failure
related to poor adherence. Her treatment was tenofovir/
emtricitabine (TDF/FTC) and hoosted atazanavir. Her
viral load was 4660 copies/ml with CD4 cell count of
471 cells/pl.

Therapeunic drug monitoring showed levels in excess for
atazanavir. Sequencing of HIV polymerase revealed
resistance  Mmutations — reverse transcriprase: D6TN,
VIIBI/V, MIB4V, YI88L, L210W and T215Y; protease
mhibitor: L101, 113V, GI6E, K201, M361, M46l, 147V,
F33L, 1534V, DAOE, D&3T, H69K, 184V and LEIM. A
phenotypic assay confirmed high-level resistance to
almost all licensed antivetroviral drugs. Thus, there was
a risk of mother-to-child transmission (MTCT) of multi-
class-resistant. HIV  [mulndrug-resstane HIV (MDR-
HIV)]. After discussion by a multidiseiplinary HIV team,
at 25 weeks gestation, she was prescribed darunavir
600 mg twice daly (b.i.d) with ritonavir 100 mg b.a.d,
etraviring 200mg  bad  (via compassionate  release
program) and enfuvirnde (T20) 90 mg subcutaneously
b.id given under direct observation and TDF/FTC
(245 mg/200mg) one tablet q.d. as opumuzed back-
ground therapy. Four weeks later, her viral load was fully
suppressed (HIV RNA <50 copies/ml) wath CD4 cell
count of 356 cells/pl. A pharmacokinetic study of T20,
etravirine and darunavir showed maternal plasma levels
that were above the expected therapeutic ranges (Table 1).

At 32 weeks gestation, she developed premature
concracnons -'Il'l.d ﬂ_'(.'cl\'(_'d UK"‘UCI“ n:t:t:ptor Jn[ﬂgo“ls(
(atosiban). After spontaneous rupture of membranes at
34 weeks gestation, a caesarean section was performed 3 h
after onset of labour. She delivered a healthy baby boy and
aid weighing 1.810 and 1.860 kg, respectively. Neither
adovudine nor nevirapine were adnumstered during
labour, but she received an extra dose of her current
antiretroviral drugs 2.5h before the caesarean secrion.
At delivery, viral load remained undetectable, and her
CD4 cell count was 451 cells/pl. The babies received a
postnatal prophylactic antirecroviral drug regimien com-
prising T20 for 2 days, nevirapine for 1 week and
didanosine for 2 weeks. Analysis of cord blood samples
from both placentas showed undetectable levels of T20,
whereas significant levels of darunavir, ritonavir and
etravirine were found (Table 1). At 4 months of age, four
HIV-1 DNA polymerase chun reaction tests performed
on blood samples from each twin have been negauve and
no laboratory abnormalities noted,

Adverse events experienced by the mother were mild and
mcluded T20 imjection site reactions, high fastng
triglycerides and anaemia. She developed liver dysfunc-
tion at week 4 which peaked at week 8 of therapy (29 and
33 weeks gestation, respectively). All adverse events
resolved spontaneously. Serological markers showed that
she was hepatcs B immune with negative hepatos B
virus (HBV) DNA and negative for hepautis A, C,
cytomegalovirus (CMV), parvovirus, (Q fever and rubella
infections. Liver ultrasound was normal.

Use of ART 1n pregnancy significantly reduces MTCT of
HIV [1]. This goal is more challenging in pregnant
women with MDIL-HIV. Newer antirerroviral drugs lack

Table 1. Levels of 120, ritonavir, darunavir and etravirine at week 4 (29 weeks of pregnancy) and at delivery (week 34) in cord blood samples.

Cords sample (delivery)

Twenty-nine weeks of pregnancy Predose 1 h postdose I h postdose G h postdose Twin 1 Twin 2
T20 ing/ml) 1188 1766 4183 4313 Undetectable Undetectable
Ritonavir (ng/ml) 199 165 166 212 25.7 123
Daruravir (ng/ml) 1960 2820 1940 3320 577 1020
Ftravirine (ng/ml 896 939 1o 1210 Ald 345

Levels of drugs were assayed by liquid chromatography-mass g

trometry/mass chromatography. Mean trough for wild-type virus in adults: T20:

ranged fram 2600 to 3400 ng/ml [12], darunavir: 3578 ng/ml (after 600/100 mg twice daily) [13] and etravirine: 297 ng/mi [14]. Ritonavir was used

as booster,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

201



Correspondence

safety, rolerance and efhcacy data in pregnancy. Neonatal
MDR-HIV infection pases an even greater problem o
treat, as there 1s no pharmacokmetic data for the newer
drugy on mfants.

Recent case reports highlighted the efficacy of T20 in
preventing MTCT [2-4] The lack of transplacental
crossig renders this drug aractve for use in MDJR-
HIV-experienced pregnant women with anncipared lictle
or no foetal toxienty [5]. Nevertheless, in one case report,
['20-based regimen faled to prevent MTCT, despite an
undetectable plasma viral load at delivery suggesting lack
of genital tract penetration of such ART [6]

Unlike T20, placental crossimg of darunavir and etravirine
1 not known. To our knowledge, ours is the first report to
show transplacental transfer of darunavir and etravirine in
human  pregnancy. While raang concerns regarding
possible foeto-toxicity, this finding also offers the prospect
that these drugs could have prevented HIV infection in
babies. Pregnant women have been excluded from all the
mayor climeal trials conducted to date involving the three
drugs [7-10]. In animal studies, however, no maternal
toetal toxiaty was observed for either darunavir or
etravirine [11]. The extra dose of antirerroviral drugs
given before the delivery may have mtluenced the cord
blood levels, but caused no apparent neonatal toxicity.
Clinicians should, where possible, mve babies the same
ARCT as the mother’s regimen for prophylaxis, and we
would advocate caesarean section as preferred mode of
delivery in such cases.

In conclusion, we report successful prevention of MTCT
i a case of MDR-HIV using a darunavir/etravirine-
based regimen with evidence of placental transfer of
hath drtlg\.

Acknowledgements

A.E 15 part of mulnidisciphinary treatment team and wrote
the article. B.G, SN, AW, WE AP, GT., DA, H.L,
A.S. and MK, are part of muludisciplinary treatment
team and contributed to the draft of the article.

A special thanks to Ms Margaret Costello, Ms Eileen
O'Sullivan and Ms Marthe Le Prevost for their help. We
would like to thank Tibotec (Dr Perry Mohamed),
Roche Pharmaceuticals  (Ms  Phallipa  Gately) and
Delphicdiagnostics (Jon Ventham) for thewr help with
information regarding drug foetal toxicity and support m
therapeutc drug monitoring. The authors declare no
conflict of interest.

André Furco®, Bhairvi Gosrani®, Sara Nicholas®,
Amanda Williams®, Wunmi Braithwaite®, Anton
Pozniak”, Graham Taylor‘, David Ashoe”, Hermione
Lyall, Andrew Shaw' and Moses Kapembwa’®,

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

202

“Northwick Park Hospital, Harrow, bChelsea and
Westminster Hospital, and “St Mary s Hospital, London,
LK,

Correspondence to Dr Andre Furco, Department of
Genitourinary and HIV Medicine, Northwick Park Hos-
pital, Watford Road, HA | 3UJ Harrow, Middlesex, UK
E-mail: Andre. Furco@nwilh_nhs. uk

Received: 29 August 2008; revised: 23 October 2008,
accepted: 28 October 2008

References

1. Townsend CL, Comina-Borja M, Peckham €5, De Ruiter A, Lyall

H, Tookey PA. Low rates of mother-to-child transmission of

HIV following effective pregnancy interventions in the United

Kingdom and Ireland, 2000-2006. A/D5 2008, 22:973-941

Mevohas MC, Lacombe K, Carbonne B, Marand-Joubert |,

Girard PM Enfuvirtide prescription at the end of pregnancy

ta a multitreated HIV-infected woman with virological break-

through. AILS 2004: 18:1966- 1968,

1. Brenpan-Benson P, Pakianathan M, Rice P. Bonora S,
Chakraborty R, Sharland M, Hay P. Enfuvirtide prevents vertical
transmission of multidrug-resistant HIV-1 in preg y but
does not cross the placenta. AlDS 2006, 20:297-299.

4 Wensing AM, Boucher CA, van Kasteren M, van Dijken P,

Geslen 5P, Jut n JR. P tion of mather-to.child trans-

mission of mullidrug resistant HIV-1 using maternal therapy

with both enfuvirtide and tipranavir, A/D5 2006; 2001465 1467,

Ceccald PF, Ferreira C, Gavard L, GIl S, Peytavin G, Mandelbrot

L. Placental transfer of enfuvirtide in the ex vivo human

placenta periusion model, Am | Obster Cynecol 2008; 198

A3lel-431ed

6. Cohan D, Feakins C, Wara 1, Petru A, McNicholl 1, Schillinger
1), et al. Perinatal transmission of mulfidrug-resistant HIV-1
despite viral suppression on an enfuvirtide-based treatment
regimen, AIDS 2005, 19:98%-9%(),

7. Clotet 8, Bellos N, Malina |M, Cooper D, Gaffard JC, Lazzarin
A, el al Efficacy and safety of darunavir-ritonavir al week 48 in
treatment-experienced patients with HIV-1 infection in
POWER 1 and 2: a poaled subgroup analysis of data from
two randomised trials. lance: 2007, 369:1169-1178

8. Madruga IV, Cahn P, Grinsztejn B. Haubrich R, Lalezari ). Mills
A et al Efficacy and safety of TMCI25 (etravirine) in
treatment-experienced HIV-1-nfected patients in DUET-1:
24-week results from a randomised, double-blind, placebo-
controlled trial, Lancet 2007; 370.29-38.

G Lazzarin A, Campbell T, Clotet B, Johnson M, Katlama C, Maoll
A, ot al Efficacy and safety of TMCI125 (etravirine) in
treatment-experienced HIV-1-infected patients in DUFT-2:
24-week resulls from a randomised, double-blind, placebo-
controlled trial. Lancer 2007, 370 39-48.

10, Revnes |, Arasiéh K, Clotet B, Cohen C, Cooper DA, Deliraissy
IF. et al. TORO: ninety-six-week virologic and immunologic
response and safety evaluation of enfuvirtide with an opti-
mized background of antiretrovirals. AIDS Fatient Care STOS
2007; 21:533-543.

11, Raoof A, Lachau-Durand 5, Verbeeck |, Bailey G, Manens M
Etravirine has no effect on foetal development in rats and
rabbits [abstract]. In: XVilth International AIDS Conference;
i-8 August 2008; Mexico City, Mexico, [Poster TUPEDD 3]

12, Roche Products Ltd. Fuzeon Summary of product character-

istics.  hitpyemc medicines. org. uk/emc/industry/default.asp?

page=displaydoc asp&documentid= 12471

E‘ns\eﬂ-cildg Lt Prezista. Summary of product charactenstics

hitpleme medicines org uk/eme/industry/default.asp?page=

displaydoc asp&documentid=12471

14, Tibotec Inc. Intelence (etraviring) Tablets US Prescribing Infor-
mation. hitp:rwww, imtelence-info.comvintelence/fullprescriby.
ing-info. html

[X]

DOR10,1097/QAD.0b013e32832027d6

43



OR, 6.2; 95% CI, 2.5~15.4). There was no
increase in the risk of T, vaginalts infection
among women who were infected with T
vaginalis during the immediately preced-
ing interval (4.4%), compared with
women who were not (3.99). However,
13 (62%) of 21 new infections occurred
in women who had been previously in-
fected with T. vaginalis, and 11 (85%) of
13 had negative test results during the im-
mediately preceding interval (Agure 1),
Some of the women might have ac-
quired infections during sexual contact
that they did not report, and some might
have had mfections that were not detected
ar the baseline wisit. However, many
women were treated for infection, had
negative test results, and then had positive
test results again, which suggests that T
vaginalis was undetected by testing but still
present for months after reatment. The
possibility of long-term asymptomatic
carriage is consistent with the age distri-
bution of infected women; T: vaginalis is
found more often in older women [8, 9.
This pattern is different from the pattern
for bacterial sexually rransmitted diseases
but similar to that for incurable viral in-
fections, such as herpes simplex virus type
2 [10). Trials have suggested cure rates of
=909, but most have tested women once
within a few weeks after treatment [11].
When women were tested again a few
months after treatment, some of the pre-
viously cured women had infection de-
tected again [11], and none of the studies
continued testing women beyond a few
months. Cultures might not detect infec-
tions if the concentration of T vaginalis 15
low, which would be expected in asymp-
tomatic infections [6, 12, 13], Nucleic acid
amplification tests may be better, but re-
ports are inconsistent and the tests are not
commercially available in the United
States [ 14]. Similarly, self-obtained vaginal
swab specimens occasionally miss infec-
tions, but the sensitivity of tests performed
with self-obtained specimens has com-
pared favorably with that of tests per-

formed with clinician-obtained specimens
(15

Treatment fallure could explain many
of our findings, because 13 women had a
documented preceding infection, How-
ever, our results were not simply attrib-
utable to treatment failure. Most of the
wamen (n = 11) had an intervening neg-
ative test result before having a positive
result during an interval when they re-
ported not having sex. This suggests thal,
after treatment, T. vaginalis infection can
become nondetectable for months and
then reappear. Because these findings were
unexpected and obtained with a small
number of participants, additional studies
are needed to confirm or refute these
observations.
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Detection of HIV Type 1
Load by the Roche Cobas
TagMan Assay in Patients
with Viral Loads Previously
Undetectable by the Roche
Cobas Amplicor Monitor

To tie Eprror—In March 2008, the
Roche Cobas TagMan assay replaced the
Roche Cobas Amplicor Momitor, version
1.5, for measuring plasma HIV type 1
(HIV-1) load in Japan. This has resulted
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in the detection of an HIV-1 load >50
copies/mL in same of the patients whose
HIV:1 load had been undetectable (<50
copies/mL) by the Amplicor Monitor over
several years and for whom antiretroviral
treatment regimens had not been changed
11, 23,

A total of 1387 HIV- |-infected patients
visited our outpatient dinic from March
through June 2008, and their HIV-1 load
was measured by the TagMan assay.
Among these patients, 876 regularly vis-
ited the clinic {once every 1-3 months)
and had an undetecrable HIV-1 lvad by
the Amplicor Monitor at the last visit Sur-
prisingly, the TagMan assay detected an
HIV-1 load >50 copies/mL in 253 (28.9%)
of the 876 patients, although antiretroviral
treatment had not been modified for these
patients. Furthermore, anather 22 patients
(2,5%) were found to have an HIV-1 load
=10 copies/mL with use of the TagMan
assay, The same assay also detected HIV-
1 RNA at levels lower than the linear mnge
of the assay (<40 copiessmL) in 128
(14.6%} of the 876 patients.

We analyzed the relationship between
TagMan detectability and time during
which the HIV-1 load was undetectable by
the Amplicor Monitor. This time was de-
fined as the period from the first HIV-]
load undetectable by the Amplicor Mon
itor to the viral load first measured by the
TagMan assay, without any HIV-1 load
rebound or blip detected during the pe-
riod, Interestingly, among the patients
who had a viral load undeteciable by the
Amplicor Monitor for <1 year, 43.7% had
an HIV-1 load >50 copies/mL detected by
the TagMan assay: among the patients
who had a viral load undetectable by the
Amplicor Monitor for >4 years, 18.5%
had an HIV-1 load =50 copievml. de-
tected by the TagMan assay (figure 1)
Conversely, 37.3% of patients who had a
viral load undetectable by the Amplicor
Monitor for <1 year had HIV-1 ENA un-
detectable by the TagMan assay, dand
70.2% of patients who had & viral losd
undetectable by Amplicor Monitor for >4
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Figure 1,

Thuratiom of undchstable HIV-D load, sean

Regults of the TagMan assay and duration of undetectable HIV-1 load in 876 patients

whose HIV-1 lnad was undetectable (<50 copies/ml ) when the last Amplicor Monitor was performed

The number of patients @ shown above each bar

years had an HIV- | load undetectable by
the TagMan assay. Thus, the proportion
of patients who had an HIV-1 load >50
copies/mL was inversely correlated with
the duration thar the viral load was un-
detectable (R = 0.895), and the propor-
uon of patents with undetectable viral
load was positively correlated with the du-
ration that the viral load was undetectable
(R = 0.979). These findings indicate that
the longer the effective treatment, the
greater the number of patients with HIV-
| RNA undetectable by the TagMan assay,

We observed significant discrepancy of
HIV-1 detectability between the TagMan
assay and the Amplicor Monitor [3-5].
The TagMan assay detected HIV-1 RNA
in a significant percentage of treated pa-
tients with HIV-1 loads previously unde-
tectable by the Amplicor Monitor; this is
confusing to clinicians and patents and
may be a critical problem in ongoing clin-
ical trials of antiretroviral treatment. To
determine the permissible range of de-
tectable HIV-1 load during successful an-
tiretroviral treatment, year-long clinical
follow-up of treated patients is necessary.
Our chservation revealed that the detec-
tion rate of HIV-1 RNA with use of the
TagMan assay was inversely correlated
with the previous duration of undetectable
HIV-1 load, suggesting that long-term an-

tiretroviral treatment can further suppress
HIV-1 load even after it has decreased 10
below the detection limit of the Amplicor
Monitor.
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High frequency and proliferation of CD4 "FOXP3" Treg in
HIV-1-infected patients with low CD4 counts

Xiugiong Bi’, Yasuhiro Suzuki®, Hiroyuki Gatanaga’ and Shinichi Oka’

! AIDS Clinical Center, International Medical Center of Japan, Tokyo, Japan
* Department of Infectious and Respiratory Diseases, Tohoku University, Miyagi, Japan

The frequency of Treg is reported to be higher in patients with chronic HIV type 1 (HIV-1)
infection and CDA5SRA" Treg exist in normal adults. In this study, we found a lower
absolute number (15 cells/pL) but a higher proportion (16.2%) of FOXP3 ' cells (Treg) in the
CD4" population in treatment-naive HIV-1 patients with low CD4 (- 200 cells/uL) counts
than in those with high CD4 counts (34 cells/pL and 9.3%) or healthy adults (48 cells/uL and
7.5%). In HIV-1 patients, CD45RA 'CCR7 ', CD45RA CCR7 ', and CD45RA CCR7 subsets
were identified in the Treg population, and the proportion of CD45RA CCR7 Treg was
higher (57.9%) in patients with low CD4 than high CD4 counts (38.3%). Treg were in a high
proliferation state especially in patients with low CD4 counts. HIV viral load correlated
positively with the Treg proliferation rate and the proportion of CD45RA CCR7™ Treg.
Furthermore, the proliferation of Treg correlated positively with the CD45RA CCR7 Treg
proportion but negatively with Treg numbers. Successful antiretroviral therapy resulted in
a limited increase in Treg numbers, but their frequency was reduced in 1-2 months due
to a rapid rebound of FOXP3™ CD4  cells. Our results suggest that HIV-activating Treg may
be a reason for the high frequencies of Treg and CD45RA CCR7 Treg in the peripheral
blood of late-stage HIV-1-infected patients.
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Supporting Information available online

Introduction

a specific marker but also a critical lineage specification factor
for Treg [8-11]. Treg are considered mainly as CD45RA ~ cells.

HIV type 1 (HIV-1) infection is characterized by a progressive loss
and dysfunction of CD4" T cells [1, 2]. With regard to reduced
T-cell functions, accumulating evidence suggests that the balance
between the immune suppression function of narural Treg cells
and the effector functions of other types of lymphoid cells
influences the magnitude of immune reactions in various types of
infections, e.g. those caused by Leishmania major, Shistosoma
mansonia, and hepatitis C virus [3-7]. FOXP3 is not only

e c2: Dr. Shinichi Oka
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However, recent studies have shown that CD45RA™ cells also
exist among immune-suppressing CD25° CTLA4 CD4" T cells in
adults [12, 13].

The local interaction between Treg and other T cells plays an
important role in immune suppression and the local density of
Treg determines the course of immune responses to infections
[4, 7, 14]. Thus, Treg can be both detrimental and beneficial
to the host in response to pathogens [5, 7]. For example, in
HIV-infected patients, CD4°CD25" Treg have been reported to
be proportionally increased, decreased, or highly increased in
tonsils, their numbers to correlate with HIV viral load, and to
exhibit suppression activity [15-23]. Furthermore, antiretroviral
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therapy (ART) has been reported to have either a negarive or no
influence on Treg or expression of FOXP3 [18, 23]. In HIV-1-
infected individuals, immunodeficiency is often considered when
the CD4 cell count falls below 200 cells/pL [1]. However, to our
knowledge, there is controversy or lirtle information about the
absolute number, frequency, and starus of homing markers of
Treg in HIV-1-infected patients especially in those with low CD4
counts and late-stage AIDS-related diseases or not on ART (24,
25]. Litde is known about the dynamic changes of Treg after ART
has been introduced.

It is considered that the CCR7 molecule on T cells is an
essential trafficking factor for T cells homing to lymphoid tissues
as well as an important marker for defining differentiation stage
of T cells with CD45RA molecule [26-28).

The present study was designed to investigate Treg in late-
stage HIV-1-infected patients with CD4 count < 200 cells/uL and
the early impact of ART on Treg. We used the chemokine receptor
CCR7 and CD45RA molecules to characterize distinct population

of migratory Treg.
Results

High-frequency but low absolute numbers of Treg in
HIV-1 patients with low CD4 counts

In this study, we enrolled 95 HIV-1-infected patients and 21 HIV-

1-negative Japanese adults as our subjects. Because most AIDS-
related diseases occur in HIV-1 patients when their CD4 count

Table 1. Demographic and clinical charactenstics of subjects

Eur. . Immunol. 2009, 39: 301-309

decreases 1o below 200 cells/pl, we classified the patients into
two groups, a low CD4 group with 3 CD4" T cell count less than
200 cells/pL and a high CD4 group with a CD4™ T cell count not
less than 200 cells/ul., for some comparison analysis. Table 1 lists
the demographic and clinical characteristics of HIV-1-infected
patients and healthy HIV-1-negative controls,

Although FOXP3 expression is considered as the best and most
specific marker of Treg, some studies have reported thar CD127
and CD25 could distinguish Treg [29, 30]. Accordingly,
we first compared the staining of FOXP3 with CD25 and CD127
using PBMC from HIV-1-positive individuals, As shown in
Supporting Information Fig. 1A and B, CD25°CD127 were a
proportion of the CD4 cells. However, gating these cells as Treg
seems difficult because of the smear staming of both CD25
and CD127. However, gating FOXP3 in CD4 cells was much
easier because of the clear staining of FOXP3. Furthermore, we
tested the correlation of the Treg by the two classification
markers, Supporting Information Fig. 1C shows a good
correlation between the proportion of FOXP3™ and CD25°
CD127  in CD4 cells in 18 HIV-1 patents. Therefore,
in the present study, we considered the FOXP37CD4" cells
as Treg, and called FOXP3 CD4" cells as conventional CD4"
T cells (Teon).

In the next step, we investigated the frequency and absolute
number of Treg in HIV-1-infected individuals without an ART
history and compared them with those of healthy Japanese
adults, Figure 1A and B shows FOPX3 expression in CD4 " cells,
As shown in Table 2, the proportion of Treg in CD4 cells was
16.242.6% in HIV-1 patients with a low CD4 count and

Group®
A (low CD4) B (high CD4) H (healthy)

Characteristics

Numbers 27 68 21

Age (years, range) 39 (21-65) 38 (21-67) 38 (21-60)

Gender (male:female) 27:0 16:1 34

CD4 count (cells/uL, SD) 102 (58) 383 (164) 650 (178)

LogVL (SD) 5 (0.6) 4.2 (0.7) N/A

AIDS-related diseases” (n, %) 23 (85) 11 (18) N/A

Months of HIV" (range)” 12.3 (0-97) 21 (0-124) N/A
Numbers for tests

Frequency and subsets of Treg” 20 39 21

Ki67 staining versus FOXP3® 11 24 5

CCR7FOXP3 versus CD25" 3 16

CD127CD25 versus FOXP3¥ 6 12

* Low CD4: <200 cells/ul; high CD4: =200 cells/ul.

Y AIDS-related diseases included: candida, herpes simplex virus infection, tuberculosis, pneumocystis jirovici pneumonia, lymphoma (kaposis

sarcoma), ete.

© Manths between the date of the first time of consulting the hospital and the date of blood collected.

4 Table 2 and Fig. 1

*! Figure 2 and Supporting Information Fig. 2.
" Figure 1C.

# Supporting Information Fig. 1.
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Figure 1. Subsets of Treg in healthy adults and HIV-1-infected patients. (A) Staining of a healthy adult (B} Staining of an HIV-1-infected patient
with low CD4 count. FOXP3 was mainly found in CD4* T cells both in healthy adults and HIV-1 patients. Treg (FOXP3°CD4") cells could be
subdivided into CD4SRA *CCR7 ", CD4SRA CCR7", and CD45RA CCR7~ subsets, similar to Teon (FOXP3 CD4°, conventional CD4 cells). (C) In HIV-1
patients, the proportion of CD2S* among CCR7~ Treg was higher than that among CCR7” Treg (p<0.05, n = 19). (D) A rep proliferation of
CD4°CD25" responder cells cultured with CCR7 CD25°CD4*, CCR?*CD25CD4” cells, or unlabeled CD25°CD4” cells stimulated by anti-CD3 mAb

with autologous APC (the data are derived from healthy control). (E) CCR7* and CCR7 " Treg suppression of responder cells in four subjects. §1-53:

healthy subjects, S4: HIV-1-positive patient (the ervor bars show duplicate or triplicate tests). Hori bars rep

represents comparison result from Wilcoxon-signed rank test.

9.3+0.5% in patents with a high CD4 count. The absolute
counts of Treg in low CD4 and high CD4 groups were 15+ 3 and
34+ 2cells/yuL, respectively. In healthy adults, the mean CD4
count was 650 cells/pL, and the frequency of Treg among CD4 "
cells was 7.5 4 0.5% with a mean absolute number of 48 + 4 cells/
L. Therefore, HIV-1 patients with low CD4 counts had a lower
absolute count but a significantly higher frequency of Treg than
HIV patients with high CD4 and healthy controls.

High proportion of CD45RA CCR7 "~ Treg in HIV-1
patients with low CD4

Considering the distinct homing potentials and effector functions,
CD4 T cells could be subdivided into three subsets, namely naive
(CD45RA"CCR7"), central memory (CD45RA CCR77), and
effector memory (CD45RA CCR7 ) cells, based on their surface
marker and cytokine secretion [26]. Given that local interaction
of Treg and Teon plays an important role in immune suppression
and the local number and/or density of Treg reflects immune
suppression, we next investigated whether Treg have the same
characteristic phenotype as Teon, Figure 1A shows that Treg
could be divided into three subsets, similar to Teon, based on
CD45RA and CCR7 staining in healthy controls. Interestingly, the
proportion of each subset of Treg was different compared with
the respective subsets of Tcon (Table 2). In healthy adults, the

€ 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

median values and p value

proportion of CD45RA-CCR7™ Treg (39.7 + 2%) was higher than
CD45RA CCR7™ Teon cells (15.6+ 1.2%), but the proportion of
CD45RATCCR7" Treg (19.34 1.6%) was lower than CD45RA’
CCR7" Tcon cells (45.8+2.4%).

In HIV-l-infected patients, the staining patterns of intra-
cellular FOXP3 and surface CD4, CD45RA, and CCR7 were
similar to those in healthy controls (Fig. 1A and B). Figure 1B
shows a high proportion of CD45RA CCR7 Treg in a repre-
sentative patient with a low CD4 count. As shown in Table 2, the
proportion of CD45RA CCR7  Treg in the low CD4 group
(57.9+4.29%) was significantly higher than in the high CD4
(38.3+1.8%) or control groups (39.7 +2%). In contrast, the
proportion of CD45RA CCR7" Treg in patients with low CD4
counts was significantly lower than in those with high CD4 counts
and the control groups. In all subject groups, the proportions of
CD45RA™ cells in Treg were higher than in Tcon. Moreover, we
found that in HIV-1-infected patients, the proportion of CD25"
in CCR7™ Treg (64-19%) was higher than in CCR7" Treg
(58.8+21%, Fig. 1C).

CD45RA" Treg have been reported to show suppressive
function [12]. Based on the finding of a high proportion of
CCR7" Treg in patients with a low CD4 count (Table 2), and
considering that CCR7 " cells tend to home to lymphoid tissues
whereas CCR7 ~ cells tend to move to peripheral tissues, we next
investigated whether there is any difference in the suppressive
activity between CCR7* and CCR7" Treg. The results showed
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Table 2. Comparison of Treg and Tcon in healthy persons and HIV-1-infected patients®

Healthy (H) HIV-1(+)ART(-) p value
CD4<200 (A) CD4> 200 (B) Aversus B A versus H B versus H
Number of subjects 7 20 39
Lymphocytes (cells/uL} 1718 (381) 1028 (447) 1661 (579) <0.0001 <0.0001 NS
CD4 (cells/uL) 650 (178) 108 (58) 395 (195) <0.0001 <0.0001 20,0001
CD4 (%) 384 (8.6) 11.4 (7.6) 20.5 (8.9) 0.0001 <0.0001 <0.0001
Treg (cells/uL) 48 (16) 15 (11) 34 (14) <0.0001 <0.0001 0.0008
Treg (%) 7.5 (2.4) 16.2 (11.8) 9.3 (34) 0.0137 0.0004 0.0464
Treg (%)
CCR7" 57 40,1 59.6 0.0001 0.0029 NS
CD4SRA"CCR7™ 193 134 211 0.0109 0.0504 NS
CD45RACCR7 39.7 579 383 0.0001 0.0006 NS
CD45RA CCR7™ 37.7 26.7 385 0.0005 0.0057 NS
CD45RA 774 84.6 76.8 0.0131 0.0419 NS
Teon (%)
CCR7™ Bl1.3 558 748 0.0178 0.0035 NS
CD45RA"CCR7' 458 31.9 411 NS 0.0217 NS
CD45RA CCR7 15.6 36.8 22.3 0.0283 0.0035 0.04
CD4SRA CCR7™ 35.5 239 3.7 0.0048 0.0045 NS
CD45RA 51.1 B0.7 55.8 NS NS NS
p Value (Treg versus Tcon)
CCR7" = 0.0001 0.0187 =0.0001
CD4SRA™CCR7' =0.0001 0.0001 =0.0001
CD45RA CCR7~ <0.0001 0.0004 =0.0001
CD4SRACCR7" NS NS 0.005
CD4SRA < 0.0001 <0.0001 <0.0001

“ Data are means (SD). NS: not significant. CD4 <200, CD4 =200: 200cells/yL. Mann-Whitney U-test was used for comparison between groups
(A versus B, A versus H, B versus H). Wilcoxon-signed rank test was used for comparison in group (Treg versus Tcon).

that both CCR7" and CCR7 CD25°CD4" cells suppressed the
proliferation of responder cells (Fig. 1D). The suppressive activity
was observed in three healthy controls and one HIV-1 patient
(Fig. 1E), although no difference was found in the suppression
function between the CCR7™ and CCR7™ Treg.

The above results demonstrated the existence of CD45RA’
CCR7", CD45RA™CCR7", and CD45RA CCR7 Treg subsets,
similar to Teon, The proportion of CCR7* Treg was lower than
CCR7" Teon cells in both healthy controls and HIV-1 patients.
However, the proportion of CD45RA™CCR7™ Treg was higher
than CD45RA CCR7 ™ Tcon, particularly in patients with low CD4
count.

High proliferation of Treg correlates with HIV-1 viral
load

Immune cells are activated in HIV-infected patients and such
activation is linked 1o CD4 cell depletion [31]. To determine the
mechanism of the high frequency of Treg and CD45RA CCR7

Treg in advanced HIV patients, we stained CD4 cells for the
proliferation markers Ki67 in 24 patients (including 11 patients
with low CD4 counts and 13 patients with high CD4 counts)
and five healthy controls. Figure 2A shows that there was no

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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difference between garing the Ki67 in Treg and Tcon in a healthy
control and an HIV-1-infected person. As shown in Fig. 2. the
proportions of Ki67-stained cells among Treg in low CD4, high
CD4, and control groups (41.7, 24.5, and 22.3%, respectively)
were higher than those in Tcon cells (18.1, 11.8, and 7.4%,
respectively) (Fig. 2B). The expression of Ki67 in both Treg and
Teon cells was higher in patients with low CD4 counts than in
those with high CD4 counts and healthy controls, Furthermaore, in
the 24 HIV-1-infected patients assessed for Ki67, HIV-1 viral load
showed a positive correlation with the frequency of Ki67 in Treg
and the proportion of CD45RACCR7" in Treg. However, the
CD4 count showed a negative correlation with the frequency of
Ki67 in Treg (Fig. 2C). Moreover, the frequency of Ki67 in Treg
correlated negatively with the Treg count and the proportion of
CD4SRA'CCR7" in Treg, but positively with the proportion of
CD45RA CCR7 in Treg (Fig. 2D). The same correlation was also
observed in Tcon eells (Supporting Information Fig. 2).

ART reduces the frequency of Treg
In HIV-l-infected patients, ART can effectively reduce the HIV

viral load and improve CD4 counts. In highly active ART-treated
patients, a depleted or normalized Treg was observed in
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Figure 2. Ki67 staining and high proliferation rate of Treg is associated with viral Joad. (A) Gating of Ki67 in FOXP3* and FOXP3 CD4~ cells in 2
healthy control (left panel) and an HIV-1-infected person (right panel). (B) Proportion of Ki67-positive Treg (left panel) is higher than that of Ki67-
positive Tcon cells (right panel) in healthy controls (HC), HIV-1-infected patients with low CD4 count (HIV="49%) and HIV-1-infected patients with
high CD4 count W (numbers in parentheses represent the number of subjects tested). The percentages of Ki67-positive Treg and Tcon
cells in the low CD4 group are higher than those in the high CD4 group and healthy control, respectively. (C) HIV-1 viral load shows a positive
correlation with the percentage of Ki67 in Treg (left panel) and the proportion of CD4SRA CCR7™ Treg (middle panel). The CD4 count shows a
negative correlation with the percentage of Ki67 in Treg (right panel). (D) The percentage of Ki67 In Treg shows correlation negatively with Treg
count (left panel) and the proportion of CD45RA”CCR7* Treg (middle panel) but positively with the proportion of CD45RACCR7 Treg (right panel)
Horizontal bars represent median values and p values represent results from Wilcoxon-signed rank test simple regression was used for
correlation analysis.
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PBMC and mucosal tissue [23, 32], To investigate the impact of
ART on Treg, we checked the dynamic change in Treg, their
proliferation state, and subsets in nine patients until 9 months
after commencement of ART (Fig. 3). The plasma viral load
decreased sharply soon after commencement of ART (Fig. 3A).
Associated with the decrease in viral load was a rise in the CD4*
count especially in the first 2 months of ART. The CD4 count
increased more than 100cells/uL average in the first month
(Fig. 3B). The absolute count of Treg increased in the first month
but decreased to some extent thereafter (Fig. 3C); the frequency
of Treg decreased rapidly to normal levels within 1-2 months of
commencement of ART in all patients (Fig. 3D). On the other
hand, the change in the proportion of Ki67 among Tcon and Treg
showed a complex pattern, The proportion of Ki67 among Tcon
cells increased in the first month of treatment and then decreased
and flucruated on a small scale thereafter (Fig. 3E). However, in
the first 1-2 months of ART, the proportion of Ki67 among Treg
decreased but maintained high levels until 9 months of ART
(Fig. 3F). There was no significant change in each subset in both
Treg and Tcon (Fig. 3G and H). However, the CD45RA CCR7
subser still accounted for a high proportion, especially in Treg
(Fig. 3G and H, the right panels). The detailed change of each
item in each patient is shown in Supporting Information Fig. 3.
These results suggest that after initiation of ART, the slow change
in the absolute number of Treg and the rapid rebound of Tcon
counts resulted in a rapid normalization of the frequency of Treg
in HIV-1 patients,

Discussion

Regulation of the immune response is important in maintaining
self-tolerance. However, in individuals with immunodeficiency,
such as parients with HIV infection, severe immune suppression
may contribute to progression of AIDS, Previous studies reported
activation of the immune system in HIV-1-infected patients and
indicated that human CD4*CD25"#FOXP3* Treg cells are
derived through rapid turnover of memory populations in vivo
[31, 33, 34].

In the present study, we found that untreated HIV-1-infected
patients with low CD4 counts have a high frequency of Treg and
CD45RA"CCR7  Treg. Cell proliferation was higher in Treg than
Teon cells, especially in HIV-1 parients with low CD4 counts. In
these patients, both Tcon and Treg showed a high proliferation
state, particularly about 40% Treg were Ki67-positive. Ndhlovu
et al. [22] reported that FOXP3*CD127" CD4* T cells in PBMC
showed a strong negarive correlation with T-cell activation
during the early chronic stage of HIV infection. In our study, we
also found a negative correlation berween the proliferating
frequency of Treg and Treg absolute count. However, we found
that the proliferation of Treg correlated positively with the
proportion of CD45RA™CCR7 ™ Treg. Furthermore, HIV viral load
showed a positive correlation with both Treg proliferation and
the proportion of CD45RA CCR7™ Treg. These results suggest
that HIV infection may activate Treg and result in an increased

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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proportion of CD45RA CCR7™ among Treg. On the other hand,
Epple et al. [32] reported that the frequency and absolute counts
of mucosal Treg were highly increased in untreated HIV patients.
This finding may be considered another reason for our results
because CCR7" lymphocytes tend to home to lymph nodes and
lymphoid tissues. Therefore, we consider that in HIV-infected
patients, HIV could simultaneously activate the differentiation of
Treg as well as stimulate CCR7" Treg homing to lymph nodes
and lymphoid tissues, These two effects of HIV on Treg result
in the high frequency of Treg and a high proportion of
CD45RA™CCR7™ Treg in peripheral blood in patients with low
CD4 counts.

ART has been a great success in controlling HIV replication
and aiding the recovery of CD4 T cells. However, data about its
impact on Treg, especially in detail, are rare. In the current study,
we observed that with the rapid decrease in viral load was a
robust rebound of Teon 1-2 months after ART initiation;
however, the number of Treg increased in some patients bur was
almost unchanged in others. The unbalanced change in Teon and
Treg resulted in the frequency of Treg decreasing precipitously to
normal levels in the first 1-2 months of therapy. Although the
viral load decreased to a very low level in a short period after ART
introduction, the proliferative state of Teon and Treg did not
decrease significantly. On the contrary, both Tcon and Treg
maintained a high proliferation level, especially Treg. Moreover,
the three subsets, 1.e. CD45RA CCR7", CD4SRA CCR7", and
CD45RA CCR7" in Tecon and Treg did not show a robust
change 1ll 9 months. The results suggest that the recovery of
phenotypes needs a much longer period, even if they can recover
after ART.

Chase et al [23] observed Treg depleton in highly
active ART-treated HIV-1 patients but not in elite suppressors.
Here, we did nor observe depletion of Treg counts after ART
introduction, but we indeed noticed a rapid normalization
of the Treg frequency. As we know, to do the suppression
assay in vitro, an appropriate ratio of Treg to responder cells
is needed for observing significant suppression. Considering
the suppressive function of both CCR7" and CCR7™ Treg, we
think that the high frequency of Treg, but not the low
absolute number of Treg, provides a much better suppressive
marker in treatment-naive HIV-1 patients with low CD4 counts.
On the other hand, ART may induce some improvement
of the immune suppression because it could reduce the frequency
of Treg.

In summary, our results of high frequencies of Treg and
CD45RA CCR7  Treg, which tend to migrate to non-lymphoid
tissues, in untreated HIV-1 patients with low CD4 counts,
emphasize the potential role of Treg in immune deficiency in late-
stage HIV-1 infection. Furthermore, anti-HIV treatment could
result in a rapid rebound of conventional T cells but not a robust
improvement of Treg within 9 months after ART initiation. The
differemt response of Treg and Tcon 10 ART leads to a rapid
decrease in the frequency of Treg. Recently, immune reconstitu-
tion syndrome (IRS) is becoming an important problem in HIV
treatment. Most IRS occurs in 1-3 months after commencement
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Figure 3. Serial changes in Treg and Tcon cells after commencement of ART. Commencement of ART resulted in rapid reduction in HIV viral load
(A) and increase in CD4" cell count (B). Treatment caused increase in the absolute number of Treg in the first month, then fluctuated slightly
thereafter (C), but resulted in a sharp decrease in their percentages in 1 month (D). The proportion of Ki67-positive Tcon increased in the first
month but decreased in some extent thereafter (E), while the proportion of Ki67-positive Treg showed some change but still retained a high level at
9 months of commencement of ART (F). At 9 months after ART started, the recovery of the proportion of CD4SRA CCR7 " Treg (G, left panel) and
Tcon (H. left panel) seems very slow, while the proportion of CD45RA CCR7 " Treg (G, middle panel) and Tcon (H, middle panel) increased in some
extent. However, the proportion of CD45RA CCR7~ Treg (G, right panel) and CD45RA CCR7™ Tcon (H, right panelj showed a small-scale change, but
CD45RA CCR7~ Treg maintained a high proportion till 8 months. (A-F) was from nine patients, while (G-H) was from six of them, Vertical bars
represent mean + 18D,
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of ART. Thus, we suppose that the unbalanced improvement of
conventional CD4 cells and Treg after commencement of ART
might be a factor for IRS. However, this issue needs more
investigation.

Subjects

The subjects were 95 HIV-1-infected patients who have not received
any ART and gave written consent before enrollment in this study at
the AIDS Clinical Center, International Medical Center of Japan,
Tokyo. Nine patients who starred ART were followed up for
investigation of the impact of ART on Treg. Twenry-one HIV-1-
negative adults were recrusited as healthy controls. The demographic
and clinical characteristics of the subjects are listed in Table 1. HIV-1
viral load was quantified by AMPLICOR HIV-1 MONITOR Test
(Roche Diagnostics),

Cell preparation

PBMC were prepared from bload samples collected into EDTA-
containing tubes by Ficoll-paque gradient centrifugation. Ki67
staining and evaluarion of the ART-treated patients were carried
out using cryopreserved PBMC.

For suppression assay, CD4" cells were isolated from freshly
prepared PBMC by using CD4" T-cell Isolation Kit (Miltenyi
Biotec, Bergisch Gladbach, Germany) according to instructions
provided by the manufacturer. CD4” cells were separated by
anti-CD25 mAb (PE) and anu-PE Muldsort Kit (Miltenyi) into
€D25° and CD25" cells. After microbeads release, CD25" cells
were sorted into CCR7™ and CCR7 cells by using anti-CCR7
mAb (FITC, mouse 1gG2a, R&D Systems, Minneapolis, MN) and
Rat Anti-Mouse 1gG2a+b Microbeads (Miltenyi). The CD4"
CD25  cells were labeled by 2 uM 5-6-CFSE as responder cells in
the suppression assay. Unlabeled CD4"CD25" cells were used as
non-Treg for cell number control. PBMC that were depleted of
CD3" cells by CD3 MicroBeads (Miltenyi) and irradiated with
3000 rad were used as APC.

Cell staining and flow cytometry

Freshly isolated PBMC were surface stained and also
stained intracellularly for FOXP3 (PE/APC labeled, clone
PCH101, eBioscience, San Diego, CA) and other markers.
The stained cells were analyzed on Becron Dickinson
FACSCalibur with CellQuest software (BD Bioscience, San Jose,
CA). The monoclonal antibodies used in these staining
procedures included anti-CCR7-FITC, anti-CD4-perCP, anti-
CD25-PE, anti-CD45RA-APC/perCP, anti-Ki67-PE (BD PharMin-
gen, San Diego, CA). and anti-CD127-FITC (eBioscience).
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In vitro suppression assay

In a 96-well, round-bottom plate coated with anti-CD3 mAb
(0.25-0.5 pg/mL), 5 » 10* CFSE-labeled CD4"CD25 cells were
seeded and followed by adding autclogous APC (2.5 x 10%).
For testing Treg suppression, the same number of CD4°CD25"°
CCR7" or CCR7™ cells was added as regulatory cells. In control
wells, the same number of unlabeled non-Treg CD4"CD25" cells
was added in order to adjust cell numbers in each well. After 3-4
days culture in an incubator at 37°C under 5% COy,, the cells were
harvested and analyzed on FACSCalibur. Live cells were gated
and the dilurion of CFSE was measured as proliferation of
responder cells.

Statistical analysis

Data are expressed as mean + SD. Differences berween groups or
stratified groups were examined for statistical significance using
Mann-Whimmey U-test and Wilcoxon-signed rank test. Simple
linear regression was used for correlation analysis. All analyses
were conducted using the SratView software (version 5.0).
A p value of <0.05 was considered statistically significant.
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Abstract

Human herpes virus 8 (HHV-8) is known to be reactivated in immunocompromised situations and it is asso-
ciated with Kaposi's sarcoma (K5) and some hematological diseases. The aim of this study was to analyze the
effect of HHV-8 on HIV-1 infection, especially on thrombocytopenia complicated with HIV infection. The HHV-8
DNA load was determined by a quantitative real-time PCR, using leukocytes from 125 HIV-l-infected indi-
viduals. HHV-8 DNA was detected in 37 individuals. The increased HIV-1 load and reduced percentage of CD4-
positive T cells were significantly associated with the presence of HHV-8. The prevalence and load for HHV-8
are higher in patients with KS than in patients without KS, but the difference is not significant. The increased
HHV-8 DNA load was significantly correlated with thrombocytopenia, and platelet counts were significantly
lower in individuals with HHV-8 than in individuals without HHV-8. We also obtained the negative correlations
between changes in platelet counts and changes in HHV-8 DNA loads. The association between thrombocy-
topenia and HHV-8 has never been reported previously, apart from some case reports of Castleman’s disease
and KS. Various cytokines or chemokines are produced by HHV-8-infected cells, some of which have been
reported to inhibit hematopoiesis. This may be one of the mechanisms by which HHV-8 infection induces
thrombocytopenia. These results indicate that HHV-8 DNA in leukocytes may provide useful information for the
assessment of the clinical appearance of HIV-1 infection.

Introduction

HV-8, A NEW MEMBER OF THE GAMMAHERPESVIRINAE,
was identified as the etiologic agent of Kaposi's sarcoma
(KS). The main transmission routes of human herpes virus §
(HHV-8) seem to be sexual contact,’ but transmission by sa-
liva,” blood products, and organ graft™* has also been pro-
posed. The distribution of HHV-8 is related to a combination
of geographic and behavioral risk factors. Serological studies
have shown that HHV-§ seroprevalence is high in Africa
and the Middle East and low in Europe and the United States.
In Japan, it is reported that HHV-8 seroprevalence among
healthy controls is 0.2-1.4% and HHV-8 seroprevalence
among HIV-1-positive homosexual men is 11.6-63.6%.™"
HHV-§ can infect circulating B cells, monocytes, macro-
phages, T cells, and KS-like spindle cell progenitors,”™ and
usually persists in a latent state in these cells, The reactivation
of this latent HHV-8 infection can be induced by a number of
conditions, including superintection by other viruses, stress,
chronic illnesses, malignancies, and immunosuppressive
disorders, such as HIV infection. HHV-S contains more than

80 open reading frames, including several homologues of
oncogenes, cytokine, and cytokine response genes, During
latent and lytic infection, some viral genes are expressed and
play a causative role in the genesis of some diseases, such as
AIDS and non-AlDS-related KS, multicentric Castleman’s
disease, body cavity-based lymphoma, and some lympho-
proliferative diseases, Our previous study reported a case of
Castleman’s disease with HIV-1 infection in which repeated
episodes of thrombocytopenia were correlated with an in-
crease in HHV-8 DNA loads in leukocytes.'” The aim of this
study was to determine the prevalence and loads of HHV-8
DNA in peripheral blood leukocytes in HIV-1-positive indi-
viduals and to investigate the correlation with the clinical
appearance of HIV-1 infection, especially with thrombocyto-
penia.

Materials and Methods
Patients and samples

All consecutive HIV-l-infected patients who attended
Kyushu Medical center between April 2005 and August 2006
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were eligible for this study. The exclusion criteria were HCV
infection, active hepatitis, and treatment for antiherpes ther-
apy at the time of sampling. Nine HIV-1-positive individuals
were analyzed longitudinally before and after the initia-
tion of antiretroviral therapy (ART). For controls, 12 HIV-
l-seronegative patients with autoimmune thrombocytopenia
and 17 HIV-1-seronegative healthy volunteers were sampled
for baseline comparisons. Informed consent for blood sam-
pling was obtained from all participants. The study was
conducted according to the ethical guidelines of the hospital
and was approved by an authorized representative of the
hospital. EDTA-treated blood was taken from the subjects,
and leukocytes were collected after removing red blood cells
with hemolysis buffer (155mM NH,Cl, 10mM KHCO.
0.1 mM EDTA). Cell pellets were stored at ~20°C until use.

Real-time quantitative PCR

DNA was extracted from the cell pellets using a QlAamp
Blood Mini kit (QIAGEN Inc., Tokyo, Japan). Real-time PCR
was conducted with the LineGene33 (BioFlux, Tokyo, Japan)
using Premix Ex Taq (TAKARA, Shiga, Japan). As an internal
control measurement, to normalize for input DNA, copy
numbers of B=-microglobulin (B;M) were determined in every
sample tested. The primers used for amplification were as fol-
lows: HHV-8 forward, 5-CCTCTGGTCCCCATTCATTG-Y,
and reverse, 5-CGTTTCCGTCGTGGATGAG-3, and probe
5-FAM-CCGGCGTCAGACATTCTCACAACC-TAMRA-3
Epstein-Barr virus (EBV) forward, 5-CGGAAGCCCTCTGGA
CTTC-3, and reverse, ¥-CCCTGTTTATCCGATGGAATG - 3,
and probe 5-FAM-TGTACACGCACGAGAAATGCGCC-
TAMRA-3;"* 8 ;M forward, 5-CAGCAAGGACTGGTCTTT
CTATCTCT-3, and reverse, 5-ACCCCACTTAACTATCTT
GG-3, and probe 5-FAM-CACTGAAAAAGATGAGTATG
CCTGCCGTGT-TAMRA-3." Standards were obtained by
amplification of a control sample in a polymerase chain re-
action (PCR) reaction using the same primers. The data were
normalized as copies/10” cells by measuring copy numbers
of the ;M gene, since two 6;M copy numbers correspond
to one cell. The lower limit of detection was defined as
1 copy/10° cells,

Statistical analyses

Frequency analysis was performed using Fisher's exact lest
for 22 tables, The viral DNA copy numbers of HHV-§, EBV,
and HIV-1 were logy, transformed and compared between
different groups by means of the Mann-Whitney U test. The
associations between them were determined using an analysis
of covariance (ANCOVA), with EBV-DNA and HIV-RNA as
covariates, where HHV-8 DNA was adjusted on the bases of
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EBV-DNA and HIV-RNA. Spearman’s rank correlation coef-
ficient was used to compare changes in platelet counts and
changes in HHV-8 DNA loads. A partial correlation was used
to assess this relationship, while controlling for any changes in
HIV-RNA and EBV-DNA.

Results
Subjects characteristics

A total of 125 patients fulfilled the inclusion criteria. De-
mographic and clinical characteristics of the subjects included
in this study are shown in Table 1. There were 8 women and
117 men, 112 of whom were men who have sex with men; the
others were heterosexual. These patients were ranged from 20
to 69 years of age (mean age, 37.8 years). Of these, 58 received
ART and 67 remained untreated. The duration of ART was 3
months to 9.5 years (mean 3.25 years). Nine HIV-1-positive
individuals were analyzed longitudinally before and after the
initiation of ART. Among 125 HIV-1-positive subjects in-
cluded in our study, we evaluated 97 subjects for the preva-
lence of splenomegaly by means of an abdominal ultrasound
examination; 23 subjects were thus found to have spleno-

megaly.
HHV-8 qualitative and quantitative DNA analysis

The presence and load of HHV-8 DNA were investigated in
125 HIV-1-positive subjects and 17 HIV-1-negative healthy
controls (Fig. 1). HHV-8 DNA was detected in 37 of 125
(29.6%) leukocyte samples from HIV-1-positive subjects, with
values ranging from 2 t0 91,171 copies/ 10° leukocytes, HHV-8
DNA was not detected in any healthy controls.

Relationship between HHV-8 DNA and KS

HHV-8 DNA was detected in three of five (60%) HIV-
infected subjects with KS, whereas they were found in 34 of
120 (28.3%) subjects without KS (p=0.15). Figure 2 shows
that the HHV-8 DNA load of subjects with KS to be higher
than that of the subjects without KS, but not significantly so.

The correlation between HHV-8 DNA
and HIV-1-related immunovirological parameters

The HIV-RNA load in the serum of HHV-8 DNA-positive
subjects was significantly higher than that of HHV-8 DNA-
negative subjects (Fig. 3a). In addition, the correlation be-
tween HHV-8 DNA and hypergammaglobulinemia (the
percentage of gammaglobulin is more than normal range)
was examined, which is often observed in HIV-1-positive
subjects. The HHV-8 DNA load in leukocytes in subjects with

Total Pretreatment of ART Treatment of ART p
N (male/female) 125 (117/8) 67 (63/4) 58 (54/4)
Age {years] 378+104 343+82 421+11.2 <0.00m
CD4 (cells/ml) 396+ 218 387 £226 407 + 211 0.616
Viral load (copies/ml) (logio) 436 +0.86 Under detection limit
Duration of ART (years) 0 3.25+ 2.68

*The mean values + SE are shown. Pretreatment of ART versus treatment of ART.
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