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Detection of MMP and oxidized phospholipids

The MDMs were first reated for 15 min with rVpr and then with 5 pg/ml
Rhodamine 123 (Sigma Chemical Co.) for another 15 min. Then, cells were
washed with cold PBS and subjected to analysis of MMP by a LSC system
(Olympus, Tokyo, Japan). For immunostaining of OxPC, the cells were washed
with cold PBS and fixed using 4% PFA. After fixation, the cells were blocked
with 3% BSA containing PBS. Thereafter, the OxPCspecific mAb DLHS [33,
34] was treated. As a control, a mAb of isotyped IgM (Rockland Immuno-
chemicals, Philadelphia, PA, USA) was used. Then, an Alexa-555labeled ant-
mouse IgM (Invitrogen) as a secondary antibody was treated for 1 h at room
temperature. Nuclear DNA was stained with Hoechst 33342 (Invitrogen).

For the blocking experiments, we cultured the MDMs with control IgM
or DLH3 (5 nM) for 20 min and then added rVpr and the primary anti-
bodies (20 nM) and cultured these for 30 min. We then collected IL-6
mRNA and analyzed these molecules using qPCR. For the immunostaining
experiments, we fixed the cells with cold methanol and blocked them with
5% BSA containing PBS. Thereafter, the anti-C/EBP-B antibody (Cell Sig-
naling Technology) was used as a primary antibody, and Alexa-546-labeled
anti-rabbit IgG (Invitrogen) was used as a secondary antibody. Nuclear
DNA was stained with Hoechst 33342 (Invitrogen).

Biacore system

The possible interaction of rVpr and a rTLR4 protein was examined by us-
ing the Biacore J system (GE Healthcare). rVpr were coupled with sensor
chip CM5 (GE Healthcare; BR-1005-30) by the amine coupling kit (GE
Healthcare; BR-1000-10), and soluble TLR4, which was expressed by the
baculovirus system and purified as described [35], was used as an analyte.
Binding analysis of binding was done, following the manufacturer’s instruc-
tions.

Statistical analysis

Data were generated from at least three replicate experiments. The statisti-
cal analysis was conducted by the Mann-Whitney U test. A Pvalue of <0.05
was considered to be statistically significant.

RESULTS
IL-6 production from MDM:s is stimulated by rVpr

We reported previously that the maximum concentration of
Vpr present in patient plasma was ~5 ng/ml (0.3 nM) [13].
Thus, we thought it reasonable to investigate the biological
activity of exogenous rVpr added at the ng/ml level. We first
examined the activity of highly purified rVpr, which was pre-
pared by affinity column chromatography using a mAb against
rVpr (8D1; Fig. 1A). Following the addition of purified rVpr
(Supplemental Fig. 1, A and B) to latently infected U1 cells
[4], remarkable viral reproduction was observed when the cells
were cocultured with PBMCs (P<0.05; Fig. 1B). In contrast,
Vpr alone induced no reproductive activity in Ul cells (Fig. 1B,
second column from the left, and Supplemental Fig. 2). CM pre-
pared from PBMGs cultured with rVpr for 2 days also showed
viral reproductive activity (Fig. 1C), suggesting that rVpr stimu-
lates PBMCs to generate a humoral factor(s) that induces viral
reproduction in Ul cells. Note that even 3 or 6 ng/ml rVpr,
which is comparable with the concentration present in the
plasma of HIV-1-positive patients, induced viral reproduction
(Fig. 1C). To characterize the factors responsible for viral produc-
tion, CM was prepared from the PBMCs of three healthy volun-
teers and subjected to protein array analysis (Supplemental Fig.
3). Among the factors tested, I1-6 was selected as a candidate, as
its production was reproducibly correlated with the level of rVpr-
induced viral production. Consistent with this, ant-IL-6 antibod-
ies blocked the viral induction activity of the CM (Supplemental
Table 1), suggesting that the factor responsible for the rVpr-in-
duced reactivation of viral production was IL-6.
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siRNA; lane 2, MyD88 siRNA. (B) The production of IL-6 induced by rVpr was abrogated by the down-regulation of MyD88. Following the in-
troduction of MyD88 siRNA, MDMs were treated with rVpr or ACI2 at 10 ng/ml. IL-6 production was then measured by RT-qPCR. *, P < 0.05.
(C) Involvement of the MyD88-independent pathway in rVprinduced IL-6 production. After the introduction of MyD88 siRNA (si), MDMs
were treated for 40 min with 10 ng/ml rVpr or 10 pg/ml LPS, and the phosphorylation of each transcription factor was analyzed by WB. Lanes
1-3 represent control siRNA-treated cells, and lanes 4-6 represent cells treated with MyD88 siRNA. Lanes 1 and 4, Buffer control; lanes 2 and
5, LPS; lanes 3 and 6, rVpr. B-Tubulin was included as a loading control. MyD88 siRNA inhibited LPS-induced IL-6 production. LPS was added at 10
pg/ml for 3 h, and the expression of IL-6 in MDMs was analyzed by RT-qPCR. The data were obtained from three independent experiments. The
values are expressed as the mean * sp.
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TABLE 1. Effects of Anti-TLR4 on Vpr-Induced IL-6 Production

IgG
Stimulators W/o IgG Control o-TLR2 o-TLR4
None 1.0 £ 0.83 23*+1.38 2.2+ 0.34 05 * 0.32
rVpr 40.5 = 10.8 37.0 = 6.75¢ 40.1 £ 184 19.9 = 9.78°

(Fold increase). “P < 0.05. Each antibody was added to MDMs cultured in the presence of rVpr, and then, IL-6 in the supernatant was mea-
sured by IL-6 ELISA. Of note, o-TLR4 inhibited IL-6 production from MDMs stimulated by L.PS. W/o0, Without.

To confirm that IL-6 was induced by rVpr, we measured IL-6
directly. Analysis by ELISA and RT-qPCR revealed that the addi-
tion of rVpr to MDMs induced the production of IL-6 signifi-
cantly (P<0.05; Fig. 1, D and E). Additionally, we found that a
comparable amount of rIl-6 induced viral reproduction in a
dose-dependent manner (Fig. 1F). Next, to identify the cells re-
sponsible for rVprinduced IL-6 production, we performed frac-
tonation experiments using an antibody against CD14, a mono-
cyte marker. We first removed all CD14-positive cells from the
PBMCs. The recovered cells (Supplemental Fig. 4) were then cul-
tured in the presence of rVpr. As shown in Figure 1G, no IL-6
production was observed following the addition of rVpr to the
CD14-negative cell fraction (P<0.05; Fig. 1G). In contrast, the
CD14-positive cells recovered from the MDMs showed vigorous
IL-6 production in response to rVpr (P<0.05; Fig. 1H). These
data indicate that rVprinduced I1L-6 production is dependent on
monocytes/MDMs and that I1-6 is a mediator of rVprinduced
viral reproduction.

As our findings for rVpr were similar to those obtained with
LPS, we performed additional experiments. First, we detected no
LPS using the LAL test, a highly sensitive method with a detec-
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]
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TLR4 (+) cells rate (%)

don limit of 0.001 EU/ml LPS (Supplemental Fig. 1A). Second,
the activity of rVpr was abolished completely by boiling for 5 min,
whereas that of LPS was reduced only partially following the same
procedure (Supplemental Fig. 1B). Additionally, Vprinduced
IL-6 production was eliminated by pretreatment with a mAb
against Vpr but not by conwol IgG (Supplemental Fig. 5). These
results support the idea that the activation of MDMs by IL-6 rep-
resents authentic Vpr activity. We therefore sought to further
characterize the signaling cascades induced by rVpr.

NF-«B activation is required for rVpr-induced IL-6
production

The IL-6 promoter contains binding sites for four transcription
factors: NF-«B, C/EBP-8, CREB, and AP-1. To identify the tran-
scription factor(s) essential for rVpr-induced II-6 mRNA produc-
tion, we performed a promoter assay using firefly luciferaseas a
reporter gene and observed that rVpr increased the activity of the
II-6 promoter (Fig. 2A). In contrast, mutations in each IL-6 tran-
scription factor-binding site markedly diminished /-6 promoter
activity (P<0.05; Fig, 2A), suggesting that all of the transcription
factors examined are required for rVpr-induced 116 production.
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Figure 6. Involvement of TLR4 in rVpr-induced IL-6 production. MDMs were transfected with TLR4 siRNA, and their reactivity to rVpr was ana-
lyzed. The knockdown of endogenous TLR4 was confirmed by RT-PCR (A) and immunofluorescent staining (B; red, TLR4; blue, nucleus; original
scale bars, 10 um). M, marker. (C) TLR4 siRNA decreased the number of TLR4-positive cells, and the positive cells in the samples with the con-
trol and TLR4 siRNAs were counted. (D and E) The response to LPS or rVpr by cells with down-regulated TL.R4. MDMs induced with TLR4
siRNA were treated with 10 pg/ml LPS (D) or 10 ng/ml rVpr (E) for 3 h. Following siRNA treatment, IL-6 mRNA expression was analyzed by RT-
qPCR. Responsiveness to rVpr was examined in two healthy donors (Donors 1 and 2). The data were obtained from three independent experi-

ments. The values are expressed as the mean = sp. * P < 0.05.
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Figure 7. Induction of OxPCs by rVpr. (A) rVpr-
induced mitochondrial dysfunction. MDMs were
treated with 10 ng/ml rVpr, 10 ng/ml AC12, or
DLH3 H,0, (positive control) for 30 min and then
analyzed for changes in the MMP using Rhoda-
mine 123 and the LSC system. The yaxis repre-
sents the cell counts, and the x-axis represents
the intensity of Rhodamine 123. The presence

of a peak with reduced fluorescence intensity indi-
cates a decrease in the MMP [17]. (B) NAC inhib-

ited rVprinduced IL-6 production. MDMs were treated with NAC at 5, 10, or 20 mM in the presence of 10 ng/ml rVpr for 2 days. (C) The rVpr-
induced phosphorylation of C/EBP-B and IkB-a was inhibited by NAC. MDMs were treated with 10 ng/ml rVpr in the presence (lane 3) or
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As Vpr was reported to activate the NF-xB and MAPK pathways
[86], we next examined the functional linkage of IxkB-a phos-
phorylation with rVprinduced IL-6 production. First, we observed
that 8S, a known inhibitor of IKK [37], blocked rVprinduced
IL-6 production from PBMCs (Fig. 2B) and MDMs (Fig. 2C).
Consistent with this, we found that I«B-« was phosphorylated by
rVpr (Fig. 2D, lane 3). To examine further the importance of
IkB-a phosphorylation in IL-6 transcription, we prepared a Vpr
mutant lacking the AC12 (Fig. 2E). Previously, we found that the
C-terminal region of Vpr was important for its function, and
among several mutants lacking various lengths of the C-terminal
region, AC12 was almost totally defective in terms of its biological
activity corparcd with wild-type Vpr [38]. Compared with rVpr,
AC12 showed significantly less ability to induce IL-6 production
(P<0.05: Fig. 2, F and G). This mutant, however, induced the
phosphorylation of I«B-« to a level comparable with that of rVpr
(Fig. 2D, lane 4). These data indicate that rVprinduced IL-6 pro-
duction depends on the NF-«B pathway but that additonal cellu-
lar factors are also required.

C/EBP-B is a pivotal factor in rVpr-induced IL-6
production :

We next studied the involvement of AP-1 and C/EBP-8 in
rVprdinduced IL-6 production. WB analysis revealed that AP-1
was activated by rVpr and AC12 (Fig. 3A, middle column, lane
3), whereas C/EBP-S was activated selectively by rVpr (Fig. 3A,
top column, lane 2). Additionally, SB2062190, a specific inhibi-
tor of p38, attenuated rVpr-induced IL-6 production (P<0.05;
Fig. 3B, indicated by *) with concomitant inhibition of rVpr-
induced C/EBP-B phosphorylation (Fig. 3C, lane 3). More-
over, SB202190 blocked viral production in Ul cells cocul-
tured with PBMCs and rVpr (P<0.05; Fig. 3D). These observa-
tions indicate that C/EBP-8 is a pivotal factor in rVprinduced
1L-6 producton and viral production. To demonstrate this, we
tested the effects of C/EBP-8 siRNA on rVpr activity. Consis-
tent with the data obtained using 8B202190 (Fig. 3B), the
knockdown of endogenous C/EBP-8 expression abrogated
rVpr-induced IL-6 production (P<0.05; Fig. 3, E and F).

To highlight further the importance of C/EBP-§ in rVpr-in-
duced IL-6 production, we conducted complementation cxperi-
ments. As shown in Figure 4A, Ul (lane 3), its parental cell line
U987 (lane 2), and THP-1 (lane 5), another human monocytic
leukemia cell line, expressed low levels of endogenous C/EBP-3
compared with MDMs (lanes 1 and 4). These three cell lines did
not respond to rVpr by producing IL-6 (data not shown); how-
ever, the forced expression of exogenous C/EBP cDNA in leu-
kemic cells (Fig. 4A, lane 7) made the cells competent for rVpr
(P<0.05; Fig. 4B)- and LPSinduced IL-6 production (P<0.05;

Fig. 4C). These results indicate that C/EBP-8 is a pivotal factor in
rVpr activity. Intriguingly, ACI2 induced less IL-6, even under
these conditions (P<(.05; Fig. 4B).

rVpr-induced I1L-6 production depends on MyD88 and
TLR4 ’

To explore the involvement of the TLR signaling cascade in
the modulation of NF-«B and MAPK by 1Vpr, we first exam-
ined the effects of the down-regulation of endogenous MyD88
on IL-6 production. The introduction of MyD88 siRNA into
MDMs efficiently repressed endogenous MyD88 expression
and responsiveness to LPS (Fig. bA and Supplemental Fig. 6).
Next, we examined the responsiveness to rVpr and found that
rVpr-induced IL-6 production was attenuated significantly by the
siRNA (P<0.05; Fig. 5B). We further characterized the phosphor-
ylation status of several cellular proteins after the down-regulation
of endogenous MyD88. Introduction of the siRNA reduced the
rVprinduced phosphorylation of I«B-a, C/EBP-B, and c-Jun sig-
nificantly (Fig. 3C, compare lanes 3 and 6). Interestingly, the to-
tal amount of IxB-x was increased by rVpr (Fig. 5C, second col-
umn from the top, lane 6) but not by LPS. We obtained the
same results in three independent experiments, suggesting that
Vpr affects the processing of IkB-a, as postulated by Ayyavoo

et al. {15].

Next, we examined the involvement of TLR molecules in
this process. Among the TLR members tested, TLR2 and
TLR4 were of primary interest, as these molecules were re-
ported to interact with viral proteins [22, 23]. As an inidal
trial, we tested the effects of neutralizing antibodies against
TLR2 and TLR4 and found that an anti-TLR4 antibody attenu-
ated IL-6 production by rVpr (P<0.05; Table 1). We next ana-
lyzed the effects of TLR4 siRNA on rVpr-induced IL-6 produc-
tion. The down-regulation of endogenous TLR4 was confirmed
by RT-PCR (Fig. 6A), immunohistochemical analysis (P<0.05;
Fig. 6, B and C), and LPS responsivencss testing (P<0.05; Fig.
6D). Two independent experiments were done using MDMs
prepared from different healthy donors; both trials revealed
that TLR4 siRNA attenuated rVprinduced IL-6 production
significantly (P<0.05; Fig. 6E).

rVpr-induced OxPC formation stimulates I1-6
production

Based on our results showing that rVpr-induced IL-6 produc-
tion depended on TLR4/MyD88, we expected that rVpr would
bind TLR4 dircctly. To demonstrate this, we examined the
molecular interaction between rTLR4 proteins and rVpr using
the Biacore system but obtained no positive results (data not
shown). As another possibility, we hypothesized that TLR4/

absence (lanes 1 and 2) of 20 mM NAC. For the analysis of IxB-w, cells were treated with 150 uM ALLN. (D) Induction of OxPCs by rVpr. MDMs
were treated with 10 ng/ml r'Vpr in the presence or absence of 20 mM NAC. Thereafter, the cells were fixed and stained using DLH3. Red, Ox-
PCs; blue, nucleus; original scale bars, 10 um. IF, immunofluorescence. (E) rVpr-induced IL46 production was blocked by inhibiting the induction
of OxPCs. MDMs were treated with 10 ng/ml rVpr in the presence or absence of 20 nM DLH3. mRNA samples were then collected, and the level
of IL-6 expression was analyzed by RT-qPCR. ACTB was included as a loading control. (F) The rVpr-induced phosphorylation of C/EBP-8 was
blocked by inhibiting the induction of OxPCs. MDMs were treated with rVpr in the presence or absence of 20 nM DLHS3. Thereafter, the cells
were fixed and stained using a-phosphorylated C/EBP-B. Red, phosphorylated C/EBP-5; blue, nuclear DNA; original scale bars, 10 um. The data
were obtained from three independent experiments. The values are expressed as the mean = sp. *, P < 0.05.

vawwjleukbio.org

Valume 87, June 2010 Journal of Leukocyte Biology 1141



272

MyD88-dependent pathways were modulated by rVpr-induced
oxidative stress and OxPC.

To investigate the involvement of OxPC in triggering rVpr-
induced cellular responses, we first sought to determine
whether -6 production was coupled with rVpr-induced oxida-
tive stress by testing for changes in the MMP, an indicator of
oxidative stress [17]. As observed in MDMs treated with H,O,
as a positive control (Fig. 7A, upper right panel), we found
that rVpr generated a peak that was shifted to the left on the
xaxis, indicating a decrease in the MMP (Fig. 7A, lower left
panel; peak 1). In contrast, AC12 did not induce a shift (Fig.
7A, lower right panel; only peak 2 is observed). To show the
importance of ROS in rVpr-induced IL-6 production, we next
examined the effects of NAC on rVprinduced cellular re-
sponses (Fig. 7B). As shown in Figure 7C, NAC decreased the
rVpr-induced phosphorylation of C/EBP-B and IxB-a (Fig. 7C,
compare lanes 2 and 3). We then examined the formation of
OxPC following the addition of rVpr to MDMs. Interestingly,
the mAb DLH3 [33, 34] detected OxPC, formed after treat-
ment of rVpr (Fig. 7D, lower middle panel). The rVpr-induced
formation of OxPC was blocked by the addition of NAC (Fig.
7D, lower right panel). Moreover, pretreatment of the MDMs
with DLH3 attenuated rVpr-induced IL-6 production (P<0.05;
Fig. 7E) and the phosphorylation of C/EBP-B (Fig. 7F, com-
pare the upper middle and lower middle panels). These data
suggest that OxPC, generated by rVpr-induced oxidative stress,
modulate TL.LR4/MyD88 signaling and induce IL-6 production
via the phosphorylation of C/EBP-S.

DISCUSSION

In this study, we found that rVpr activated the TLR4/MyD88-
dependent cellular cascade in human MDMs, leading to the
production of IL-6. rVpr-induced IL-6 producton depended
on the activation of NF-kB and MAPK signaling and the phos-
phorylation of C/EBP-8. Moreover, we found that rVpr-in-
duced oxidative stress caused the formation of OxPC, and pre-
treatment with DLH3, a mAb against OxPC, blocked rVpr-in-
duced IL-6 production and the phosphorylation of C/EBP-.
These data indicate that IL-6 production is initated by the for-
mation of OxPC generated by the effects of rVpr-induced oxi-
dative stress. Varin et al. [36] reported that a synthetic Vpr
peptide activated AP-1, JNK, and NF-«B signaling, resulting in
increased viral replication; however, the molecular mechanism
involved remains to be clarified. Our current work provides an
explanation for the activation of these cellular responses by
Vpr-induced oxidative stress. We hypothesize that OxPC, as the
most upstream event, extracellularly activates TLR4-mediated
signaling. This notion is supported by previous data reported
by Imai et al. [27] that TLR4 signaling is activated by acid
challenge or treatment with H5N1 in mouse lungs via OxPC.
They detected OxPC generated in bronchoalveolar lavage in
affected mouse lungs and showed that its activity was blocked
by a mAb against OxPC. However, our blocking experiments
with DLH3 cannot exclude the possibility that the formation
of OxPC and activation of TLR4-mediated cellular signals are
required independently for Vprinduced IL-6 producton.
Here, we showed that OxPC-triggered cellular signals were de-
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pendent on MyD88, whereas those induced by SARS-CoV were
shown to be MyD88-independent [27]. These discrepant obser-
vations may have been a result of differences in the experi-
mental conditions applied; we used human monocytes,/ macro-
phages, whereas Imai et al. [27] used rodent cells.

ROS are likely generated as a result of the mitochondrial
dysfunction caused by Vpr. With regard to the mechanism of
mitochondrial dysfunction, it has been shown that Vpr binds
ANT, a member of the permeability transition pore complex
[39], and disrupts the MMP [17]. The domain of Vpr involved
in mitochondrial toxicity has been identified as the region en-
compassing aa 72-83, and arginine residues at positions 73,
77, and 80 (R73, R77, and R80) were defined as being critical
for the interaction with ANT [39]. We showed previously that
a mutant rVpr protein with alanines in place of the three argi-
nines lacked the ability to impair the MMP and neurite out-
growth [17]. Additionally, a mutant virus carrying Vpr, altered
at R77, was detected in patients who were HIV-1-positive and
diagnosed as long-term nonprogressors [40], suggesting that
the Vprinduced killing activity of T cells might be linked di-
rectly to the clinical outcome of these individuals.

Our finding that exogenously added rVpr reactivated viral
reproduction in latently infected cells will broaden our under-
standing of the pathophysiology in HIV-1-positive patients.
HAART dramatically improves the prognosis of HIV-1-positive
patients; unfortunately, however, it was concluded that com-
plete eradication of the virus by the chemotherapeutics cur-
rently available would take more than 60 years [41]. Such ob-
servations underscore the importance of preventing new epi-
sodes of viral infection or restraining viral production from
latent reservoirs. Vpr has been postulated to function as a nec-
essary factor in the primary infection of resting macrophages
and to enhance viral reproduction following latency. As re-
ported previously [13], Vpr is present in the plasma of HIV-1-
positive patients, and we ascertained that rVpr added exog-
cnously at the nM level, which is comparable with the level
observed in patient plasma, reproducibly reactivated viral pro-
duction from latency via IL-6 production. Although autoanti-
bodies to Vpr [42] might neutralize its activity, we suggest the
importance of monitoring patient plasma Vpr levels in the
context of the clinical course. Our results provide a rationale
for the development of novel ant-AIDS therapeutics against
Vpr.
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Abstract

Primary central nervous system lymphoma (PCNSL) related to acquired immunodeficiency syndrome
(AIDS) is a lethal disorder, but the recent application of highly active antiretroviral therapy (HAART) has sig-
nificantly improved prognosis. This retrospective cohort study of AIDS-related PCNSL examined the actual
clinical outcomes and prognostic variables affecting overall survival (OS) in the HAART era. Twenty-three
newly diagnosed AlDS-related PCNSL at 12 regional centre hospitals for HIV/AIDS in Japan between 2002
and 2008 were consecutively enrolled. The estimated 3-yr OS rate of the entire cohort was 64% (95%Cl,
41.0-80.3%). Whole brain radiation therapy (WBRT) had an independent positive impact on survival (WBRT
230 Gy vs. others, P = 0.02). Nine of 10 patients with a good performance status (PS) (0-2) remained alive
with complete response, whereas 10 (77%) of 13 of those with a poor PS (3-4) died mostly after a short
period. The estimated 3-yr OS rate of the groups with a good and poor PS was 100% and 38% (95%Cl,
14-63%), respectively (P = 0.01). Leukoencephalopathy (grade > 2) developed in 21% of those that sur-
vived more than 12 months after radiation. The patients receiving a curative intent radiation dose (=30 Gy)
of WBRT achieved prolonged survival while maintaining a good quality of life in the HAART era, especially
among patients with a favourable PS.
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Primary central nervous system lymphoma (PCNSL) is
one of several acquired immunodeficiency syndrome
(AIDS)-defining ilinesses (ADI), and it is the second
most frequent cerebral mass lesion after toxoplasmosis
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among those infected with the human immunodeficiency
virus (HIV) (1). This type of lymph oma typically arises
at the severely immunocompromised late stage of HIV
infection, and CD4+ cell counts at diagnosis are
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<20/uL in most patients (2, 3). The pathoiogical diag-
nosis is usually diffuse large B cell lymphoma (4, 5).

Although Epstein-Barr virus (EBV) is generally absent

from PCSNL in immunoconipetent patients, about 80—
100% of AIDS-related PCNSL is associated with EBV
in lymphoma lesions (6). Pathogenetic roles of EBV
infection in AIDS-related PCNSL have been suggested.
The incidence of PCSNL has significantly decreased since
highly active antiretroviral therapy (HAART) was intro-
duced (7), as have all other types of EBV-positive AIDS-
related lymphomas (8). Before the introduction of HA-
ART, the prognosis of AIDS-related PCNSL was dismal
and median survival was typically <3 months (9-13).
After HAART became availabie, the clinical outcome of
AIDS-related PCNSL radically improved (14-19). How-
ever, a standard management procedure for these
patients remains to be established. We performed a
nationwide retrospective survey to elucidate the actual
clinical outcome and to identify the significant prognostic
variables of AIDS-related PCNSL in the HAART era, in
addition to determining the quality of life of long-term
survivors of whole brain radiation.

Patients and methods

This retrospective cohort study examined the clinical out-
comes of patients diagnosed with AIDS-related PCNSL
(in the HAART era) who visited the 12 regional hospi-
tats for HIV/AIDS in Japan during the period January
2002-December 2008. HAART was defined as two kinds
of nucieoside reverse transcriptase inhibitor combined
with protease inhibitor or non-nucleoside reverse trans-
criptase inhibitor. HAART was introduced in 1997 in
Japan. This study received approval from the responsible
ethics committee.

Patients

The patients included in this study were newly diagnosed
with AIDS-related PCNSL during the study period. The
pathological diagnosis of each institution was accepted.
Those with disseminated lymphoma lesions other than
CNS were excluded, whereas those diagnosed with possi-
ble AIDS-related PCNSL according to some clinical-
based modalities were included. All patients who satisfied
the above-mentioned criteria were serially enrolled. Data
from all patients registered in this study were statistically
analysed.

Ciinical characteristics of the patients

Data regarding age, Eastern Cooperative Oncology
Group (ECOG) performance status (PS) at diagnosis,
number of CD4+ cells at diagnosis, HIV viral load at
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diagnosis, prior AIDS, concurrent opportunistic diseases,
presence of severe neurological symptoms at diagnosis
and prior HAART were analysed. Diagnostic modalities
and the primary therapy of all enrolled patients were
also determined and analysed. R

A compiete response (CR) to treatment was defined as
the disappearance of all clinical evidence of disease at
the completion of first induction therapy. The presence
of residual disease but with >50% decrease in the sum of
the products of the greatest diameter was defined as a
partial response (PR). Intra-ocular lesions were not
assessed in any of the patients. Overall survival (OS) was
defined as the interval from diagnosis to death from any
cause. Grades of leukoencephalopathy were evaluated

based om each institutional decision according to
CTCAE v3.0 (20).

Statistical analysis

The primary endpoint of this study was the identification
of factors that significantly impacted OS. Both multivari-
ate and univariate Cox regression analyses were per-
formed to assess the effects of treatment and the various
baseline prognostic factors on OS. All P values are two-
tailed. OS was assessed uwsing the Kaplan-Meier method.
Groups divided by clinical variables were compared
using the log-rank test. Data were statistically analysed
using STATA 10.0 (STATACORP LP, Coilege Station,
TX, USA).

Results

Patients’ background

Table 1 shows the characteristics of the 23 registered
patients with AIDS-related PCNSLs. The median age
was 41 (21-60), and male gender accounted for 96% of
the patients. Eleven patients developed PCNSL as ADI,
and 12 patients were diagnosed with AIDS before the
development of PCNSL. Radiological imaging examina-
tions were carried out in all 23 patients. Eleven were
diagnosed with PCNSL based on both imaging features
and the presence of EBV DNA in cerebrospinal fluid by
PCR without a brain biopsy, while three were diagnosed
by radiological MRI and SPECT imaging, and the
favourable response of brain tumour by radiation ther-
apy. One patient was diagnosed at autopsy. PCR tests of
EBV genome in cerebrospinal fluid were performed in 20
patients, and 16 patients out of them showed positivity
(80%, 16/20). Seven (30%) were treated with HAART
at diagnosis; and finally, HAART was administered to
91% of the patients. Concurrent opportunistic diseases
were identified in 15 (65%). Twelve patients had other
ADIs before the diagnosis of PCSNL. The median count

© 2010 John Wiley & Sans A/S
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Table 1 Characteristics of patients with AlDS-related PCNSL (n = 23)

AIDS-related PCNSL in the HAART era

Table 2 Initial treatment modality and early clinical response

Gender n (%)
Male 22 (96%)
Female 1 (4%)
Age(years)
Median 41
Range 21-60
AIDS diagnosed before PCNSL, n (%) 12 (62 %)
Pneumocystis jiroveci pneumonia 6
Cytomegalovirus infection 2
Candidiasis 3
Cryptosporidiosis 1
HAART therapy before PCNSL, n (%) 7 (30%)
Opportunistic diseases at diagnosis of PCNSL, n (%) 15 (65%)
CD4+ cell count at PCNSL diagnosis (cells/mL)
Median 22
Range 1-657
HIV viral load at diagnosis of PCSNL (copy/mL)
Median 77000
Range 0-1.23 x 107
PS at diagnosis of PCNSL, n (%)
0 2 (7%)
1 4 (17%)
2 4 (17%)
3 5 (22%)
4 B (35%)
Ataxia and/or cognitive disturbance (grade > 3) at
PCNSL diagnosis, n (%) 12 (52%)
Diagnostic modality, n (%)
Biopsy 8 (35%)
Imaging only 3(13%)
Autopsy 1 (4%)
Positive for EBV genome in CSF by PCR 11 (48%)
PCR test of EBV genome in CSF {n = 20)
Positive 16/20
Negative 4/20
HAART after diagnosis of PCNSL, n (%) 21 (91%)

HAART, highly active antiretroviral therapy; PCNSL, Primary central
nervous system lymphoma.
Neurological symptoms graded according to CTCAE v3.0.

of CD4+ cells at PCNSL diagnosis was 22/ul. (1-657),
and 13 (57%) of 23 patients had a poor PS at diagnosis
(3—4). Twelve patients (52%) had severe neurological
symptoms defined as ataxia or cognitive disturbance
grade 2 3 according to CTCAE v3.0 at the time of
PCNSL diagnosis.

Treatment and initial response

Twenty-one patients were treated by radiotherapy alone,
and only one received combined modality treatment
(high-dose methotrexate and cytoxan followed by whole
brain radiation (WBRT)). One patient received only best
supportive care (BSC). Thirteen patients received a
curative intent radiation dose (230 Gy) of WBRT. The

© 2010 John Wiley & Sons A/S

Treatment modality n (%) CR/PR, n (%)
Whole brain radiation + local 13 (67%) 10 (77%)
boost (230 Gy)
Whole brain radiation (<30 Gy) 5 (22%) 1 (20%)
Local brain radiation 3(13%) 3 (100%)
Combined modality therapy 1 (4%) 1 (100%)
Best supportive care 1 (4%) 0 (0%)
Total 23 15 (65%)

Combined modality therapy: high-dose methotrexate and high-dose
cytoxan followed by WBRT.

1.00

0.75

0.50+

Survival

0.25-

0 10 20 30 40 50 60
Time from diagnosis (months)

Figure 1 Overall survival curves (All patients with Primary central ner-

vous system lymphoma). Kaplan—-Meier estimate with 95% Cl (dashed

line). Marks indicated censored observation. The total number of cen-
sored cases was 12.

overall response rate to all of these strategies including
BSC was 65%, while the response rate to a curative
intent WBRT was 77% (Table 2).

Clinical variables affecting 0OS

The estimated 3-yr OS rate of all patients was 64%
(5% CI, 41.0-80.3%) with a 20-month median follow-
up (Fig. 1).

Significant clinical variables that affected OS were dis-
tinguished using univariate and multivariate analyses.
Univariate analysis showed that better PS (ECOG) at
diagnosis (0-2 vs. 3-4) and receiving curative intent radi-
ation dose (230 Gy) of WBRT (WBRT 2 30 Gy vs. oth-
ers) were significant positive survival predictors
(P = 0.01 and <0.01, respectively), and younger age
(<40 yr vs. 240) also tended to affect positively on OS
but did not reach statistical significance (P = 0.12)
(Table 3). Multivariate analysis of these three variables
revealed that receipt of WBRT (>30Gy) had an indepen-
dent positive impact on OS (P = 0.02) (Table 4).
Favourable PS (ECOG) was second strong predictor to
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Table 3 Factors zffecting OS {univariate analysis)

Clinical No. of Median survival

variables patients {Month){95% Cl) P valug*

Age (yr)
<40 9 41 (1.7-80.3) 0.12
240 14 2(2-34.7)

PS {ECOG)
0-2 10 48 {N/A) 0.01
34 13 2{0-12.6)

CD4 (cells/mL})
<50 18 60 (N/A) 0.77
=50 5 41 {0-97.7)

Prior AIDS
=) 1 48 {(0-114.1} 0.68
{+} 12 41{0-93.2)

Prior HAART
=) 16 41 (0.6-81.4) 0.52
(+} 7 48{12.2-83.9)

HIV viral load {copy/mt)
<1 % 10° 13 13 (N/A) 0.07
>1x10° 10 80 (N/A)

Severe neurological symptoms at PCNSL onset
(] 12 NR 0.12
{+} 11 41 (12.3-69.7)

Opportunistic disease
=) 8 48 {33.8-62.2) 0.34
(+) 15 NR

Therapy
WBRT (230 Gy) 13 B0 (N/A) <0.01
Other 10 2 {0.7-3.3)

Response rate
SD/PD 8 2 {N/A) 0.14
CR/PR 15 48(31.7-64.3)

*Log-rank test.

CR, complete response; ECOG, Eastern Cooperative Oncology Group;
HAART, highly active antiretroviral therapy; N/A, not applicable; NR,
not reached; OS, overall survial; PCNSL, Primary central nervous sys-
tem lymphoma; PR, partial response; WBRT, whole brain radiation
therapy.

Table 4 Factors affecting OS (multivariate analysis}

Clinical variables Hazard Ratio (95% Cl) Pvalue
Age
<40 1 0.09
240 5.27 {0.76-36.1)
PS
0-2 1 0.06
34 9.24 (0.86-96.43)
Therapy
WBRT {230Gy) 1 0.02
Other 8.10 {1.3548.43)

OS, overall survial; PS, performance status; WBRT, whole brain radia-
tion therapy.
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better OS with highest hazard ratio but was not statisti-
cally significant (P = 0.06).

Nine of ten patients with a good PS (0-2) remained
alive with CR (all received curative intent WBRT), nev-
ertheless 10 (77%) of 13 of those with a poor PS (3-4)
died mostly within 2 months (7/10; 70%). The estimated
3-yr OS rate of each group was 100% and 38% (95%
CI, 14-63%), respectively (P = 0.01, log-rank test)
(Fig. 2A).

The 3-yr OS rates for 13 patients who received WBRT
(230Gy) estimated from Kaplan—Meier survival curves
and in the group that received a different type of treat-
ment were 92% (95% CI, 57-99%) and 24% (95% CI,
4-58%), respectively (P < 0.01, log-rank test) (Fig. 2B).

Leukoencephatopathy and PS in survivors

Leukoencephalopathy is a late-onset, serious adverse
event associated with radiation therapy to the brain

A1.00{
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i
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T
-_— t
o 1
2
0504 | ______
3 |
W e ——— [ U SN U N
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Figure 2 Overall survival curves. (A) Survival according to perfor-
mance status {PS) at Primary central nervous system  lym-
phoma{PCNSL) diagnosis. Solid fine, patiants with PS 0-2 {good PS);
dashed line, patients with PS 3-4 (poor PS). Marks indicated censored
observation. The number of censored cases was nine in good PS
group and three in peor PS group, {B) Survival according 1o initial ther-
apy for PCNSL. Sofid line, patients receiving WBRT (230 Gy); dashed
fine, patients receiving other therapy. Marks indicated censored abser-
vation. The number of censored cases was 10 in WBRT (230 Gy)
group and two in others’ group.
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Table 5 Current status and neurological symptoms of patients who
survived 212 months

Neurological
sympioms
Patient  Survival Ataxia/cognitive
No. {months}  disturbance Leukoencephalopathy ~ PS
1 48 0/2 1 1
2 25 4/3 3 4
3 30 0/0 4] o]
4 31 3/0 0 1
5 34 21 o] 1
4] 13 0/0 0] o]
7 58 1/0 1 1
8 20 01 0 1
9 16 0/0 0 0
10 29 0/0 0 0
11 36 0/0 0 0

PS, performance status.
Neurclogical symptoms and leukoencephalopathy graded according
CTCAE v3.0.

(21-23). We analysed the incidence and grade of radia-
tion-related leukoencephalopathy, which was assessed
among the patients who survived for 212 months after
initiai radiation therapy. Leukoencephalopathy was
graded according to CTCAE v3.0. Twelve patients sur-
vived for 212 months after WBRT (230 Gy), and two
patients survived for 212 months after local brain radia-
tion. Among these fourteen patients, five (36%) were
diagnosed with leukoencephalopathy by CT or MRI
imaging, and three of them had leukoencephalopathy
grade 2 2 (median follow-up, 30 months; range, 13-
58 months). No signs of leukoencephalopathy have
developed in eight of the 12 survivors who received
WBRT (230 Gy).

We also analysed the current neurological symptoms
and PS of 11 living patients. The PS of all patients
except for one with severe neurological symptoms was <1
(Table 5). ’

Discussion

AIDS-related PCNSL was a highly lethal ADI in the
pre-HAART era, with survival being generally quoted as
<3 months (9-13). Many studies have indicated
improved survival of patients with AIDS-related PCNSL
after the introduction of HAART (14-19), but standard
management for such patients has not been established.
Our retrospective cohort study of AIDS-related
PCNSL in the HAART era showed favourable survival
especially in patients with a good PS who underwent
WBRT at the dosage of 230 Gy designed for curative
intent. Univariate analysis showed that significant clinical
factors for a favourable OS were a good PS (ECOG 0-2)
at diagnosis and the receipt of WBRT (230 Gy). Muiti-

© 2010 John Wiley & Scns A/S
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variate analysis selected the receipt of WBRT (230 Gy)
as the statistically significant clinical factor for a favour-
able OS. Even in the HAART era, low CD4+ cell
counts was reporied to be a significant poor prognostic
factors for AIDS-related systemic non-Hodgkin lym-
phoma (24). Our data could not show that CD4+ cell
count had the prognostic effect in A1DS-related PCNSL
in the HAART era. Systemic non-Hodgkin lymphomas
were usually treated with systemic chemotherapy, which
could impair host immune status, and one of the major
causes of death was severe infection during treatment.
Thus CD4+ cell count in AIDS-related systemic lym-
phoma would be more important than in PCNSL treated
with brain radiation, which might have minimal damages
to host immunity, in the context of control of infectious
complications.

Some reports during the HAART era have indicated
improved survivais of patients with PCNSL after treat-
ment with curative intent WBRT. However, in each
study, all patients with PCNSL were not reported to be
actually treated with this modality in the HAART era;
the largest study comprised 25 patients (16), but only
10 of the patients described in that study underwent
both WBRT (230 Gy) and therapy with two or three
anti-retroviral agents. All of our 23 patients were diag-
nosed in the HAART era, 12 were treated with both
HAART and the curative intent WBRT. and we fol-
lowed up the survivors for longer (median: 18 months)
than any other studies (14-16). The 3-yr OSs of the
entire cohort, the group with a favourabie PS, and the
group that underwent WBRT were 64%, 100% and
92%, respectively. These data showed that the survival
of patients with AIDS-related PCNSL could be favour-
able if treated with curative WBRT under a relatively
good general PS during the HAART era. The reported
3-yr OS of patients with non-AlDS-related PCNSL is
29% when treated only with brain radiation (25) and
50-70% when treated with high-dose MTX-based che-
motherapy plus brain radiation (26, 27). Our survival
findings were comparable with those of immunocompe-
tent patients and might be superior if PS is favourable
at diagnosts.

One major difference between AIDS-related and
immunocompetent PCNSL is considered the consistent
association with EBV. The presence of EBV in the set-
ting of prolonged immunosuppression might cause B
cell activation that result in the development of
PCNSL. Anti EBV therapy or HAART with/without
ganciclovir and interleukin two have been applied to
treat AIDS-related PCNSL, with some good responses
{28-30). In the context of these concepts, the role of
chemotherapy in  AIDS-related PCNSL remains
obscure. The adequacy of such therapeutic modalities,
as WBRT, a high-dose MTX-based regimen, and com-
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bined therapy should be further analysed in prospective
clinical trials.

Our long-term follow-up allowed an analysis of the
incidence of leukoencephalopathy, general status and
neurological symptoms after therapy was completed. The
adverse effects of brain radiation comprise an acute type
that can occur even during radiation, an early-delayed
type that occurs 2-4 months later, and a late type that
manifests about 9-12 months later. Leukoencephalopa-
thy is a late-onset complication that requires long-term
follow-up. Our patients were followed up for 13—
56 months, which should have allowed most leukoence-
phalopathy to be recognised. The incidence was 36%
(5/14), and severe events (grade = 2) developed in three
patients. The PS of all eleven survivors except for one
with grade 3 leukoencephalopathy was <1. Two patients
showed cognitive disturbance of grade 22, and three
showed ataxia of grade > 2. PCNSL itself, even in the
remission status, might account for some neurological
symptoms. Longer observation might be required to
determine the final outcome of late-onset radiation-dam-
age to the brain.

Our findings suggested that patients with AIDS-related
PCNSL achieved durable remission after curative intent
WBRT, especialiy those with a good PS during the HA-
ART era. These findings indicate that early diagnosis of
this disease before symptoms can affect general status
could resuit in prolonged survival with a favourable out-
come. Thus, surveillance of a high-risk population for
HIV infection and close follow-up of patients infected
with HIV should improve the outcomes of AIDS-related
PCNSL.
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CASE REPOR!

Z% Epstein-Barr W7 4 )V A EYLE % JEIE L 7= HIV BEED 1 #l*

=S V)

HIV (human immunodeficiency virus) & EBV
(Epstein-Barr virus) & O EHEEYII LI LIEA
N5, HIV EGE CERMICHESL 72 5 EBV
REYe B Lo RE I, RS L Tz EBV
OFEEALIC X 2 HFEREBEY R EED >
@27 & Td s, Slbhbid, EBV #lEHIC X
BARYeME BAE % $89E L 72 HIV RS RE B & %
BeL, BEBREWIYEMAER A2 RO7-0T, Wb
T 5.

iE ]

fE B30, B

E AR

SRHEERE @ ACh RS,

BREAERE | JFiiT &2 L L.

BREE A A O 72D U7 JEhn# i
KT HIV (2 L 7228, IR T LRI RE
L TV 72 (CD4 B Al B %k 500/l LA E, HIV-
RNA # 10°~10°2 ¥ —/ml &). 2008 4 4 A$4
12 39CHEDREND 1, DBREBRIESERL TW»
72, Mk BB 420 - 0@ L T 7z Y BREES
feom@EmET, s, Z8Y 23K
HBERD720, 4 ATRICURZZEZ L.

BEFRR | 5 E 180 cm, K& 78 kg, IMLF 126/
70 mmHg, ARHA 92/min - ¥, kiR 37.1C. Rk
JlE A% B, WMSEHIZ 5~10 mm FjHEO ) ¥ /3

£

* A Case of Primary Epstein-Barr Virus Infection in an HIV-
Positive Patient.
** M. Konishi (#£#4#%), S. Yonekawa, K. Uno, E. Yoshimoto, K.
Mikasa (83%) : ZRELERREFRIEL > & —.
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I A NP = |
|AK—FF =T

T B H

HiEBEmMmmL . - EBICERER R
oz, BEEORCALE & AHRobT I BB
BRI,

SUBRERR (Table 1) © AMmBkEUIHEML,
1% HRB) VR TH - 72 (Fig. 1). BEONF
BREEEN D 0, EBV OWIKYe % RIS 5 Lk
ERERE RO, FAIHM CT BE T v /3H)
fEA % 3R 7 (Fig. 2).

ERPRARE (Fig. 3) © HEAEIR, HRFT R B X UL
TR R AR TREL:. LrLERE
T 1P~10PRD I ¥ —HTHRE L Tz HIV-
RNA 7%, EBV Bieft—REA9IC 1.4X10°a ¥ —/
ml 2L, CD4 Ftkfiias b WA tmz R L
7z,

Z =

HARATIREAD 90% LT EBV btk f#
AHLTED, EBVIZXbDTIEEN LY ILAD
—DTH 5. EBV MIEGED% T IEREETH 5
A%, BHEYLUBOBRY TR EREEAE S LTS
FET BEEWEL &b, (RYet HALRE O B AE IR
i, FEER, WHEH - Rk, U vosEIERR, R
fE, &%, HBELMAREDDH 5. BEFRTHE,
FIILERES AN (1) > 2 SEREEAT), B BRI,
PR RER T 2 E A SN 5. EBV BELIAMIH 4
M AH T A AR HIV O EHEEZ D FAED
TREERT ZEDHLOT, BT LLELD L.

S WL EBV BEPUAMRAEIC L 5 2 LAty
T, DS EBNA HUEREET VCA IgG Stk
BiETdh h (g sy — > EIEN D), AT
B VCM IgM fiiRAsh %<, mEHIIC VCA
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Table 1. BEHREFMRR

KRB CK 321U/l CMVHIR(C7-HRP) (-)
WBC 13,100/ul |  BUN 7mg/dl| EBVVCA IgM 40 15
aFeAER 12% | Cr 0.80 mg/dl| EBV VCA IgA 20 f&
U/ CER 11% | Na 136 mEq/l| EBVVCAIgG 160 5
IR 6% | K 43mEq/l| EBVEA-DRIgA <101%
AR )R 71% | Cl 102mEqg/l| EBVEA-DRIgG 10 15
RBC 443x10%ul | Glu 106 mg/dl | EBV EBNA <1018
Hb 13.1g/dl | & HTLV-1 Fifk (=)
Ht 38.8% | CRP 0.7mg/dl| HSARE (=)
Plt 13.9X10%/ul | EEM IL-2 LETH— TP #ifk (=)

{2 3,490U/ml| HBs & (=)
AST 741U/1 | BMiE HCV Fitk (+)
ALT 501U/1| CMVIgM 0.54
LDH 5651U/1| CMV IgG <2.0

Fig. 1. FRBMBHIER

IgM $LEARaPE{L L EBNA $ifk2sbmttiib 31l
SWIIHETH 5. AEFTIE, BRGEIR, B
it i, EBV [E#PiiAmas 5, EBV #I&YC X 5
GYMEEBE L BT 5 2 EICHER W EE Z
5.

EBV IZMEVE A /- LTk b o [ EIHE = 5 12 &
Yef, B U /8K CD21(C3d L7 ¥ —) i
EBV @ gp350/220 234%4& LT B 1) ¥/ 5k~ D&
YeSar gAY, G L72 B Y YNERIIAAL L
B V) ¥ 83HERICA B A%, CTL (cytotoxic T lympho-
cyte) \Z X % EBV R MG ST 5
E B Y YSHERIAALOHERENL. L2 A
A3, PRIEEA B U > /SEkIN® EBV 1X CTL IC L A %
ERE > o, BREREOREL 25, HIV &

P,

Fig. 2. SEEREHE CT Eifk
EUCED  NSEERIR, HRH D RRSEBHIR, UH R
K ¥ 3,

YSE THRIZREDME T § 5 &, EBV OFEMALIC
Pho TAHRFEIL L7 B MIB R HFBR$ 2 2 L AT E
Bl Ry, ) BEERECEN) Y EOR
FEIZW 2B 2 EDdH A, HIV EIYE D RENE
IZPES EBV BHEMALIC X 2RI T 23
%%, HIV &Y O EBV MIEH B3 2
A%, MR L Z7C#PH T, HIV BRI B
TR & 72 L7281 EBV BRYHE O #HEY O
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28 58 . 8H
s /s

BEH 2/28 4/15 4/22 4/25 5/7 5/13 8/23

WBC (/ul) 7,900 14,200 23000 13,100 9400 5700 4,700

ER8Y >R (%) 0 48 91 71 10 0 0

CRP(mg/di) 0.1 15 1.0 09 0.1 0.1 0.1

EBV VCA IgM (%) 40 <10

EBV VCA IgG (&) 160 320

EBV EBNA (f&) <10 10

CD4* (/1) 742 547 447

HIV-RNA (3 E—/mI) 1.3x 103 14 x105 38x10°

Fig. 3. BERFR#RiA

ATHAb.

AIE B TlIE gt BAE ORI — M1 7% b D
EFBRTH o 724, EBV BEGef | M4EH HIV-
RNA E25—BFA9ICHEML TH Y, BREVETH
4. Moriuchi 5912, &t EBV &4 T CD4 Btk
ML CCR5 SIATTTHE L, R5-HIV O &S A
B35 EME LTS, AKEEHIO HIV 2% R5-
HIV % X4-HIV 2MEEFRTE TV W»as, —Rei
(24 A o> HIV-RNA &A1 L 72 3502 B
LAWY H 5. F72, HIV REHETO
EBV MIE#HEOFEMAD L { DD o> THVDT, K
FEFOFBEEFRERBo T BENH L L%
25,

X

1) Triantos D et al : Oral hairy leukoplakia . clinicopatho-

3)

5)

6)

logic features, pathogenesis, diagnosis, and clinical
significance. Clin Infect Dis 25(6) : 1392, 1997

Ometto L et al : Molecular profile of Epstein-Barr
virus in human immunodeficiency virus type 1-related
lymphadenopathies and lymphomas. Blood 90 (1) : 313,
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Tanner ] et al : Epstein-Barr virus gp350/220 binding
to the B lymphocyte C3d receptor mediates adsorption,
capping and endocytosis. Cell 50(2) : 203, 1987

Okano M, Gross TG : A review of Epstein—Barr virus
infection in patients with immunodeficiency disorders.
Am ] Med Sci 319(6) : 392, 2000

Weber HC et al . Upper airway obstruction in an HIV-
1 infection child with acute Epstein-Barr virus
infection. ] Trop Pediat 45(2) : 119, 1999

Moriuchi M, Moriuchi H : Increased susceptibility to
HIV-1 of peripheral blood lymphocytes in acute infec-
tion with Epstein-Barr virus. ] Med Virol 71 (3) : 343,
2003
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WEEY - 376 @ 2007.7. ISBN978-4-524-24714-1
TSI - 45 FBE Rl 3 B RASE B HR O BARM R
A hEayy M, WAFCER R
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[1 ORIGINAL ARTICLE []

Impact of Peripheral Lymphocyte Count on the Sensitivity
of 2 IFN-y Release Assays, QFT-G and ELISPOT, in Pa-
tients with Pulmonary Tuberculosis

Kosaku Komiya'?, Haruyuki Ariga', Hideaki Nagai ', Shinji Teramoto ',
Atsuyuki Kurashima', Syunsuke Shoji' and Yutsuki Nakajima'

Abstract

Objective This study evaluated the effect of peripheral lymphocyte count on 2 interferon-gamma release as-
says [QuantiFERON TB-Gold (QFT-G) and enzyme-linked immunospot (ELISPOT)] and their sensitivity in
patients with pulmonary tuberculosis, including HIV-negative immunocompromised patients.

Patients and Methods Two hundred thirty patients with microbiologically confirmed active pulmonary tu-
berculosis were subjected to the tests. Lymphocyte counts were analyzed simultaneously.

Results Overall sensitivity was 74% (159/215; 95% CI, 68-80%) for QFT-G and 92% (198/215; 89-96%)
for ELISPOT (p<0.0001). In patients with peripheral lymphocyte counts of =1000/uL,, sensitivity was high
for both QFT-G (88%, 111/126; 82-94%) and ELISPOT (97%, 122/126; 94-100%). However, the sensitivity
decreased significantly with decreasing peripheral lymphocyte count for both QFT-G (test for trend p<
0.0001) and ELISPOT (test for trend p=0.007). When lymphocyte counts were <500/uL., the sensitivity was
81% (25/31; 66-96%) for ELISPOT, but only 39% (12/31; 21-57%) for QFT-G.

Conclusion Both QFT-G and ELISPOT are sensitive methods for detecting active pulmonary tuberculosis,
but their sensitivity partly depends on peripheral lymphocyte counts. At low lymphocyte count conditions,

ELISPOT is superior to QFT-G for detecting tuberculosis, irrespective of age, gender, and nutrition.

Key words: IFN-y release assay, lymphocyte count, pulmonary tuberculbsis

(Inter Med 49: 1849-1855, 2010)
(DOI: 10.2169/internalmedicine.49.3659)

Introduction

Until recently, the detection of latent Mycobacterium tu-
berculosis infection (LTBI) was only based on tuberculin
skin testing (TST). With the advent of highly specific
interferon-gamma (IFN-y) release assays (IGRAs), however,
alternatives are now available. False-positive results with
TST occur because of antigenic cross-reactivity of the puri-
fied protein derivative with non-M. tuberculosis infections,
including those caused by Bacille Calmette-Guerin (BCG)
vaccination. In contrast, IGRAs are not affected by BCG
vaccination and most non-M. fuberculosis infections, and are
at least as sensitive as TST for detecting active tuberculo-

sis (1, 2). Therefore, the Centre for Disease Control and
Prevention (CDC) guideline recommends that IGRAs are
more useful than TST for detection of LTBI (3, 4).
Although the overall sensitivity of IGRAs such as Quan-
tiFERON TB Gold (QFT-G) and enzyme-linked immunospot
(ELISPOT) were reported to be very high, these were evalu-
ated only in studies that excluded distinctly immunocom-
promised patients (5-20). However, immunocompromised
hosts, including elderly and patients receiving immunosup-
pressive agents, have a greater risk of tuberculosis than
usual hosts. Some studies on immunocompromised hosts
have reported that IGRAs are more useful than TST, but the
sensitivity of IGRAs was diminished in those pa-
tients (1, 6-9). It has also been reported that CD4 lympho-
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cyte counts affect the positive and intermediate responses of
QFT-G (8, 10-15).

Therefore, this study was conducted to quantify the effect
of peripheral blood lymphocyte count on QFI-G and ELIS-
POT and to evaluate their sensitivity in patients with pulmo-
nary tuberculosis, including HIV-negative immunocom-
promised patients.

Methods

Setting, patient recruitment, and eligibility

In total, 602 patients who were clinically suspected of
pulmonary tuberculosis infection were tested with QFT-G
and ELISPOT simultaneously, between January 2008 and
June 2009 at the Department of Pulmonary Medicine, Tokyo
National Hospital, National Health Organization (Tokyo, Ja-
pan). Patients provided written and informed consent. Two
hundred and fifteen HIV-negative patients with M. tubercu-
losis infection confirmed by positive culture and/or PCR for
M. tuberculosis from sputum or bronchoalveolar lavage were
recruited prospectively. Patients were tested before or within
14 days of initiation of chemotherapy. Information on im-
munosuppressive therapy, malignancies, and bedridden status
was collected from each patient at the time of enrollment.
Laboratory findings [peripheral blood cell count, lymphocyte
count, serum albumin (Alb), C-reactive protein (CRP), and
haemoglobin Alc (HbAlc)], sputum smear status, and radio-
logical findings were obtained at the same time.

QFT-G and ELISPOT were performed by the following
procedures. Furthermore, the sensitivity of each assay was
calculated and the results were analysed according to pe-
ripheral lymphocyte counts. We compared the mean periph-
eral lymphocyte counts between groups with positive, nega-
tive, and indeterminate results of the 2 IGRAs.

Furthermore, univariate and multivariate analyses were
performed with respect to the significant contributing factors
for the results of the sensitivity of these assays in detecting
pulmonary tuberculosis.

This study was approved by the ethics committee of To-
kyo National Hospital, National Health Organization (Tokyo,
Japan).

QFT-G test

The QFT-G test was performed according to the recom-
mendations of the manufacturer (Cellestis, Ltd., Carnegie,
Victoria, Australia), and the test results were evaluated ac-
cording to the guidelines of CDC (21).

ELISPOT assays

Peripheral blood mononuclear cells were separated from
the heparinized blood sample by density centrifugation using
BD Vacutainer® Cell Preparation Tubes (Becton, Dickinson
and Company, Franklin Lakes, NJ). We seeded pre-coated
IFN-y ELISPOT plates (BD) with 2.5%10° cells per well in
AIM-V medium (GIBCO), and then incubated with ESAT-6

(5 g/mL) and CFP-10 (5 g/mL) peptides at 37C in 5% car-
bon dioxide for 16 h. A negative control (no mitogen or an-
tigen) and a positive control (phytohemagglutinin, 5 g/mL)
were included. After incubation, the wells were washed and
developed with a conjugate against the antibody used and an
enzyme substrate. Spot-forming units were counted using a
KS ELISPOT system. The results of ELISPOT were also in-
terpreted according to the following criteria: The test result
is positive if 1) the negative control has 0-5 spots and
(ESAT-6 or CFP-10 spot count) (negative control spot
count) 6, and/or 2) if the negative control has 6-10 spots
and (ESAT-6 or CFP-10 spot count) 2x (negative control
spot count). The test result is negative if the above criteria
are not met and the positive control is valid. If the positive
control is indeterminate (<20 spots) and both antigens are
negative, the test result is regarded as indeterminate.

Statistical analysis

Data were entered using PASW statistics 17.0 for Win-
dows and analyzed. Analyses were 2-sided, confidence inter-
vals (CI) were 95%, and results were considered significant
when p<0.05. Continuous variables were tested for normal-
ity using the Shapiro-Wilk test and compared using Stu-
dent’s t-test distribution. In other cases, the Mann-Whitney
test and Kruskal-Wallis test were used. The chi-square test
was applied for comparing categorical variables unless 1 of
the categories had less than 20 observations, in which case,
the Fisher’s exact test was applied. A chi-square test and a
linear trend test were conducted for testing trends. Odds ra-
tio analysis for risk factors was performed by both univari-
ate and multivariate analyses.

Results

Patient characteristics and IGRA resulis

Two hundred and thirty patients were examined in the
study. Demographic and clinical characteristics of the study
patients are summarized in Table 1. Two hundred and thir-
teen were Japanese in origin, and the others were either Chi-
nese or Filipino. A total of 215 were HIV negative. The pri-
mary diseases of the 18 patients who were undergoing im-
munosuppressive treatment were rheumatoid arthritis (7 pa-
tients), idiopathic interstitial pneumonia (4), microscopic
polyangitis (2), sarcoidosis (1), autoimmune hepatitis (1),
aplastic anaemia (1), Crohn disease (1), and Still disease (1).

Overall sensitivity is shown Table 2. Figure 1 and 2 show
the distribution of results of ELISPOT according to the
QFT-G result and vice versa, respectively. Among the 3 sub-
groups of 160 (74%) positive, 49 (23%) negative, and 6
(3%) indeterminate QFT-G result subjects, the median pe-
ripheral lymphocyte count was highest in the positive group
[median: 1,247, interquartile range (IQR): 860, 1,680], inter-
mediate in the negative group (median: 732; IQR: 475,
1,120), and lowest in the indeterminate group (median: 164;
IQR: 141, 630) (p<0.0001). On the other hand, among the 2
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