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A B S T R A C T

Purpose
To determine the relative frequency with which Kaposi's sarcoma—associated herpesvirus/HHV-8

(KSHV) DNA is detected in peripheral-blood mononuclear cells (PBMCs) and in plasma of patients
with AIDS-KS and AIDS-associated non-Hodgkin's lymphoma (NHL; AIDS-NHL); to determine
whether the presence of viral DNA in plasma reflects lysis of tumor cells or reflects the presence
of viremia (ie, virion-encapsidated DNA); and to determine the effect of lymphoma therapy on
KSHV DNA.

Patients and Methods

Samples were obtained from patients enrolled in AIDS Malignancy Consortium clinical trials and
from healthy donors. Real time PCR was used to quantify KSHV DNA in peripheral blood
mononuclear cells (PBMC) and plasma. DNase digestion and fragment size determination studies
were used to characterize the DNA detected.

Results
In patients with AIDS-KS, KSHV DNA was detected in PBMC (54%) and in plasma (62%). In

patients with AIDS-NHL, KSHV DNA was detected in PBMC (19%) and in plasma (22%). Median
copy numbers also differed. KSHV DNA in plasma appeared to be encapsidated. In six patients
with AIDS-NHL who were treated with chemotherapy (with or without rituximab), KSHV copy
number declined in PBMC and in plasma.

Conclusion

KSHV DNA is sometimes detected in PBMC or in plasma of patients with AIDS-NHL without KS.
Among patients with KSHV DNA detected in PBMC or in plasma, copy number does not
distinguish between patients with AIDS-NHL and AIDS-KS. KSHV DNA in plasma likely reflects
viremia and not simply lysis of tumor or other KSHV-infected cells. KSHV DNA copy number in
PBMC and in plasma declined with lymphoma-directed cytotoxic chemotherapy in each of the six
patients studied.

J Clin Oncol 27:2496-2502. © 2009 by American Society of Clinical Oncology

chemotherapy. For comparison, we also studied
specimens from patients with AIDS-associated KS

Kaposi’s sarcoma  (KS)-associated herpesvirus ~ (AIDS-KS) and healthy blood donors.

(KSHV), also known as human herpesvirus 8
(HHV-8), is a gammaherpesvirus associated with all
types of KS." In lesions, viral nucleic acids and pro-

tei detected in spindle cells and 7 . , .
€1ms are detected spln € cells an monocytes Spec:mens, spec"nen Handlmg,

Viral DNA is detected in peripheral-blood mononu-
clear cells (PBMCs) and in cell-free blood (ie, plasma
or serum).®® As with other gammaherpesviruses,
lymphocytes harbor latent virus in vivo.

To better characterize KSHV infection and the
effects of treatment, we studied PBMCs and plasma
specimens from patients with AIDS-associated non-
Hodgkin’s lymphoma (AIDS-NHL) undergoing
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DNA Extraction

Blood specimens were obtained from patients with
untreated, aggressive, B-cell AIDS-NHL enrolled in an
AIDS Malignancy Consortium trial.'® Pretreatment blood
specimens from patients with AIDS-KS entered on two
AIDS Malignancy Consortium trials' > and from healthy
blood donors (screened to eliminate HIV-seropositive do-
nors and those with evidence of other infection that would
preclude blood donation) were also studied. Specimen
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Table 1. Primers and Probes

KSHV

Region Primer Primer Probe

K8 5'-TCCAACTCGCAGATCCAAGAG-3’ 5'-CGACCTGCG CCCTGTTT-3’ 5'-FAM-AAGTTTGAAGAGGAACGCTTATGCACTAAGGC-TAMRA-3’
5'-TTGTGTCTAGTCCTACTTTACCGG-3’
5'-GGCAATGCAGGAGATGGAGAAT-3’

LANA  5-TTGTGTCTAGTCCTACTTTACCGG-3' 5'-GACGACTTGGAGGGAGGCT-3’ 5’-FAM-TCCCATTCCTTCACCCGCTCCCGCA-TAMRA-3’

5-GGTTGGCGTGGCGGAGTA-3
5'-GGATGCTTCTTCTGCAATCTCC-3’

Abbreviation: KSHV, Kaposi's sarcoma herpesvirus.

collections were approved by institutional review boards at each participating
AIDS Malignancy Consortium site and by the Cancer Treatment Evaluation
Program of the National Cancer Institute when specimen collection was asso-
ciated with a therapeutic trial.

Blood was collected into heparin tubes, was transported at ambient
temperature (usually by overnight express shipping), and was processed
within 30 hours of being drawn. Plasma was separated by centrifugation.
PBMCs were separated by density gradient centrifugation. DNA was isolated
by using the QIAGEN Blood Kit (QIAGEN Ing, Valencia, CA).

Polymerase Chain Reaction Primers, Probe, and
Standard Curves

KSHV DNA copy numbers in plasma and in PBMCs were measured by
using real-time polymerase chain reaction (PCR) with primers and a probe
that targeted the K8 region (Table 1). The size distributions of KSHV DNA
fragments were studied by using overlapping sets of real-time PCR primers
and a common probe that targeted the LANA region (Table 1). Standard
curves (with duplicate serial 10-fold dilutions of plasmid DNA that included a
target sequence from 10 to 10 copies) were run in parallel with each analysis.
Each of the primer sets amplified a panel of KSHV primary effusion lym-
phoma cell lines (ie, BC-1, BCBL-1 and JSC-1). Real-time primers and a probe
for B actin were used as controls in some experiments. For all assays, fluoro-
genic PCR reactions were set up in a volume of 50 L.

DNase Protection Assay

Plasma specimens were treated with DNase I (150 U/uL; Invitrogen,
Carlsbad, CA) and were incubated at 37°C for approximately 3 minutes.
Real-time, quantitative PCR for KSHV (K8 primers described above) and
B-actin DNA yielded estimates of copy number before and after DNase diges-
tion. Controls for virion DNA and viral DNA released from latently infected
cells were constructed by the addition of purified virion DNA or infected-cell
DNA to plasma from healthy donors and from patients with AIDS-NHL
without detectable KSHV DNA.

Purified Virus

Virions for use as controls in DNase protection assays were prepared
from JSC-1 cells.'®> TPA was added to achieve a final concentration of 20
ng/mL in culture. After 3 days, fresh media and additional TPA were added to
the culture. After 6 days in culture, cells were centrifuged at 1,200 rpm for 10
minutes at 4°C. Supernatants were separated, were centrifuged again under the
same conditions, and then were filtered through a 0.22-um filter. The filter
flow-through was pelleted for 1 hour at 4°C at 15,000 rpm. The pellet was
resuspended at 4°C overnight.

Biostatistics

The confidence intervals for proportions were calculated by using the
modified Wald method (www.graphpad.com/quickcalcs). Scatterplots, box-
plots, Spearman rank correlation, linear regression, and Wilcoxon matched
pairs tests were calculated by using GraphPad Prism software (version 5.00 for
Windows; GraphPad Software, San Diego, CA).

WWW.jco.org

Patients and Specimens

Pretreatment blood specimens were available from 60 patients
with KS (46 were paired with PBMCs and plasma, 14 were with plasma
alone) and from 43 patients with AIDS-NHL (41 were paired with
PBMC:s and plasma, two were with PBMCs alone). None of the pa-
tients with AIDS-NHL enrolled on the study had a history of KS, and
none developed KS during the course of the study. Similarly, none of
the patients had a diagnosis of primary effusion lymphoma or other
KSHV-associated lymphoproliferative disease. Specimens from 20
healthy blood product donors were also studied.

KSHV in PBMCs and Plasma

KSHV DNA was not detected in any specimens from healthy
donors. KSHV DNA was detected in PBMCs and in plasma from
more patients with AIDS-KS than patients with AIDS-NHL (Table 2;
Fig 1A). Patients with KS also showed significantly higher median viral
copy numbers in PBMCs and in plasma than patients with NHL.
KSHYV copy numbers in PBMCs and in plasma did not correlate with
HIV RNA levels, absolute CD4 counts, or CD19 counts (Appendix
Table A1, online only). Of the patients with NHL who were studied for
KSHYV copy number, 62% were on antiretroviral regimens at the time

Table 2. Pretreatment KSHV Copy Number in PBMC and Plasma From
Patients With AIDS-KS or AIDS-NHL
Tumor
KS Lymphoma
Variable (n = 60) (n = 43) P
PBMC specimen 46 43
Positive KSHV .0008"
No. 25 8
% 54 19
Median copy number/10° cells 170 0 .0004t
Plasma specimen 60 41
Positive KSHV .0041~
No. 37 9
% 62 22
Median copy number/10° cells 37 0 .0002t
Abbreviations: KSHV, Kaposi's sarcoma herpesvirus; PBMC, peripheral-blood
mononuclear cell; NHL, non-Hodgkin's lymphoma; KS, Kaposi's sarcoma.
“Fisher’s exact two-tailed test.
TMann-Whitney two-tailed test.

© 2009 by American Society of Clinical Oncology ~ 2497



Lin et al

A
7_
6 v
@ 5 L]
I S v
(]
> i P
Tz 3 ) v
0 Y L. vy
xc 2 [ P - vy
= 14 [ ] Vv
S
0__
I o weww
T T T T
S N S N
(_’% Q@?* %% @2\
™ N s ®
R QQ) Q\{b Q\‘b‘b
B
7_
6_
— 54 —_
g 44 LT
@ 3 T
8 2 e _—
> ¢ J_ —— 1
T 1
wn
4 oL
T
T T T T
S N S NG
(;{* N ‘z& N
Y s ®
R R &

Fig 1. Copy numbers of Kaposi's sarcoma herpesvirus (KSHV) genomes in
peripheral-blood mononuclear cells (PBMCs) and in plasma of untreated patients
with AIDS-KS and AIDS-non-Hodgkin's lymphoma. (A) Scatter plot that shows
KSHV copy numbers in individual patients. Copy numbers are shown as the log,
of copies per million PBMCs or per 100 uL plasma. Specimens in which KSHV
was not detected are plotted below the break in the Y axis. Median values are
listed in Table 2. (B) Box-and-whiskers plot of the same data that excludes
specimens in which KSHV was not detected. The top, middle, and bottom bars
of each box represent the 75th, 50th, and 25th percentiles of copy numbers,
respectively. Whiskers show the 10th to 90th percentiles. @ outliers.

of diagnosis. The frequency of detection of KSHV DNA in PBMCs or
in plasma did not differ between patients on antiretroviral therapy and
those naive to antiretroviral therapy (P = .69, two-tailed Fisher’s
exact test).

DNAse Protection Assay

To determine whether the KSHV DNA detected in plasma was
present as virion or unprotected DNA, we used real-time PCR to
monitor the enzymatic digestion of viral and cellular DNA sequences.
The rates of digestion of cellular sequences are more rapid than the
rates of digestion of viral sequences in reconstruction experiments, in
which plasma is spiked with virion DNA and cell DNA (Fig 2A); when

2498 © 2009 by American Society of Clinical Oncology

plasma is spiked with DNA extracted from a cell line that harbors
KSHYV genomes but does not produce virions, the rates of digestion
are indistinguishable (Fig 2B). In clinical specimens from patients with
AIDS-NHL and AIDS-KS (Figs 2C and 2D), rates of digestion of viral
DNA were less than the rates of digestion of cellular DNA from the
same specimens (Wilcoxon matched pairs test, P 0.037, one-tailed
Gaussian approximation).

Viral DNA Fragment Size

In murine models, the length of DNA released from cells under-
going apoptosis is almost uniformly less than 180 bp (the internucleo-
somal length)."* To characterize the fractional concentration of viral
DNA of varying lengths in plasma, we adapted an approach previously
used to characterize Epstein-Barr virus (EBV) DNA in cell-free blood
in patients with nasopharyngeal carcinoma and lymphoma.'® Tissue
apoptosis and necrosis both have been reportedly associated with the
presence of plasma DNA."* We designed real-time PCR primer sets to
amplify overlapping KSHV sequences of various sizes (Table 1). The
standard curves for each amplicon are shown in Figure 3A. The abso-
lute concentration of each amplicon size was estimated by real-time
PCR. The fractional concentration was determined by dividing the
absolute concentration of viral DNA of a particular amplicon size by
the absolute concentration of viral DNA of the smallest amplicon size
(ie, 79 bp). As illustrated in the box plot in Figure 3B, amplicons larger
than 180 bps were well represented, and the median fractional con-
centration of the 328 bp amplicon was 58%.

Effect of chemotherapy. Patients with AIDS-NHL received a
standard lymphoma chemotherapy regimen (ie, cyclophosphamide,
doxorubicin, vincristine and prednisone [CHOP]) with (CHOP-R)
or without rituximab. Follow-up specimens were evaluated for all
patients in whom pretreatment study showed KSHV detection as well
as for 10 patients in whom KSHV was not detected in pretreatment
specimens. In all six patients with KSHV detectable in PBMC at
baseline, KSHV became undetectable by the first or second post-
treatment measurement (Fig 4). In one patient, KSHV again became
detectable more than a year after the conclusion of chemotherapy.
KSHV DNA copy number in PBMC remained undetectable in 10
patients in whom KSHV had been undetectable at baseline.

Clinical Outcomes

There were 14 patients with AIDS-NHL who had KSHV detected
in PBMCs, in plasma, or in both at the start of therapy. Complete
remission (CR) was achieved in nine patients (64%). This is similar to
the remission rate in the overall study (54%)."°

KSHYV genomes were detected in PBMC and in plasma from most
patients with AIDS-KS. KSHV genomes were also detected in PBMC
and in plasma in some patients with AIDS-NHL who had no history of
AIDS-KS. As expected, the differences between patients with KS and
NHL were significant. However, among patients with KSHV detected
in either PBMCs or in plasma, the copy number range and interquar-
tile range did not distinguish between patients with KS and NHL (Fig
1B). This finding—that, among AIDS patients with detectable KSHV
DNA in plasma, KSHV copy number did not differentiate patients
with KS from those with NHL—suggests that the KSHV DNA being

JOURNAL OF CLINICAL ONCOLOGY
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measured in plasma is unlikely to be tumor-derived, even in patients
with KS. Campbell et al'® reached similar conclusions, and they
showed that among patients in Zimbabwe coinfected with HIV and
KSHYV, plasma KSHYV levels did not differ between patients with and
without KS.

Insofar as DNA tumor markers in cell-free blood are attracting
increasing attention in breast, lung, gastrointestinal, head and neck,
and other cancers,'”"" it is worth considering how the situation with
AIDS-KS and AIDS-NHL patients differs from viral DNA markers in
some other settings. EBV DNA markers are among the best studied. In
patients with nasopharyngeal carcinoma, a series of studies has shown
that EBV DNA in cell-free blood indicates the presence of tumor.'>?°
In rare instances when tumor can be surgically excised, viral DNA is
cleared within hours. With more standard treatments (ie, external-
beam radiotherapy, chemotherapy), viral DNA clears with successful
treatment.”' Quantification of viral DNA at diagnosis augments TNM
tumor stage in predicting clinical outcome.?” The inability to clear
viral DNA, or the reappearance of viral DNA after it is cleared, signals
refractory or relapsing disease, respectively.’

The molecular character of the KSHV DNA in plasma in patients
with AIDS malignancy differs from that of EBV DNA in nasopharyn-
geal cancer and some other EBV-associated malignancies. DNase pro-
tection indicative of the presence of virion DNA in AIDS-KS and
AIDS-NHL, as shown here, has not been reported in nasopharyngeal
cancer.'” The different assay results are not likely to simply reflect
technical differences between laboratories, as our own studies show
that there is no protection from DNase in plasma from EBV-
associated Hodgkin’s lymphoma (data not shown). DNase resistance
data in patients in Zimbabwe who have HIV with and without KS also
led others to conclude that virion DNA was present in plasma.'®

WWW.jco.org

Intracellular nuclease activity in the presence of nucleosomes, such as
accompanies apoptotic cell death, yields DNA fragments less than 180
bp. Our finding of a high fractional concentration of KSHV frag-
ment sizes in plasma larger than 180 bp also suggests an origin
other than release of free DNA from cells undergoing apoptotic cell
death. Again, the contrast with EBV DNA in plasma from patients
with nasopharyngeal carcinoma, as reported by others,'> and with
EBV-associated Hodgkin’s lymphoma in our laboratory (unpub-
lished data) is striking.

Thus, the clinical observation that the presence of plasma KSHV
DNA does not correspond to the presence or absence of tumor and the
molecular characterization that suggests that the KSHV DNA in
plasma is virion DNA rather than tumor-derived free DNA are con-
gruent. These results are consistent with our previous observation that
the clinical outcome of interferon therapy for AIDS-KS was not cor-
related with changes in KSHV copy number.** This finding does not
preclude the possibility suggested by others that, among patients with
AIDS KS, there may be a relationship between copy number and KS
disease activity.”**

Our findings did not suggest a relationship between CD4 cell
count or HIV RNA and KSHV DNA. Some investigators have re-
ported such a relationship,>**® whereas others have not.*” Clearly, the
determinants of KSHV copy number in PBMCs and in plasma re-
quires additional investigation.

Several investigators have reported that KSHV copy number
corresponds with KS tumor burden or activity.** Our investigations
yielded similar results (Table 2). Thus, our results confirm the obser-
vations already reported by others. However, when the analysis is
restricted to patients in whom virus is detected, patients with AIDS-KS
and patients with AIDS-NHL can no longer be distinguished (Fig 1B).

© 2009 by American Society of Clinical Oncology 2499
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Fig 3. Plot of fractional concentrations of plasma Kaposi’s sarcoma herpesvirus
(KSHV) DNA as measured with amplicons of different length (79 bp to 650 bp).
Both large fragments and small fragments were present in plasma, which is
consistent with the notion that KSHV is in virion particles. The median fractional
KSHV DNA concentration is listed below the box plot of each amplicon size. The
top, middle, and bottom bars of each box represent the 75th, 50th, and 25th
percentiles of the fractional concentrations, respectively. @ outliers; X-axis, size
of amplicons (in bp); Y-axis, fractional concentration of plasma KSHV DNA.

Why did KSHV DNA copy number decrease after the initiation
of chemotherapy in patients with lymphoma? The impact of various
pharmacologic therapies on KSHV copy number has been investi-
gated in other settings. Trials with antiherpesvirus agents (ie, ganciclo-
vir, foscarnet, cidofovir) have shown no impact on KSHV copy
number in blood, although a dramatic effect on oral shedding of virus
has been reported.””** In contrast, antiretroviral therapy lowers
KSHV copy number in PBMCs and in plasma, but the decrease is
much less rapid than that documented here and generally begins after
a year of therapy.®® Of the six patients in our study with detectable
KSHYV in PBMC:s before the initiation of lymphoma therapy, all but
one were already on highly active antiretroviral therapy.

It has been suggested that lymphoid tissue sustains KSHV vire-
mia and that B cells are the lymphoid reservoir.>! We have previously
reported the rapid decline (within 24 hours) of EBV viral copy num-
ber in PBMC:s of patients with post-transplant lymphoma who were
treated with rituximab alone.** This corresponds to a disappearance of
B cells from blood that accompanies rituximab treatment. Thus, we
entertained the possibility that, in this study, the decrease in viral copy
number reflected the disappearance of B cells from the blood. In a

2500 © 2009 by American Society of Clinical Oncology
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Fig 4. Time line. Peripheral-blood mononuclear cell (PBMC) specimens from
patients with AIDS-non-Hodgkin's lymphoma (NHL) before the initiation of
combination chemotherapy and before follow-up specimens were assayed for
Kaposi's sarcoma herpesvirus (KSHV). O failure to detect KSHV; [J detection of
KSHV in PBMCs; numbers within and the height of the box, the log,, of the viral
copy number. Every patient with a PBMC specimen also had corresponding
plasma specimens assayed. B detection of KSHV in plasma. One patient (data
not shown in figure) had a pretreatment plasma specimen but had no PBMC
specimen and no follow-up specimens of either sort. X axis, relationship to the
initiation of chemotherapy as measured in weeks; * patient treated with CHOP
alone who had residual CD19™" cells detected at the first assay point after
lymphoma chemotherapy was initiated.

recent report that detailed treatment and re-treatment of Castleman
disease in HIV-infected patients, the clinical response to rituximab
treatment was accompanied by a marked decrease in KSHV copy
number in blood.” Disease recurrence was accompanied by an in-
crease in KSHV copy number, and rituximab monotherapy again led
to a clinical response and a decrease in KSHV copy number in blood.

In this study, depletion of B cells coincided with a decrease in
KSHYV in PBMCs and in plasma. In two patients treated with CHOP-R
chemotherapy, flow cytometry confirmed depletion of CD19™ B cells
to less than 0.1% of PBMCs just before cycle 4 (data not shown). Flow
cytometry also showed a relative depletion of B cells in four patients
treated with CHOP alone. CD19™ cells constituted less than 1% of
mononuclear cells in three of these patients. In the remaining patient,
CD19™ cells accounted for 4% of PBMCs. Of note, this latter patient is
the patient with residual virus DNA detectable in PBMCs and in
plasma (Fig 4). Similarly, the reappearance of KSHV approximately a
year after the conclusion of treatment with CHOP-R may correspond
to a time when B-cell levels return to pretreatment levels. Thus, KSHV

JOURNAL OF CLINICAL ONCOLOGY
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copy number in PBMCs and in plasma may reflect the size of the B
lymphocyte pool. It should be noted, however, that in a study of
infusional chemotherapy (without rituximab) for AIDS-NHL com-
bined with antiretroviral therapy, in which 68 patients survived more
than 3 months, two of the surviving patients developed KS.** Thus, the
decrease in KSHYV identified in this study notwithstanding, it should
not be presumed that lymphoma chemotherapy without rituximab
confers protection against the development of KS. Indeed, there are a
series of reports of KS exacerbation or de novo occurrence in HIV-
infected patients with Castleman disease who were treated with
rituximab.?>~*® In addition, exacerbation of classic Castleman disease
has been reported in a patient with autoimmune hemolytic anemia
who was treated with rituximab.”

How the KSHV genome accesses the endothelial cells that lead to
KS tumors is not understood. Viral DNA episomes might be trans-
ported in latently infected lymphocytes, and a direct cell-cell interac-
tion might lead to infection of the precursor cells. Alternatively,
virions produced elsewhere might be carried in cell-free blood to
precursor cells. The suggestion has even been made that sustained
tumor cell proliferation might require continuous reinfection.’® In
any of these scenarios, lymphoma therapy might limit the delivery of
virus (as infected PBMCs or virions) to premalignant or malignant

of the viral DNA detected in plasma are consistent with the presence of
virion DNA. Standard lymphoma chemotherapy with CHOP or
CHOP-R led to rapid declines in viral DNA in PBMCs and in plasma.
The changes in viral copy number may reflect changes in the size of the
B-cell pool.
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cells and might prevent or delay the development of KS.

In summary, KSHV DNA is commonly detected in PBMCs and
in plasma of patients with AIDS-NHL. Among patients in whom viral
DNA is detected, viral copy number does not serve to discriminate
between patients with AIDS -KS and AIDS -NHL. The characteristics
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