HERFEOTITICET 5 —RER

FEDL
i ] & ,
FRE KA XA PV EREL | Y HRR A
=2
. . Am ] Resp
Katano H, Hogaboam  [Herpes virus-associated pulmonary ) 1485-
M hvoertensi Crit Care 172 1486 2005
ertension.
P Med
Satoh M, Kaneko A, .
Seroprevalence of Human Herpesvirus 8 on {Jpn J Infect
Kokaze A, Katano H, ] . . . 59 | 63-65 | 2006
- Vanuatu islands in eastern Melanesia. Dis
Sata T
Asahi-Ozaki Y, Sato Y,[Quantitative analysis of Kaposi's sarcoma-
Kanno T, Sata T,lassociated herpesvirus (KSHV) in KSHV- |J Infect Dis | 193 773-782 2006

Katano H

associated diseases.

Hishima T, Oyaizu N,
Fujii T, Tachikawa N,
Ajisawa A, Negishi M,
Nakamura T, Iwamoto
A, Hayashi Y,
Matsubara D, Sasao Y,
Kimura S, Kikuchi Y,
Teruya K, Yasuoka A,
Oka S, Saito K, Mori S,
Funata N, Sata T,
Katano H

Decrease of Epstein-Barr virus-positive
AIDS-related lymphoma in the era of
highly active antiretroviral therapy.

Microbes
Infect

In press| 2006




Quantitative Analysis of Kaposi Sarcoma—Associated
Herpesvirus (KSHV) in KSHV-Associated Diseases

Yasuko Asahi-0zaki, Yuko Sato, Takayuki Kanno, Tetsutaro Sata, and Harutaka Katano
Department of Pathology, National Institute of Infectious Diseases, Shinjuku, Tokyo, Japan

Background. Accurate numbers of copies of Kaposi sarcoma—associated herpesvirus (KSHV) and numbers of
virus-infected cells in lesions caused by KSHV-associated diseases are unknown.

Methods. Quantitative polymerase chain reaction (PCR) and computerized imaging of immunohistochemical
analysis were performed on pathologic sections of samples from persons with KSHV-associated diseases.

Results. Real-time PCR and semiquantitative PCR-Southern blotting demonstrated that DNA extracted from
biopsy samples of KS lesions contained ~1-2 viral copies/cell. KSHV-associated lymphoma contained 10-50 vi-
ral copies/cell. Computerized-image analysis demonstrated that ~49% of cells expressed KSHV-encoded latency-
associated nuclear antigen in KS biopsy samples. On the basis of results of real-time PCR and computerized-image
analysis, the predicted number of viral copies was 3.2 viral copies/cell in KS lesions. Computerized-image analysis
also revealed that the expression of open-reading frame (ORF)-50 protein, an immediate early protein of KSHV,
was very rare in KS lesions, which implies that they were mainly composed of proliferating cells latently infected
with KSHV. In multicentric Castleman disease lesions, 25% of virus-infected cells expressed ORF50 protein, which

suggests the frequent lytic replication of KSHV.

Conclusions. Numbers of viral copies and of virus-positive cells vary among KSHV-associated diseases, which
suggests different mechanisms of viral pathogenesis. The combination of real-time PCR and computerized-image
analysis provides a useful tool for the assessment of the number of viral copies in KSHV-associated diseases.

Kaposi sarcoma-associated herpesvirus (KSHYV, also
called human herpesvirus [HHV]-8) has been detected
by polymerase chain reaction (PCR) and immunohis-
tochemical analysis in almost all cases of KS, regardless
of HIV infection status [1-6]. Primary effusion lym-
phoma (PEL) is also a KSHV-associated disease [7],
and KSHV-associated solid lymphoma has been re-
ported to be a variant of PEL that forms solid tumors
[8, 9]. Some, but not all, cases of multicentric Castle-
man disease (MCD) are also KSHV positive [10, 11].

Similarly to other herpesviruses, KSHV has 2 phases
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of infection: lytic and latent [1, 12]. During the lytic
phase, KSHV replicates in infected cells, which results
in cell lysis. However, the virus does not replicate in
latently infected cells, although they harbor viral epi-
somes and express several KSHV-encoded latency-as-
sociated proteins, such as latency-associated nuclear an-
tigen (LANA) and LANA2 [1, 13, 14]. Although latent
infection predominates in KSHV-infected PEL cell lines,
phorbol ester stimulation can induce Iytic infection in
these cells [12]. Gene expression during the lytic phase
is classified into immediate early, early, and late ex-
pression [12]. Open-reading frame (ORF)~50 was iden-
tified as an immediate early protein that was required
for the lytic replication of KSHV [12, 15, 16]. Immu-
nohistochemical studies demonstrated that KS cells ex-
pressed LANA; however, the expression of lytic proteins
was very rare in KS lesions, which suggests that latent
infection predominates in KS cells [5, 6, 17]. Lytic pro-
teins are expressed by some B cells in the mantle zone
of MCD, which suggests that lytic replication frequently
occurs in MCD lesions [6, 17].

Numbers of KSHV copies in KSHV-associated dis-
eases have been investigated by several groups [18-26].
An early study that used conventional PCR and South-
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Table 1.

mevase chain reaction (PCR) and PCR-Southern biot.

No. of copies of Kaposi sarcoma-associated herpesvirus (KSHV), determined by real-time poly-

Real-time PCR PCR-Southern blot
Patient (disease) Mean copies/cell  Average (SD) No.  Mean copies/cell
1 (PEL) 82.01 82.01 1 50
2 {KSHV-associated solid lymphoma) 14.26 10.75 (4.97)
3 {KSHV-associated solid lymphoma) 7.23 2 2
4 {AlDS-associated patch KS) 0.09 0.13 (0.11)
5 (AIDS-associated plague KS) 0.04
6 (AlDS-associated patch KS) 0.25
7 (AlDS-associated nodular KS) 0.67 1.72 (1.51) 3 2
8 (AlDS-associated nodular KS) 1.02 4 0.4
9 (AIDS-associated nodular KS) 0.53
10 (AlDS-associated nodular KS) 3.13 5 0.4
11 (AlDS-associated nodular KS) 3.83 6 2
12 (AlDS-associated nodular KS} 0.14
13 {AIDS-associated nodular KS) 3.41
14 (AIDS-associated nodular KS) 0.91
15 (classic patch KS) 0.16 2.60 {2.70)
16 (classic patch KS) 5.60 7 0.08
17 {classic patch KS) 213
18 {classic nodular KS) 0.00 1.64 (2.63)
19 (classic nodular KS) 4,67 8 2
20 {classic nodular KS) 0.25
21 (MCD) 0.27 0.27 9 1
22 (control, BCBL-1) 78.01 87.08 (12.83)
23 (control, TY-1) 96.15

NOTE. MCD, multicentric Castleman disease; PEL, primary effusion lymphoma.

ern blot analysis demonstrated that a PEL cell contained ~50
copies of KSHV genome, whereas the KSHV genome was de-
tected at a rate of ~1 viral copy/cell in KS lesions [18]. Recently,
real-time PCR was used to detect KSHV, and several reports
have described numbers of viral copies in peripheral blood
mononuclear cells (PBMCs) derived from patients with KS {19~
26]. Studies using real-time PCR have demonstrated that num-
bers of viral copies in PBMCs varied among diseases and disease
stages [21-24]. However, to our knowledge, there has been no
report that has compared numbers of viral copies in KS, PEL,
or MCD lesions using real-time PCR. Therefore, the aim of
the present study was to determine numbers of viral copies in
lesions of KSHV-associated diseases using pathologic samples.
Pathologic tissue samples—such as biopsy samples—frequently
contain both virus-infected cells and noninfected cells. Thus,
results from real-time PCR do not solely represent numbers of
viral copies in virus-infected cells. To solve this problem, we
combined real-time PCR with computerized-image analysis
that allowed an assessment of numbers of virus-infected cells
in immunostained sections. Using these methods, we identified
numbers of both viral copies and virus-infected cells in ap-
propriate sections. Thus, we obtained relatively accurate num-
bers of viral copies in histologic sections of KSHV-associated
disease lesions.

PATIENTS, MATERIALS, AND METHODS

Patients and samples.
sent for specimens to be obtained. For PCR analysis, 21 clinical

All patients provided informed con-

samples were collected (table 1). For immunohistochemical
analysis, 27 histopathologic specimens from KSHV-infected pa-
tients (table 2) were collected from 1995 to 2004. All KS spec-
imens were categorized into groups according to the clinical
stage of KS (patch, plaque, or nodular) on the basis of clinical
and histologic data. DNA extracted from 2 KSHV-positive cell
lines (BCBL-1 and TY-1), a KSHV-negative Epstein-Barr virus—
positive Burkitt lymphoma cell line (Raji), and human umbil-
ical vascular endothelial cells (HUVECs) was used as a control
for PCR studies [27, 28].

Preparation of DNA. DNA was extracted from fresh-fro-
zen clinical materials or from formalin-fixed, paraffin-embed-
ded tissue samples from 21 biopsies of KSHV-infected patients
(table 1). For fresh-frozen materials, the DNeasy Tissue Kit
(Qiagen) was used in accordance with the manufacturer’s in-
structions. For the isolation of DNA from formalin-fixed, par-
affin-embedded biopsy samples, 5-um sections (n = 3-4) were
deparaffinized with xylene, digested with proteinase K, and
processed for phenol/chloroform extraction with sodium ace-
tate/ethanol precipitation.

000 « JID 2006:193 (15 March) * Asahi-Ozaki et al,



Table 2. Percentage of latency-associated nuclear antigen (LANA}- or open-reading
frame (ORF)-50-positive cells in immunohistochemical analysis (IHC) with comput-

erized-image analysis.

Cases, Minimum/maximum

IHC, samples no. (average), %
LANA

AlDS-associated patch/plaque KS 11 12/95 (48)

AlDS-associated nodular KS 4 28/72 (57}

AlDS-associated KS involving LN 2 28/31 (30)

AlDS-associated KS involving Gl tract 2 6/7 (7)

Classic patch/plague KS 2 25/47 (36)

MCD 4 5/21 (8)

KSHV-associated solid lymphoma 2 79/80 (80)
ORF50

AlDS-associated patch/plaque KS 5 0

AlDS-associated nodular KS 4 0

Classic KS, patch/plaque 2 0

MCD 5 1/3 (2)

KSHV-associated solid lymphoma 2 0/5 (3)

NOTE. Gl, gastrointestinal; KSHV, Kaposi sarcoma-associated herpesvirus; LN, lymph node; MCD,

multicentric Castleman disease.

Real-time quantitative PCR.  Amounts of KSHV DNA were
determined by quantitative real-time (TagMan) PCR using the
ABI Prism 7900HT sequence detection system (Applied Biosys-
tems), which amplified segments within the KSHV LANA gene
{one of the latent proteins coded on ORF73). Sequences and
usage parameters of primers and probes have been described
elsewhere [19]. We also determined the amounts of human ge-
nomic DNA that were present in DNA extracted from each
specimen. Primers and probes for the gene encoding human
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were de-
signed, using Primer Express software (Applied Biosystems), to
obtain a 104-bp amplicon. Forward and reverse primer se-
quences were 5-GCTCCCTCTTTCTTTGCAGCAAT-3' and 5
TACCATGAGTCCTTCCACGATAC-3, respectively. The fluo-
rogenic TagMan probe was 5-(FAM)TCCTGCACCACCAAC-
TGCTTAGCACC(TAMRA)-3". PCR amplification was per-
formed in 25-pL reaction mixtures using QuantiTect probe PCR
Master Mix (Qiagen), 0.4 pmol/L each primer, 0.2 pmol/L
TagMan probe, and 2 pL of isolated DNA. PCR conditions
were 15 min at 95°C, followed by 45 cycles of 15 s at 94°C and
1 min at 60°C. Quantitative results were obtained by generating
standard curves for pGEM-T plasmids (Promega) that con-
tained each KSHV (ORF73) and cellular target (GAPDH) am-
plicon. The number of viral copies per cell was calculated by
dividing the number of ORF73 copies by one-half of the num-
ber of GAPDH copies, because there are 2 alleles of GAPDH
in each cell.

Detection of KSHV by semiquantitative PCR-Southern
blotting analysis. Semiquantitative PCR—Southern blotting
was performed to determine copy numbers of KSHV in DNA
samples after PCR amplification of K$330,;, [11, 29]. The 8-

globin gene was simultaneously amplified as described else-
where [11]. For PCR~Southern blot analysis, digoxygenin
(DIG)-labeled KS330,,, and a 110-bp DNA fragment of the
3-globin gene, whose sequences were confirmed by sequencing,
were used as probes [11]. Procedures for Southern blot analy-
sis and the detection of DIG were those of the manufacturer
(Roche Diagnostic). Copy numbers of KSHV were determined
by comparing results for K§330,;; and §-globin, on the basis
of the information that each cell has 2 copies of the §-globin
genome.

Histologic and immunohistochemical analyses. Serial sec-
tions were prepared and stained with hematoxylin-eosin (HE)
for light microscopy or were subjected to immunohistochem-
ical staining with antiserum against LANA or ORF50 pro-
teins (lytic antigens) [4, 30]. Immunohistochemical staining
was visualized using the avidin-streptavidin-peroxidase meth-
od with 3-3diaminobenzidine as the chromogen, as described
elsewhere [4, 30]. For double immunohistochemical staining of
vascular endothelial cell growth factor receptor-3 (VEGFR-3)
and LANA, an anti-LANA rabbit polyclonal antibody, a perox-
idase-conjugated anti-rabbit goat antibody (Envision; Dako Cy-
tomation), and aminoethylcarbazole (AEC; Nichirei) were used
as the primary antibody, secondary antibody, and chromogen,
respectively. After the color development of AEC, slides were
washed with PBS and processed for VEGFR-3 staining. Anti~
VEGFR-3 mouse monoclonal antibody (D2-40; Nichirei) and
alkaline phosphatase—conjugated anti-mouse IgG goat antibody
(Envision; Dako Cytomation) were used, and a positive signal
was detected with Fast Blue BB (Sigma-Aldrich). Slides were

mounted with a glycerol-based mounting solution.
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Figure 1. No. of copies of Kaposi sarcoma—associated herpesvirus (KSHV) in KSHV-associated diseases, determined by real-time polymerase chain
reaction (PCR). A and B, Amplification curves of open-reading frame (ORF-73 (A) and glyceraldshyde 3-phosphate dehydrogenase (GAPDH) genomes
(B). €, Standard curve of ORF73 and GAPDH genomes. [, No. of copies of KSHV per cell, calculated on the basis of the results of real-time PCR.
Horizontal and vertical bars beside blots indicate average and SD, respectively. AIDS KS, AIDS-associated KS: CI KS, classic KS: MCD, multicentric
Castleman disease; N, nodular; P, patch; PEL, primary effusion lymphoma; Rn, normalized reporter signal.

Computerized-image analysis for KSHV-positive cells. To
estimate numbers of KSHV-infected cells in lesions of KSHV-
associated diseases, computerized analysis of immunohisto-
chemical images was performed using Image] software (version
1.33u; National Institutes of Health). A representative image of
each section from each sample was captured at X40 or X100
magnification. First, the image was split into red, green, and blue
colors; then the 3 images were converted to gray-scale images.
The total number of cells was counted in the red image, and the
number of KSHV-infected cells (stained by the antiserum against
KSHYV proteins) was counted in the blue image. A threshold was
set, for clear visualization of the displayed image. For counting
cells, “analyze particle” was sclected from “analyze” in the menu
bar, and the minimum size was set at 30. After the accuracy of
cell outlines generated by the software was verified, numbers of
cells were calculated in separate windows.

RESULTS

Amount of KSHV viral genome in KSHV-associated lesions.
To determine the relationships between amounts of KSHV ge-
nome and KSHV-associated diseases, we performed real-time
PCR to detect KSHV ORF73 and GAPDH in appropriate DNA
samples. Specificity of the assay for ORF73 was confirmed using
a panel of DNA from other herpesviruses (HHV-1-7) and cellular

DNA from HUVECs and Raji cells (data not shown). The assay
for ORF73 uniformly detected 10 copies of pGEM-ORF73 plas-
mid (figure 1A and 1C). PCR amplification of GAPDH also
uniformly detected 10 copies of GAPDH genome (figure 1B and
1C). Amplification plots and standard curves demonstrated a
linear relationship between numbers of copies from 10 to 10°
and the cycle threshold, which indicates that dynamic ranges of
these 2 real-time PCRs were between 10 and 10° copies. To
validate differences between DNA samples from frozen tissues
and those from paraffin-embedded tissues, we tested a DNA
sample from a frozen cell pellet of TY-1 and a DNA sample from
a paraffin-embedded TY-1 cell pellet. No significant difference
was detected between these 2 types of DNA (data not shown).

Results of real-time PCR showed signs of a positive associ-
ation between the number of viral copies per cell and disease
(table 1 and figure 1D). A DNA sample from PEL demonstrated
a number of KSHV copies similar to that of PEL cell lines (PEL,
82; PEL cell lines, 87). DNA from samples of KSHV-associated
solid lymphoma also showed a high number of KSHV copies
(average, 10.8 viral copies/cell). DNA from samples of KS and
MCD demonstrated lower numbers of viral copies than those
of KSHV-associated lymphoma (PEL and KSHV-associated sol-
id lymphoma). The average number of KSHV copies in DNA
from KS samples was 1.58 viral copies/cell (range, 0.00-5.50

000 = JID 2006:193 (15 March) » Asahi-Ozaki et al.
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Figure 2. No. of copies of Kaposi sarcoma-associated herpesvirus {KSHV} in KSHV-associated disease, determined by conventional polymerase
chain reaction (PCR}-Southern blotting. A, PCR-Southern blotting. DNA extracted from samples was serially diluted, and KS330 and $-globin genes
were amplified from the diluted DNA. Upper panels, bands of PCR products in sthidium bromide—stained gel; lower panels, bands of products in PCR-
Southern blots. B, No. of copies of KSHV in KSHV-associated diseases, determined by PCR—Souther blots. The nos. beside each dot correspond to
the sample nos. in panel A. The nos. in parentheses indicate the nos. of viral copies per cell. AIDS KS, AlDS-associated KS; CI KS, classic KS; MCD,

multicentric Castleman disease; N, nodular; F, patch.

viral copies/cell), whereas those in DNA samples from the nod-
ular and patch/plaque stages of AIDS-associated KS samples
were 1.72 and 0.13 viral copies/cell, respectively. DNA samples
from classic KS (KS in patients without HIV infection) also
had <5 viral copies/cell. A DNA sample from an MCD lesion
had 0.27 viral copies/cell. To confirm these results, we per-
formed semiquantitative PCR-Southern blot analysis using
some of these samples. Results demonstrated similar copy num-

bers resulting from the 2 techniques (table 1 and figure 2).
Thus, quantitative PCR analysis suggested that PEL might have
the highest copy number (82 copies), followed by KSHV-as-
sociated solid lymphoma (11 copies). KS and MCD lesions
contained lower copy numbers (~1 copy/cell), regardless of
HIV-infection.

Number of KSHV-infected cells in KSHV-associated diseases.
Because pathologic tissue samples present cells contaminated

Quantitative Analysis of KSHV + JID 2006:193 (15 March) « 000
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Figure 3. Computerized-image analysis of immunostaining. A-K, Samples of computerized-image analysis. A, Image of immunchistochemical analysis
for latency-associated nuclear antigen (LANA] on the lymph node that Kaposi sarcoma (KS) cells infiltrate. 8-, Image separated in into red (C), green
(B), and blue (D) splits. £, The threshold of all cells, determined on the basis of a red split. £ The threshold of positive cells, determined on the basis
of a blue split. G, Tracing image of all cells. A, Tracing image of only positive cells. / Enlarged image of a box from panel G. All cells were traced
and counted. J, The image of immunohistochemical analysis corresponding to that in panel |. K Enlarged image of a box in panel H. Only positive
cells were traced and counted. [, Rate of LANA-positive cells in samples. Horizontal and vertical bars beside blots indicate the average and SD,
respectively. M, Positive rate of open-reading frame (ORF}-50—positive cells. AIDS KS, AlDS-assaciated KS; CI KS, classic KS: KSHV. KS-associated

herpesvirus; MCD, multicentric Castleman disease; N, nodular; P patchy.

in varying degrees, all DNA samples that we used for real-time
PCR actually contained DNA extracted from histologically nor-
mal cells and noninfected (LANA-negative) cells, as confirmed
by histologic data. To determine accurate KSHV copy numbers
in a KSHV-infected cell in a lesion, knowledge is required of
accurate numbers of KSHV-infected cells in a specific sample.
Thus, we performed computerized-image analysis of immu-
nostained sections to estimate the number of KSHV-positive
cells. Because it is recognized that all KSHV-infected cells ex-
press LANA in the nuclei, we counted cells expressing LANA

in the nuclei as KSHV-infected cells. LANA was stained brown
in immunohistochemical analysis, and cell nuclei were coun-
terstained with hematoxylin (violet). Therefore, brown nuclei
were counted as LANA-positive cells, and violet entities were
counted as nuclei by the image-analysis software Image] (figure
3). Results revealed that 80% of cells in tissue samples from
KSHV-associated solid lymphoma were LANA positive (table
2 and figure 3L). Tissues obtained from AIDS-associated and
non-AIDS-associated KS contained 12%-95% (average, 49%)
LANA-positive cells. The MCD sample contained 8% (range,

000 = JID 2006:193 (15 March) = Asahi-Ozaki et al.



Table 3. No. of viral copies and percentage of latency-associated nuclear antigen (LANA-) or open-reading frame (ORF}-50-positive

cells in Kaposi sarcoma-associated herpesvirus (KSHV}- iated di
Detected viral LANA ORF50 Lytic cells/ Predicted viral
Samples copies/cell positive,b % positive,b % infected cells, % copies/infected cell
PEL 82.01 ND ND ND
KSHV-associated solid lymphoma 10.7 80 3 4 13.4
KS 1.68 49 0 0 3.22
AlDS-associated KS 1.28 51 0 0 2.50
Patch/plaque 0.13 48 0 0 0.27
Nodular 1.72 57 0 0 3.02
Classic KS 212 36 0 0 5.89
MCD 0.27 8 2 25 3.38

NOTE. MCD, multicentric Castleman disease; ND, not done; PEL, primary effusion lymphoma.

? TagMan polymerase chain reaction.
Immunohistochemical analysis.

5%—21%) LANA-positive cells. By comparing results from
quantitative PCR and computerized-image analysis, we pre-
dicted numbers of KSHV copies in virus-infected cells from
KSHV-associated disease samples (table 3). The predicted num-
ber of KSHV copies was 3.2 viral copies/cell in KS lesions. We
also counted cells positive for ORF50 protein, a lytic antigen
encoded by KSHV (table 2 and figure 3M). There were 3%
ORF50 protein—positive cells in KSHV solid lymphoma sam-
ples and even a smaller percentage in KS lesions (table 2 and
figure 4). When we compared numbers of cells expressing
ORF50 protein and those expressing LANA, it was clear that
KS cells expressed LANA, but the expression of ORF50 protein
was very rare in KS lesions (table 3). In' MCD lesions, 2% of
cells expressed ORF50 protein. Although only 8% of cells were
virus infected in MCD lesions, 25% of virus-infected cells
expressed ORF50 protein, which suggests the frequent lytic
replication of KSHV in MCD. These data demonstrated that
number of viral copies and positivity for LANA varied among
KSHV-associated diseases, which suggests different mecha-
nisms of viral pathogenesis.

Numbers of KSHV copies at each KS stage.
categorized into 3 clinical stages: patch, plaque, and nodular.

KS lesions were

To determine the relationship between amounts of KSHV ge-
nome and KS clinical stage, amounts of viral genome and cel-
lular gene present in DNA extracts from specimens at each KS
stage were examined using quantitative real-time PCR (fig-
ure 1) and semiquantitative PCR-Southern blotting (figure 2).
The number of KSHV copies was significantly lower in patch/
plaque-stage lesions (range, 0.04-0.30 viral copies/cell; average,
0.13 viral copies/cell) than in nodular-stage lesions (range,
0.10-3.90 viral copies/cell; average, 1.72 viral copies/cell) (P<
.05, Mann-Whitney U test). In contrast, the number of KSHV
copies was similar in both patch/plaque- and nodular-stage le-
sions in classic KS. Computerized-image analysis of immu-
nohistochemically stained sections revealed that LANA-positive
cell populations in the nodular stage (57%) were larger than

those in the patch/plaque stage (48%); however, there was no
significant difference between them. Lytic ORF50 protein-pos-
itive cells were very rare (0%) in both stages (figure 3L and
3M and table 3), which implies that lesions in KS were mainly
composed of proliferating KSHV latently infected cells. Differ-
ences in numbers of viral copies between the 2 stages in AIDS-
associated KS may simply be related to the numbers of latently
infected cells.

KSHV-positive cells during the early stage of KS. Accord-
ing to the results of quantitative PCR, relatively high numbers
of KSHV copies were detected in patch-stage KS tissue samples
(figure 1D). In addition, KSHV-positive cells were detected at
a rate of ~50% even during the early stage of KS, although
numbers of viral copies in DNA from patch-stage samples were
lower than those in nodular-stage samples. To clarify why such
a high number of viral copies was present during the patch
stage of KS, we investigated the localization of KSHV-positive
cells in histologically stained sections at the patch stage. His-
tologic analysis showed an abnormal enlargement of blood cap-
illaries with extended endothelial cells during the patch stage
{figure 4A). Spindle cells were also sometimes observed around
vessels at this stage. Many previous research groups have re-
ported that these spindle-shaped cells were positive for KSHV;
however, there has been no report that has described the KSHV
status of these extended endothelial cells in enlarged capillaries
during the early stage of KS. Here, double labeling revealed
that both enlarged endothelial cells and spindle cells around
capillaries were positive for LANA and VEGFR-3 (figure 4A
and 4B). VEGFR-3 is a marker of lymphatic endothelial cells,
and it is known that KSHV infection alters the gene profile
and induces the expression of VEGFR-3 in endothelial cells
[31-33]. All KS spindle cells at every stage expressed both LANA
and VEGFR-3 (figure 4A—4F). No signal for LANA or VEGFR-
3 was found in normal endothelial cells from capillaries or
blood vessels in KS lesions (figure 4C and 4D). These data
suggest that KSHV may infect endothelial cells at a very early
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Figure 4. Kaposi sarcoma (KS}-associated herpesvirus—positive cells in various stages of KS. A and B, hematoxylin-eosin (HE) staining (4} and
double immunchistochemical staining (B/ of vascular endothelial cell growth factor receptor 3 (VEGFR-3} {blue) and latency-associated nuclear antigen
(LANA} {brown in serial sections of patch-stage KS. Original magnification, x400. C and D, HE staining (C) and double immunohistochemical analysis
(D] of VEGFR-3 (blus) and LANA (red) in serial sections of plaque-stage KS. Arrowheads indicate vascular endothelial cells. Original magnification,
x400. £ and £, Double immunohistochemical analysis of VEGFR-3 (blue) and LANA (red) in nodular-stage KS. Original magnifications, X100 (£) and

X400 (F).

stage in KS lesions and that infection may induce an abnormal
extension of endothelial cells and an enlargement of blood
vessels, resulting in a relatively high number of KSHV copies.

DISCUSSION

In the present study, we evaluated numbers of viral copies and
numbers of KSHV-infected cells in KSHV-associated diseases
using real-time quantitative PCR and a computerized-image
analytical method. The predicted number of KSHV copies was
3.2 viral copies/cell. The expression of ORF50 protein was rare
or nonexistent in KS lesions, which suggests that latently in-
fected cells were proliferating in XS lesions. In MCD samples,
25% of KSHV-infected cells expressed ORF50 protein, which

implies that the lytic replication of KSHV was frequent in MCD
lesions. To our knowledge, this is the first study describing both
numbers of viral copies and numbers of virus-infected cells in
pathologic samples from KSHV-associated disease lesions.
The combination of real-time PCR and computerized-image
analysis allowed the prediction of numbers of viral copies per
infected cell in each KSHV-associated disease. Predicted copy
numbers per infected cell are listed in table 3. KS lesions might
contain 0.27-5.89 viral copies/cell (average, 3.22 viral copies/
cell) of KSHV. KSHV-associated solid lymphoma cells might
contain >10 viral copies/cell. These numbers were close to the
ones reported for KS cells (1 viral copy/cell) and PEL cells (50
viral copies/cell) {18, 19]. Because almost all KS cells express
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LANA, a KS cell should have >1 copy of the virus. One molecule
of LANA binds to 1 copy of the KSHV genome on chromo-
somes of host cells [34]. Immunohistochemical staining pro-
duces several dots of LANA in the nucleus of every KS cell [4,
6]. Thus, it is not surprising that a KS cell has several copies
of KSHV. Like KS cells, PEL and KSHV-associated solid lym-
phoma cells exhibited several dots of LANA staining in their
nucleus by immunohistochemical analysis, which suggests that
PEL and KSHV-associated solid lymphoma cells also have sev-
eral copies per cell. However, numbers of viral copies in PEL
and KSHV-associated solid lymphoma cells were obviously
higher than those in KS cells. One reason for that was that 3%
of KSHV-associated solid lymphoma cells expressed ORF50
protein, which implies that a small population of lymphoma
cells was in the lytic phase, whereas cells expressing ORF50
protein were very rare (<0.1%) in KS cells (table 3). These data
suggest that there might be different systems involved in the
maintenance or replication of viruses between KSHV-infected
lymphoma cells and KS cells. KSHV-positive cells contained
3.38 viral copies/cell in MCD. This number seemed to be lower
than what we expected, given that one-fourth of KSHV-infected
cells expressed ORF50 protein. We could not determine num-
bers of viral copies in MCD, because numbers of viral copies
might vary among cases, and we examined the virus titer in
only one MCD sample. Further studies are definitely required
to determine numbers of viral copies in MCD.

Our double immunohistochemical analysis revealed that flat
endothelial cells of atypical vessels in early KS lesions expressed
both LANA and VEGFR-3. It was difficult to distinguish KS
cells from non-KS endothelial cells strictly in HE-stained sec-
tions of early KS lesions. VEGFR-3 is a useful marker for KS
cells [33]. Our data suggest that a large proportion of extended
endothelial cells in the patch stage of KS and KS spindle cells
were already infected with KSHV. Because lytic protein ex-
pression was also rare during the patch stage, KSHV infected
these cells latently. Thus, KSHV infection may be established
in endothelial cells at a very early stage in KS lesions. We suggest
that this is one of the reasons why numbers of KSHV copies
in patch-stage lesions were similar to those in nodular-stage
lesions of classic KS in real-time PCR results (figure 3).

Computerized-image analysis has been used by several groups
to count cells in immunohistochemically stained sections [35—
37]. Technically, our image analysis method was much easier
than previously reported ones, in that (1) image files did not
need to be captured at high magnification—relatively low mag-
nifications (X40-X100, not X400) are preferred; (2) splitting of
images to red, green, and blue and counting of cells were done
automatically; (3) tracing positive and negative cells could be
easily visually confirmed; (4) it took only a few minutes to analyze
an image; and (5) Image] is freeware. The unique features of the
present study involve the combination of real-time PCR and

computerized-image analysis. Real-time PCR is a powerful tool
for measuring numbers of viral copies quickly and easily. How-
ever, every pathologic sample contains various numbers of nor-
mal cells, and it is impossible to extract DNA strictly from lesions
in pathologic samples. Therefore, when DNA is extracted from
pathologic samples that contain virus-infected cells, extracted
DNA will contain not only DNA from virus-infected cells but
also DNA from uninfected cells. Almost all studies that use real-
time PCR encounter this limitation. Immunohistochemical anal-
ysis and in situ hybridization (ISH) are useful techniques that
allow the localization of virus-infected cells. However, immu-
nohistochemical analysis and ISH are not quantitative. Indeed,
signal intensity does not correlate with copy number of the mol-
ecules or nucleotides, because signal intensity in immunohisto-
chemical analysis and ISH differs among experiments and slides
and depends on the conditions of staining or hybridization, such
as incubation time, washing, temperature, fixation, and buffer.
By combining real-time PCR and computerized-image analysis,
the determination of relatively accurate virus numbers in infected
cells becomes possible. Numbers of viral copies can be measured
using real-time PCR, and numbers of virus-infected cells can be
estimated with computerized-image analysis. Both results are re-
quired to assess numbers of viral copies in a virus-infected cell.
In the present study, we analyzed 1 or a few pictures per slide
using computerized-image analysis. Examination of a whole slide
would be ideal; however, it is difficult to scan a whole slide using
a high-resolution objective lens, but that may be available in the
near future using, for example, a virtual slide system. In conclu-
sion, the combination of real-time PCR and computerized-image
analysis provides a useful tool for the prediction of numbers of
viral copies in virus-associated diseases and of numbers of copies
of certain molecules in a cell.
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Herpesvirus-associated Pulmonary Hypertension?

Herpesviruses have brilliantly adapted to survive in their host
of choice, employing specialized gene products that facilitate
their transmission, replication (through cell lysis), and persis-
tence (through latency). Unfortunately, the actions of many of
these viral gene products negatively impact infected cells (1),
ultimately leading to malignancies and lymphoproliferative dis-
eases, particularly in immunodeficient individuals (2). In 1994,
a novel y herpesvirus homologous to Epstein-Barr virus was
detected in Kaposi’s sarcoma (KS) lesions from patients with
AIDS, and was named Kaposi’s sarcoma-associated herpesvirus
(KSHV or human herpesvirus 8, HHV-8) (3). This initial finding
immediately sparked an intense investigation into the manner
in which a herpesvirus could trigger this neoplasm, which was
composed of transformed spindle cells with potent angioprolifer-
ative properties. The causal role of KSHV has also been estab-
lished in other malignancies, such as primary effusion lymphoma,
and in benign diseases, such as multicentric Castleman’s disease,
a lymphadenopathy with polyclonal hypergammaglobulinemia
4).

In 2003, Cool and colleagues demonstrated the presence of
KSHV in primary pulmonary hypertension (PPH). a disease of
the pulmonary arterial wall that is histologically characterized
by a lumen-occluding vascular or plexiform lesion containing
endothelial and smooth muscle cells (5). Clinically, PPH is char-
acterized by an elevation in pulmonary arterial pressure and
eventual heart failure. Although genetic mutations in bone mor-
phogenic protein receptor 2 have been detected in familial cases
of PPH (6), no other genetic mutation had been uniformly de-
tected in PPH, leading these investigators to speculate that an
infectious agent, plausibly KSHV, may play a causative role in
PPH. Their evidence for KSHYV infection in PPH stemmed from
an initial screen of laser-capture microdissected (LCM) plexi-
form lesions in which they detected open reading frame (ORF)
26 from KSHYV in 4 of 15 patients. Further polymerase chain
reaction (PCR) and immunohistochemical analysis by this group
revealed the presence of KSHV genome (v-cyclin encoded by
ORF72) and KSHV-encoded latency-associated nuclear antigen-1
(LANA-1), respectively, in plexiform lesions and cells outside
these lesions (5). However, these results generated immediate
controversy as Henke-Gendo and colleagues (7) reported that
KSHYV infectivity (based on plasma seropositivity) did not differ
between the PPH and healthy control groups they studied. Cool
and colleagues (7) countered with previously published data
showing that nearly 20% of serum samples are negative in pa-
tients with KS. However, three independent research groups,
using sophisticated immunohistochemical and PCR techniques,
have subsequently failed to consistently show the presence of

KSHV in PPH lung lesions (8-10). In this issue of the Journal
(pp. 1581-1585) Henke-Gendo and colleagues (11) call into fur-
ther question whether KSHYV is associated with PPH since their
sensitive PCR techniques failed to detect KSHV genome in
formalin-fixed lung sections despite evidence of LANA-1 positi-
vity in approximately 62% of these samples.

Conflicting results are common in biomedical research, and
differential findings are often simplistically explained by sam-
pling and/or analysis differences. Nevertheless, detection of
KSHV genome and protein products is complicated by a number
of technical issues relating to the complex lytic and latent phases
of this herpesvirus, the status of the tissue analyzed (i.e., fresh vs.
fixed; LCM plexiform lesions vs. whole tissues), and the relative
abundance of KSHV-infected cells in the analyzed tissue. Immu-
nohistochemical localization of LANA-1 has proven to be a
reliable diagnostic tool in screening for the presence of KSHV
in KS lesions. The KSHV genome has been detected by PCR
in various diseases, including muiltiple myeloma, Bowen disease,
sarcoidosis, and idiopathic pulmonary fibrosis, but LANA-1 stain-
ing in tissues associated with these diseases has proven to be
elusive, leading many to question the presence and role of KSHV
in each (2). Surprisingly, both Cool and coworkers (5) and Henke-
Gendo and colleagues (11) showed strong LANA-1 staining in
PPH lesions. In both studies, the LANA-1 staining observed in
PPH piexiform lesions was suggestive of the “speckied” nuclear
pattern classically observed in KS lesions. However, Henke-
Gendo and colleagues (11) conclude that the LANA-1 staining
they observed was a false-positive finding since they failed to
detect KSHV genome by PCR in their lung samples.

Although the bulk of the published data now indicates that
it very unlikely that KSHV is present in PPH, itis too soon to rule
out the presence of and a putative role for other herpesviruses (or
some yet-to-be-discovered virus) in PPH for several reasons.
First, there is a striking similarity between the plexiform lesions
observed in PPH and cutaneous KS; both exhibit slitlike vascular
spaces with sheets of endothelial cells expressing tactor 8-related
antigen and vascular endothelial growth factor. Second, PPH is
a heterogeneous disease, which involves a complex interplay of
several genetic and environmental factors. Third, the murine
viral equivalent of KSHYV has been shown to profoundly remodel
the lung (12, 13). Finally, novel antiviral approaches may be in
order for the treatment of PPH given the beneficial effects of
valacyclovir in idiopathic pulmonary fibrosis (14) and sirolimus
in renal-transplant recipients (15). At the very least, clarification
of the presence of KSHV in PPH will benefit from the implemen-
tation of novel genomic and proteomic detection techniques to
LCM plexiform lesions.
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Unrelated cord blood transplantation for a
human immunodeficiency virus-1-seropositive
patient with acute lymphoblastic leukemia
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doi:10.1038/sj.bmt.1705028; published online 23 May 2005

The concurrent use of highly active antiretroviral therapy
(HAART) improves results of high-dose chemotherapy
with autologous stem cell transplantation (SCT) for human
immunodeficiency virus-1 (HI1V)-associated lymphomas.’
Recently, successful allogeneic SCT from HLA-matched
sibling donors was reported in HIV-infected patients.>*
Here, we describe the first case of an HIV-infected patient
with acute lymphoblastic leukemia (ALL) who underwent
umbilical cord blood transplantation (CBT).

In July 1996, a 23-year-old Japanese woman presented
with fever and genital herpes. She was confirmed as
seropositive for HIV, probably transmitted from her
boyfriend. In March 2001, a real-time quantitative poly-
merase chain reaction (PCR) analysis showed that the
HIV-RNA level was elevated to 25000 copies/ml (lower
limit of detection, 50). The CD4 count decreased to 28/ul.
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Therefore, HAART consisting of 60 mg stavudine, 300 mg
lamivudine, and 600mg efavirenz was initiated. In July
2001, the HIV-RNA level decreased to 220 copies/ml, and
the CD4 count increased to 129/ul. In May 2003, her
complete blood count tests showed a white blood cell count
(WBC) of 3990/ul with 29% lymphoblasts. Bone marrow
(BM) examination showed hypercellularity with 96%
lymphoblasts, which were positive for CD4, CDI0,
CD13, CD19, CD33, CD34, and HLA-DR. Cytogenetic
analysis disclosed the presence of t(9;22)(q34;q11) in 12 of
20 metaphases. The p1908*-AP transcript was shown by a
reverse transcriptase (RT)-PCR analysis. She was diag-
nosed as Philadelphia chromosome-positive ALL. She
achieved hematological complete remission after two
courses of chemotherapy. She has been taking HAART
during and after the chemotherapy and her HIV-RNA level
continued to be below detectable levels. She was negative
for hepatitis B virus surface antigen and anti-hepatitis C
virus antibody, and positive for anti-cytomegalovirus
antibody. As she had no HLA-matched related or
unrelated BM donors, the patient underwent CBT from
an unrelated donor with mismatches at two loci (HLA-B
and DR) in September 2003 (Figure 1). The numbers of
total nucleated cells and CD34-positive cells in the cord
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Figure 1 Clinical course of the patient.
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blood (CB) unit were 2.9 x 107/kg and 0.76 x 10/kg,
respectively. The conditioning regimen included 12 Gy
total body irradiation and 120mg/kg cyclophosphamide.
Graft-versus-host disease (GVHD) prophylaxis consisted
of cyclosporine and methotrexate. The patient tolerated the
procedure well with minimal regimen-related toxicity.
Owing to possible myelosuppression, HAART was dis-
continued on day +28. On day + 33, her WBC remained
below 100/ul and all of the BM cells were shown to be
derived from the recipient. At 40 days after the first CBT,
second CBT was performed from an unrelated donor with a
one-locus mismatch at HLA-DR. The numbers of total
nucleated cells and CD34-positive cells in the CB unit were
2.1 x 107/kg and 0.46 x 10°/kg, respectively. The condition-
ing regimen included 40mg/m? fludarabine for 3 days.
Cyclosporine was administered for GVHD prophylaxis. A
neutrophil count consistently greater than 500/ul was
achieved on day +27. Full donor chimerism of BM cells
was shown on day + 28. The HIV-RNA level increased to
3 % 10° copies/m! on day + 31. After the administration of
HAART from day + 38, the HIV-RNA levels returned to
below detectable levels from day + 195, and the CD4 count
increased to above 300/ul from day + 170. No bacterial or
fungal infections were documented during the first and
second CBT processes and cytomegalovirus reactivation
was successfully treated with ganciclovir and foscarnet.
Grade I acute GVHD occurred, but resolved without any
additional immunosuppressants. No chronic GVHD was
observed. An RT-PCR analysis showed continuous nega-
tive test results for the p190B“R-*BY transcript until the last
follow-up evaluation at 15 months post-CBT.

CBT for adults has been associated with a high rate of
early transplantation-related mortality (TRM).>¢ However,
our single-institution experience showed a 1-year TRM of
9% and 2-year disease-free survival of 74% in 68 adults
after CBT.” Both CB donors and the patient in the present
study were Japanese. The lesser genetic diversity in a single
ethnic population in our studies might be associated with
the favorable outcomes of CBT, such as the lower rates of
severe acute GVHD. Although our results suggest that
CBT is feasible for HIV-infected patients on HAART,
the safety and efficacy should be further examined by
prospective studies.
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KEYWORDS Summary The neuroradiological findings are helpful for the diagnosis of toxoplas-

Toxoplasmosis; mic encephalitis. The T1 hypersignal intensity foci on brain magnetic resonance

MRI; (MR) images without contrast enhancement are presented and can be a pathogno-
AIDS monic sign of this disease.
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Introduction because of the incompetence of the serological

Most toxoplasmic encephalitis is opportunistic in-
fection complicated with the acquired immunode-
ficiency syndrome (AIDS) and immunosuppressive
conditions. The diagnosis of this disease is difficult
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examination for the immunocompromised pa-
tients." Although the direct detection method for
the pathogen by polymerase chain reaction (PCR)
using the cerebrospinal fluid (CSF) has high speci-
ficity, the sensitivity of this method is insufficient
for definitive diagnosis.? We, therefore, have to
synthetically diagnose with clinical symptoms,
signs, laboratory data, neuroradiological images
and the response to anti-toxoplasmosis therapy.
We report here our experience of a unique MR
imaging finding of toxoplasmic encephalitis in an

0163-4453/$30 © 2005 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
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AIDS patient and emphasize the hyperintense foci
on T1-weighted MR images that can be one of the
pathognomonic MR images of this disease.

Case report

A 44-year-old man with disturbance of conscious-
ness and respiratory insufficiency was admitted to
our hospital in April 2005. His consciousness had
been rapidly deteriorated and he developed coma
2—-3 days before hospitalization. Serological tests
of HIV antibodies and Toxoplasma gondii 1gG anti-
body were positive, but the T. gondii IgM antibody
was not detected. The concentration of HIV RNA in
plasma was 120,000 copies/ml and the CD 4 cell
count was 8 mm™, The chest X-ray showed bilat-
eral ground glass shadow and Pneumocystis jiro-
veci (carinii) was detected from bronchoalveolar
lavage (BAL) fluid. CSF showed mild elevated pro-
tein level of 65 mg/dl and pleocytosis, and the
opening pressure was over 300 mmH,0. No malig-
nant cells or microorganisms were detected.
T. gondii B1-gene fragment was detected by PCR
using CSF, therefore, the diagnosis of an AIDS
case with toxoplasmic encephalitis was made.?

MRI of the brain showed multiple high intensity
lesions on T2-weighted image (Fig. 1a) and the cor-
responding T1-wighted image showed low intensity
lesions. Contrast enhanced T1-weighted images
showed multiple nodular and ring enhancement
lesions.

The chemotherapy with trimethoprim/sulfame-
thoxazole (TMP/SMX) was very effective and the
patient’s consciousness level was improved gradu-
ally. P. jiroveci pneumonia was also cured. MR im-
aging after 4 weeks of treatment demonstrated
that the multiple nodular lesions on T1 and T2-
weighted images had significantly been reduced.
After 8 weeks of treatment, the contrast enhanced
T1-weighted images showed only residual small
lesions without contrast enhancement. Interest-
ingly, the hypersignal intensity foci appeared at
bilateral basal ganglia obviously after 2 weeks of
treatment on the non-enhanced T1-weighted
images (Fig. 1b). Corresponding computed tomog-
raphy (CT) image did not show hemorrhagic or cal-
cified densities (Fig. 1c). These T1 hypersignal
intensity foci regressed gradually along with anti-
toxoplasmic chemotherapy in proportion to other
mass lesions. The T2* (star)-weighted image,
which can detect the hemosiderin deposition as
hypointensity lesion, operated after 12 weeks of
treatment showed no hypointensity at correspond-
ing T1 hypersignal intensity foci on basal ganglia
(Fig. 1d).* We concluded that the toxoplasmic

encephalitis showed the hypersignal intensity foci
on T1-weighted MR imaging without hemorrhage
or calcification.

Discussion

Toxoplasmic encephalitis progresses rapidly and
is life threatening to immunocompromised pa-
tients. Therefore, we often have to start the anti-
toxoplasmosis therapy when this encephalitis is
suspected on the neuroradiologic images and
laboratory data. Typically, the toxoplasmic en-
cephalitis lesions on MRI studies appear as T2
hypersignal intensity foci and T1 hypo-isosignal
intensity foci, and reveal a rim of enhancement
surrounding the edema on contrast enhanced
T1-weighted images. Nevertheless, even charac-
teristic foci on these MR imagings are not patho-
gnomonic. Since the differential diagnosis of
toxoplasmic encephalitis from other infections or
CNS lymphoma is difficult, improvement in the
diagnostic methods is an urgent necessity.

In our case, the toxoplasmic encephalitis was
diagnosed with the highly specific PCR and con-
firmed by the response to anti-toxoplasmosis ther-
apy. Brain MRI revealed unusual findings, T1
hypersignal intensity foci, accompanied by typical
multiple high intense lesions on T2-weighted image
during the treatment. These unique MR findings
have been reported on only a few cases of non-HIV/
AIDS-related toxoplasmic encephalitis. Terada
et al.’ reported a case of toxoplasmic encephalitis
after stem cell transplantation with T1 hypersignal
intensity foci. Autopsy revealed the disseminated
toxoplasmosis, and coagulative necrosis without
hemorrhage or calcification was revealed at corre-
sponding T1 hypersignal intensity foci by neuro-
pathological study. In another post-bone marrow
transplantation case, inflammatory and vascular
changes without hemorrhage appeared to be the
cause of iso or hypersignal intensity rings by the ste-
reotactic biopsy of T1 hypersignal intensity foci.®
On the other hand, Navia et al.” demonstrated
that the T1 hypersignal intensity foci were cased
by coagulative necrosis with lipid-laden macro-
phages. The pathophysiological and neuroradiolog-
ical mechanisms to create these MRI findings are far
from clear yet. The reason why the T1 hypersignal
intensity foci tend to localize in the basal ganglia
is not clear either.™®

CNS lymphoma, which is important for the
distinction from toxoplasmic encephalitis, shows
T1 hypo-isosignal intensity foci and never shows
T1 hypersignal intensity foci except subacute
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The unique MRI findings of toxoplasmic encephalitis

Figure 1

(a) The T2-weighted magnetic resonance image presented multiple high intense lesions. (b) Non-enhanced

T1-weighted image showed hypersignal intensity foci at bilateral basal ganglia. (¢) The corresponding CT image
showed non-hemorrhagic or non-calcified density. (d) The T2* (star)-weighted image showed non-hemorrhagic obser-

vations at basal ganglia.

hemorrhage with hypervascular CNS lymphoma.®?
However, the CT imaging and T2* (star)-weighted
MR imaging can simply distinguish it from the toxo-
plasmic T1 hypersignal intensity foci without hem-
orrhage or calcification.

We reported here the unique MRI findings, T1
hypersignal intensity foci, without hemorrhage
or calcification on HIV/AIDS-related toxoplasmic
encephalitis. It will be helpful for the diagnosis
of toxoplasmic encephalitis and may be a patho-
gnomonic finding. Unfortunately, we have not
experienced another case of toxoplasmic enceph-
alitis after this case, but we would like to
continue to explore this unique MRI finding of
this disease.
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