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Figure 6. CIN85 knockdown enhances the survival, growth, and differentiation of primary B cells. (A) Control and CIN85-knockdown primary B cells were incubated for
24 hours in medium containing F(ab’)z goat anti-human IgG/IgA/IgM (alg, 20 ng/mL) or adg plus CpG (1M), and CINSS, BelxL, A1, cyclin D2, and myc mRNA levels were
quantified by real-time PCR. The data are normalized to the expression of 18S rRNA. The results shown are representative of 3 independent experiments (*P < .05, **P < .01
vs controls). (B) Control and CIN85-knockdown primary B cells were incubated for 24 hours in the absence or presence of F(ab'), goat anti-human IgG/igAVigM (alg,
20 pg/mL). The cell lysates were subsequently separated on a SDS-PAGE ge! and analyzed by Western blotting with anti-BcIxL mAb, anti-cyclin D2 pAb, or anti-B-actin mAb.
The resulting values are expressed as fold changes in protein expression compared with nonstimulated control cells. The values are the mean = SD of 3 independent
experiments (**P < .01 vs controls). (C) Control and CIN85-knockdown primary B cells were incubated for 48 hours in the absence or presence of F(ab’), goat anti~human
IgG/IgA/IgM (alg, 20 pg/mL). After culture, the cells were stained with PE-labeled annexin V and analyzed using flow cytometry. The percentages of annexin-positive cells are
shown. A representative histogram of 3 independent experiments is shown. (D) Control and CIN85-knockdown primary B cells were incubated for 48 hours in the absence or
presence of F(ab’), goat anti-human IgG/IgA/igM (alg, 20 ug/mL). After culture, the cells were pulsed with BrdU, and its incorporation was detected by incubation with
anti-BrdU mAb, followed by rhodamine-conjugated anti-mouse Ab. A representative histogram of 3 independent experiments is shown (**P < .01 vs controls). (E) Control and
CIN85-knockdown primary B cells were incubated for 48 hours in the absence or presence of F(ab) goat anti-human IgG/IgA/IgM (alg, 20 pg/mL) and CpG (1uM), and
quantitation of Blimp-1 and Xbp-1 mRNA by real-time PCR was carried out. The data are normalized to the expression of 188 rRNA. The results shown are representative of
3 independent experiments (*P < .05 vs controls). (F) Control and CIN85-knockdown primary B cells were incubated for 48 hours with or without F(ab'), goat anti~human
1gG/IgA/IgM (alg, 20 ng/mL) in the absence or presence of CpG (1uM). The cell lysates were subsequently separated on a SDS-PAGE gel and analyzed by Western blotting
with anti~Blimp-1 mAb or anti-B-actin mAb. The resulting values are expressed as fold changes in protein expression compared with unstimulated control cells. The values are
the mean = SD of 3 independent experiments (**P < .01 vs controls).

to compare the roles of CIN85 and CD2AP in the function of generally insufficient for the full activation of B cells, rendering
human B cells. them susceptible to apoptosis and anergy. However, when the

BCR signals play a pivotal role in the survival, growth, and  negative regulation of BCR signaling is compromised, unwanted
differentiation of B cells."? Under physiologic conditions, BCR B cells could grow and survive, thereby potentially leading to
signaling is fine-tuned by positive and negative regulators and is autoimmunity and B-cell malignancies. This study showed that
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CIN85 knockdown in primary B cells causes full activation of
B cells and enhances BCR-induced survival and growth via the
increased expression of BcLxL, Al, cyclin D2, and myc (Figure 6).
Given that Cbl proteins are critical for B-cell anergy,'® CIN85 may
cooperate with Cbl proteins to function as a key negative regulator
for BCR signaling and to maintain self-tolerance. It is thus of
interest to determine whether the expression and/or function of

" CIN85 could be altered in human autoimmune diseases such as
SLE. Surprisingly, CLL cells from advanced-stage patients exhibit
hypophosphorylation of ¢-Cbl,'' as seen in CIN85-knockdown
cells. The manipulation of CIN85 expression may therefore
provide a novel strategy to control aberrant cell growth and
survival in B-cell malignancies.
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Introduction region at 9.5 dpc [12-13]. These observations suggest that
ancestor cells of HSC from the p-Sp/AGM region at 9.5 dpc
require special microenvironments to acquire HSC activity and
that HSCs undergo phenotypic changes from 9.5 to 10.5 dpc. In
the AGM region, intra-aortic/arterial clusters (LACs) are observed
attached to floors of large arteries in several species including
chicken, mouse and humans [3]. Mouse IACs have been
characterized morphologically and arc primarily located in three
large arteries, namely, the dorsal aorta (DA), the omphalomesen-
teric (vitelline) artery (OMA; VA) and the umbilical artery (UA)
[3,14-15]. IAGs express both hematopoictic (CD41 and CD45)
and endothelial (CD31, CD34 and VE-cadherin) surface markers
[3,15-16] suggesting that IACs are likely equivalent to ancestor
cells of HSC and/or pre-HSCs and are derived from endothelial
cells (ECs) at aortic/arterial regions. Although recent genetic
approaches and novel tracing methods demonstrate that IACs arce
derived from ECs in zebrafish and mice, it is unclear how IACs
form and acquire HSC activity [17-25].

To address how IACs form and function in HSC generation, we
first visualized IACs by immunohistochemistry and confocal
imaging and were found to simultaneously express CD31, CD34
and c-Kit. This approach enabled us to investigate the phenotypic

During mouse embryogenesis, hematopoiesis begins at the
extra-embryonic yolk sac (YS) at 7.5 days post-coitum (dpc) and
shifts to fetal liver after mid-gestation, then to spleen and finally to
bone marrow shortly before birth. There are two distinct waves of
hematopoietic emergence: a transient wave, primarily restricted to
erythropoiesis in YS blood islands prior to the connection of the
circulation from the YS to the embryo; and a definitive wave
originating in both the YS and embryo proper. The embryonic site
has been identified in the aortic region, in the para-aortic
splanchnopleura (p-Sp)/aorta-gonad-mesonephros (AGM) region
[1-6]. Functional hematopoietic stem cells (HSCs) that can
reconstitute adult recipients are first identified in the AGM region
at 10.5 dpc after ex vivo organ culture [7]. The cells at 10.5 dpc
that were not cultured ex vivo rarely reconstitute adult recipients,
whereas those at 11.5 dpc can regardless [7-9]. Therefore, the
cells that acquire HSC activity after culture step, have been
termed “pre-HSC”s. Although several reports characterize the
surface marker expression on both pre-HSCs at 10.5 dpc and
HSCs at 11.5 dpc, the developmental process of HSC generation
still remains unclear [8-11]. Cell populations capable of
reconstituting neonatal recipients are detected in the p-Sp/AGM
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Figure 1. Confocal images of IACs expressing CD31/CD34/c-Kit
in the AGM region. Transverse sections of AGM region from ICR
mouse embryos at 9.0 and 10.5 dpc were stained with antibodies and
observed by confocal microscopy. (A) IACs were observed in the
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omphalomesenteric artery (OMA) at 9.0 dpc (left; magnified view of
IACs in upper right panel) and in the OMA, dorsal aorta (DA) and
umbilical artery (UA) at 10.5 dpc (right). CD31 (red), c-Kit (green), and
TOTO-3 (blue). Arrows indicate IACs. Original magnification is 20x. (B-D)
IACs were observed in the DA (B), OMA (C) and UA (D) at 10.5 dpc. Left
panel shows staining for CD31 (red), c-Kit (green), and TOTO-3 (blue),
and right panel shows staining for CD34 (red), c-Kit (green), and TOTO-3
(blue) staining. Images were taken at 40x and zoom was used to show a
detail at right lower panel. Another IAC in the DA is shown in Figure S1.
(E) IACs expressing Ki-67, a marker of proliferation, were observed in the
DA (left), OMA (middle) and UA (right). Ki-67 (red), c-Kit (green), and
TOTO-3 (blue). Images were taken at 40x and zoom was used to show a
detail.

doi:10.1371/journal.pone.0035763.g001

characterization of IACs by flow cytometry and hematopoiesis
assays. Here, we demonstrate a significant transition from
endothelial to hematopoictic cell phenotype of IAC cells after
9.5 dpc.

Results

Visualization of IACs in mouse embryos

Previous studies identified intra-aortic/arterial clusters (IACs)
primarily by immunocytochemistry and microscopy [3,14-15].
Recently, we successfully visualized hematopoietic cell clusters in
mouse placenta using thick (20 pm) cryo-sections and antibodies
recognizing the embryonic HSC markers c-Kit, CD31 and CD34
and applied this method to quantifying IACs [26]. Cell aggregates
consisting of more than three c-Kit-positive cells were defined as
an JAC. Here, we used confocal microscopy to expand upon our
previous study and characterize the cell types found within IACs
according to c-Kit, CD31 and CD34 expression (Figure 1). The
first IACs were observed as spherical structures in the omphalo-
mesentric artery (OMA) at 9.0 dpc (12-14 somite pairs [SP))
(Figure 1A, left). Between 9.5 dpc (18-22 SP) to 10.5 dpc (30-34
SP), large arteries such as the dorsal aorta (DA), OMA and
umbilical artery (UA) form [14]. IACs were observed in DA,
OMA and UA at 10.5 dpc, and the size of IACs in the OMA and
UA was significantly larger than those scen in the DA (Figure 1A,
right). Localization of IACs in DA was not restricted to the ventral
wall of DA, but rather some IACs were observed at dorsal and
lateral sides of the wall (data not shown). All IACs in the DA,
OMA and UA at 10.5 dpc simultaneously expressed c-Kit, CD31
and CD34 (Figure 1B-D). IACs expressing c-Kit in the different
arteries analyzed were also positive for Ki-67, a marker of cell
proliferation, regardless of location, suggesting that cells within
IAGs are highly proliferative (Figure 1E).

Characterization of IACs by flow cytometry and
hematopoietic progenitor assays

To further characterize IACs, the caudal portion of embryos
containing the p-Sp/AGM region was dissociated and analyzed by
flow cytometry. At 10.5 dpc, c-Kit"/CD317/CD34" cells, which
are cquivalent to IACs, were assessed for expression of the cell
surface markers VE-cadherin/CD144 (an endothelial cell marker),
CD41 (the earliest hematopoietic cell marker), CD45 (a pan-
leukocyte marker), Sca-1 (a late fetal and adult HSC marker) and
CD150 and EPCR (adult HSC markers) (Figure 2A-H). ¢-Kit*/
CD317/CGD34" cells represented 0.069+0.01% in whole caudal
portion of embryos. Among c-Kit"/CD317/CD34" cells, VE-
cadherin surface antigen expression decreased significantly within
24 hours from 9.5 to 10.5 dpc. Concomitantly, expression of the
hematopoietic markers CD41 and CD45 increased from negative
or low levels of expression on IAC cells at 9.5 dpc to abundant

April 2012 | Volume 7 | Issue 4 | e35763



CD31

CD31

e
@

et

wt

0w

—,———-———.———-.-.—-....——_—.—)
VE-cadherin

14%

i

,.v.m,mw”,
8
£l

e

-
3,
£
£Y
54

EPCR

EPCR

Rl

Characterization of Intra-Aortic Clusters

Tal0%
1 29215%
i 22216%
:Zz fu% $B2id% 2K el Balan
zo:o ] m [—h R
100 * sa2% pe i
oo L1 _mE i ™ ]
95dpc ¥05dpe | SSdpc 105dpc  9Sdpe MiSdpc  9.5dpc 10Scpe  95dpe 105dpc  9Sdpe 10Sdpc
VE-Cadherin ~ CD4l CD45 Sca-1 Cp150 EPCR
p< 095 T p< 005 p< 048 p> 605 »> 085
1
p>0.08
60 n 140
i Bz
=% = g
= £ 100
— 40 —_—
= I “R SE—
230 focos B
E B B 60 po
220 IR )
8 g
0 - 0
GEMM GM M G BIU Totat
(Type of colonics)
J
(%)
2 100 p>0.08
LE
T E
e .
dE 10 . .
é % * L -
53 - .
%3 "o “at
2 4 .
L .
E oy
0.1 Y T T
o & &
. o J
X L ©
3 & &
O (3 *‘)
& ¢ ¢
e e i
& \QQ x\oQ
N N W
& ) ]
4 &
& A

Figure 2. Flow cytometric analysis of CD317/CD34"/c-Kit" AGM cells using surface expression of hematopoietic and endothelial cell
markers. Single cell suspensions of the caudal portion of embryos containing the p-Sp/AGM region at 9.5 and 10.5 dpc were prepared and analyzed
by flow cytometry. (A) Cells expressing CD31, CD34 and c-Kit markers of IACs were gated first. Isotype control of flow cytometric analysis is shown in
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Figure S2. (B-G) Expression of hematopoietic and endothelial cell markers was analyzed on CD31%/CD34™/c-Kit* cells at 9.5 dpc (left) and 10.5 dpc
(right) with the following antibodies: (B) VE-cadherin/CD144 (an endothelial cell marker), (C) CD41 (the earliest hematopoietic cell marker), (D) CD45
(a pan-leukocyte marker), (E) Sca-1 (a late fetal and adult HSC marker), (F) CD150 and (G) EPCR (adult HSC markers). At least 1,000 cells were assessed
for each surface antigen. Representative profiles are shown. (H) Percentage of expression was summarized. At least 3 independent experiments were
performed. Mean * 25D was calculated and shown at the top of bars. (I) One thousand sorted CD45-negative or CD45-positive CD31*/CD34"/c-Kit*
cells were cultured in semisolid medium containing the hematopoietic cytokines, SCF (Stem Cell Factor), IL (Interleukin)-3, IL-6 and EPO
(Erythropoietin). Left and right panels show each fraction and the total number of colonies, respectively. GEMM (colony-forming units of granulocyte
erythrocyte monocyte macrophages); GM (of granulocyte macrophages); M (of macrophages); G (of granulocytes); BFU (burst forming units of
erythroid cells). (J) 50-100 sorted CD317/CD34*/cKit" cells at 9.5 dpc, as well as CD45-negative and CD45-positive CD31*/CD34%/c-Kit* cells were
transplanted into busulfan-treated Ly5.1 mouse neonates. Approximately one year after transplantation, blood samples were collected and analyzed
for CD45.2 expression by flow cytometry. Representative profile of flow cytometric analysis and its negative and positive controls are shown in Figure

S3 and S6, respectively.
doi:10.1371/journal.pone.0035763.g002

levels at 10.5 dpc. Sca-1 expression also increased from 9.5 to
10.5 dpe.

We next separated ¢-Kit™/CD31%/CD34" cells based on CD45
expression by flow cytometry and performed colony assays and
transplantation assays. As shown in Figure 21 (left), the number of
CFU-M generated from CD45-positive c-Kit"/CD317/CD34"
cells (27.3) was significantly higher than CFU-M from CD45-
negative c-Kit"/CD31%/CD34" cells (8.0) (p<<0.05). However, the
total number of hematopoietic colonies did not differ between
CD45-negative and CD45-positive c-Kit"/CD31*/CD34" cells
(p>0.05). When 50-100 c-Kit"/CD317/CD34" cells were
transplanted into neonate recipients, there was no significant
difference in reconstitution ability (CD45-negative, 3.55%; CD45-
positive 3.07%) (p=>0.05) (Figure 2]). c-Kit"™/CD317/CD34" cells
at 9.5 dpc were able to reconstitute recipients and chimerism to
9.89% was achieved. Presumptive ancestor cells of HSC can
reportedly reconstitute neonate recipients but not adult recipients
[13]. In addition, pre-HSCs at 10.5 dpc rarely reconstitute adult
recipients without culture step [7-9,11]. When 100 c-Kit*/
CD317/CD34" cells were transplanted into adult recipients, no
reconstitution was observed (data not shown).

Expression of CD45 in mouse and human intra-aortic/
arterial clusters

CD45-negative and CD45-positive c-Kit"/CD317/CD34" cells
showed no difference in hematopoietic potential except within the
macrophage lineage. To further investigate a role of CD45
expression on ¢-Kit"/CD317/CD34" cells, we used flow cytom-
etry to segregate c-Kit"/CD31"/CD34" cells into three fractions.
Three distinct populations became apparent; CD45negative cells,
CD45low cells, and CD45high cells (Figure 3A). The proportion of
CD45-negative and CD45-low positive c-Kit"™/CD317/CD34"
cells was higher at 9.5 dpc than at 10.5 dpc, whereas the
percentage of CD45-high positive ¢-Kit"/CD31%/CD34" cells
increased by 5-fold at 10.5 dpc (31.0%) compared to 9.5 dpc
(6.3%) (Figure 3B). These data suggest that CD45-negative c-Kit*/
CD31%/CD34" cells are precursors of CD45-high positive c-Kit™/
CD317/CD34" cells and that CD45 is a marker of IAC
maturation. To address this issue, we examined expression levels
of the genc encoding CD45 (Piprc; protein tyrosine phosphaiase, receptor
type, C) and of various hematopoietic transcription factors (Runx1,
c-Myb, Evi-1, SCL and Gata2) (Figure 3C-H). CD45-negative c-
Kit"™/CD317/CD34" cells expressed low levels of CD#5 mRNA.
Pipre transcript levels increased significantly as CD45 surface
protein expression was up-regulated in the c-Kit*/CD317/CD34"
population. Expression levels of all hematopoietic transcription
factor genes assayed except Evi- was highest in CD45-low positive
c-Kit*/CD317/CD34" cells. In agreement with flow cytometric
analysis, evaluation of CD45 protein expression by immunohis-
tochemistry indicated that IACs in the OMA at 9.5 dpc were
CD45-negative while some IAGs in the DA, OMA and UA were
CD45-positive by 10.5 dpc (Figure 4A-D).
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IAC formation in the developing human embryo is poorly
defined. Having defined the developmental progression of IAC in
the mouse above, we next examined IAC morphology and
phenotype in a 32 day-old human embryo. Immunochistochemis-
try of embryonic human cryosections was performed using anti-
human CD34 and CD45 antibodies. As shown in Figure 4E, IACs
can be detected in ventral wall of the dorsal aorta. CD34 was
expressed by a wide range of vascular endothelial cells throughout
the embryo. CD45 was restricted to round and in many cases
clearly circulating cells. However, within the IAC observable on
the ventral wall of the dorsal aorta, cells expressing both CD34
and CD45 can be seen. This reflects the expression pattern we
have identified in embryonic mouse IACs.

Transcription factor hierarchy in IAC development

We next observed IAC formation by immunohistochemistry
and flow cytometry in mouse embryos harboring mutations
associated with aberrant embryonic hematopoiesis [27-32].
Immunohistochemical analysis of RunxI”” embryos lacked IACs
in the DA, OMA and UA. Flow cytometric analyses confirmed the
absence of c-Kit*/CD31*/CD34" cells in Runxl”” embryos
compared to wild type embryos (Figure 5A-B). Evi-I”~ embryos
also lacked IACs in the DA, OMA and UA by immunohisto-
chemistry. However, a small frequency of ¢-Kit*/CD317/CD34"
cells could be detected by flow cytometry (Figure 5C). In c-Myb”"
embryos, IACs were observed at the DA, OMA and UA, and c-
Kit"/CD31*/CD3%4" cells were also observed by flow cytometry
(Figure 5D). Collectively, these results demonstrate that Runx! is
essential for JAC formation while Evi-1 appears to be playing a
function downstream of Runx] in this process.

Discussion

During embryogenesis, a unique cell biological shift takes places
in which endothelial cells with adherens junctions detach from
each other, alter gene expression and become hematopoietic cells.
This process is limited both anatomically and temporally. We here
demonstrated that the transition from endothelial to hematopoi-
etic phenotype of IACs occurs from 9.5 dpc in the mouse embryo,
earlier than previously described. Furthermore, we show that IACs
are identifiable in the human embryo based on CD45 expression,
implying that this process in mice is applicable to human.

Previously, we reported an immunohistochemistry visualization
technique revealing hematopoietic cell clusters in placenta using
thick (20 wm) cryo-sections and antibodies recognizing embryonic
HSC markers [26]. Here, we applied this technique to obtain high
quality confocal images of intra-aortic/arterial clusters (IACs) in the
AGM region. We defined IACs as c-Kit™/CD317/CD34" cells.
Recently, c-Kit*/CD317/SSEA-1" cells were also identified in the
AGM region [11]. As CD3I is expressed on both IACs and
primordial germ cells (PGGCs), it was necessary to exclude PGCs
according to SSEA-1 expression. As shown in Figure 2 and 5, we
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Figure 3. Gene expression analysis in CD317/CD34"/c-Kit" AGM cells separated by CD45 expression. (A) Single cell suspensions of the
caudal portion of embryos containing the AGM region at 10.5 dpc were prepared and analyzed by flow cytometry. Cells expressing CD31 and CD34,
IAC markers, were first gated. The profile shows expression of c-Kit (x-axis) and CD45 (y-axis) in CD31%/CD34* AGM cells (left). Based on intensity of
CDA45 expression, CD31*/CD34%/c-Kit" AGM cells were separated into three fractions, CD45-negative (under 10% of CD45-fluorescence, same as
negative control), -low positive (from 1025 to 10> of CD45-fluorescence), and -high positive (approximately over 10* of CD45-fluorescence). Isotype
control and compensation samples of flow cytometric analysis are shown in Figure S4 and S5. (B) The percentage of CD45-negative, -low positive,
and -high positive c-Kit*/CD31*/CD34" AGM cells was calculated both at 9.5 dpc (white bars) and 10.5 dpc (black bars). (C-H) Gene expression of
CD45 (C), Runx1 (D), c-Myb (E), Evi-1 (F), SCL (G) and Gata2 (H) was analyzed in sorted CD45-negative, -low positive and -high positive c-Kit"/CD31%/
CD34* AGM cells. Expression levels of CD45 mRNA are up-regulated as c-Kit*/CD317/CD34” cells express CD45 surface protein. Expression levels of
Runx1, c-Myb, Evi-1, SCL and Gata2 were highest in CD45-low positive c-Kit"/CD31%/CD34" cells, whereas that of Evi-1 was highest in CD45-negative c-
Kit*/CD31%/CD34" cells. RQ represents relative quantity of template in the original sample.

doi:10.1371/journal.pone.0035763.g003

could observe a small number of CD31%/CD34" cells, which are
likely to be PGCs. Since PGCs do not express CD34 at this stage, we
could positively select the IAC fraction based on our definition by
flow cytometry [33]. Our observation of IAC:s is compatible with the
result showing large IACs were primarily observed in omphalome-
sentric artery (OMA) and umbilical artery (UA) at 10.5 dpc [11]. In
the mouse, IACs protruding into the lumen of arteries were
previously reported at 9.5 dpc in studies using microscopy and Tie-
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2 immunohistochemistry {14,34]. Prior to 9.5 dpc, we identified the
first IACs, which formed a spherical structure, in the OMA at
9.0 dpc (Figure 1A). The OMA appears at 8.0 dpc and directly
connects with the dorsal aorta (DA). The OMA anastomoses with
the DA after 9.5 dpc and loses its connection with the UA by
10.5 dpc [14,35]. Our data (Figure 1E) indicate that IACs are
proliferative, based on Ki-67 staining. Taken together, it is likely
that the first IACs in the OMA proliferate and are distributed into
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microscopy. Arrowheads indicate IACs. (A) Mouse 1ACs in the omphalomesenteric artery (OMA) at 9.5 dpc expressed c-Kit, but not CD45. CD45
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NT (Neural Tube); Ao (Aorta); Mn (Mesonephros). Original magnification is 20x.

doi:10.1371/journal.pone.0035763.g004

large arteries, such as the DA and UA, as the arterial system
develops. Although several reports provide direct evidence that
endothelial cells (ECs) generate IACs, we cannot rule out the
possibility that cither mesodermal cells, the ancestors of hemato-
poictic cells, or so-called hemangioblasts, which give rise both to
ECs and hematopoietic cells, generate IACs by another pathway
[17-25]. When VE-cadherin®/CD45™ cells were sorted out from
AGM regions at 10.5 dpc, and co-aggregated with OP9 stromal
cells, these cells acquired HSC: activity [8]. As embryos develop,
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VE-cadherin™/CD45" cells from AGM regions at 11.5 dpc can
reconstitute adult recipients without culture step, whereas both VE-
cadherin®/CD45™" cells can after aggregation culture with OP9
stromal cells. It suggests that the transition from endothelial to
hematopoietic phenotype in pre-HSCs occurs between 10.5 and
11.5 dpc. According to our flow cytometric analysis of IACs, the
transition from endothelial to hematopoietic phenotype occurs after
9.5 dpc (Figure 2). Although we found that 33% of ¢-Kit*/CD31%/
CD34” cells at 9.5 dpc express VE-cadherin, most IACs defined as

April 2012 | Volume 7 | Issue 4 | 35763

103



Characterization of intra-Aortic Clusters

B

A
Wild type =
o
]
c-Kit CD31 TOTO-3 =4

CD31

B

Runxi -/- — 2 —
o g [saJy 28
o] [}
© S
e-Kit CD31 TOTO-3 N —
¢-Kit
N o T R
C i
Evi-l - 1 7
8 3 agw’
@) O
e
e-Kit CD31 TOTO-3 “s L. ALY
c-Kit
2.2%; ’\;95 60y Bt
D
c-Myb -I- — — b )
[ (sl 08 B
a a 2
U U 10 4
- - oy ~ :x: o 1 10 wt w“‘
c-Kit CD31TOTO-3 > 2ot >
CD34 c-Kit -

Figure 5. Altered IAC phenotype in Runx7”, Evi-1" and c-Myb” embryos. Transverse sections of the AGM region were made from ICR,
Runx1”, Evi-1”" and c-Myb” mouse embryos at 10.5 dpc, stained with antibodies and observed by confocal microscopy. Single cell suspensions of
AGM regions from these embryos at 10.5 dpc were prepared and analyzed by flow cytometry. (A-D) Left panels show confocal images stained with
anti-c-Kit (green) and CD31 (red) antibodies and TOTO-3 (blue). Middle and right panels show flow cytometric profiles of CD34 (x-axis) and CD31 (y-
axis), and c-Kit (x-axis) and CD31 (y-axis), respectively. Isotype control and compensation samples of flow cytometric analysis are shown in Figure 52
and S5. (A) ICR mouse embryos serve as (wild type) controls. IACs and CD317/CD34%/c-Kit* AGM cells were observed. (B) No IACs were observed in
Runx1”" embryos, whereas the aortic structure was conserved (left). No CD31%/CD34%/c-Kit* AGM cells were observed, whereas CD31*/CD34+/c-Kit
AGM cells, which are equivalent to ECs, were observed (middle and right). (C) No IACs were observed and aortic structure was altered in Evi-17
embryos (left). CD31* AGM cells were observed, but they did not express CD34 and c-Kit (middle and right). (D) IACs were observed in c-Myb”"
embryos and the aortic structure was conserved (left). CD317/CD34%/c-Kit* AGM cells were observed (middle and right).

doi:10.1371/journal.pone.0035763.g005

¢-Kit"/CD317/CD34™ cells by flow cytometry did not contribute to
blood vessel structure. VE-cadherin is expressed in IACs as well as
in ECs [16]. It is likely that sorted VE-cadherin®/CD45™ cells from
AGM regions at 10.5 dpc contained ECs with HSC potential in
addition to some IACs. Further studies are necessary to determine
how ECs contribute to IAC generation. CD150 belongs to the
SLAM family and its expression is developmentally regulated on the
surface of HSCs. At 11.5 dpe, CD150™ cells can reconstitute adult
recipients, but CD150% cells not [10]. In this study, CD150
expression was examined on ¢-Kit"/CD317/CD34" cells by flow
cytometry and the percentage of CD150 expression was not

@ PLoS ONE | www.plosone.org

changed (Figure 2F, H). It will be interesting to compare the CD150
expression between 10.5 and 11.5 dpe.

The pan-leukocyte marker CD45 is a transmembrane glyco-
protein that functions as a protein phosphotyrosine phosphatase.
Although loss of the CD45 gene results in T and B lymphocyte
anomalies in adult, there appears to be no significant abnormality
in HSC development during embryogenesis [36-38]. We observed
that CD45 protein expression was up-regulated in c-Kit*/CD31%/
CD347 cells between 9.5 and 10.5 dpc (Figure 2D). Our results are
compatible with the report showing that CD45 is expressed on the
surface of IACs at 10.5 dpc, but not on the IACs at 9.5 dpc [11].
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In agreement with previous reports, we observed no significant
differences in HSC activity based on neonatal transplantation,
whereas myeloid potential differs based on colony formation assay
between CD45-negative and CD45-posxuve c-Kit*/CD31%/
CD34" cells, suggesting that CD45 expression is not required for
hematopoietic cell identity (Figure 21, J) [39-40]. However, pre-
HSGs that can reconstitute both adult and neonatal recipients
appear at 10.5 dpc, whereas presumptive ancestor cells of HSC
that can reconstitute only neonatal but not adult recipients appear
at 9.5 dpc [7,12-13]. In accordance with flow cytometric data,
some IACs expressed CD45 while others did not in both 10.5 dpc
mouse embryos and 32 day-old human embryos (Figure 4B-E).
Taken together, although CD45 does not function in HSC
development, its expression on the cell surface might serve as a
marker of pre-HSC maturation from ancestor cells of HSC. With
regard to myeloid potential, only macrophage development differs
(Figure 2I). At 10.5 dpc, macrophages are reportedly c-Kit™/
CD317/CD45" cells, and we could observe some c-Kit™/CD45%
cells in the AGM regions (Figure 4) [11]. CD45 expression on c-
Kit"/CD317/CD34" cells might be the diverging point of myeloid
potential. Furthermore, we identified CD45 gene expression in
CD45-negative c-Kit"/CD317/CD34" cells, suggesting that these
cells are primed to differentiate into CD45-positive c-Kit*/
CD31%/CD34" cells. Expression levels of Runxl, ¢-Myb, SCL and
Gata2 were highest in CD45-low positive ¢-Kit"/CD317/CD34*
cells, implying that the transition from endothelial to hematopoi-
etic phenotype of IACs occurs in CD45-low positive c-Kit"/
CD317/CD34" cells, as these transcription factors are reportedly
important for the switch to hematopoietic cells [22]. Evi-1 is
involved in vasculo-angiogenesis in addition to HSC development
[31]. Therefore, high expression level of Evi-/ gene in CD45-
negative c-Kit"/CD31%/CD34" cells implies that this population
still preserves some endothelial identity.

We also investigated IACs from RunxI™", Evi-I”" or c-Myb”"
mouse embryos. Runx! is essential for definitive hematopoiesis,
and its expression marks the site of de nozo generation of definitive
hematopoictic cells [28-30]. In agreement with previous reports,
we observed an absence of IACs in RunxI”” mouse embryos. Eui-
I”" mouse embryos displayed abnormalities in vascular and
hemalopou:hc development [31-32]. As shown in Figure 5C, Eui-
I mouse embryos comprised a few c-Kit™/CD31%/ CD?>4+ cells
based on flow cytometric analysis. High expression of Epi-I in
CD45-negative c-Kit™/CD31*/CD34" cells may correlate with
vascular development and impairment of IAC formation. c-Myb is
essential for HSC maturation and proliferation, and ¢-Myb””
mouse embryos die at 15.5 dpc from impaired definitive
hematopoiesis in fetal liver, although prlrmtwe hematopoiesis
appears normal [27] In contrast to RunxI”" or Evi-I”" mouse
embryos, ¢-Myb”” mouse embryos exhibited IACs.

Several evidences reveal that HSCs are generated from ECs
[17-21]. Taken together, our results corroborate HSC-generation
from ECs and imply that IACs gradually acquire hematopoietic
phenotype after 9.5 dpc. Understanding how IACs are generated
could lead to an understanding of how to manipulate HSC
generation from ES/iPS cells and thus be applicable to future
clinical applications.

Materials and Methods

Mice

Ly5.1 (Sankyo Labo Service, Tokyo, Japan) mice, Ly5.2 adult
C57/BL6 mice (Kyudo Tosu, Japan), ICR mice (SLC, Hama-
matsu, Japan), Runx/™" mice (prowded by Dr. Speck at University
of Pennsylvania), Evi-I*"~ mice (JAX mice and Services, Bar
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Harbor, ME) and ¢-Myb*”~ mice (JAX mice and Services) were
used in these studies. To analyze cells, pregnant mice were
sacrificed at 9.0~10.5 dpc and somite pair number was counted.
Embryos at 9.0 dpc with 12-14 somite pairs (SP), 9.5 dpc with
18-22 SP and 10.5 dpc with 30-34 SP were dissected out,
respectively. Animals were handled according to the Guidelines
for the Care and Use of Laboratory Animals of Kyushu
University. This study was approved by Animal Care and Use
Committee, Kyushu University (Approval ID: A21-068-0).

Mouse immunohistochemistry

Embryos were dissected out and fixed in 2% paraformaldehyde
in PBS, followed by equilibration in 30% sucrose in PBS. Embryos
were embedded in OCT compound (SAKURA, Tokyo, Japan)
and frozen in liquid nitrogen. Tissues were sliced at 20 pm on a
Leica CM1900 UV cryostat, transferred to glass slides (Matsu-
nami, Osaka, Japan) and dried thoroughly. Sections were blocked
in 1% BSA in PBS and incubated in PBS containing 1% BSA with
appropriate dilutions of the following primary antibodies: goat
anti-mouse c-Kit (R&D Systems, Minneapolis, MN), rat anti-
mouse CD31 (BD Biosciences, San Diego, CA), rat anti-mouse
CD34 (BD Biosciences), rat anti-mouse CD45 (Biolegend) and rat
anti-mouse Ki-67 antigen (Dako Corporation, Carpinteria, CA) at
ic overnight. After washing in PBS three times, sections were
incubated with appropriate dilutions of the following secondary
antibodies: Alexa Fluor 488 donkey anti-rat IgG (Invitrogen,
Carlsbad, CA), Alexa Fluor 488 donkey anti-goat IgG (Invitrogen),
Alexa Fluor 546 donkey anti-goat IgG (Invitrogen) and Alexa
Fluor 568 donkey anti-goat IgG (Invitrogen), as well as TOTO-3
(Invitrogen) to stain nuclei, at room temperature for 30 minutes.
Samples were mounted on coverslips using fluorescent mounting
medium (Dako Corporation) and assessed using a FluoView 1000
confocal microscope (Olympus, Tokyo, Japan).

Human tissues

Human embryos were obtained from voluntary abortions
performed according to guidelines and with the approval of the
French National Ethics Committee. In all cases, written consent
allowing use of the embryo for research was obtained from the
patient. Developmental age was estimated based on anatomical

criteria and the Carnegie classification as previously described
[41-42].

Human immunohistochemistry

Embryos were fixed overnight at 4°C in PBS plus 4%
paraformaldehyde (Sigma-Aldrich), rinsed twice in PBS, then in
PBS/15% sucrose (Sigma-Aldrich) for at least 24 hours. Tissues
were then embedded in PBS with 15% sucrose and 7.5% gelatin
(Sigma-Aldrich), frozen and stored at -80°C. Frozen sections
(5 um) were stored at —20°C until use, and then thawed and
hydrated in PBS [37]. For double-staining, the TSA Plus
Fluorescence amplification system was used, according to the
manufacturer’s instructions (NEN-Perkin Elmer). Endogenous
peroxidases were inhibited for 20 minutes in PBS containing
0.2% hydrogen peroxide (Sigma-Aldrich). Sections were washed in
PBS and non-specific binding sites were blocked with PBS/5%
goat serum (Vector Laboratories) for 1 hour. Sections were then
incubated with uncoupled antibody to CD45 (overnight at room
temperature). After rinsing, sections were incubated with biotiny-
lated goat anti-mouse IgG antibody (Immunotech) for 1 hour and
then with peroxidase-labeled streptavidin  (Immunotech) for
1 hour. Staining was revealed using fluorescent tyramide (TMR,
Tetramethylrhodamine). Residual peroxidase activity was inhibit-
ed in PBS/0.2% hydrogen peroxide for 10 min at RT. After 3
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washings in PBS, slides were treated with an Avidin/Biotin
blocking kit according to the manufacturer’s instructions (Vector
Laboratories). Sections were washed and incubated with anti-
CD34 antibody at room temperature for 2 hours, then with
biotinylated goat anti-mouse IgG antibody (Immunotech) for
I hour at RT, and with Alexa 488-labeled streptavidin for 1 hour.
Slides were mounted in Vectashield medium (Vector Laborato-
ries). Monoclonal antibodies to CD34 (IgG1, clone Qbend-10) and
CD45 (IgG1, clone Hle-1) were purchased from Immunotech and
Becton-Dickinson Biosciences, respectively.

Cell preparation

The caudal portion of embryos containing the p-Sp/AGM
region was used to obtain a single cell suspension. Tissues were
incubated with 1 mg/ml collagenase in medium supplemented
with 10% fetal bovine serum for 30 minutes at 37C and filtered
through 40-um nylon cell strainers (BD Biosciences).

Flow cytometry and cell sorting

Antibodies used for analysis were: FITC-conjugated anti-mouse
CD41 (eBioscience, San Diego, CA), FITC-conjugated anti-mouse
Sca-1 (eBioscience), FITC-conjugated anti-mouse EPCR (Endo-
thelial Protein C Receptor) known as CD201 (Stem Cell
Technologies inc, Vancouver, BC), PE-conjugated anti-mouse
CD31 (BD Biosciences), PE-Cy7-conjugated anti-mouse CD45
(BioLegend), APC and APC-Cy7-conjugated anti-mouse c-Kit
(BD Biosciences), Aexa Fluor488-conjugated anti-mouse CD150
(BioLegend), APC-conjugated anti-mouse VE-cadherin (clone
name; VECD-1, provided by Dr. Ogawa at Kumamoto
University), and FITC and Pacific Blue-conjugated anti-mouse
CD34 (eBioscience). Flow cytometric analysis and cell sorting were
carried out using a FACSAria SORP cell sorter (BDIS, San Jose,
CA). Data files were analyzed using FlowJo software (Tree Star,
Inc., San Carlos, CA).

RNA extraction and real-time PCR analysis

Total RNA was isolated using the RINAqueous 4PCR kit
(Ambion Inc., Austin, Texas). mRNA was reverse transcribed
using a High-Capacity RNA-to-cDNA kit (Life Technologies,
Carlsbad, CA). The quality of cDNA synthesis was evaluated by
amplifying mouse B-actin using PCR. Thirty thermal cycles were
used as follows: denaturation at 95°C for 10 sec, annealing at
60°C for 20 sec, followed by extension at 72°C for 20 seconds.
Gene expression levels were measured by real time PCR with
TagMan® Gene Expression Master Mix and StepOnePlus™ real
time PCR (Life Technologies). All probes were from TagMan®
Gene Expression Assays (Life Technologies). All analyses were
performed in triplicate wells; mRINA levels were normalized to B-
actin and the relative quantity (RQ) of expression was compared
with a reference sample.

Colony formation assay

Sorted cells were suspended in 3 ml of MethoCult® GF M3434
(Stemcell Technologies) distributed into three 35 mm dishes and
then incubated in 5% CO» at 37°C. Colonies were counted up
14 days later using an inverted phase contrast microscope CKX41
(Olympus, Tokyo, Japan).

Transplantation assay

To examine neonatal repopulating HSCs, sorted cells were
transplanted into busulfan-treated Ly3.1 mouse neonates as
described previously [9,15]. Briefly, time-pregnant mice were
injected on days 17 and 18 after conception with 15 pg of
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busulfan/gram body weight of the mother (Sigma-Aldrich,
St.Louis MO). Isolated cells were suspended in 25 pwl PBS and
transplanted into neonates at the time of delivery using a 100 pl
Hamilton syringe (Hamilton, Reno, NV). Approximately one year
afler transplantation, blood samples were collected, lysed in BD
Pharm Lyse (BD Biosciences) and analyzed for CD45.2 expression
by flow cytometry.

Supporting Information

Figure 81 Additional confocal images of JAC expressing
CD31/CD34/c-Kit in the dorsal aorta of AGM region at
10.5 dpc. Staining for CD34 (red), c-Kit (green), and TOTO-3
(blue) is shown. Original magnification is 40x.

(TIFF)

Figure 82 Single cell suspensions of the caudal portion
of embryos containing the p-Sp/AGM region at 9.5 and
10.5 dpc were prepared and analyzed by flow cytometry.
Upper panels show isotype control of analysis corresponding to
Figure 2A. Lower panels show isotype control of analysis
corresponding to Figure 5.

(TIFF)

Figure 83 50-100 sorted CD31™ /CD34"/c-Kit" cells at
9.5 dpc, as well as CD45-negative and CD45-positive
CD317/CD34%/c-Kit" cells were transplanted into bu-
sulfan-treated Ly5.1 mouse neonates. Approximately one
year afler transplantation, blood samples were collected, lysed in
lysing solution and analyzed for CD45.2 expression by flow
cytometry. Representative profile of flow cytometric analysis is
shown.

(TIFE)

Figure 84 Single cell suspensions of the caudal portion
of embryos containing the AGM region at 10.5 dpc were
prepared and analyzed by flow cytometry. The profile
shows isotype control of analysis corresponding to Figure 3A.
Based on the isotype control, sorting gates are set into three
fractions, CD45-negative (under 10% of CD45-fluorescence, same
as negative control), -low positive (from 102> to 1025 of CD45-
fluorescence), and -high positive (approximately over 10* of
CD45-fluorescence).

(TIFF)

Figure 85 Single cell suspensions of the caudal portion
of embryos containing the p-Sp/AGM region at 9.5 and
10.5 dpc were prepared and analyzed by flow cytometry.
Compensation samples of analysis corresponding to Figure 3A and
5 were shown.

(TIFF)

Figure 86 Negative and positive controls to transplan-
tation analysis are shown corresponding to Figure S3.
Peripheral blood samples were obtained from Ly5.1 adult mouse
for negative control and Ly5.2 adult C57/BL6 mice for positive
control, respectively.

(TIFF)
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Different Risk Factors Related to Adenovirus- or BK
Virus-Associated Hemorrhagic Cystitis following
Allogeneic Stem Cell Transplantation
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Virus-associated hemorrhagic cystitis (HC) is a major cause of morbidity and mortality following allogeneic
hematopoietic stem cell transplantation (HSCT). Although numerous studies have attempted to identify
factors that predispose patients to viral HC, its causes remain controversial. We analyzed retrospectively
the results of 266 allogeneic HSCTs to identify factors associated with HC. Of this group, 42 patients
(15.8%) were diagnosed with viral HC, because of either adenovirus (ADV; n = 26; 9.8%) or BK virus
(BKV; n = 16; 6.0%). ADV-HC was frequently associated with T cell purging, and was less common in patients
with acute graft-versus-host-disease (GVHD). Conversely, BKV-HC was more frequently observed in
patients with excessive immune reactions such as GVHD, preengraftment immune reaction, and hemopha-
gocytic syndrome. These observations indicate that ADV- and BKV-HC may differ significantly in their risk
factors and pathogenesis. Profound immune deficiency is more likely to be associated with ADV-HC,
whereas immune hyperactivity might play a key role in BKV-HC.

Biol Blood Marrow Transplant 18: 458-465 (2012) © 2012 American Society for Blood and Marrow Transplantation

KEY WORDS: Hemorrhagic cystitis, Adenovirus, BK virus, Stem cell transplantation, Immune reaction

INTRODUCTION

Hemorrhagic cystitis (HC) is one of the most com-
mon complications following hematopoietic stem
cell transplantation (HSCT), which remarkably de-
creases patients’ quality of life, and potendally causes
therapy-related mortality [1-3]. Clinical manifestations
of HC vary from painless microscopic hematuria to
gross hematuria, clot formation within the urinary
tract, and obstructive renal failure [4]. Early-onset HC
that occurs during or shortly after high-dose chemo-
therapy as part of the conditioning regimen is generally
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related to cyclophosphamide (CY) toxicity, whereas
late-onset HC is mainly attributed to viral infecton.
BK virus (BKV) is most frequently associated with
late-onset HC [5-10], although adenovirus (ADV)-
and JC virus JCV)-associated HC also occur: ADV
type 11 is the prominent pathogen for HC, especially
in Japan [11-17]. In general, primary ADV and BKV
infections typically occur during childhood and remain
latent in the genitourinary tract, but these viral
infections are prevalent in allo-HSCT recipients and
can cause viral-induced HC [1,2].

A number of retrospective studies have pro-
posed a variety of risk factors for HC following allo-
geneic HSCT (allo-HSCT), including busulfan
(BU)-containing myeloablative conditions, unrelated
donors, and the occurrence of graft-versus-host dis-
ease (GVHD); however, these risk factors were not ob-
served consistently. The analysis of risk factors is
likely to be complicated by many variables, including
the clinical definitions of HC, the HSCT protocols,
or the number and age of patients analyzed. We per-
formed a retrospective analysis of 42 Japanese adult
allo-HSCT recipients with either ADV-HC (0 = 26)
or BKV-HC (n = 16), confirmed by polymerase
chain reaction (PCR) examination, to identify risk
factors for viral HC.
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Table I. Pretransplantation Characteristics of the 266 Patients

Viral Hemorrhagic Cystitis following allo-HSCT 459

P Value
ADV-HC BKV-HC No-HC
Characteristics Total (n = 26) (n = 16) (n = 224) ADV versus No BKYV versus No
Age, median (range) 48 (16-69) 48.5 (17-69) 52 (29-63) 46.5 (16-68) 34 21
Sex, male/female 1527114 1719 1175 124/100 .33 3
Underlying disease .004 27
MDS/AML 106 5 10 91
CML I | i 9
ALL 33 I I 31
ML 80 I 2 67
AA 14 4 0 10
Others 22 4 2 16
Disease status at transplantation 9 011
Standard risk 123 13 i 109
High risk 143 13 15 115
Conditioning regimen .93 .58
Conventional 134 13 7 114
Reduced intensity 132 13 9 1o
Stem cell source .66 .55
Related PB 69 6 6 57
Related BM 14 3 0 1
Unrelated BM 105 8 5 92
Unrelated CB 64 7 5 52
Haploidentical PB/BM 14 2 0 12
Cycles of prior therapies, median (range) 5(0-23) 4 (0-23) 4.5 (0-12) 5(0-19) .68 79
Times of HSCT 14 5
Ist 190 22 10 158
=2nd 76 4 [ 66
HLA matching 6 A7
Full-matched 143 13 6 124
Mismatched 123 13 10 100
GVHD prophylaxis* 61 5
CsA-based 126 1 9 106
FK-based 139 15 7 17
In vivo T cell purging .025 8
Yes 19 5 0 14
No 247 21 16 210
IgG-antibody for ADV (titer) .84 .26
= x4 159 15 1 133
x8 13 1 0 12
x16 32 3 1 28
Unknown 62 7 4 51

MDS/AML indicates myelodysplastic syndrome/acute myelogenous leukemia; CML, chronic myelogenous leukemia; ALL, acute lymphoblastic leukemia;
ML, malignant lymphoma; AA, aplastic anemia; PB, peripheral blood; BM, bone marrow; CB, cord blood; HSCT, hematopoietic stem cell transplantation;
CsA, cyclosporine; FK, tacrolimus; GVHD, graft-versus-host disease; ADV, adenovirus; BKY, BK virus.

*One case that used only mPSL (methylprednisolone) was excluded.

PATIENTS AND METHODS

Patients

The medical records of 266 patients (152 men and
114 women; median age = 48 years), who underwent
allo-HSCT at Kyushu University Hospital between
January 2002 and June 2010, were reviewed; a subset
of these patients has been described earlier [11].
Patient characteristics are listed in Table 1. Primary
diseases included myelodysplastic syndrome (MDS)/
acute myeloid leukemia (AML; n = 106), chronic my-
elogenous leukemia (n = 11), acute lymphoblastic leu-
kemia (ALL; n = 33), malignant lymphoma (n = 80),
aplastic anemia (n = 14), and others (n = 22). Patients
with any of the following conditions were classified as
standard risk: acute leukemia (AML or ALL) in remis-
sion; chronic myelogenous leukemia in chronic phase;
MDS classified as refractory anemia orrefractory

anemia with ringed sideroblasts. All others (n = 143)
were categorized as high risk. This study was approved
by the institutional review board of Kyushu University
Hospital.

Transplantation Procedures

A total of 134 patients received conventional prepar-
ative regimens, either 12 Gy total body irradiation/CY
(n = 94) or BU/CY (n = 40). The remaining 132 cases
received purine analog-based reduced-intensity condi-
tioning consisting of either fludarabine (Flu)/CY (n =
25), Flw/BU (@ = 69), or Flu/melphalan (n = 38).
Low-dose total body irradiation (2-4 Gy), antithymo-
cyte globulin (ATG), and alemtuzumab were adminis-
tered in 73, 14, and 4 cases, respectively (Table 1). The
sources of stem cells included related granulocyte
colony-stimulating factor-mobilized peripheral blood
(n = 82), related bone marrow (n = 15), unrelated
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bone marrow (n = 105), or unrelated cord blood (n =
64). Human leukocyte antigen (HLA)-matching varied
from haploidentical 3 of 6) to identical (6 of 6). Of
266 patients, 126 and 139 received cyclosporine- or
tacrolimus-based GVHD prophylaxis, respectively; the
remaining 1 patient received methylprednisolone alone.
A total of 76 patients had received at least 1 prior autol-
ogous (n = 28) or allogeneic (n = 48) HSCT, and the
reason of second or more transplantations was either
relapse (n = 65) or graft failure (n = 11) (Table 1).
Acyclovir was given as prophylaxis against herpes sim-
plex virus reactivaton, 1000 mg/day orally from days
—7 to 35 after HSCT.

Diagnosis and Treatment of Viral HC

Urinalysis was routinely performed at least once
aweek beginning with the initiation of preparative reg-
imens until discharge or when clinical signs of cystitis
appeared after that. If microscopic or macroscopic
hematuria and/or bladder irritation existed, urine was
further analyzed by rapid immunochromatography
and PCR method to detect ADV antigen {11] or
ADV, as well as BKV and JCV, viral DNA. Only pa-
tients with viruria confirmed by PCR were diagnosed
with viral HC and included in our analysis.

All patients with viral HC were treated by supportive
modalides including hyperhydration, forced diuresis,
and/or blood transfusions. In addition, continuous blad-
der irrigation and/or administration of antiviral agents
were performed based on each physician’s decision. Ac-
cording to previous reports with a minor modification
[9,10], the response criteria were defined as follows:
complete response (CR), the complete resolution of
HC symptoms accompanied by eradication of ADV or
at least a 2-log reduction of BKV viral load; partial
response (PR), a significant improvement of HC
symptoms accompanied by persisting microhematuria
or continued detection of ADV or BKV in the urine
samples; and no change, no improvement or worsening

of HC.

Statistical Analysis

The aim of this study was to identify factors corre-
lating with the development of viral HC. Chi-square
tests were used for univariate comparisons to examine
categoric variables, including sex, underlying diseases,
disease status, conditioning regimen, stem cell source,
HILA matching, GVHD prophylaxis, and prior
HSCT. A numerical variable (age) was compared using
the Mann-Whitey test. Odds ratios (ORs) were
calculated using a logistic regression analysis, and vari-
ables were analyzed using a multivariate stepwise logis-
tic regression model. Survival following allo-HSCT
was measured from the date of stem cell infusion until
the date of death. The survival period was calculated
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using the Kaplan-Meier method. P values <.05 were
considered statistically significant. All statistical analy-
ses were performed using SPSS 17.0 software (SPSS
Japan Inc., Tokyo, Japan).

RESULTS

Incidence of Viral HC

In our series, a total 0of 42 of 266 allo-HSCT recip-
ients (15.8%) developed viral HC. Of these, 26 (9.8%)
were diagnosed with ADV-HC, including coinfection
with BKV (n = 3) or JCV (n = 1), and 16 (6.0%) with
BKV-HC alone. The immunochromatography assay
for ADV antigen was positive in 20 of 24 tested urine
samples of ADV-HC patients, although false-positive
results were obtained in 4 of 13 BKV-HC patients,
confirming the reliability of this assay for diagnosing
ADV-HC [11]. '

ADV-HC has predominantly been reported from
Japanese transplantation centers [11-17], whereas
BKV-HC is frequently seen worldwide [5-10].
Because the role of BKV in HC pathogenesis remains
unclear, because it is commonly found in the urine of
unaffected patients, we analyzed ADV-HC and
BKV-HC separately and compared it to patients with-
out HC (n = 224).

Pretransplantation Characteristics of Patients
with ADV-HC and BKV-HC

Six of 128 (4.7%) patients who underwent HSCT
for acute leukemia (MDS/AML and ALL) developed
ADV-HC, which was significantly less frequent than
in the 20 of 122 (16.4%) patients suffering from other
disorders (P = .004). A high incidence of ADV-HC
was found in patients who received T cell purging us-
ing ATG or alemtuzumab (26.3%; 5 of 19) compared
with those who did not (9.1%; 21 of 231; P = .025).
Some studies have reported a close association be-
tween positive results of anti-ADV antibody and the
development of ADV-HC [12,16], whereas another
group [14] and our study could not detect such a
relationship between them (Table 1). In contrast,
BKV-HC was closely related to the status of underly-
ing diseases at HSCT: high-risk patients developed
BKV-HC more frequently than standard-risk patients
(11.5%, n = 130 versus 0.9%, n = 110; P = .011).
There was no association among viral HC with sex,
stem cell source, or HLA matching. Moreover, the in-
cidence of viral-HC was not affected by the usage of
BU (BU-containing, 12.8%, n = 109 versus non-BU,
17.8%,n = 157; P = 0.27), usage of CY (CY-contain-
ing, 16.4%, n = 159 versus non-CY, 15.0%, n = 107;
P = 0.76), or prior history of treatment (number of
cycles of pretransplantation therapy) (T'able 1).
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Table 2. Clinical and Laboratory Manifestations of Viral-Associated HC

Maximum
Preengraftment Grade Immunosuppressive Onset Bladder Viruria Antiviral CMV VZV
Case  Diagnosis Graft  Conditioning  Allo-reaction of GYHD Agents at HC Onset (Day) Hematuria Irritation ADV-IC  (PCR) Agents Response  Reactivation Reactivation  Outcome
I LPL UBM Conv (-) ) FK 2 macro No (+) ADV Cbv CR (-) (-) survive
2 AA RBM RIC (ATG) NA NA FK 4 macro Yes (+) ADV cbv CR NA (-) dead by
infection
3 AA RBM RIC (Campath) (=) () CsA 7 OB No (+) ADV cbv CR antigenemia (+) survive
4 ATL ucs Conv NA NA CsA 7 macro Yes (=) ADVY CDV + FCV PR (viruria+) NA (-) ATL relapse
5 ATL ucs RIC HPS (=) FK 1 macro No () ADV+BKY CDV PR (viruriat) (~) (=) dead by
bleeding
6 HPS ucs RIC (ATG) (=) (=) FK/PSL 13 macro Yes (+) ADV+BKV CDV PR (viruria+) antigenemia (-) survive
7 ATL RPB Conv PIR acute(lV) CsA/mPSL 19 OB Yes (+) ADV Cchv PR (OB+)  antigenemia (-) dead by
infection
8 NK leukemia UCB Conv (-) (-) CsA/PSL 22 macro Yes (+) ADV CDV + ribavirin NC antigenemia (=) survive
9 AA haplo-BM Conv (=) acute(ll) FK/PSL 25 macro No (+) ADV cbv CR antigenemia (=) survive
10 PTCL-u ucs RIC ) (-} FK 29 OB Yes (+) . ADV GCv CR gastritis ) survive
I AA UBM RIC (ATG) PiR -) CsA 30 macro Yes (+) ADV cbv PR (OB+)  antigenemia (-) dead by
. bleeding
12 AML UBM Conv HPS acute(ll) FIU/PSL 31 macro No (+) ADV None CR antigenemia (+) dead by PD
13 NK lymphoma RPB RIC PIR acute(lV) FK/mPSL 47 macro Yes (+) ADY Ccbv CR colitis (-) dead by
TMA
14 MM RPB RIC (=) chronic(extensive) CsA/PSL 79 OB Yes (+) ADV CcDv CR antigenemia (-) survive
15 ATL haplo-PB  RIC (ATG) (-) () FK/PSL 120 macro Yes (+) ADV Ccby CR antigenemia (-) survive
16 AML UBM Conv (-) () FK 144 macro Yes (—) ADV cbv CR antigenemia (-) survive
17 AITL uce RIC PIR acute(IHl) CsA/PSL/MMF/ 149 macro No NA  ADV Cbv CR antigenemia (-) dead by
basiliximab infection
18 MDS/AML RPB RIC PIR acute(il) CsA/PSL 183 macro Yes (+) ADV [ein) PR (OB+)  antigenemia (-) dead by PD
19 MF RPB Conv ) chronic (extensive) CsA/PSL 184 macro Yes (+) ADV cpv CR (-) (+) survive
20 HCL RPB Conv PIR acute(ll), CsA/PSL 265 OB Yes (+) ADV cDv CR (-) () survive
chronic(limited)
21 AML RBM Conv (-) acute(l), chronic CsA/PSL 266 macro Yes NA  ADV None CR () (-) survive
(extensive)
22 CML RBM Cony (-) chronic(extensive) PSL 281 macro Yes (*) ADV CDv CR antigenemia (-) survive
23 MF UBM RIC (-) () FK/PSL 368 macro Yes (+) ADV cbv CR antigenemia (-) survive
24 AML UBM Conv (-) () (=) 455 macro Yes (=) ADV+]JCY None PR (viruria+) gastritis/colitis (-) dead by PD
25 ALL ucs RIC (-) () (-) 484 macro No (+) ADV cov CR () (=) survive
26 DLBCL UBM Conv PIR chronic(limited) FK 875 macro Yes (—) ADV+BKV CDV CR antigenemia (+) survive
27 AML ucse RIC HPS (-) CsA 6 OB Yes () BKV None CR antigenemia (-) dead by PD
28 ALL UBM Conv PIR acute(ll) FK 7 OB Yes (=) BKV None PR (OB+)  antigenemia (-) dead by PD
29 Gastric Ca RPB RIC HPS NA CsA/PSL 11 macro No (—=) BKV None NC NA (=) dead by
infection
30 DLBCL ucB RIC PIR acute(Il) CsA/PSL 29 macro Yes NA  BKv None NC (=) () dead by PD
31 MDS/AML UBM Conv (-) acute(fil) FK/mPSL/MMF/ 40 macro No NA  BKY None NC antigenemia (-) dead by
basiliximab GVHD
32 ATL UCB RIC PIR acute(Il) CsA 42 macro Yes (=) BKvV None CR antigenemia {(-) dead by PD
33 MDS/AML RPB Cony PIR acute(ll) CsA/mPSL 44 OB Yes (=) BKvV None CR antigenemia (+) dead by PD
34 MDS/AML RPB RIC (-) acute(ll) CsA/mPSL 49 macro Yes (+)  BKV None CR antigenemia () dead by PD
35 MDS/AML UBM RIC PIR acute(ll) FK/mPSL 50 OB Yes (=) BKY None CR antigenemia (-) dead by PD
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NC antigenemia (=)

None

BKV

macro No (+)

FK/PSL 443

chronic(extensive)

PIR

Cony

UBM

42 CML

renal failure

LPL indicates lymphoplasmacytic lymphoma; AA, aplastic anemia; ATL, adult T cell lymphoma; HPS, hemophagocytic syndrome; PTCL-u, peripheral T cell lymphoma unclassified; AML, acute myelogenous leukemia;

AITL, angioimmunoblastic T cell lymphoma; MDS, myelodysplastic syndrome; MF, myelofibrosis; HCL, hairy cell leukemia; CML, chronic myelogenous leukemia; ALL, acute lymphoblastic

MM, multiple myeloma;

UBM, unrelated bone marrow; RBM, related bone marrow; UCB, unrelated cord blood; RPB, related peripheral blood; Conv, conventional conditioning; RIC,

ATG, antithymocyte globulin; NA, not assessed; PIR, preengraftment immune reaction; FK, tacrolimus; CsA, cyclosporin A; PSL, prednisolone; mPSL, methylprednisolone; MMF, my-

leukemia; DLBCL, diffuse large B cell lymphoma;

reduced-intensity conditioning;

. CDV, cidofovir; FCV, foscarnet; GCV, gancyclovir; CR, complete remission; PR, partial remission; NC, no change; VZV, varicella zoster virus; PD, progressive disease; TMA,

thrombotic microangiitis; GVHD, graft-versus-host disease.

cophenolate mofetil; OB, occult blood
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Clinical Findings of ADV-HC and BKV-HC

The clinical features of patients developing viral
HC are shown in Table 2. The median onset of clinical
symptoms was 49.5 days (range: 2-875 days), consistent
with previous reports [13-15]. Most of the patients with
ADV-HC (53.8%) and BKV-HC (75%) presented
their symptoms more than 1 month after transplanta-
tion, indicating that viral HC was caused by the reacti-
vation of latent infection rather than acute infection
during the transplantation course. The frequency of
macrohematuria or bladder irritation was similar
between patients with ADV-HC and those with BKV-
HC; however, the symptoms were more severe in
ADV-HC.

At the onset of viral HC, almost all the patents
were receiving immunosuppressive agents as either
prophylaxis or treatment of GVHD or hemophago-
cytic syndrome (HPS). Interestingly, the incidence of
allogeneic immune reactions was significantly differ-
ent between patients with ADV-HC and BKV-HC.
Acute GVHD (aGVHD) (maximum; grade II to IV)
throughout the clinical course was marginally less fre-
quent in ADV-HC patients than in patients without
viral HC (P = .054; Table 3), possibly because of T
cell purging. In contrast, patients with BKV-HC
were more likely to have developed either noninfec-
tious fever before engraftments known as a preengraft-
ment immune reaction (PIR) [18] or HPS (80%) or
postengraftment aGVHD (grade II-IV; 73.3%) than
patients without viral HC (43.8%, P = .013 and
50.5%, P = .099, respectively; Table 3).

Finally, we found a significant or marginal increase
of proven cytomegalovirus diseases (e.g. gastritis, coli-
ts) or varicella zoster virus reactivation in ADV-HC
patients compared with non-HC individuals (12.5%
versus 3.6%, P =.05,and 20.8% versus 12.9%, P = .29,
respectively).

Treatment and Outcome of Viral HC

In addition to supportive treatments, 8 of 46 pa-
tients with HC required continuous bladder irrigation.
Twenty-two of 26 patients with ADV-HC and 4 of 16
patients with BKV-HC were treated with low-dose
cidofovir (CDV; 1 mg/kg/day, 3 times a week), as pre-
viously reported {11]. In additon to CDV treatment,
foscarnet was subsequently administered for 1 patient,
ribavirin for 1, and Ara-A for the other because of their
inadequate responses. Clinical features were relieved
in all except 1 ADV-HC patient; 18 patients obtained
CR, 7 obtained PR with persistent viruria (n = 4) or
microhematuria (n = 3) without bladder irritaton,
and in the remaining case, autologous stem cell rescue
for the primary graft failure improved his symptoms
(case 8). Of the 16 patients with BKV-HC, symptoms
persisted in 6 patients, although 5 of them did not re-
ceive antiviral agents because of either relapse of their
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Table 3. Posttransplantation Characteristics of the 233 Engrafted Recipients
P Value
Characteristics Total ADV-HC (n = 24) BKV-HC (n = I5) No-HC (n = 194) ADV versus No BKV versus No

PIR and/or HPS 56 .013

Yes 106 9 12 85

No 127 15 3 109
aGVHD* .054 .099

No 89 16 4 69

Grade | 28 i 0 27

Grade I 79 4 7 68

Grade Ill 25 I 3 21

Grade IV 12 2 | 9
CMV reactivation 69 47

Yes (antigenemia/diseases) 158/10 15/3 12/0 1347

No 65 [ 3 56
VZV reactivation 29 49

Yes 31 5 | 25

No 202 19 14 169

PIR indicates preengraftment immune reaction; HPS, hemophagocytic syndrome; aGVHD, acute graft-versus-host disease; CMV, cytomegalovirus; VZV,

varicella zoster virus.
*Maximum grade throughout the observation period.
Statistically significant differences were indicated by italics.

underlying diseases, low performance status, or insuf-
ficient organ functdon (Table 2).

Nine of 26 patients with ADV-HC died because of
infection (n = 4), disease progression (n = 3),
and bleeding (n = 2). Of the surviving patients, 1 re-
lapsed and 16 remained disease-free. In contrast, 14
of 16 patients with BKV-HC died because of disease
progression (n = 9), other infectdon (n = 2), GVHD
(n = 2), or renal failure (n = 1), and 1 patient relapsed,
leaving a single disease-free survivor from the patients
with this complication. In our study, the 1-year overall
survival after HSCT was only 16.1% = 10.2% for pa-
tients with BKV-HC, significantly lower than that of
patients without HC (52.5% = 3.4%) or with ADV-
HC (63.7% = 10.4%).

Risk Factors for ADV-HC and BKV-HC

Univariate analysis using logistic regression identi-
fied strong associations between ADV-HC and (1)
the underlying disease (acute leukemia versus others;
P = .004), 2) T cell purging (P = .025), and (3) less
occurrence of severe aGVHD (grade II-IV versus
grade 0-I; P = .054). Multvariate logistic regression
analysis confirmed that all 3 factors had significant

Table 4. Results of Multivariate Logistic Regression Analysis

or marginal association with developing ADV-HC;
ORs were 4.488 (95% confidence interval (CI) =
1.625-12.40; P = .004), 4.176 (95% CI = 0.942-
18.50; P = .06), and 0.390 (95% CI = 0.148-1.025;
P = .054), respectively (T'able 4).

Similar analysis of BKV-HC patients identified a
significant relationship with disease status at HSCT
(high risk versus standard risk; P = .011), PIR and/or
HPS (P = .013), and marginal to aGVHD (grade
II-IV versus grade 0-I; P = .099). Multivariate analysis
showed that high-risk disease status (OR = 14.34;95%
CI = 1.81-113.4; P = .012) and presence of PIR and/
or HPS (OR = 4.13;95% CI = 1.06-16.14; P = ,041)
were the risk factors for BKV-HC (Table 4).

DISCUSSION

BKYV is frequently isolated from asymptomatic pa-
tients before or following HSCT [5-8], and even from
healthy individuals [19-21], indicating that the
presence of BKV in urine samples is not always
associated with HC. In contrast, ADV is almost
exclusively detected in patients with HC, indicating
a likely causative role [11-17,22]. BKV is more

Characteristics

Odds Ratio (95% Cl) P Value

ADV-HC
Underlying disease

In vivo T cell purging Yes versus no

Others versus acute leukemia

4488 (1.625-12.40) .004
4.176 (0.942-18.50) 06

aGVHD grade ll to IV versus O to | 0.390 (0.148-1.025) 054
BKV-HC

Disease status at transplantation High risk versus standard risk 14.34 (1.812-113.4) 012

PIR and/or HPS Yes versus no 4.132 (1.058-16.14) 041

Odds ratio were calculated by the backward or the forward stepwise selection methods.

Statistically significant differences were indicated by italics.
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frequently detected in the wurine of the
posttransplantation patients compared with ADV,
increasing from 7% to 47% for BKV and by 4% for
ADV [6]. Despite a high BKV reactivation rate, HC
occurs in only a fraction of patients with sustained
BK viruria, whereas the majority of HSCT recipients
with ADV viruria progress to HC [6,14,23]. In our
study, we retrospectively analyzed 266 patients to
identfy the typical clinical features of Japanese adult
allogeneic HSCT recipients who develop viral HC.
The cumulative incidence of viral HC was 15.8%
overall in our study group, 9.8% because of ADV
and 6.0% because of BKV. We found that the factors
associated with ADV- or BKV-HC were significantly
different.

In the present study, approximately one-half of the
ADV-HC cases were early onset (<1 month post-
HSCT) and were closely associated with the underly-
ing diseases including lymphoid malignancies and
usage of AT'G or alemtuzumab as a part of condition-
ing for AA patients, consistent with previous reports
[22,24-26]. In contrast, late-onset ADV-HC (>1
month post-HSCT) was associated with chronic
GVHD (6 of 14 patients) and the administration of
prolonged immunosuppressants (12 of 14 patents;
Table 2). In additon, 15 of 24 padents with
ADV-HC were positive for the cytomegalovirus anti-
gen test throughout HSCT, possibly indicating a gen-
eral impairment of immune protection against viral
reactivation. This suggests that profound immune
suppression, such as T cell depletion or persistent
GVHD and the resultant prolonged administration
of immunosuppressants, may be a critical factor in
the etiology of ADV-HC.

Only a subset of HSCT recipients with BK viruria
progress to clinical BKV-HC, suggesting that other
factors may be involved in this complication. Previous
reports have shown that BKV-HC is extremely rare in
autologous HSCT recipients [14,27,28], although
their intensity of myeloablative preparative regimens,
as well as the level and incidence of BK viruria, were
similar among patents with autologous and
allogeneic HSCT [27]. Here we have idendfied a sig-
nificant association between occurrence of BKV-HC
and aGVHD or non-T cell purging, consistent with
previous reports from others [6,7,9,22,29]. Ten of
16 (62.5%) cases with BKV-HC developed their symp-
toms between engraftment and 100 days post-HSCT,
in which aGVHD were frequendy occurred, suggest-
ing that immune reactions mediated by donor T cells
may be an important contributing factor for develop-
ing BKV-HC. In addition, PIR and/or HPS, which
are also indicative of excessive allogeneic immune re-
actions, were more frequently observed in patents
with BKV-HC (80%, 12 of 15 patients) than among
those without viral HC (43%, 85 of 194 patients).
The lower frequency of severe aGVHD among
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Japanese HSCT recipients than in Western countries
[30,31] may, in part, account for the lower incidence
of BKV-HC in Japan.

Our findings indicate that ADV- and BKV-HC
may develop because of different mechanisms in allo-
HSCT recipients. Although under normal circum-
stances, BKV and ADV remain latent in the urinary
tracts following primary infection, analysis of urine
samples using PCR indicates that BKV is able to rep-
licate in healthy adults [19-21], although it does not
typically lead to HC. BKV-HC was frequently found
in patients with excessive allogeneic immune reactions
such as GVHD, PIR, and HPS. Because BKV is
usually not sufficient to cause HC, BKV might cooper-
ate with excessive immune reactions to cause HC,
although it remains unclear whether this immune at-
tack can target the uroepithelium or not. In contrast,
ADV is usually undetectable in the urine of healthy
adults, indicatng that ADV does not replicate under
the normal immune status [32]. In the allo-HSCT re-
cipients, ADV-HC was associated with T cell purging
and the underlying disease. It is conceivable that severe
immune suppression allows ADV replication to occur
in the urinary tract, leading to local inflammation and
subsequent development of HC. Because BKV viruria
may be asymptomatic, it is likely that ADV is more
virulent than BKV for developing HC.

"The influence of HC on the outcome of HSCT re-
mains controversial. In our study, 22 of 26 patients de-
veloping ADV-HC were promptly initiated low-dose
CDV, as previously reported [11], resulting in CR in
15 patients and PR in 6 others, and the 1-year overall
survival in patients with ADV-HC was similar to those
without ADV-HC (63.7% versus 52.5%). In contrast,
patients with BKV-HC had a very low probability of
survival (<20%), although others have reported that
the clinical course of BKV-HC was less severe than
ADV-HC [6]. In these patients, the main cause of
death was not the BKV-HC but the progression of
the underlying diseases; 15 of 16 cases with BKV-
HC underwent allo-HSCT against the uncontrolled
diseases. Irrelevant immune reactions and the resultant
administration of immunosuppressants might contrib-
ute to the reduction of the graft-versus-leukemia
effect.

In conclusion, we have identified different
related factors in HSCT recipients to develop either
ADV-HC or BKV-HC, although there are the limita-
tions to a retrospective, single-center analysis. Severe
immunosuppression might play a pivotal role for
ADV reactivation and subsequent development of
ADV-HC, whereas an excessive immune reaction
might be critical for the development of BKV-HC.
Earlier diagnosis and intervention for ADV-HC with
low-dose CDV therapy may provide a survival benefit.
It will be interesting to see if these associations are
found in other adult populations.



