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B7-H4 is preferentially expressed in non-dividing brain tumor
cells and in a subset of brain tumor stem-like cells
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Abstract B7-H4, a newly discovered member of B7
family that negatively regulates T cell-mediated immunity,
may facilitate tumor progression by undermining host
immunity. Recent studies show that brain tumor stem-like
cells (TSCs) contribute to tumorigenesis. However, the
relationship between B7-H4 and the clinical behavior of
brain TSCs remains unclear. In this study, we found that
B7-H4 was expressed in cultured tumor cells from human
gliomas (n = 5) and medulloblastomas (n = 3). Double
immunostaining indicated that B7-H4 was primarily
restricted to non-dividing (Ki677) cultured tumor cells.
Tumor cells cultured under medium conditions favoring
the growth of neural stem cells were able to form primary
and secondary spheres, along with expression of neural
stem/progenitor cell markers. These cells differentiated
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into different neural lineages when cultured in differenti-
ation medium, indicating that these cells have TSCs
characteristics. Double immunostaining showed that TSCs
consisted of proliferative (Ki67*) and quiescent (Ki677)
cells. We also found that B7-H4 was expressed in a small
population of CDI133" cells sorted by flow cytometry.
Interestingly, both CD133" and CD133~ cells were
tumorigenic in SCID mice in vivo. However, CD133"
cells-initiated glioblastomas showed a higher proliferation
index, compared to CD133™ cells-induced glioblastomas
in vivo. Secondary glioma cells derived from CD133" or
CD133" cell xenografts expressed B7-H4 as well. Our data
suggest B7-H4 is preferentially expressed in non-dividing
brain tumor cells and in a subpopulation of brain TSCs, and
CD133™ tumor cells also have the capacity to initiate brain
formation in vivo.

Keywords B7-H4 - Brain - Glioma - Medulloblastoma -
Tumor stem-like cells

Introduction

Although the host immune system is able to recognize
tumor cells as harassment and eliminate these cells, brain
tumor cells can acquire various characteristics, which allow
them to evade this immunological surveillance [1]. For
immunotherapy to be successful, it is essential to elucidate
tumor cell immune escape mechanisms.

B7-H4, a member of the B7 family, is a type I cell
surface transmembranous protein that is primarily restric-
ted to activated T cells, B cells and antigen-presenting cells
(APCs). In vitro and in vivo studies indicate that B7-H4
may deliver an inhibitory signal to T cells, abrogating the
proliferation of CD4" and CD8" T cells, the generation of
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CD8* T cell, cell cycle progression, and 1L-2, 1L-4, IL-10
and IFN-y production. Therefore, B7-H4 may participate in
the negative regulation of T cell-mediated immunity [2—4].
Recent studies also show that B7-H4 protein is aberrantly
overexpressed in human cancers of the lung, breast, and
ovary [5-7]. Our previous study found that B7-H4 was
abnormally expressed on human astrocytomas and its
expression level was correlated with malignancy grade of
astrocytomas [8]. In addition, we also found that B7-H4
had a negative correlation with glioma infiltrating CD8" T
cells [8]. B7-H4 in malignant tumors has thus been sug-
gested to modulate tumor apoptosis and ultimately shield
tumors from cell-mediated immune surveillance [9].
Moreover, Salceda et al. [7] found that overexpression of
B7-H4 in a human ovarian cancer cell line with little
endogenous B7-H4 expression significantly increased
tumor formation in Severe Combined Immune Deficiency
(SCID) mice, suggesting that B7-H4 might have a new
tumor-specific function other than its ability to modulate
immune function. However, the relationship between B7-
H4 and the proliferation behavior of brain tumors remains
uncertain. It is important to unravel this question, because
the proliferation index is strongly associated with the out-
come in malignant brain tumors [10-12], and the tumor
cells in the quiescent phase (GO) of cell cycle are
less vulnerable to injury by radiation and/or chemotherapy
[13-15].

In addition, recent studies reveal that CD133" cells, a
minority fraction of the entire brain tumor population, are
tumor stem-like cells (TSCs) and contribute to tumorig-
ensis, based on the observations that CD133* cells exhibit
increased self-renewal capacity and display the potential to
differentiate into neuronal, astroglial, and oligodendroglial
cells, and that CD133" tumor cells can recapitulate the
original tumor in vivo even after serial transplantation [16—
20]. Our previous study showed the number of dividing
TSCs was directly correlated with malignancy grade of
human astrocytomas [21]. Therefore, brain TSCs play a
role in tumorigensis. However, whether tumorigensis is due
to immune escape of brain TSCs remains uncertain.

In the present study, we found that B7-H4 was
expressed on all examined brain tumor cells from human
primary gliomas and medulloblastomas, but preferentially
in the non-dividing tumor cells. In addition, we also
found that B7-H4 was expressed in a small population of
CD133™ cells sorted by flow cytometry. Interestingly; we
found that both CD133" and CD133 cells could initiate
tumor formation after implantation into SCID mice. These
secondary glioma cells expressed B7-H4 as well. Our
findings may have implications not only for understanding
the clinical behavior of brain TSCs, but also for the
potential implications for brain tumor immunology and
immunotherapy.

Materials and methods
Brain tumor tissue specimens

Human astrocytic tumor specimens (n = 5) and medul-
loblastoma specimens (n = 3) were obtained from the
patients (mean age 37 £ 28) undergoing surgical resec-
tion at the Department of Neurosurgery, Huashan
Hospital, Fudan University (Shanghai, China). Histopa-
thological diagnosis was performed by the attending
neuropathologists at the Department of Neuropathology,
Huashan Hospital, Fudan University, according to World
Health Organization (WHO) guidelines [22]. The
patients’ information is given in Table 1. The protocol
for this study was approved by the Institutional Review
Board.

Culture of brain tumor spheres

Brain tumor tissues were washed with cold PBS, cut into
very small pieces, and incubated in Accutase solution
(Chemicon, San Diego, CA, USA) at 37°C with continuous
stirring for 30 min. The supernatant containing liberated
cells was collected, washed with PBS, and cells at a density
of 1 x 10° cells/ml were plated in 75 cm” culture flasks

Table 1 Patient information and profiles of CD133 and B7-H4 expression in vitro

Patients # Age Sex Diagnosis Location of tumor CD133* cells (%) B7H4* cells (%)
BT1 66 F Glioblastoma multiforme Left temporal lobe 9.85 44.35

BT2 69 F Glioblastoma multiforme Right frontal lobe 3.12 80.59

BT3 66 F Anaplastic astrocytoma Right temporal lobe 4.68 15.33

BT4 52 M Anaplastic astrocytoma® Right temporal lobe 0.92 11.30

BTS 15 M Astrocytomas Cerebellum 0.3 8.12

BT6 12 M Medulloblastoma Cerebellum 241 45.07

BT7 M Medulloblastoma Cerebellum 1.10 22.99

BTS 8 M Medulloblastoma Cerebellum 1.32 20.12

* Recurred
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containing DMEM/F12 medium (Gibco, Grand Island, NY,
USA), supplemented with penicillin/streptomycin sulfate,
B-27(Gibco), recombinant epidermal growth factor (EGF;
20 ng/ml; Chemicon, San Diego, CA, USA) and recom-
binant human fibroblast growth factor-2 (FGF-2; 20 ng/ml;
Chemicon). The cultures were incubated at 37°C in a
humidified 5% CO, incubator and fresh FGF-2 and EGF
were added twice every week. Tumor spheres were pas-
saged by trituration through a fire-polished pipette and
reseeded into fresh proliferative medium. Brain TSCs were
also cultured in the DMEM/F12 medium supplemented
with 10% serum but without FGF-2 and EGF (differenti-
ation medium) for 7-14 days.

Immunocytochemistry

Brain tumor cells were plated onto coverslips precoated
with poly-L-lysine (Sigma) and cultured in neurobasal
medium for 12 h. After fixation with 4% paraformalde-
hyde, cells were incubated with blocking buffer (2% horse
serum, 0.2% Triton X-100, 0.1% BSA in PBS) for 1 h at
room temperature and with primary anti-B7-H4 antibody
(H74, Ebioscience; 1:200) at 4°C for overnight. After
wash, FITC-conjugated goat anti-mouse antibody (KPL;
1:50) or rhodamine-conjugated goat anti-mouse antibody
(KPL; 1:150) was added and incubated for 60 min at room
temperature.

Brain sections were processed for immunocytochemistry
as described previously [16-19]. Primary antibodies used
were (1) mouse monoclonal anti-human CD133-Biotin
(Miltenyi Biotec; 1:50), (2) rabbit polyclonal anti-CD133
(Abcam; 1:250), (3) mouse monoclonal anti-human spe-
cific nestin (Chemicon; 1:200), (4) rabbit polyclonal
anti-TUC-4 (Chemicon; 1:1,000), (5) rabbit polyclonal
anti-Sox2 (Abcam; 1:100), (6) affinity-purified goat
polyclonal anti-doublecortin (DCX) (Santa Cruz Biotech-
nology; 1:200), (7) rabbit polyclonal anti-GFAP (Zymed
Laboratories; 1:200), (8) mouse monoclonal anti-f III-
tubulin (Chemicon; 1:400) and (9) rabbit polyclonal anti-
human Ki67 antigen (clone MIB-1; Zymed Laboratories;
1:50). The secondary antibodies used were FITC-conju-
gated goat anti-mouse, FITC-conjugated goat anti-rabbit,
FITC-conjugated rabbit anti-goat, FITC-conjugated anti-
biotin, rhodamine-conjugated goat anti-mouse, rhodamine-
conjugated goat anti-rabbit and rhodamine-conjugated
rabbit anti-mouse. 4’-6-Diamidino-2-phenylindole (DAPI;
Chemicon) was used to counterstain nuclei. Fluorescence
signals were detected with a Nikon fluorescent microscope
at excitation/emission wavelengths of 535/565 nm (rho-
damine, red) and 470/505 (FITC, green). Results were
recorded with a digital camera. Controls included omitting
or preabsorbing primary antibody or omitting secondary
antibody.

Double-label immunohistochemistry

Double-label immunohistochemistry was performed on
cultured cells and brain sections to detect expression of B7-
H4 and neural stem/progenitor specific-cell protein mark-
ers, as described in our previous publication [21].

Flow cytometry

Brain tumor cells were dissociated and flow cytometry
(FCM) analysis was performed as described previously [8].
Briefly, tumor spheres were dissociated with trituration and
Accutase. Cells were then washed three times by PBE
buffer. 1 x 10° cells were placed in FCM tubes and treated
with Fix and Perm® cell permeabilization reagents (Caltag
Laboratories) according to the instruction of manufacturer.
Tumor cells were incubated on ice for 30 min with PE-
conjugated anti-B7-H4 (Ebioscience; 1:5) or with isotype
control antibodies (PE-mouse IgGl; Ebioscience; 1:5).
Cells were washed twice with FCM buffer (PBS containing
0.1% NaN3 and 5% fetal bovine serum) and then resus-
pended in 0.5 ml 1% formalin/PBS. Analysis was
performed on a FCM calibur system (Becton Dickinson
Immunocytometry Systems). 1 x 10°-3 x 10* cells were
collected and analyzed with WinMDI software. Forward
and side scatter plots were used to exclude debris/dead
cells from further analysis.

CD133™ cells were sorted with FCM (Beckon Epics-
ALTRA) using EXPO32-MultiCOMP software after labeled
with CD133/1-PE (Miltenyi Biotech). The positive cell
populations were >98% pure as confirmed by flow cytom-
etry. FCM analysis was also performed to explore profile of
B7-H4 expression in CD133", Sox2* and Ki67* tumor cells.
All the FCM evaluations were performed in triplicate.

Transplantation of CD133" or CD133~ cells into SCID
mice

To evaluate the tumorigenicity of brain TSCs, CD133" or
CD133™ cells were subcutaneously injected into the right
armpit (1 x 107) or into the right striatum (1 X 105) of
SCID mice (n = 3). The tumor sizes in the right armpit
were monitored by palpation and caliper measurement, and
tumor volumes were calculated using the formula:
(length x width?)/2. Hematoxylin and eosin (H&E) stain-
ing and immunohistochemistry using antibodies against
nestin, GFAP, DCX and B7-H4 were performed on the
primary tumor sections and secondary xenografts 18 days
after subcutaneously transplantation or 30 days after
orthotopic injection. Proliferation index was defined as the
number of Ki67" cells divided by the total number of cells
in the evaluated area of primary and secondary gliomas and
was expressed as a percentage. Secondary tumor cells from
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CD133* or CD133" cell xenografts were also cultured for
B7-H4 analysis.

Results

B7-H4 was predominantly expressed in non-dividing
tumor cells

To determine whether B7-H4 protein was expressed in
tumor cells from human astrocytoma and medulloblastoma,
we first performed immunocytochemistry using anti-B7-H4
antibody. As shown in Fig. la, we found that B7-H4 was
expressed in cultured tumor cells derived from eight brain
tumors and B7-H4 protein was predominantly located in
the cytoplasm. Flow cytometry analysis showed that
8.12%-80.59% of B7-H4-positive cells were found in
astrocytomas and 20.12%-45.07% in medulloblastomas
(Fig. 1b; Table 1). We noted that tumor cells isolated from
recurrent anaplastic astrocytoma (BT4) expressed lower
levels of B7-H4 protein, compared to tumor cells from
other primary astrocytoma.

We then asked whether B7-H4-immunoreactive tumor
cells exhibited features associated with tumor cell prolif-
eration. Double-immunolabeling was conducted using anti-

Fig. 1 B7-H4 expression in A
glioblastoma and
medulloblastoma cells in vitro.
(a) Tumor cells from
glioblastoma (left) and
medulloblastoma (right) were
stained with anti-B7-H4
antibody (green in left panel and
red in right panel). Nuclei were
counterstained with DAPI
(blue). Inset in right panel: high
magnification of B7-H4-positive
cells. (b) B7-H4 expression in
glioblastoma (left) and
medulloblastoma (right) were
analyzed by flow cytometry.
Filled red histogram: B7-H4
expression; open histogram:

Glioblastoma

B7-H4 and anti-Ki67, a proliferation protein marker
expressed in all phases of the active cell cycle (G1, S, G2
and M phase) [23]. Interestingly, we found that B7-H4 was
primarily restricted to Ki67~ tumor cells (Fig. 2a). Con-
sistent with this, FCM analysis also showed that about 93%
of B7-H4™ cells were quiescent (Fig. 2b).

Tumor stem-like cells expressed B7-H4

In order to explore the linkage between B7-H4 and brain
TSCs, we cultured tumor cells isolated from brain tumors
tissue under medium conditions favoring the growth of
stem cells. A number of small spheres (about 5-20 cells per
sphere) were observed in all tested tumor samples in 5—
10 days and the cell number in spheres increased with
increased incubation. The tumor spheres displayed non-
adherent and adherent forms when cultured in the
proliferation medium. However, tumor spheres became
adherent, along with appearance of differentiated mor-
phology, when cultured in the differentiation medium
(Fig. 3a).

By immunocytochemistry analysis, we found the tumor
spheres contained nestin®, TUC-4" and nestin”/TUC-4" cells
(Fig. 3b). These TSCs could differentiate into neural lineages
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Fig. 2 B7-H4 expression A
predominantly in non-dividing
tumor cells. (a) Double
immunostaining was performed
on brain sections from
glioblastoma (left) and
medulloblastoma (right) using
anti-B7-H4 and anti-Ki67
antibodies. Nuclei were
counterstained with DAPI.

(b) Expression profiles of
B7-H4 and Ki67 in
glioblastoma was analyzed

by flow cytometry. Left panel:
isotype control; right panel:
B7-H4 and Ki67 expression
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when cultured under differentiating conditions (Fig. 3c).
FCM analysis using anti-CD133 antibody showed that 0.3%-—
9.85% of tumor cells were CD133" cells (Table 1). Sorted
CD133" cells were confirmed by immunocytochemistry
(Fig. 3d). CD133 protein was predominantly located in
membrane of cells. Some CD133" cells co-expressed GFAP
and f Ill-tubulin under differentiating conditions. Double
immunostaining indicated that CD133" cells consisted of
Ki67" and Ki67~ cells (Fig. 3d). In addition, sorted CD133*
cells also contained nestin*/Ki67" cells and nestin/Ki67~
cells, suggesting that some TSCs were proliferative and others
were quiescent (Fig. 3d). CD133™ cells also expressed nestin,
TUC-4 and DCX (Fig. 3e), suggesting that CD133 ™ cells may
contain some tumor progenitor cells.

We then examined whether brain TSCs could express
B7-H4. We observed B7-H4" cells could express nestin,
CD133, TUC-4 and DCX (Fig. 4a). FCM analysis showed
nearly 25% of CD133"* cells and 42% of Sox2" cells
expressed B7-H4 (Fig. 4b). Taken together, these data
indicate that brain TSCs derived from gliomas and
medulloblastomas are either dividing or non-dividing, and
negative costimulatory molecule B7-H4 is expressed in a
subpopulation of brain TSCs.

B7-H4

Expression of B7-H4 in secondary glioma
from CD133" and CD133~ xenografts

To evaluate the tumorigenicity of CD133" and CD133 ™ cells
and to determine whether secondary tumor cells could also
express B7-H4, cells isolated from the patient with left
temporal glioblastoma (BT1) (Fig. 5a) were implanted into
the right armpit or into the right striatum of SCID mice. A
large glioblastoma-like subcutaneous mass was detected in
the SCID mice implanted with either CD133* or CD133~
cells in 18 days (Fig. 5b, c), suggesting that both
CD133" and CD133™ cells were tumorigenic. However,
CD133™ cells-initiated glioblastoma was larger than that
of CD133™ cells. The average volumes of tumor initiated
by CD133* and CD133™ cells were 2.386 cm” and 1.044 cm’
in 18 days, respectively. CD133" or CD133™ cells could also
initiate gliomas in 30 days when implanted into the right stri-
atum. However, the former had enhanced tumor growth and
vascularity (Fig. 5b, ¢). CD133" cell-induced glioblastoma had
a higher proliferation index (30%), compared with CD133™
xenograft (19%). H&E staining indicated that CD133" and
CD133™ xenografts resembled the primary tumor. As shown in
Fig. 5d, B7-H4 protein was also expressed in the cultured tumor
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Fig. 3 Culture and isolation of TSCs. (a) Nonadherent and adherent
tumor spheres were observed when tumor cells derived from the
primary brain tumors were cultured in the medium conditions
favoring the growth of NSCs (left panel). Tumor spheres became
adherent and began to differentiate when cultured in the differentiated
medium (right panel). (b) Cultured tumor cells expressed neural stem/
progenitor cell markers including nestin, TUC4 and PIII-tubulin.
Some of them express proliferation marker Ki67 (right panel). (c)
These tumor cells including CD133™ cells could differentiate into
astrocytes (GFAP"), neuronal cells (SIlI-tubulin®) and oligodentro-
cytes (CNPase™), when cultured in differentiation medium. (d) Tumor
cells sorted using anti-CD133 antibody were immunoreactive for
CD133 (left panel). Some sorted CD133" cells expressed Ki67 (right
top panel) and nestin/Ki67 (right bottom panel). (e) CD133™ cells
expressed nestin (left panel, red), TUC-4 (right top panel, green) and
DCX (right bottom panel, green)

cells derived from CD133* (14.83%) and CD133~ (15.21%)
xenografts, whereas, primary glioma cells expressed higher
level of B7-H4 (44.35%).

@ Springer

Discussion

In this study, we found that B7-H4 was expressed in human
glioma and medulloblastoma cells. Double immunostain-
ing indicated that B7-H4 was primarily restricted to
non-dividing tumor cells. In addition, B7-H4 was also
expressed in a small subpopulation of CD133* TSCs.
Interestingly, both CD133" and CD133™ cells sorted by
flow cytometry were tumorigenic in SCID mice in vivo.
CD133* cells-generated tumor, however, showed a higher
proliferation index compared with CD133™ cells-induced
tumor. Secondary glioma cells derived from CD133* or
CD133™ cells xenografts expressed B7-H4 as well. Our
findings suggest that negative costimulatory molecules
may play an important role in tumor immune surveillance
mechanisms.

Although B7-H4 is the youngest member of the B7
family, growing evidence indicate that B7-H4 plays an
important role in tumor immunity. Kryczek and his col-
leagues found that 0.5% of primary ovarian tumor cells
express surface B7-H4 and 91% express intracellular B7-
H4 [24], consistent with our finding. Our previous study
shows that B7-H4 expression profile may be correlated
with malignancy grade of human astrocytomas [8]. Other
studies suggest that B7-H4 may modulate tumor apoptosis
and ultimately shield tumors from cell-mediated immune
surveillance [9]. Therefore, the expression of B7-H4
predominantly in the quiescent tumor cells indicates that
B7-H4" tumor cells may gain chances to deliver an
inhibitory signal to T cells and facilitate themselves sur-
vival after treatments for brain tumors. It is surprising that
B7-H4 is expressed relative low level in the patient with
recurrent glioma (BT4), which argues the notion that
recurrent tumors are often endowed with more capacities to
escape from immune surveillance. Further investigation of
B7-HI, another negative co-stimulatory molecule, showed
that more than 60% of the tumor cells expressed B7-H1
and some tumor cells co-expressed both B7-H1 and B7-H4
(data not shown). This differential expression profiles of
B7-H1 and B7-H4 in gliomas imply that costimulatory
molecules play roles in tumor immune function. In con-
sistent with this, B7-H1 protein is highly expressed in
melanoma, but B7-H4 is barely detectable [25].

Our data indicate that tumor stem-like cells may be
present in brain tumors based on the observations that
cultured tumor cells can form tumor spheres, along with
expression of neural stem/progenitor markers such as
CD133, nestin, TUC-4 and DCX, and that they can dif-
ferentiate into neural lineages when cultured in the
differentiated medium. Although these brain TSCs share
many characteristics of NSCs, the differences between
brain TSCs and NSCs as well as between CD133* cells and
CDI133™ cells are obvious. For example, unlike normal
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Fig. 4 Expression of B7-H4 in
brain TSCs. (a) Double-
immunolabeling was performed
using antibodies anti-B7-H4 and
against neural stem/progenitor
cell markers nestin (left panel,
green), CD133 (right top panel,
red), TUC-4 (right middle
panel, red), and DCX (right
bottom panel, red). Nuclei were
counterstained with DAPI
(blue). (b) Expression profile of
B7-H4 and CD133 (left panel;
BT3) and of B7-H4 and SOX2
in tumor cells (right panel; BTS8)
were analyzed by flow
cytometry
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NSCs, brain TSCs undergo aberrant proliferation (active
type) and differentiation [17]. We observed that CD133"
cells showed a higher proliferation index than that of
CD133™ cells in vitro and in vivo [26]. In addition, we
note that a subpopulation of brain TSCs is not proliferative
(quiescent type) and some of them express B7-H4. It is thus
possible that these B7-H4" tumor cells may be of unre-
sponsiveness to chemotherapy and immunotherapy.

Our findings that CD133™ tumor cells are also tumori-
genic in SCID mice in vivo and that secondary tumors
phenotypically resemble the primary tumor suggest that
CDI133™ tumor cells have stem or progenitor cells-like
properties. Recently, Beier et al. [26] found that 0.5%-2%
of CD133™ cells were able to proliferate and form new
adherent spheres in vitro, that these cells had the capacity
of multilineage differentiation, and that large glioblastoma-
like lesions were formed within 50 days when 1 x 10° or
1 x 10° CD133™ cells were implanted into the SCID
mouse brain. In addition, our findings showed that CD133™
tumor cells express neural stem/progenitor markers. Take
together, CD133™ tumor cells may contain a small sub-
population of brain tumor progenitor cells, which retain the

B7-H4

capacity of proliferation, and therefore, could initiate tumor
formation in mice. We found that CD133~ and CD133"-
induced secondary glioblastomas have a higher prolifera-
tion index (19% and 30%), compared with primary tumors
(15%). One of explanations is that SCID mice are absent T
cells and lack B cell function, tumor can thereby growth
rapidly without any homogeneous anti-tumor responses
mediated by T cells and other cytokines. In agreement with
the previous finding [26], CD133"-induced gliomas dis-
plays a higher proliferation index, compared with CD133-
induced gliomas, which may explain why CD133™ cells
can produce larger malignant lesions than that of CD133™
cells. Tumor cells derived from CD133* and CD133~
xenograft also express B7-H4 with similar proportion. Of
note, the level of B7-H4 in secondary glioma cells declined
after 18 days, compared with primary tumor. One possi-
bility is that secondary cells growth in non-naive matched
tumor microenvironment. Another possibility is that the
tumors growth microenvironment in SCID mice may
induce more quiescent cells (GO-phase cells) into prolif-
erative status, which subsequently down-regulate B7-H4
expression.
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Fig. 5 Tumor formation after implantation of CD133* or CD133~
cells into SCID mice and B7-H4 expression in secondary glioblas-
toma. (a) Head axial contrast enhanced MRI image revealed the
patient with left temporal space-occupying tumor with heterogeneous
enhancement. H&E staining showed histological features of glioblas-
toma. GFAP, nestin and DCX were expressed on the primary tumor.
(b) Tumor was formed in SCID mice after subcutaneously transplan-
tation of 1 x 107 CD133" cells in 18 days (left panel). H&E staining
showed histological features of CD133" cells-initiated tumors in the
right armpit in 18 days (1 x 10 cells; middle panel) and in the right
striatum in 30 days (1 x 10° cells; right panel). Secondary glioma
formed in the brain displayed clear border and enhanced tumor

Our findings raise the possibility that brain TSCs may be
resistant to adaptive and innate immune surveillance
through B7-H4 pathway. Unfortunately, it remains unclear
how these B7-H4" brain TSCs really act in vivo, since
microenvironment in the mouse mode for tumorigenicity
evaluation is not reliable and felicitous due to lacking of all
the requisite human support cells, such as APC, T cells.
Nonetheless, the demonstration that B7-H4 are expressed
in brain TSCs, and that B7-H4 is preferentially expressed
in non-dividing tumor cells, together with recent finding
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growth and vascularity. (¢) Tumor formed in SCID mice after
subcutaneously transplantation of 1 x 107 CD133™ cells in 18 days
(left panel). H&E staining showed histological features of CD133™
cells-initiated tumors in the right armpit in 18 days (1 x 107; middle
panel) and in the right striatum in 30 days (1 x 10° cells; right panel).
(d) B7-H4 was expressed in both primary and secondary glioma cells.
Left panel: immunostaining with anti-B7-H4 in primary tumors;
middle panel: flow cytometry analysis using anti-B7-H4 in primary
glioma cells (44.35%); right panel: flow cytometry analysis of
secondary tumor cells. Filled red histogram: CD133"* xenograft cells
(14.83%); open green histogram: CD133™ xenograft cells (15.21%);
open black histogram: isotype control

that the expression of seven MHC class II proteins is
upregulated in CD133™ cells [26], suggest that brain TSCs
can lead to immune paralysis during tumorigenesis. How-
ever, the present study has two limitations. First, clonal
cultures were not performed so that a tumor sphere came
from a single cell, but not from a single tumor stem cell.
Second, the further functional profiles of B7-H4 protein in
brain tumors were not analyzed in this study although our
previous data showed that B7-H4 has negative correlation
with glioma infiltrating CD8* T cells [8].
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