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DISCUSSION

The present study shows the first evidence regarding a tumor-promoting role of EBAG9 in
vivo. We showed that Renca tumors overexpressing EBAG9 had a much aggressive phenotype with
poorer prognosis as compared to Renca tumors expressing empty vector, although the effects of
EBAGY9 on culture cell proliferation was relatively minimal. EBAGY immunoreactivity was
detected in most of human RCC samples and high amounts of EBAG9 protein may associate with
poor prognosis of the patients. Our findings suggest that EBAG9 is a tumor-promoting factor in
RCC yet does not function as an essential oncogene by itself. The present results lead us to the
notion that EBAG9 potentiates tumor growth by altering tumor microenvironment.

Decreased local immune responses may one of the critical machanisms that change tumor
microenvironment. In antitumor immunity, T lymphocyte-mediated immune surveillance is thought
to be a principal host defense mechanism (15). Although tumors such as RCC are immunogenic and
could be targeted by tumor-specific CTL or natural killer cells, antitumor immune reactions are not
completely effective to reject tumor cells so that tumors continue to grow progressively (16). In our
cytotoxicity assay, there was no significant difference of CTL lysis between Renca-EBAGY and
" Renca-vector cells, suggesting that overexpression of EBAGY may not particularly alter the
presentation of tumor-associated antigens or the levels of MHC class I molecule expression. In TIL
assay, however, CD8' T cells seemed to be specifically reduced by aberrant EBAGY expression. We
suspect that generation of immunosuppressive factors or apoptosis activation may result in the
reduction of CD8" TIL, leading to hamper antitumor immunity.

The alteration in cell surface glycosylation could be implicated in the modulation of tumor
microenvironments (17, 18). It has been recently shown that tumor-associated ganglioside
expression in human RCC cells suppresses nuclear factor-xB activation in T cells and mediates T-
cell apoptosis (19, 20). RCC display increased levels of gangliosides including GM2, GMI, and
GDla (21) as well as several disialogangliosides (22), which may inhibit the function of antigen
presenting cells (23) or modulate tumor vascularization (24). It has been recently shown that tumor-
associated O-linked glycan antigens Tn and TF were expressed in transfected cells expressing
RCASI (receptor-binding cancer antigen expressed on SiSo cells)(25), whose ¢cDNA has been
found to be a homolog of EBAGY (26).

Another possible explanation is that EBAGY may stimulate angiogenesis by up-regulating
growth factors or cytokines. There are literatures that vascular endothelial growth factor (VEGF)
could be involved in RCC tumor progression. Mutations of the von Hippel-Lindau tumor suppressor
gene, which are often observed in hereditary RCC and sporadic clear-cell RCC, result in
overproduction of VEGF through a mechanism involving hypoxia-inducible factor ¢ (27, 28). It has
been recently shown that VEGF interferes with the development of T cells at pathologically relevant
concentrations in vive (29), thus the growth factor may contribute to tumor-associated immune
deficiencies.

It has been generally accepted that tumor cells may escape from immune surveillance by
expressing the EBAG9 homolog RCAS 1, which targets RCASI receptor-expressing immune cells

9

IV - 186



Ogushi er al.

and induces apoptosis (26). Nakashima et al. identified the RCAS| ¢DNA through expression
cloning using the 22-1-1 monoclonal antibody that they coriginally generated (30). Engelsberg e al.
recently showed, however, that the 22-1-1 epitope was distinct from the products encoded by
RCASI cDNA, because RCAS1 protein was not recognized by the 22-1-1 antibody whereas the 22-
1-1 antibody recognized the tumor-associated O-linked glycan antigens (25). They showed that their
raised polyclonal antibody recognized a ~35 kDa protein, consistent with the immunoblotting
results using our polyclonal antibody. On the contrary, putative RCAS| protein recognized by the
22-1-1 antibody was identified as a ~80-kDa membrane molecule expressed on human uterine
cancer cells (26, 30). Although there are a number of publications concerning RCAS1 in cancers
from the point of view as the 22-1-1 antigen, we consider that a pathophysiological role of EBAGY
in tumor immunology needs to be properly evaluated. The present manuscript may provide new
insights into an EBAG9-mediated in vive function in cancer progression.

We have previously reported that the immunoreactivity of EBAG9 was mainly observed in the
cytoplasm of normal epithelial cells with a granular staining pattern, or particularly in perinuclear
regions (3, 5). In carcinoma tissues, an intense staining of the cell surface could be also observed
such as in prostate cancer or hepatocellular carcinoma. The expression of RCAS1 immunoreactivity
recognized by antibodies against recombinant RCAS1 was localized to perinuclear structures,
suggesting that the protein is predominantly distributed in the Golgi systemn (25). Given that
EBAG?Y is a Golgi-predominant protein that could be trafficking from the perinuclear regions to the
cell surface membrane, it is likely that EBAGY9 immunoreactivity could be observed in both
cytoplasm and cell surface of carcerous tissues with the abundant expression of EBAG9Y. Notably,
EBAGY immunoreactivity in RCC with advanced stages such as sarcomatoid or metastatic tumors
was cytoplasmic-predominant (Fig. 5C and 5D). Further studies using confocal or electron
microscopic examination may elucidate the dynamic distribution of EBAG?9.

As we showed that there are several types of cancer that intensely express EBAGY and the
expression levels of EBAGY may relate to advanced tumor grades (3-6), it is likely that the tumor-
promoting effect of EBAGY is a general event in malignancies regardless of their estrogen
dependency. We also observed the lack of association between sex and EBAGY expression in
human RCC in our clinicopathological study (Supplementary Table 1). Thus, EBAG® could be a
therapeutic target for various tumors constitutively expressing the molecule.

In summary, we demonstrate that EBAG9Y is a tumor-promoting factor in both murine Renca
RCC and human RCC. We propose that EBAGY immunoreactivity is a new potential biomarker for
prognosis of RCC and a treatment modality targeting EBAGY will provide a novel therapeutic
option for advanced RCC.
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FIGURE LEGENDS

Fig. 1. Expression of EBAGY siRNA suppresses tumor growth derived from murine renat cell
carcinoma Renca cells in BALB/c mice. Subcutaneous primary Renca tumors were established by
midflank injections of 10,000 tumor cells and intratumoral injections of either control scrambled
siRNA or EBAGY9 siRNA duplexes together with a transfection reagent GeneSilencer were
performed twice a week in five mice per group when the initial tumor volumes reached 300 mm’.
Mice were sacrificed after 4-weeks siRNA administration and tumors were homogenized for protein
extraction. A, Western blot analysis of lysates from in vitro culture Renca cells and tumor samples
expressing either control scrambled siRNA or EBAGY siRNA. B, Representative mice after 4-
weeks siRNA treatment. Upper panel, mouse treated with control scrambled siRNA; Lower panel,
mouse treated with EBAGY9 siRNA, C, Tumor volume in EBAGY siRNA-treated mice (n = 5) is
reduced compared with control mice (n = 5). P < 0.05 at 4 weeks (EBAGY siRNA versus
scrambled siRNA).

Fig. 2. Overexpression of EBAGY in Renca cells does not accerelate culture cell growth. A, RT-PCR
analysis and Western blot analysis of Renca cells stably expressing human EBAG9 (Renca-EBAG9Y)
or empty vector (Renca-vector), Upper panel, human EBAG9 mRNA is expressed in clones 3 and 4
of Renca-EBAG9 cells. Empty pcDNA3 vector was used as a negative control and pcDNA3
including EBAG9 ¢DNA as a positive control. Lower panel, EBAG9 protein is overexpressed in
Renca-EBAGSY clones compared with Renca-vector clones or parental Renca cells. B, Doubling
time of culture Renca cells. The numbers of cells in the exponential growth were counted every two
days and doubling time was calculated according to a formula as described in Materials and
Methods (n = 5 for each). C, Proliferative assay using WST-8 tetrasolium salt. Cells seeded into 96-
well plates were transfected with control scrambled siRNA or EBAG9 siRNA duplexes (100
ng/well) and cell proliferation was evaluated on days 0, 2, and 4 (n = 3 for each). Absorbance at 450
nm (for formazan dye) was measured with absorbance at 620 nm for reference.

Fig. 3. Renca cells stably expressing EBAGY develops large tumors in BALB/c mice. A,
Representative mice 4 weeks after the inoculation of tumor cells. B, Volumes of tumors derived
from Renca-EBAG?Y cells are significantly larger compared with Renca-vector cells in BALB/c
mice, Subcutaneous primary tumors were established by midflank injections of 10,000 tumor cells.
“P < 0.01 at 4 weeks (Renca-EBAGY versus Renca-vector), Renca-vector #1, n = 16; Renca-vector
#2. n = 6; Renca-EBAG? #3, n = 6; Renca-EBAGY #4, n = 8. C, Poorer prognosis of mice
inoculated with Renca-EBAG9 cells compared with mice with Renca-vector cells. Disease-specific
survival on day 100: P =0.0412 (Renca-EBAG9 versus Renca-vector). Renca-vector #1, n =9;
Renca-vector #2, n = 8; Renca-EBAG9Y #3, n = 8; Renca-EBAG9 #4, n = 10.

Fig. 4. EBAGY overexpression promotes renal subcapsular tumor growth by Renca cells in wild-
type BALB/c mice. A, Representative tumors 25 days after the inoculation of tumor cells (10,000
cells). B, Volumes of Renca-EBAG9 tumors are larger than Renca-vector tumors in BALB/c mice,
whereas no significant difference of tumor volumes between Renca-vector and Renca-EBAGY in
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BALB/c nude mice. “P < 0.0001 on day 25 (Renca-EBAG9 versus Renca-vector). Renca-vector #1,
n = 12; Renca-vector #2, n = 11; Renca-EBAG9 #3, n = 9; Renca-EBAGY #4, n = 9. C, Lysis of
Renca-EBAGY and Renca-vector cells by tumor-specific cytotoxic T lymphocytes (CTLs).
Splenocytes from Renca-bearing mice were cultured with Renca cells at a ratio of 20:1 pulsed with
interleuikin-2 (1,000 U/ml) for 5 days. Lactate dehydrogenase release from cells with a damaged
membrane was examined using CytoTox-ONE Reagent and fluorescence was measured with an
excitation wave length of 560 nm and an emission wave length of 590 nm. D, Numbers of tumor
infiltrating-lymphocytes positive for CD3, CD4, or CD8 immunostaining were microscopically
examined in the high power field (HPF) of view at a magnification of 400X. BALB/c mouse spleen
specimen was used as a positive control. "P < 0.05 (Renca-EBAGY versus Renca-vector).

Fig. 5. EBAGY immunostaining in human kidney and renal cell carcinoma specimens. A, Normal
kidney (IR score 0). EBAGY is weakly expressed in the mesangial cells (arrow heads). B, Clear cell
carcinoma (IR score 1+). EBAGY is immunostained predominantly on the cell membrane in
carcinous regions. C, Spindle cell carcinoma (IR score 3+4). Intense immunostaining of EBAGY is
observed in the cytoplasm of sarcomatoid carcinous regions. D, Lung metastatic tumors (IR score
34). Intense immunoreactivity of EBAGY is observed in metastatic tumors with high IR scores.
Bars represent 50 um.

Fig. 6. Association of immunocytochemical staining for EBAGY with disease-specific survival of
78 RCC patients. Five-year disease-specific survival of the patients with high EBAGY9

immunoreactivity (IR score 3+, n = 19) was significantly worse than the patients with IR scores 0-
2+ (n = 59) (55% versus 91%, P = 0.0007, by log-rank test}).
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Supplementary Table 1 Association between EBAGS immunoreactivity and clinicopathological

parameters in human RCC patients

EBAGY
Variable n immunoreactivity PVvalue®
Negative Positive®
Patients 78 10 68
Lymph node status > 0.9999
Positive 6 0 6
Negative 72 10 62
Metastatic status 0.5857
Positive 7 0 7
Negative 71 10 61
Age 57.5+8.1°541+11.7 0.3849
Sex 0.3735
Male 64 7 57
Female 14 3 11
Infiltration 0.3263
o 43 7 36
B,y 35 3 32
Grade 0.0606
1 24 6 18
2,3 54 4 50
Histological type 0.0126"
Clear cell 51 10 41
Others 27 0] 27
Vascular infiltration 0.0109°
Positive 29 0 29
Negative 49 10 39
Pathological stage 0.0017
T1 43 10 33
>T2 35 0 35

®Evaluated by the student-t test/ Fisher's exact probability test.
"Defined positive if >5% of cells were stained.
‘Mean + standard deviation.

P < 0.05.
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Supplementary Table 2 Correlation between 5-year cancer-specific survival and

clinicopathological parameters in RCC patients

Variable n Survival (%) PValue®

Patients 78

Age 0.5828
<60 49 85.5
=60 29 717.4

Grade 0.0254°
1 24 95,7
2.3 54 76.8

Histological type 0.0205°
Clear cell 51 89.8
Others 27 70.4

EBAGY immunoreactivity 0.0007
Low (0, 1+ & 2+) 59 91.2
High (3+) ' 19 55

Vascular infiltration 0.0003
Positive 29 62.4
Negative 49 93.9

Lymph node status 0.0002°
Positive 6 33.3
Negative 72 86.9

Infiltration < 0.0001°
o 11 97.5
B. ¥ 37 65.5

Pathological stage < 0.0001°
T1 43 97.6
2T2 35 63.6

Metastatic status < 0.0001
Positive 7 0
Negative 71 91.2

®Determined by the log-rank test.

P < 0.05.
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Supplementary Table 3 Muitivariate anlalysis of prognostic factors in Cox regression hazard

model
o ,
Variable Relative risk 0> 7¢ confidence Pvalue
interval
Grade (2, 3/ 1) 1.081 0.099 - 11.835 0.2490
Vascular infilatration (positive/ negative) 0.938 0.213 -4.139 0.9326
Pathological stage (2T2/ T1) 8.702 0.973-77.831 0.5290
Lymph node status (positive/ negative) 0.385 0.087 - 1.700 0.2077
Infittration (B, ¥ o) 4.342 0.485 - 38.883 0.1892
Histological type (others/ clear cell) 3.874 0.817 - 18.365 0.0880
EBAGY immunoreativity (3+/ 0,1+, and
2+) 5.092 1.010 - 25.662 0.0485
Metastatic status (positive/ negative) 42.534 7.138 - 253.469 <0.001
'P<0.05
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Abstract

The 12/15-lipoxygenase gene AloxI5 has been identified as a susceptibility
gene for bone mineral density in mice through combined genetic and genomic analyses.
Here, we studied the association between bone mineral density and an ALOX15 gene
single nucleotide polymorphism to assess the potential involvement of the human
ALOX15 gene in the postmenopausal osteoporosis. Specifically we examined the
association between a single nucleotide polymorphism at —-5299G/A in the ALOX15 5’-
flanking region with BMD in 319 postmenopausal Japanese women (66.7 + 8.9 years,
mean + SD). We found that subjects bearing at least one variant A allele (GA + AA;
n=273) had significantly lower Z scores for lumbar spine and total body bone mineral
density than did subjects with no A allele (GG; n=46) (lumbar spine, -0.25 + 1.34 versus
0.48 + 1.70; p = 0.0014; total body, 0.25 + 1.01 versus 0.62 + 1.11; p = 0.048). These
findings suggest that the ALOX15 gene is one of the genetic determinants of BMD in
postmenopausal women. Accordingly, this polymorphism could be useful as a genetic
marker for predicting the risk of osteoporosis.

Key words adipogenesis, ALOXI15, PPARy, osteoporosis, bone mineral density,
polymorphism
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Introduction

Osteoporosis is characterized by low bone mineral density (BMD), increased
bone fragility, and consequently increased risk of fracture [1]. Studies of twins and
siblings have shown that BMD is under genetic control, with estimates of heritability
ranging from 50% to 90% [2,3]. BMD is regulated by interaction of multiple
environmental and genetic factors, each having modest effects on bone mass and bone
turnover [4,5]. Polymorphisms of several genes have been investigated to clarify the
determinants of BMD [6,7]. These genes of which polymorphisms were associated with
BMD include those implicated in bone formation by regulation of osteoblast growth and
function, such as vitamin D receptor gene (8], transforming growth factor betal
(TGFB1) gene, collagen type Ial (COLIAI) gene [9), peroxisome proliferator activated
receptory (PPARy) gene [10] and low-density lipoprotein receptor-related protein 5
(LRP5) gene [11]. Identification of candidate genes that affect bone mass will be useful
for early detection of individuals who are at risk of osteoporosis and early institution of
preventive measures.

The decrease in bone volume associated with osteoporosis is accompanied by
an increase in marrow adipose tissues [12, 13]. Indeed, an increase in marrow
adipocytes is observed in several conditions that lead to bone loss, such as ovariectomy
[14], immobilization [15], and treatment with glucocorticoids [16]. Recent studies have
identified rodent quantitative trait locus associated with increased BMD in the mouse
gene encoding 12/15-lipoxygenase [17], the enzyme that converts linoleic acid and
arachidonic acid into endogenous ligands for the PPARY [18-20]. Activation of this
pathway in marrow-derived mesenchymal progenitors stimulates adipogenesis and
inhibits osteoblastogenesis [21, 22]. Mice that are deficient in this gene or have been
treated with 12/15-lipoxygenase inhibitors demonstrate increased bone mass as
compared with controls [17]). These findings suggest that genetic variants of the 12/15-
lipoxygenase encoding gene may affect the BMD in humans as well as mice. The mouse
12/15-lipoxygenase enzyme corresponds to at least three lipoxygenases in humans. 15-
lipoxygenase has two isoenzymes: type 1 (human ALOXIS, encoded by a gene at
chromosome 17p13.3) and type 2 (human ALOXI5B, encoded by a separate gene at
17p13.1). 12-lipoxygenase (human ALOXI2, encoded by a gene at chromosome
17p13.1) is predominantly expressed in platelets and macrophages and is distinct from
15-lipoxygenase [23]. In the present study, we examined the possibility that there is an
association between a polymorphism in the human ALOX15 gene and BMD in Japanese
women to investigate possible contribution of the lipoxygenase in the bone metabolism.
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Materials and methods
Subjects

We analyzed genotypes in DNA samples from 319 healthy postmenopausal
Japanese women (66.7 + 8.9 years, mean + SD). We excluded women having endocrine
disorders such as hyperthyroidism, hyperparathyroidism, diabetes mellitus, liver disease,
and renal disease; those who used medications known to affect bone metabolism (e.g.,
corticosteroids, anticonvulsants, and heparin); and those with an unusual gynecologic
history. All subjects were unrelated volunteers. Each subject was provided informed
consent before entering the study.
Measurement of bone mineral density and biochemical markers

We measured the lumbar spine BMD and total body BMD of participants by
dual-energy X-ray absorptiometry using the fast-scan mode (DPX-L; Lunar, Madison,
WI). The BMD data were recorded as Z scores, as the deviation from the weight-
adjusted average BMD for each year of age, based on data from 20,000 Japanese
women. We also measured subjects’ serum concentrations of alkaline phosphatase
(ALP), intact osteocalcin (I-OC), intact parathyroid hormone (PTH), calcitonin, 1,25
(OH),D,, total cholesterol (TC) and triglyceride(TG). We also measured urinary ratios
of deoxypyridinoline (DPD) to creatinine using the HPLC method.
Determination of a single nucleotide polymorphism in the ALOX15 gene

We extracted a polymorphic variation of the putative ALOXI5 gene
promoter/enhancer region from the Assays-on-Demand™ SNP Genotyping Products
database (Applied Biosystems, Foster City, CA) and, according to its localization on the
gene, denoted it -5299 G>A. We determined the —5299G/A polymorphism of the
ALOX15 gene using the TagMan (Applied Biosystems) polymerase chain reaction
(PCR) method [24]. To determine the ALOX15 SNP we used Assays-on-Demand SNP
Genotyping Products C_926671_10 (Applied BioSystems), which contains sequence-
specific forward and reverse primers and two TagMan MGB probes for detecting alleles.
During the PCR cycle, two TagMan probes competitively hybridize to a specific
sequence of the target DNA and the reporter dye is separated from the quencher dye,
resulting in an increase in fluorescence of the reporter dye. The fluorescence levels of
the PCR products were measured with the ABI PRISM 7000 (Applied Biosystems),
resulting in clear identification of three genotypes of the SNP,
Statistical analysis

We divided subjects into those having one or two chromosomes of the major
A-allele and those with only the minor G-allele encoded at the same locus. Comparisons
of Z scores and biochemical markers between these two groups were subjected to
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statistical analysis (Student's f-test; StatView-J 4.5). A P-value of less than 0.05 was
considered statistically significant.

Results
Association of ALOX15 Gene Polymorphism With Bone Mineral Density

Among our 319 subjects, 46 were GG homozygotes, 155 were GA heterozygotes,
and 118 were AA homozygotes. Allelic frequencies were 0.613 for the A allele and
0.387 for the G allele in this population, The allelic frequencies of this SNP in the
present study were in Hardy-Weinberg equilibrium.

We compared the 273 subjects bearing at least one chromosome with the A allele
(genotype GA + AA) and the 46 subjects having no A allele (GG) with respect to their Z
scores for lumbar spine and total body BMD. Those with the A allele had significantly
lower Z scores for lumbar spine BMD (-0.25 + 1.34 versus 0.48 + 1.70; p = 0.0014)
(Fig. 1A) and total body BMD (0.25 + 1.01 versus 0.62 £ 1.11; p =0.048) (Fig. 1B). As
shown in Table 1, the background and biochemical data did not significantly differ
between these groups.

Discussion

Various regulating elements have been identified within the ALOX15 5’-flanking
promoter/enhancer region, including a site for binding with Sp1 [25], AP1 [25], and
GATA [26], as well as sites for methylation [27] and acetylation [28, 29] and a Stat6
response clement [29], suggesting that 15-lipoxygenase expression is directly regulated
-through transcription regulation. In the present study, we observed a significant
association between BMD and a G/A SNP at the —5299 site in the ALOX15 5’-flanking
region. This is the first report to our knowledge that a common SNP in the ALOX15
gene affects on BMD. One possible explanation for this effect is that this 5° -flanking
region polymorphism may be involved in the newly defined transcriptional regulating
element of the ALOXI5 promoter/enhancer. Alternatively, the 5’-flanking region
polymorphism may have a linkage with another base of the ALOX15 promoter/enhancer
that may control transcription of the ALOX15 gene. It is also possible that this SNP may
be linked with mutation of the ALOX15 exons or another unidentified gene adjacent to
the ALOX15 locus, which affect on the bone mass.

Although there are three lipoxygenases in humans, ALOXI5, ALOXI5B, and
ALOXI2, that correspond to 12/15-lipoxygenase in mice [23], we know little of their
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roles in human bone metabolism. Our results suggest that the 15-lipoxygenase typel,
the ALOX15, may have a specific function in the regulation of bone mass in human. It
should be required to determine how signals from 15-lipoxygenase can be transduced to
the regulation of the bone metabolism.

Three major cellular events are involved in senile osteoporosis; they are
declining levels of osteogenesis, increasing numbers of apoptotic osteoblasts and
osteocytes, and increasing levels of bone marrow adipogenesis [30-32]. The bone
marrow adipogenesis that occurs with aging may be due to alterations in cell
differentiation, in part by PPARY activation [33-35] and increasing lipid oxidation [36].
Previous reports demonstrated that 12/15-lipoxygenases are involved in this system [17,
18, 37, 38], suggesting that 12/15-lipoxygenase may increase with aging in progenitor
cells and activate adipogenesis. It has been also shown that 12/15-lipoxygenase is
increased in Alzheimer’s disease, which is the most common neurodegenerative
disorder of the elderly [39]. Therefore, it is tempting to speculate that 12/15-
lipoxygenase is increased associated with aging and senile osteoporosis. To test this
hypothesis, measurement of 12/15-lipoxygenase activity and association study between
BMD and the ALOX15 gene SNP in older subjects would be desired.

In conclusion, our finding suggests that the ALOX15 gene may be a genetic
determinant of BMD in postmenopausal women. Examining the variation in the
ALOX15 gene will hopefully enable us to elucidate one of the mechanisms of
involutional osteoporosis. Furthermore, the variation may be a potential genetic
susceptibility factor that need to be further evaluated with regard to the risk of other
diseases in which 15-lipoxygenase have been clearly implicated, including
atherosclerosis {40], asthma [41], cancer [42] and glomerulonephritis [43].
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