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Figure 4. Proliferation, apoptosis, and angiogenesis in the four groups classified according to the kind(s) of implanted cells and the treatment
received. (a) Proliferating cell nuclear antigen labeling index (PCNA-LI), (b) apoptotic index, and {¢) microvessel area were analyzed by
immunohistochemistry of the orthotopic colon tumors. Tumors from the mixed-cell group had a significantly higher PCNA-LI, a significantly
lower Al, and significantly greater MVA than tumors from the group that received KM12SM cells alone. imatinib treatment impaired the effects
of MSCs.*p < 0.05, bars: SE; **p < 0.01, bars: SE. (@) Surviving MSCs in the tumor microenvironment /n vivo. Three weeks after cecal
transplantation of KM12SM cells mixed with PKH26-labeled MSCs, surviving MSCs were significantly fewer in the imatinib treatment group
than in the control group. Lower panels are representative photomicrographs of stained sections. ***p < 0.001, bars: SE. Scale bars: 100 um.

1.1 vs. 2.8 = 0.3%, p < 0.01) (Fig. 4b), and the MVA was signifi-
cantly greater in the mixed-cell group (9,715 % 1,156 vs. 15,180
+ 1,225 um?, p < 0.05) (Fig. 4c). With imatinib treatment, there
was no significant difference between mice injected with tumor
cells alone and those injected with mixed cells in PCNA-LI (33.4
+ 2.8 v5.39.4 *+ 22%), in Al (9.5 * 1.6 vs. 11.8 * 1.3%), or in
MVA (7,227 * 967 v5.7919 * 835 um?) (Figs. 4a~4c).

Survival of MSCs decreased with imatinib

treatment in vivo

Three weeks after transplantation of KM12SM cells mixed
with PKH26-labeled MSCs, the PKH26-positive areas were
significantly smaller in the imatinib treatment group than in
the group not treated with imatinib (19,830 * 4,485 vs. 2,005
+ 868 wm?, p < 0.001) (Fig. 4d).

PDGFR-B in MSCs was phosphorylated, which

was inhibited by imatinib treatment

We found that PDGFR-B in MSCs was phosphorylated 3
weeks after transplantation of KM12SM cells mixed with
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PKH26-labeled MSCs, and it was inhibited by imatinib treat-
ment (Fig. 5).

Imatinib inhibited the tumor-promoting effect

of MSCs in the liver metastasis model

Transplantation of KM12SM cells alone into the spleen of
nude mice resulted in formation of liver metastases in 70%
of the animals, and the rate increased to 100% by co-implan-
tation with MSCs. However, the rate of liver metastasis
decreased to 50% and 60%, respectively, with imatinib
administration (Fig. 6a). The total volume of liver metastases
at 4 weeks after transplantation of KM12SM cells mixed with
MSCs was significantly greater than that after transplantation
of KM12SM cells alone (66.7 * 39.6 mm> vs. 3459 = 172
mm®, p < 0.05) (Fig. 6b), but with imatinib administration,
the total volume did not differ significantly between metasta-
ses resulting from transplantation of tumor cells alone or
transplantation of mixed cells (47 * 2.3 mm® vs. 28.8 *
20.7 mm?).
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Figure 5. Phosphorylation of PDGFR-B in MSCs with or without imatinib treatment in vivo. PDGFR-B.in MSCs was phosphorylated 3 weeks
after transplantation of KM12SM cells mixed with PKH26-labeled MSCs, and it was inhibited by imatinib treatment.

Discussion

In this study, we found that tumor tropism of MSCs was
inhibited by treatment with imatinib in vive and in vitro.
Oral administration of imatinib significantly inhibited the tu-
mor growth- and metastasis-promoting effects of MSCs in
our orthotopic colon cancer and liver metastasis models, and
it prolonged survival of the mice. The treatment with imati-
nib also decreased the number of MSCs in the tumor stroma
and impaired the cell proliferation- and angiogenesis-promot-
ing effects of MSCs as well as the apoptosis-inhibiting effect
of MSCs.

We previously showed in surgical specimens of human co-
lon cancer that expression of PDGFR-f in tumor stroma is
associated with vascularity and tumor stage.” Most cancer
cells secrete PDGFs, but do not express PDGFRs, suggesting
that PDGF may act as a paracrine growth factor.*"* In
orthotopic mice models of colon and gastric cancers, PDGF-
B was expressed by cancer cells, whereas PDGFR-f} was
expressed mainly by CAFs, and blockade of PDGFR signaling
by imatinib in combination with irinotecan significantly
inhibited tumor growth and metastasis.*® The antitumor
effects were obvious in PDGF-B high-expressing tumors in
comparison with effects in PDGF-B low-expressing tumors,
in which the stromal reaction is minimal. These findings
indicate that PDGFR signaling in CAFs plays an important
role in the growth and progression of colon carcinoma.

Paracrine activation of PDGFRs is reported to act as a
potent signal for tumor stroma recruitment of fibroblasts in
experimental models.*"** Ishii et al showed that CAFs
derived from human lung cancer tissue display significantly
higher migratory activity in response to PDGE-B than that of
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fibroblasts from corresponding noncancerous tissue.*’ We
recently reported functional incorporation of MSCs into the
stroma of orthotopic colon tumors, where they differentiate
into CAFs with high PDGFR-B expression.®® In addition,
Goldstein et al.>® recently showed that endogenous MSCs can
migrate from the bone to primary tumors. Molecules such as
CXCLI2 (SDF-1)/CXCR4,'* CCL2 (MCP-1)/CCR2,>' TGE-
B,** and PDGF/PDGEFR," are reportedly involved in the tu-
mor-homing ability of MSCs. The mechanisms of MSC
migration seem to be complex, but among involved factors,
PDGE-B is reported to be the strongest.''? PDGE-B is also
known to be important to the survival of MSCs transplanted
in vivo.>® Thus, we hypothesized that PDGFR tyrosine kinase
inhibitor can impair migration of MSCs toward primary tu-
mor as well as the tumor promoting effect of MSCs.

Although recent studies have revealed that MSCs promote
tumor growth and metastasis in co-transplantation mod-
els,?***7*! the molecular mechanisms underlying these effects
remain unclear. Our present study showed that treatment
with imatinib inhibits migration and survival of MSCs in tu-
mor stroma, suggesting the importance of the PDGF/PDGFR
system in the progression of colon cancer. Treatment with
imatinib impaired the tumor-promoting effect of MSCs.
However, imatinib had no effect on tumor growth when can-
cer cells were transplanted alone, indicating that the contri-
bution of host-derived MSCs to tumor progression was at
best minimal in this model. This may be, at least in part,
because these MSCs and tumor cells were derived from dif-
ferent species.

The PDGF/PDGER signaling pathway is known to play an
important role in increasing interstitial fluid pressure (IFP) in

Int. J. Cancer: 132, 813-823 (2013) © 2012 UICC
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Figure 6. Formation and total volume of liver metastases in the four groups of mice. (@) Transplantation of KM12SM cells plus MSCs into
the spleen resulted in 100% formation of liver metastases, but transplantation of KM12SM cells alone, or transplantation of KM12SM cells
with or without imatinib treatment decreased the rate to 70%, 50% and 60%, respectively. (b) Total volume of liver metastases was
significantly greater in the mixed-cell group without imatinib treatment than in other groups (each group, n = 10). *p < 0.05, bars: SE.

tumor stroma.*>*® Increased IFP can prevent effective distribu-

tion of antitumor drugs in the tumor microenvironment. Inhi-
bition of the PDGF/PDGFR signaling pathway can decrease
this pressure and, hence, enhance the effects of chemotherapeu-
tic agents.”” Our findings suggest that the tumor-inhibiting
effect of imatinib may involve a reduction in CAFs derived
from MSCs in the tumor microenvironment. However, imati-
nib is not a PDGFR-specific inhibitor; it can also inhibit the
protein-tyrosine kinase activity of c¢-KIT, the receptor for KIT
ligand, discoidin domain receptors (DDR-1 and -2), receptors
for collagen, CSFR-1, the receptor for colony stimulating fac-
tors, and of ABL together with the chronic myeloid leukemia
oncoprotein, BCR-ABL.* It has been reported that some solid
tumor cell lines such as small cell lung*® and pancreatic cancer
cell lines,*® coexpress c-Kit and Kit ligand. We recently found
that cultured MSCs coexpress mRNA for c-kit and kit ligand,
but there were few mononuclear cells that express c-kit and kit
ligand in the xenograft resulting from transplantation of
KM12SM cells mixed with MSCs (data not shown).In addition,
imatinib might affect other tyrosine kinases expressed in tumor
cells. Further studies are needed to clarify whether c-Kit in
MSCs or other tyrosine kinases in tumor cells are involved in
tumor progression vig tumor-MSC interaction.

Int. J. Cancer: 132, 813-823 (2013) © 2012 UICC

In addition, though we showed that MSCs promote tumor
growth and metastasis in cotransplantation models, we think
it would be more convincing if we could show that intrave-
nous administration of MSCs also enhances tumor progres-
sion. In the natural setting, MSCs exist at low frequencies in
human adult bone marrow, accounting for 0.00001% to
0.001% of mononuclear cells in bone marrow. However,
MSCs may travel from bone marrow to tumor stroma con-
tinuously. We administered 1.0 x 10° MSCs by one-shot in-
travenous injection. In this model, MSCs did not promote tu-
mor growth and metastasis (data not shown). We speculate
that this is because the number of MSCs was not adequate
for enhancement of tumor growth. It would be very interest-
ing to know whether MSCs affect tumor growth if adminis-
tered continuously, but if we do this in mice, they will die of
pulmonary embolism. Thus, it is experimentally difficult to
inject MSCs continuously as the same as a natural setting.
Thus, it is experimentally difficult to mimic continuous MSC
release.

Our study findings point to a possibility that migration of
MSCs and the tumor-promoting effects of MSCs can be con-
trolled by molecularly targeted antitumor drugs aimed at
bone marrow-derived cells.
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Abstract. Renal cell carcinoma is the most frequently occur-
ring neoplasm in the adult kidney, leading to poor prognosis.
Therefore novel biomarkers are required for the prediction of
early metastasis following nephrectomy. The aim of the present
study was to investigate whether or not expression levels of
miR-486, detected in RNA isolated from formalin-fixed
paraffin-embedded tissue sections, can predict prognosis for
patients with renal cell carcinoma (RCC). Expression levels
of miR-486 were measured by quantitative reverse transcrip-
tase-polymerase chain reaction in 150 RCC cases. Expression
of miR-486 in RCC samples was ~2.7-fold higher than in
corresponding non-neoplastic kidney samples (P<0.0001). In
stage IIT and IV RCC cases (n=46), a high miR-486 expression
in tumors was associated with worse cancer-specific mortality,
independent of clinical covariates, including TNM staging
(P=0.0064). In addition, miR-486 expression tended to be asso-
ciated with cancer-specific mortality in stage III and IV RCC
patients who were not treated with interferon-a (Kaplan-Meier
analysis, n=14, P=0.0574). These results suggest that miR-486
is a promising biomarker to identify poor prognosis in RCC
patients. As expression of miR-486 was measured from
formalin-fixed paraffin-embedded (FFPE) samples, this study
demonstrated that measurement of miR-486 may be readily
translated into clinical applications.

Introduction

Renal cell carcinoma (RCC) is the most common neoplasm in
the adult kidney and accounts for 2-3% of malignant diseases
in adults. Locally extensive or metastatic RCC, even following
complete resection, have worse prognoses compared to
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Health Sciences, 1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551,
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organ-confined diseases. Therefore, there is a need to identify
novel biomarkers that enable prediction of early metastasis
after nephrectomy, and to develop novel targeted therapies.

Cancer develops as a result of multiple genetic and epigen-
etic alterations. Better knowledge of changes in gene expression
that occur during carcinogenesis may lead to improvements
in diagnosis, treatment and prevention. Potential biomarkers
identifying high-risk patients have been reported, however,
assessment methods for these biomarkers often involve
RNA-based techniques and require fresh frozen tissues. By
contrast, formalin-fixed paraffin-embedded (FFPE) tissue
samples have been collected during decades of routine histo-
pathological examinationand those are the most widely available
materials in clinical use. However, formaldehyde-containing
fixatives cause cross-linkage between nucleic acids and
proteins, rendering subsequent extraction and quantification
of RNA challenging (1). A major obstacle to RNA expression
analysis of FFPE tissues has been the uncertainty as to whether
or not gene expression analyses from routinely archived tissues
accurately reflect the expression levels prior to fixation, since
the fixation process is likely to cause a high degree of RNA
fragmentation (2). Given that naturally occurring small RNAs
are not affected by fragmentation and therefore do not expe-
rience loss of quality, targeting miRNAs is more suitable for
analysis of RNA extracted from FFPE samples.

miRNAs are 18- to 25-nucleotide, non-coding RNA
molecules that regulate the translation of several genes (3).
miRNA expression levels are altered in most types of human
cancers (4-6). Several RCC studies have examined miRNAs by
microarray analysis using a relatively small amount of frozen
tissue samples. Various miRNAs that are dysregulated in RCC
have been identified (7,8). Several lines of evidence indicate
that miR-486 has oncogenic properties. Overexpression of
miR-486 has been reported in cutaneous T-cell lymphoma

" (9). High serum or plasma expression levels of miR-486 have

been reported in non-small cell lung (10) and gastric cancers
(11). miR-486 has also been reported to target PTEN and
FOXOI, which negatively affect PI3K/Akt signaling (12).
The Akt-signaling pathway functions as a potent activator of
growth and survival signaling (13). However, expression of
miR-486 has not been investigated in RCC.

In the present study, we investigated the association of
miR-486 expression with RCC patient prognosis (n=150) using
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quantitative reverse transcription polymerase chain reaction
(gRT-PCR) of FFPE samples. In addition, since it has been
reported that olfactomedin 4 (OLFM4), which encodes the
olfactomedin 4 protein, is one of the direct targets of miR-486
(14), immunohistochemical analysis of olfactomedin 4 was
carried out in RCC tissues.

Materials and methods

Tissue samples. In a retrospective study design, 150 primary
tumors were collected consecutively from patients diagnosed
with RCC who underwent surgery between 2001 and 2008 at
the Hiroshima University Hospital (Hiroshima, Japan). Only
patients without preoperative radiotherapy or chemotherapy
were enrolled in the study. Of 150 patients, 129 were at
stages 1, Il and II1, while 21 were at stage I'V. The 129 patients
with stage I, II and III RCC underwent curative resection.
Of the 129 patients with stage I, II and III RCC, 20 received
adjuvant therapy (interferon-o) (15). Of the 21 patients with
stage IV RCC, 17 received postoperative therapy using
interferon-a (15). Postoperative follow-up was scheduled
every 1,2 or 3 months during the first 2 years after surgery,
and every 6 months thereafter unless more frequent follow-up
was deemed necessary. Chest-abdominal computed tomog-
raphy scan and serum chemistries were performed during
each 6 month visit at least. Patients were monitored by their
physician until they succumbed to the disease or the date of
the last documented contact. The median follow-up period was
64 months (range, 2-120). Operative mortality was defined as
death within 30 days of the patient leaving the hospital, and
these patients were omitted from the analysis.

For gqRT-PCR analysis, archival FFPE tissues were used.
Histological classification was based on the World Health
Organization system. RCC cases were classified into clear cell
RCC (ccRCC) and non-ccRCC. Tumor staging was performed
according to the TNM grouping system. Since written informed
consent was not obtained, for reasons of strict privacy protec-
tion, identifying information for the samples was removed
prior to analysis. This procedure was in accordance with the
Ethical Guidelines for Human Genome/Gene Research of the
Japanese Government.

RNA extraction and gRT-PCR. FFPE samples were sectioned
(10 um), deparaffinized and stained with hematoxylin and
eosin (H&E) to ensure that the sectioned block contained
tumor cells. The tumor areas in the adjacent sections were
marked under a light microscope without hematoxylin staining.
Tumor areas were macrodissected with sterile disposable scal-
pels and subjected to RNA isolation using the Recover AlI™
Total Nucleic Acid Isolation kit (Ambion, Austin, TX, USA),
according to the manufacturer's instructions. Expression levels
of miR-486 and RNUGB were measured using TagMan® assays
for miRNA (Applied Biosystems, Austin, TX, USA) in such
a manner that the identity and clinical outcomes of samples
were blinded. Complementary DNA (cDNA) was synthesized
using miRNA-specific primers and the TagMan® MicroRNA
Reverse Transcription kit (Applied Biosystems) according to
the manufacturer's instructions. Briefly, 40 ng of RNA was
reverse transcribed in a 20 ul reaction with gene-specific RT
probes. qRT-PCR was performed using the ABI 7900 Version
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Table 1. Association between miR-486 expression and clinico-
pathological characteristics.

miR-486 expression

Characteristics High (%) Low  P-value
Age (years)
<66 48 (69) 22 0.1084
266 64 (80) 16
Gender
Male 80 (73) 29 0.5552
Female 32 (78) 9
T classification
1 71 (77) 21 0.5009
2 12 (71) 5
3 27 (69) 12
4 2 (100) 0
N classification
0 107 (76) 34 0.4049
1 2 (50) 2 :
2 3 (60) 2
M classification
0 98 (75) 32 0.6119
1 14 (70) 6
Tumor stage
I 71 (79) 19 0.1792
I 10 (71) 4
I 16 (67) 8
v 15 (68) 7
Histological classification
ccRCC 101 (74) 36 0.3649
Non-ccRCC 11 (85) 2
Venous invasion
Positive 35 (74) 12 0.9699
Negative 77 (75) 26
Interferon-a. treatment
Received 23 (62) 14 0.0519
Not received 89 (79) 24

¢cRCC, clear cell renal cell carcinoma.

2.3 Sequence Detection System (Applied Biosystems). RNU6B
was used as an endogenous normalization control for miR-486.
The assays were performed in triplicate. Quantification of

" miR-486 relative expression was calculated using the RQ

manager 1.2 (Applied Biosystems).

Immunohistochemistry. FFPE samples were sectioned,
deparaffinized and stained with H&E to ensure that the
sectioned block contained tumor cells. Adjacent sections
were then stained immunohistochemically with the
Dako EnVision+ Mouse Peroxidase Detection System
(DakoCytomation, Carpinteria, CA, USA). Antigen retrieval
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Figure 1. (A) Kaplan-Meier curves of miR-486-high or -low renal cell carcinoma (RCC) in stage [-1V patients. Cancer-specific mortality did not statistically vary
in high- and low-miR-486 cases. (B) Kaplan-Meier curves of miR-486-high or -low RCC in stage 111 and IV patients. High-miR-486 expression had significantly
worse cancer-specific mortality compared to those with low-miR-486 expression. (C) Kaplan-Meier curves of miR-486-high or -low RCC in stage III and IV
patients who did not receive interferon-a treatment. Cancer-specific mortality of patients with high-miR-486 expression tended to be worse compared to that of
patients with low-miR-486 expression. (D) Kaplan-Meier curves of miR-486-high or -low RCC in stage Il and IV patients who received interferon-o treatment.
Expression of miR-486 was not significantly associated with therapeutic outcome.

was performed by microwave heating in citrate buffer (pH 6.0)
for 30 min. After peroxidase activity was blocked with 3%
H,O, methanol for 10 min, sections were incubated with
normal goat serum (DakoCytomation) for 20 min to block
non-specific antibody binding sites. Sections were incubated
with primary antibodies against olfactomedin 4 (1:50 dilution,
using an anti-olfactomedin 4 antibody raised in our labora-
tory) (16) for 1 h at room temperature, followed by incubations
with EnVision+ anti-mouse peroxidase for 1 h. Staining was
completed with 10-min incubation with the substrate-chro-
mogen solution. Sections were counterstained using 0.1%
hematoxylin.

Statistical analysis. Associations between clinicopathological
characteristics and miR-486 expression were analyzed using
the Fisher's exact test. To evaluate the associations between
clinical covariates and cancer-specific mortality univariate
and multivariate Cox regression analysis was used and
conducted using SPSS software (SPSS Inc., Chicago, IL, USA).
Hazard ratio (HR) and 95% confidence interval (CI) were
estimated from the Cox proportional hazard models. For the
analyses, age was treated as a categorical variable (65 plus >65
vs. <65 years old). For the final multivariate Cox regression
models, the variables that were moderately associated (P<0.10)
with cancer-specific mortality were included. Differences in
miR-486 expression levels between the two groups were
determined by the Mann-Whitney U test using Graphpad
Prism 5.0 (Graphpad Software, Inc., San Diego, CA, USA).
Kaplan-Meier survival curves were constructed for high- and
low-miR-486 patients using the Graphpad Prism 5.0 software.
Differences between survival curves were tested for statistical
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significance using the log-rank test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of miR-486 in RCC and non-neoplastic kidney
tissue. The expression of miR-486 and the corresponding
non-neoplastic kidney tissue samples were assessed in
86 RCC cases using qRT-PCR. The expression of miR-486
in RCC samples was ~2.7-fold higher compared to that in
corresponding non-neoplastic kidney samples (P<0.0001,
Mann-Whitney U-test).

Association between miR-486 expression levels and
clinicopathological characteristics. Expression of miR-486
was examined in 64 additional RCC tissue samples using
gRT-PCR. We investigated the association between the
clinicopathological characteristics and miR-486 expression
levels in 150 RCC cases (Table I). These 150 RCC cases
were divided into high- and low-miR-486 cases. When
low-miR-486 expression was classified according to the
lowest quartile, the number of high- and low-miR-486 cases
was 112 and 38, respectively. Expression of miR-486 was not
associated with clinicopathological characteristics such as
gender, T, N and M classifications, tumor stage or venous
invasion. ’

Association between miR-486 expression and survival.
The association between miR-486 expression levels and
cancer-specific mortality was evaluated. The Kaplan-Meier
analysis for the 150 RCC cases (stages I-IV) was performed.
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Table II. Univariate and multivariate Cox regression analysis of miR-486 expression and cancer-specific mortality in stage III

and IV RCC.
Univariate analysis Multivariate analysis
Characteristics HR (95% CI) P-value HR (95% CI) P-value
Age (years)
<66 1 (Ref.) 0.5719
=66 1.24 (0.58-2.66)
Gender
Male 1 (Ref.) 0.5919
Female 0.73 (0.17-2.08)
Histological classification
Non-ccRCC 1 (Ref.) 05714
ccRCC 0.64 (0.18-4.00)
Venous invasion
Negative 1 (Ref.) 09318
Positive 1.04 (0.42-3.10)
T classification
172 1 (Ref.) 0.8861
3/4 1.09 (0.37-4.60)
N classification
0 1 (Ref.) 0.0315 1 (Ref)) 0.9832
1/2 273 (1.10- 6.24) 1.01 (0.32-2.89)
M classification
0 1 (Ref.) 0.0035 I (Ref)) 0.2398
1 3.16 (1.46-7.08) 0.31 (0.05-2.47)
Tumor stage
11 1 (Ref.) 0.0005 I (Ref.) 0.0386
v 4.03 (1.82-9.54) 9.72 (1.14-59.82)
Interferon-a treatment
Not received 1 (Ref.) 0.5558
Received 1.28 (0.57-3.28)
miR-486 expression
Low 1 (Ref.) 0.0202 1 (Ref.) 0.0064
High 3.38 (1.18-14.26) 433 (1.45-18.71)

RCC, renal cell carcinoma; ccRCC, clear cell RCC; HR, hazard ratio; CI, confidence interval.

Figure 2. Immunohistochemical analysis of olfactomedin 4. (A) In non-neoplastic kidney, olfactomedin 4 staining was observed in uriniferous tubule but not
glomerulus (original magnification, x200). (B) In renal cell carcinoma, olfactomedin 4 staining was not present (original magnification, x400).
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As shown in Fig. 1A, cancer-specific mortality did not statisti-
cally vary in high- and low-miR-486 cases.

Patients with RCC at stage I and II have a good rate of
survival, whereas it is difficult to predict patient survival with
stage III and IV RCC. These patients would benefit greatly
from prognostic biomarkers. Therefore, we analyzed the
prognostic value of miR-486 expression in patients with stage
III and IV RCC (n=46). Using the Kaplan-Meier analysis,
we found that RCC cases with high-miR-486 expression had
significantly worse cancer-specific mortality compared to
those with low-miR-486 expression (P=0.0331, log-rank test,
Fig. 1B). Since treatment with interferon-o for patients with
stage III and IV RCC may affect patient survival, individuals
who did not receive interferon-a treatment (n=14) were
assessed. Although cancer-specific mortality among patients
with high- and low-miR-486 expression exhibited no statisti-
cally significant difference (P=0.0574, log-Rank test, Fig. 1C),
cancer-specific mortality of patients with high-miR-486
expression tended to be worse compared to that of patients
with low-miR-486 expression.

To evaluate the potential for miR-486 expression as a
prognostic predictor in patients with stage 11l and IV RCC,
univariate and multivariate Cox proportional hazards analyses
were used to evaluate the association of miR-486 expres-
sion with cancer-specific mortality (Table II). Findings of
the univariate analysis showed that N (HR, 2.73; 95% CI,
1.10-6.24; P=0.0315) and M classifications (HR, 3.16; 95% CI,
1.46-7.08; P=0.0035), tumor stage (HR, 4.03; 95% ClI,
1.82-9.54; P=0.0005) and miR-486 expression (HR, 3.38;
95% CI, 1.18-14.26; P=0.0202) were significantly associated
with cancer-specific mortality. According to the multivariate

“model, which included N and M classifications, tumor stage
and miR-486 expression, expression of miR-486 was an inde-
pendent prognostic classifier of cancer-specific mortality (HR,
4.33; 95% CI, 1.45-18.71; P=0.0064).

Survival analysis was performed using an alternatively
defined cut-off point. When low-miR-486 expression was
defined on the basis of lower than median levels of expres-
sion of miR-486, the number of high- as well as low-miR-486
miR-486 cases was 75. Kaplan-Meier analysis revealed that
cancer-specific mortality did not exhibit statistically significant
differences in high- and low-miR-486 cases (data not shown).
When low-miR-486 expression was classified according to the
lowest tertile, the number of high- and low-miR-486 cases was
100 and 50, respectively. Kaplan-Meier analysis revealed that
cancer-specific mortality did not exhibit statistically significant
differences in high- and low-miR-486 cases (data not shown).

Expression of miR-486 and therapeutic outcomes. Biomarkers
that predict therapeutic outcomes may provide tools to allow
physicians to better stratify patients to more effective treat-
ments. Therefore, we analyzed the association between miR-486
expression and therapeutic outcomes in stage I1I and IV RCC
patients treated with interferon-a (n=32). However, expression
of miR-486 was not significantly associated with therapeutic
outcome (P=0.2931, log-rank test, Fig. 1D).

Expression of OLFM4 in RCC. OLFM4, which encodes the
OLFM4 protein, has been reported as one of the direct targets
of miR-486 (14). Although alteration of OLFM4 expression
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has been reported in several types of human cancer (16-18),
expression of OLFM4 in RCC has not been investigated.
Therefore, the expression of OLFM4 was analyzed using
immunohistochemistry in 86 RCC cases. In non-neoplastic
kidney, OLFM4 staining was observed in uriniferous tubules
but not in glomeruli (Fig. 2A). By contrast, OLFM4 staining
was not expressed in RCC cells (Fig. 2B). No OLFM4 staining
was detectable in the 86 RCC cases.

Discussion

Several lines of evidence have suggested that miRNAs are
useful as biomarkers as well as therapeutic targets for cancer.
Prediction of the survival of patients with stage Il and [V RCC
remains difficult, and these groups would benefit from the
detection of prognostic markers that identify individuals for
whom adjuvant or post-operative treatment would be advanta-
geous. In the present study, RNA from 150 FFPE RCC tissues
was prepared, since biomarkers developed from FFPE samples
may be more readily translated into clinical application.
Expression of miR-486 in patients with stage III and IV RCC
was significantly associated with cancer-specific mortality
according to a Kaplan-Meier analysis. The univariate and
multivariate Cox proportional hazards analyses demonstrated
that expression of miR-486 was an independent prognostic
classifier. Furthermore, since treatment with interferon-a for
patients with stage III and IV RCC affects patient survival,
individuals who did not receive interferon-a treatment were
assessed. Although cancer-specific mortality among patients
with high- and low-miR-486 expression showed no statistically
significant difference, cancer-specific mortality of patients
with high-miR-486 expression tended to be worse compared
to that of patients with low-miR-486 expression. This finding
suggests that miR-486 expression is associated with a more
aggressive RCC histology. Taken together, these results indi-
cate that miR-486 is a promising biomarker to identify patients
with poor prognosis in stage I1I and IV RCC.

In the present study, we demonstrated that miR-486 expres-
sion was associated with cancer-specific mortality in patients
with stage I and stage IV RCC. In addition, miR-486 expres-
sion was associated with cancer-specific mortality in stage I1I
and IV RCC patients who were not treated with interferon-a.
Therefore, measurement of miR-486 expression may help
identify patients with a high risk of disease recurrence, while
treatment with interferon-a may be indicative for patients with
miR-486-positive RCC. However, it is unclear whether such
patients may benefit from interferon-a treatment. To address
this issue, we examined whether or not miR-486 expression
was able to identify patients for whom interferon-a treatment
is beneficial in stage III and IV RCC. However, expression
of miR-486 was not significantly associated with therapeutic
outcome. These results suggest that even when patients with
a high risk of disease recurrence are identified by miR-486
measurement, those patients may not benefit from interferon-a
treatment. Novel therapeutic methods may be more effective
for these patients.

miR-486 has been reported to have oncogenic properties.
Overexpression of miR-486 has been reported in several
human malignancies. In the present study, although expression
of miR-486 in RCC samples was significantly higher compared
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to that in corresponding non-neoplastic kidney samples,
expression of miR-486 was not associated with tumor stage.
Therefore, high-miR-486 expression is likely to be involved
in carcinogenesis, but not in tumor progression. Since targets
of miR-486 are PTEN and FOXOI (12), expression of PTEN
and FOXOI may be low in high-miR-486 RCC cases. In addi-
tion to PTEN and FOXOI, one of the targets of miR-486 is
OLFM4 (14). In the present study, although OLFM4 staining
was observed in uriniferous tubules, staining of OLFM4 was
not detected in the 86 RCC cases. Previously, we showed that
patients with OLFM4-positive gastric cancer had a better
survival rate compared to patients with OLFM4-negative
gastric cancer (16). Forced expression of OLFM4 has also
been reported to decrease cell adhesion and migration (17,18).
Taken together, OLFM4 is likely to have tumor suppressive
properties in RCC. Given that staining of OLFM4 was not
detected in the 86 RCC cases, overexpression of miR-486 is
unlikely to have a major role in the loss of OLFM4.

In summary, we showed that a high-miR-486 expression is
an independent prognostic classifier in stage III and IV RCC.
Therefore, measurement of miR-486 helps identify high-risk
patients. In this study, expression of miR-486 from FFPE
samples was assessed. Therefore, measurement of miR-486
can be readily translated into clinical applications.
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Objectives: To investigate the clinical significance of micro-ribonucleic acid-155 in
clear cell renal cell carcinoma, in particular focusing on the association of expression
levels of micro-ribonucleic acid-155 with clinicopathological factors, cancer-specific sur-
vival and therapeutic outcomes in clear cell renal cell carcinoma patients.

Methods: Quantitative reverse transcription polymerase chain reaction of micro-
ribonucleic acid-155 was carried out on 137 clear cell renal cell carcinoma cases, con-
taining 77 matched pairs of clear cell renal cell carcinoma and normal adjacent kidney
tissues from the same patients.

Results: Significant overexpression of micro-ribonucleic acid-155 was found in clear
cell renal cell carcinoma compared with normal kidney tissue. Expression of micro-
ribonucleic acid-155 was not associated with prognosis in all stage groups. However, in
43 patients with stage Il and IV clear cell renal cell carcinoma, low expression levels of
micro-ribonucleic acid-155 correlated with a poor prognosis. Regarding cancer-free sur-
vival of 26 patients with stage Ill and IV clear cell renal cell carcinoma who received
curative resection and cancer-specific survival of 31 patients who received postopera-
tive therapy with interferon-o, after radical nephrectomy, low expression levels of micro-
ribonucleic acid-155 correlated with poor clinical outcomes in these two groups.
Conclusions: Low expression of micro-ribonucleic acid-155 represents a valuable
marker of poor clinical outcomes in patients with stage Ill and IV clear cell renal cell
carcinoma.

Key words: hypoxia-inducible factor-1a, micro-ribonucleic acid, micro-ribonucleic
acid-155, quantitative reverse transcript polymerase chain reaction, renal cell
carcinoma.

Introduction

RCC is the most common neoplasm of the adult kidney and the incidence is increasing
worldwide, and the most common subtype is ccRCC.! If detected early, ccRCC can be
treated surgically, and 5-year survival rates approaching 85% can be achieved for patients
with organ-confined disease.’ In reality, 40-50% of patients develop metastatic disease;
20-30% present with metastases, and 20-30% relapse distantly after curative nephrectomy.
Treatment options for these patients are limited, and expected S-year survival is approxi-
mately 10%.? Therefore, it is necessary to identify new biomarkers enabling prediction of
early metastasis after nephrectomy and to develop new targeted therapies.

MiRNA are short non-coding RNA of 18-25 nucleotides in length that regulate gene
expression post-transcriptionally. Aberrant miRNA expression is reported in many cancers,
suggesting that they have a novel role as oncogenes or tumor suppressors.” Recent evi-
dence showed the diverse clinical uses of miRNA for cancer as diagnostic, prognostic and
predictive markers.® Differential expression of miRNA has been investigated in RCC.
MiR-122, miR-155, miR-21, miR-106a, miR-182, miR-106b and miR-210 have been
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reported to be overexpressed in RCC, whereas miR-141,
miR-200¢, miR-335 and miR-218 are downregulated.”'*
MiR-155 has repeatedly been identified through miRNA
microarray profiling as upregulated in RCC tissue and its
biological role has been studied.'"'? A significant correlation
was found between miR-155 expression and tumor size.™*'¢
Although miR-155 correlates with prognosis in breast
cancer, lung cancer, hepatocellular carcinoma, colorectal
cancer and pancreatic tumors,'’?! there is only one report
examining the correlation between miR-155 and prognosis
in ccRCC, which was analyzed in just 31 cases and showed
no prognostic impact of miR-155.% To confirm the correla-
tion between miR-155 and prognosis of ccRCC patients,
more validation studies in large sample sets should be
carried out.

In the present study, we analyzed expression levels of
miR-155 in 137 ccRCC cases by qRT-PCR, and compared
these to the expression levels from 77 corresponding normal
kidney tissue samples. Furthermore, the associations
between expression levels of miR-155 and clinicopathologi-
cal factors including prognosis were also investigated.

Methods
Tissue samples

In total, 137 primary tumor samples and 77 normal adjacent
samples were collected from patients diagnosed with
ccRCC. Patients were treated at the Hiroshima University
Hospital from 1993 to 2010. Some cases, from a single
institution, that did not have available tissue and clinical
information about postoperative follow up were excluded.

Clinical stage was determined according to the AJCC
Cancer Staging Manual, 7th edition. Patient’s ages ranged
between 34 and 89 years, with a median of 66 years. Histo-
logical diagnosis was established according to the guidelines
of the World Health Organization. Cases were selected
according to tissue availability and were not stratified for
any known preoperative or pathological prognostic factor.
The median follow-up time for all cases was 65 months and
ranged from 2 to 188 months. We measured tumor sizes in
123 ccRCC tissue samples that could be confirmed macro-
scopically in pathological samples.

Because written informed consent was not obtained, for
strict privacy protection the identifying information for all
samples was removed before analysis. This procedure was in
accordance with the Ethical Committee for Human Genome
Research of Hiroshima University (Hiroshima, Japan).
Clinical details of the patients are summarized in Table 1.
We analyzed 43 samples to confirm stage III and IV in 137
samples. The patient’s clinical details are summarized in
Table 2.

For gqRT-PCR, 137 ccRCC samples and 77 correspond-
ing normal adjacent samples were used. Samples were FFPE

tissues from 137 patients who had undergone surgical exci-
sion for ccRCC.

MIRNA extraction and gRT-PCR

MiRNA was extracted using a RecoverAll Total Nucleic
Acid Isolation Kit for FFPE tissues (Ambion, Foster City,
CA, USA). Reverse transcription was carried out using a
TagMan microRNA reverse transcription kit (Applied Bio-
systems, Foster City, CA, USA) according to the manufac-
turer’s protocol. Hsa-miR-155 was detected using TagMan
MicroRNA assays (Assay ID 000479; Applied Biosystems).
Real-time quantification of ¢cDNA was carried out on a
7900HT Fast Real-Time PCR System (Applied Biosys-
tems). Expression data were normalized according to
expression of the RNU48 reference DNA (Assay ID
001006; Applied Biosystems).?

Immunchistochemistry

THC was carried out on 4-um thick sections of FFPE. Immu-
nohistochemical analysis was carried out with a Dako EnVi-
sion+ System- HRP Labelled Polymer anti-mouse (Dako
Cytomation, Carpinteria, CA, USA). Antigen retrieval for
HIF-1¢, was carried out by microwave heating in citrate
buffer (pH 6.0) for 30 min. After peroxidase activity had
been blocked with 1% H20; / 50% methanol for 10 min,
HIF-1¢, was detected with a mouse monoclonal antibody
Mab HIio67 (1:200; Novus Biologicals, Littleton, CO,
USA). A total of 64 sections were incubated with primary
antibody for 1 h at room temperature, and then with Dako
EnVision+ System- HRP Labelled Polymer anti-mouse for
1 h. For color reaction, sections were incubated with 3,3~
diaminobenzidine Substrate-Chromogen Solution (Dako
Cytomation) for 3s. Sections were counterstained with
0.1% hematoxylin. The cut-off point for antibody reactivity
necessary to define a result as positive was staining of
any cells with muclear localization in surgically resected
specimens.

THC was carried out on 64 ccRCC samples, including 39
with the lowest expression of miR-155 tissue and 25 with
the highest expression of miR-155 tissues of 137 patients
who had undergone surgical excision for ccRCC.

Statistical analysis

Statistical differences between miRNA expression levels in
ccRCC samples and normal kidney samples were evaluated
using the Wilcoxon matched pairs test. Statistical differ-
ences of RNU48 reference DNA were evaluated using the
non-parametric Mann—Whitney U-test. For analysis of cor-
relation between expression levels of miR-155 and tumor
size, we used the non-parametric Spearman’s rank correla-
tion coefficient. The correlation between expression levels
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Table 1 Clinical characteristics of the 137 ccRCC patients
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The expression levels of miR-155 were divided into two groups low and ’nlgh expressron of mlR 155 based on the medlan mlR 155
expresmon Ievel {cut off line = the medlan miR-155 expressmn levelin-this group) Correspondmg mednan value =-0. 0831

of miR-155, clinicopathological parameters and expression multivariate analysis of factors influencing survival were
of HIF-1¢ in THC was analyzed with Fisher’s exact test. A carried out using the Cox proportional hazards model. And
log—rank test and Kaplan—-Meier plots were constructed for parameters at multivariate analysis were selected by the
the miR-155-high and miR-155-low groups. Univariate and stepwise method. The HR and 95% CI were estimated from
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Table 2. Clinical characteristics of 43

Sex (%)
~Male R
“Female o
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pT stage( )
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-The expreSSIon levels’ of mlR 155 were dlwded mto two groups low and high expressmn of miR- 155 based on the medaan iR 155
expression level (cut off lme the medlan me 155 expreSSIOn Ieve[ |n thls group) Correspondmg medlan value =-0. 081 1 '

the Cox proportional hazard model. Wilcoxon matched pairs
test, Pearson’s product-moment correlation coefficient,
Fisher’s exact test, a log—rank test and Kaplan-Meier plots
were calculated using IMP software version 10 (SAS Insti-
tute, Cary, NC, USA). The Cox proportional hazards model,
stepwise method and concordance, R? and Wald test were
calculated using the R statistical environment (http://
www.R-project.org). For all analyses, age was treated as a
categorical variable (65 years or more vs less than 65 years).

A P-value of less than 0.05 was considered statistically
significant.

Results

Exprassion levels of miR-155 between
ccRCC and normal kidney tissues

We analyzed 77 matched pairs of ccRCC and normal adja-
cent kidney tissues from the same patients by qRT-PCR. To
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Expression levels of miR-155 (log2)

by

n=77,P<0.001
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Fig. 1 Expression of miR-155 between tumor and normal
kidney tissue in 77 ccRCC samples in all stages (P < 0.001).

show the usefulness of RNU48 as a reference gene, we
analyzed the expression of RNU48 between tumors and
normal adjacent kidney tissue in 77 matched pairs of ccRCC
samples (Fig. S1a). The expression level of RNU48 in some
clinicopathological parameters in 137 ccRCC samples was
also examined (Fig. S1b). The expression level of RNU48
showed no significant difference between tumors and
normal adjacent kidney, and also among all clinicopatho-
logical parameters. Therefore, we confirmed that RNU48 is
stably expressed in ccRCC and is useful as a reference gene.

Differences between the two groups were evaluated using
the Wilcoxon matched pairs test. Highly significant differ-
ences were identified between 77 ccRCC with all stages and
normal adjacent kidney tissues in the expression levels of
miR-155 (P < 0.001), as well as limited to 63 ccRCC with
stage I and II (P < 0.001), and 14 ccRCC with stage IIT and
IV (P =0.0138; Fig. 1).

Relationship between miR-155 expression
and tumor size

We analyzed the correlation between expression levels of
miR-155 and tumor size in 123 ccRCC tissues in which the
tumor sizes had been established. Tumor size ranged
between 0.8 and 17 cm, with a median of 4.6 cm. For analy-
sis of the correlation between expression levels of miR-155
and tumor size, we used the non-parametric Spearman’s
rank correlation coefficient. There were no statistically sig-
nificant differences, but expression levels of miR-155
tended to be associated with a tumor size (r=0.2045,
P =0.0943; Fig. 2).
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Expression levels of miR-155 (log2)

Tumor size (cm)

Fig. 2 Correlation between expression levels of miR-155 and
tumor size in 123 samples. Pearson’s product-moment corre-
lation coefficient 0.2045 (P = 0.0943).

Expression levels of miR-155 and
clinical prognosis

To determine the difference in CSS and CFS on the basis of
expression levels of miR-155, we divided the sample into
two groups (low and high expression levels of miR-155)
based on the median miR-155 expression level in the group.
Kaplan—Meier plots were constructed in 137 ccRCC with all
stages. This analysis showed no association with prognosis
(P =0.7001; Fig.3a). In contrast, when limited to the
stage III and IV groups, the analysis showed significant dif-
ferences for CSS on the basis of miR-155 expression levels;
low expression levels of miR-155 were correlated with poor
prognosis in Kaplan—-Meier plots and log-rank tests
(P =0.0337; Fig. 3b). Regarding the CFS of 26 patients with
stage III and IV ccRCC who had received curative resection,
means status of no visible residual tumor clinically after
radical nephrectomy with or without metastatectomy. Low
expression levels of miR-155 tended to be associated with a
high rate of recurrence (P = 0.0614; Fig. 3c). We also ana-
lyzed CSS in 31 patients who had received postoperative
IFN-o therapy after radical nephrectony, and found that low
expression levels of miR-155 were associated with poor
prognosis (P = 0.0464; Fig. 3d).

Univariate and multivariate analysis of
factors influencing survival

In univariate analyses, M stage, histological grade, infiltrat-
ing type, pT stage and pN stage were correlated with poor
prognosis. Although high expression levels of miR-155 in
univariate analysis were not correlated with poor prognosis,
the independent predictors in the multivariate analysis were
M stage, pT stage, pN stage and low expression levels of
miR-155 (Table 3). In univariate analysis confined to
patients with stage I1I and IV ¢ccRCC, M stage, pN stage and
low expression levels of miR-155 were correlated with poor
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Fig.3 (a) CSS of 137 patients with ccRCC based on the
expression levels of miR-155 {cut-off line = the median miR-155
expression level in this group). Corresponding median
value = -0.0831; P = 0.7001. (b) CSS of 43 patients with ccRCC
based on the expression levels of miR-155 (cut-off line =the
median miR-155 expression level in this group) in stage il and
IV. Corresponding median value = -0.0811; P = 0.0337. {c) CFS
of 26 patients after undergoing curative resection for ccRCC
based on the expression levels of miR-155 (cut-off line = the
median miR-155 expression level in this group) in stage Il and
0 1 [ Log-lank tesItP =0.7001 | IV. Corresponding median value = 0.6190; P = 0.0614. (d) CS5
0 50 100 150 200 of 31 patients with ccRCC based on expression levels of miR-

Follow up (months) 155 (cut-off line = the median miR-155 expression level in this
b) group) in 31 patients who received postoperative therapy with
IFN-o. after radical nephrectomy. Corresponding median
value = 0.59781; P = 0.0464. mei==, MiR-155 high; w=se=s miR-155
low.

-
<@
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100 e

804
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40

20+

Cancer specific survival (%)

prognosis. Independent predictors in multivariate analysis
were M stage, histological grade, pT stage and low expres-
sion levels of miR-155. These experiments yielded that low
expression of miR-155 was an independent indicator of poor

Cancer specific survival (%)

Log-lank test P = 0.0337

0 ; 5|0 ] é 0 . é 0 5 é 0 prognosis (Table 4).
Follow up {months)
] Relationship between HIF-1o expression
100+ and expression of miR-155
s 80 We used [HC to investigate the association between HIF-1at
T—;: expression and expression of miR-155 in 64 ccRCC samples
g 6047 o o n=13 that included 39 lowest expression of miR-155 tissue and 25
§ highest expression of miR-155 tissues in the 137 samples we
“; 40 1, n=13 analyzed.
2 In the 39 low expression levels of miR-155 ccRCC, the
SIS HIF-1o positive and HIF-10a negative tumor frequency were
0 : l Log-lank tesltP= 0.0614 l 17 out of 39 (44%) and 22 out of 39 (56%). In contrast, in
0 50 100 150 200 the 25 high expression of miR-155 ccRCC, the HIF-lo
Follow up (months) positive and HIF-10, negative tumor frequency were 17 out

(d) of 25 (66%) and eight out of 25 (32%; Fig. 4). For analysis

; of the correlation between expression of miR-155 and HIF-
1o, we used the Fisher’s exact test. This difference was not
statically significant, but high expression levels of miR-155
tended to be associated with a high HIF-lo expression
(P =0.0744; Table 5).

Discussion

Cancer specific survival (%)

RCC remains to be one of the leading causes of death, so
0 ; : . | finding new molecular targets for its diagnosis, prognosis
0 50 100 150 200 and treatment has the potential to improve the clinical strat-

Follow up (months) egies and outcomes of this disease. One of the most fre-
quently studied miRNA in cancer biology, miR-155, has
also been repeatedly identified through miRNA microarray
profiling as upregulated in ccRCC tissue. It has been

Log-lank st - 0.0464
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Table 3 Univariate and multivariate analysis of fz

fluencing survival in 137 patients with ccRCC
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reported that miR-155 levels are almost 30-fold higher in
¢cRCC compared with normal tissues.'s Consistent with this
result, our gRT-PCR analysis showed that expression levels
of miR-155 were 6.2-fold higher in 77 matched pairs of
¢cRCC than in normal adjacent kidney tissues (P < 0.001).
The correlation between high expression levels of miR-155
and tumor size in ccRCC has been reported,”® and we also
confirmed a significant association between expression of
miR-155 and tumor size ( = 0.2045, P = 0.0238). The avail-
able experimental evidence indicates that miR-155 is over-
expressed in a variety of malignant tumors. MiR-155
behaves as an oncogenic miRNA in breast cancer, lung
cancer, hepatocellular carcinoma, colorectal cancer and pan-
creatic tumors.'™?! It has been reported that miR-155 down-
regulates many tumor suppressor genes that repress PI3K or
apoptosis-related signaling.!™** MiR-155 can be attributed
to c¢cRCC tumor progression.

A significant correlation was found between low expres-
sion levels of miR-155 and prognosis in 43 patients with
stage 1T and IV ¢ccRCC using the log—rank test, and univari-
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| test =5293 on 6 d.f. (P<0:0001).

5w 2u0ps

ate and multivariate analysis. Especially in multivariate
analysis, low expression levels of miR-155 showed a strong
correlation with poor prognosis (P = 0.0010), and the CFS
of 26 patients who had received curative resection tended to
be associated with low expression levels of miR-155. We
also found a significant correlation between low expression
levels of miR-155 and prognosis in 31 patients who had
received postoperative therapy with IFN-o after radical
nephrectomy. These results are inconsistent with the results
of all 137 cases. In general, the central part of a tumor will
be in an ischemic and hypoxic state. Tumor cells undergo a
variety of biological responses when placed in hypoxic
conditions, including activation of signaling pathways that
regulate proliferation, angiogenesis and cell death by the
transcription factor HIF-1¢.%* The overexpression of
HIF-1a is one of the important characteristic genetic abnor-
malities in ccRCC.? It has also been reported that hypoxia-
induced miR-155 plays a role as a component of a network
of negative feedback loops that controls HIF-1¢. transla-
tion.”” It is well known that HIF-1¢. overexpression is a
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marker of unfavorable prognosis in human cancers and
increases with tumor size.?*3 Based on the results of the
Fig. 4 IHC staining for HIF-1a. in ccRCC. HIF-Ta.immunoreac- present study, miR-155 is expressed with increasing tumor
tivity in nuclei of tumor cells. size, much as HIF-1a. Consistent with these results and past
reports, expression of HIF-1a also tended to be more fre-
quently found in ccRCC cases with high expression levels of
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miR-155 in THC (P = 0.0720). In 137 ccRCC of all stages,
there were no associations with prognosis in Kaplan—-Meier
plots, because this group includes many small tumor cases
where it is suspected that there is a low expression of both
HIF-lo. and miR-155. However, when limited to the
stage IIT and IV ¢cRCC groups, low expression levels of
miR-155 showed a strong correlation with poor prognosis in
Kaplan—Meier plots. This group includes many large tumor
cases where it is suspected that both HIF-1a and miR-155
are highly expressed. It is suspected that expression of miR-
155, in part, suppressed by certain factors might lead to
breaking the state of the negative feedback loop and accu-
mulation of HIF-lo, and worsening of the prognosis.
Further study should be carried out to clarify which factors
downregulate expression of miR-155 in advanced ccRCC
showing poor prognosis.

In summary, the present study showed that miR-155 was
significantly upregulated in ccRCC compared with normal
tissue, and high expression levels of miR-155 were corre-
lated with increased tumor size. We also identified that the
expression of miR-155 was significantly suppressed in
patients with stage III and IV ¢cRCC and was associated
with poor prognosis. Thus, miR-155 might be a valuable
biomarker for predicting the survival of patients with
stage IIT and IV RCC, and play an important role in ccRCC
progression.
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