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Abstract Altered expression of survivin and leukocyte antigen
class I (HLA-I) proteins is associated with tumor progression.
This study investigated their expressions in clear cell renal cell
carcinoma (ccRCC) tissues for association with a clinical sig-
nificance of ccRCC patients. Ninety ccRCC and 20 normal
tissue samples (i.e., control) were immunohistochemically
stained for survivin and HLA-I expression for an association
with clinicopathological data and survival of ccRCC patients.
Survivin protein was expressed in 82.2 % (74/90) of ccRCC
tissue samples compared to 0 % in the normal tissues, and
HLA-I protein was expressed in 90 % (18/20) of the normal
tissues vs. 67.8 % (61/90) in ccRCC samples. Survivin expres-
sion was associated with tumor grade, stage, and lymph node
metastasis (p=0.000, p=0.016, and p=0.001, respectively).
Conversely, lost HLA-I expression did not have any associa-
tions with clinicopathological data (p>0.05). Survivin-negative
patients had a higher tumor-free survival rate than patients with
survivin expression (p=0.037). Patients with normal HLA-I

S.Liu-L. Qi (X)) - X. Zu

Department of Urology, Xiangya Hospital, The Central South
University, 87 Xiangya Road, 410008 Changsha, Hunan, China
e-mail: urinologist_xyql@163.com

W. Han - S. Jiang - F. Zeng * Y. Xie
Department of Urology, The Affiliated Tumor Hospital of Xiangya
Medical School, The Central South University, Changsha, China

Q. Yu
Department of Rheumatology,
Ningbo Medical Center Li Huili Hospital, Ningbo, China

Y. Song
Department of Oncology, Xiangya Hospital,
The Central South University, Changsha, China

J. Yuan
Department of Urology, The First Affiliated Hospital of Harbin
Medical University, Harbin, China

levels had a higher tumor-free survival rate than those with
reduced HLA-I levels (p=0.02). The uni- and multivariate
analyses indicated that expression of survivin and HLA-I,
individually and in combination, was an independent predictor
for survival of ccRCC patients. Overexpression of survivin but
reduced HLA-I expression is useful in the prediction of tumor-
free survival of ccRCC patients.
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Introduction

Renal cell carcinoma (RCC) is the most frequently diagnosed
primary tumor in the kidney accounting for more than 85 % of
all renal malignancies [1], with annual estimations of 209,000
new cases and 102,000 cancer-related deaths in the world [2].
Clear cell renal cell carcinoma (ccRCC) represents the pre-
dominant subtype of RCC and constitutes for approximately
75-80 % of all cases [3]. Surgery is the most effective treat-
ment for RCC, while chemo- and radiotherapy are not as
successful in controlling RCC. However, approximately a
quarter of RCC clinic patients will develop a metastatic dis-
ease despite curative surgical removal of the primary tumor
[4]. Early diagnosis and reliable prognostic biomarkers are the
keys for the improvement of clinical outcome for RCC
patients [5-7].

Survivin is a member of the inhibitor of apoptosis (IAP)
family. Survivin protein functions to inhibit caspase activa-
tion, thereby leading to a negative regulation of apoptosis.
Thus, it has been characterized to have a strong antiapoptotic
activity [8]. Normally, survivin is not expressed in differenti-
ated tissues or cells except for the testis, thymus, and placenta
[9], but it was reported to be significantly upregulated in
various cancer tissues, such as bladder [10], cervical [11],
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colon [12], and lung [13] cancers. Overexpression of survivin
could assist in the early diagnosis and prediction of tumor
prognosis and could serve as a novel target for cancer therapy
[6, 14]. A recent study demonstrated that survivin expression
was associated with advanced clinicopathological stages and
grades of ccRCC, while ccRCC patients with low survivin
levels had a better survival rate compared to patients with high
survivin-expressed tumor [15]. Overexpression of survivin
protein could inhibit tumor cell apoptosis, promote metastatic
ability of tumor cells, and increase genomic instability [16],
thereby boosting malignant phenotypes, such as local invasion
and distant metastasis [5, 17]. Furthermore, human leukocyte
antigen class I (HLA-I) genes provide instructions for making
proteins that are present on the surface of almost all cells.
HLA-I proteins display these peptides to the immune system,
and if the immune system recognizes the peptides as foreign
(such as viral or bacterial peptides), it responds by destroying
the infected cells. HLA-I can target different types of cells,
including CD8" cytotoxic T lymphocytes, which results in
apoptosis [16]. Expression of the HLA-I protein was reduced
in a number of cancers and contributed to the host’s inability
to effectively manage CD8" cytotoxic T lymphocyte (CTL)
activation and subsequent tumor immune escape [18]. In
addition, mature donor T cells, the major cell type
facilitating such effects, harbor HLA-I molecules as
the dominant antigen-presenting component, indicating
that HLA-I molecules play an important role in tumor immune
therapy [19, 20].

Both altered expression of survivin and HLA-I proteins
could contribute to ccRCC tumor progression, €.g., survivin
promotes tumor cell immortalization, and HLA-I is through
evasion of the immune system. However, these two proteins
preserve tumor cell viability via very different mechanisms;
thus, they may have synergistic effects on ccRCC progression.
Thus, we explored their clinical significance in ccRCC tumors
obtained from 90 surgically treated patients with more than
5 years of median follow-up data.

Material and methods
Patients and specimen source

Ninety primary renal cancer and 20 cases of distant normal
tissue samples (at least 1 cm away from a tumor lesion) were
obtained from ccRCC patients that underwent radical or par-
tial nephrectomy between August 2004 and September
2006 at the Department of Urology, Xiangya Hospital, The
Central South University. None of the patients received any
preoperative chemo- and radiotherapy or other medical inter-
ventions. The patients consisted 52 men and 38 women
(mean age, 52.2 years; ranging between 30 and 80 years).
All cases were pathologically diagnosed to have ccRCC and
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staged in accordance with the latest tumor-node-metastasis
(TNM) classification system. The clinicopathological charac-
teristics of the patients were retrieved from the medical re-
cords and are summarized in Table 1. Follow-up data were
obtained by phone interview, postal letter communication, and
outpatient clinical database. All patients were monitored from
the date of initial surgery until death or the closing date of this
study (November 30, 2011). The mean follow-up time period
was 48.7 months (range between 4 and 62 months). This study
was reviewed and approved by the Ethics Committee of The
Central South University, and an informed consent form was
signed by each patient before surgery.

Immunohistochemistry

To detect the expression of survivin and HLA-I proteins,
formalin-fixed and paraffin-embedded tissue sections were
immunostained with a polyclonal antisurvivin antibody (at
1:200 dilution; Santa Cruz Biotechnology, Santa Cruz, CA,
USA,) or an anti-HLA-I antibody (at 1:100 dilution; Abcam,
Cambridge, UK) using standard techniques [21, 22]. The
immunostained sections were then evaluated in accordance
with a previous study [23]. Briefly, all tissue sections were
reviewed under a light microscopy and scored for at least five
fields at ax400 magnification independently by two patholo-
gists who were unaware of any clinical or outcome data.
Tissue sections were considered to be survivin positive if the
cytoplasm and cell membrane stained brown (Fig. 1). In

Table 1 Association of survivin expression with clinicopathological data
from ccRCC patients

Clinical information Number Survivin p value
+ —

Age (years) 0.553
<50 34 29 5
>50 56 45 11

Gender 0.673
Male 52 42 10
Female 38 32 6

Tumor size (cm) 0.65
<7 41 38 3
>7 49 36 13

Fuhrman grade 0.01
Gl and G2 32 19 13
G3 and G4 58 55 3

TNM stage 0.01
T1 and T2 35 21 14
T3 and T4 55 53 2

Lymph node metastasis 0.006
Negative 29 19 10
Positive 61 55 6
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contrast, HLA-I expression was determined by staining on the
membrane of tumor cells and graded semiquantitatively ac-
cording to the following criteria: 0, no visible staining; 1, over
20 % of tumor cells stained weakly or incomplete membrane
staining or intermediate staining in the cytoplasm, but
none on cell membrane (Fig. 1); and 2, over 80 % of
tumor cells presented positive membrane staining
(Fig. 1). HLA-I production was classified as reduced
immune expression (0 or 1) or normal (2). All images
were captured using a Nikon E1000 microscopic imaging
system (Tokyo, Japan).

Statistical analyses

Statistical analyses were performed using SPSS software ver-
sion 16.0 for Microsoft Windows (SPSS, Inc., Chicago, IL,
USA). Group differences for qualitative variables were ana-
lyzed using chi-square test or Fisher’s exact test. Tumor-free
survival of patients was stratified using the Kaplan-Meier
method and was statistically analyzed using the log-rank
statistic. Uni- and multivariate analyses using Cox

Fig. 1 Expression of survivin and HLA-I proteins in clear cell renal
carcinoma tissues vs. distant normal tissues. a Survivin expression in
normal renal tissue. b Survivin expression in ccRCC tissue (dense tumor
cytoplasmic staining for surviving). ¢ HLA-I expression in normal renal
tissue. d, e Reduced HLA-I immune expression in ccRCC tissues. f
Ilustration of proposed survivin and HLA-I interaction. / Survivin

proportional hazard models were conducted to measure cor-
relations between clinicopathological factors and tumor-free
survival. A p<0.05 was considered statistically significant.

Results

Expression of survivin and HLA-I proteins in ccRCC tissue
specimens

In this study, we first assessed survivin expression in 20 pairs
of normal and tumor tissue samples using immunohistochem-
istry and found that none of 20 normal tissues expressed the
survivin protein. Thus, we continued analyzing survivin ex-
pression in these 90 cases of tumor samples. Our data showed
that survivin protein was undetectable in 20 cases of the
normal kidney tissues but was expressed at various levels in
74 of the ccRCC tissues (Fig. 1a) and produced a survivin-
positive rate of 82.2 %. Survivin protein was mainly expressed
in the cytoplasm and sometimes on the membrane of tumor
cells. In contrast, the HLA-I protein was clearly expressed in
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presented on tumor cell surface as a tumor-specific antigen that is recog-
nized by CTLs, which leads to intense lymphocytic infiltration. 2 CTLs
will be activated and produce IFN~y. 3 IFN-y further stimulates HLA-I
expression in tumor cells. 4 Reduced HLA-I expression induces immune
escape of tumor cells. 5 Reduced HLA-I expression does not occur in
survivin-expressing cells
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18 of 20 distant normal kidney tissues (Fig. 1c) but was
reduced in the ccRCC tissues. In particular, 31.1 % (28/90)
of the cases expressed low levels of HLA-I protein (score 0),
36.7 % (33/90) moderately expressed the HLA-I protein
(score 1), and 32.2 % (29/90) highly expressed the HLA-I
protein (score 2). Thus, the HLA-I protein was reduced in
67.8 % (61/90) ccRCC cases. Altogether, 58 % (52/90) of the
cases of ccRCC tissues expressed high levels of survivin but
reduced HLA-I expression, while 8 % (7/90) of the cases of
ccRCC tissues expressed high levels of HLA-I, but without an
increase in survivin expression. Furthermore, 24 % (22/90) of
the cases of ccRCC tissues expressed both normal levels of
HLA-I and survivin proteins, and 10 % (9/90) of the cases of
ccRCC tissues expressed low levels of HLA-I and survivin
proteins.

Association of survivin and HLA-I expression
with clinicopathological features from ccRCC patients

Survivin expression was associated with advanced tumor
grade/stage and lymph node metastasis (p=0.001, p=
0.016, and p=0.001, respectively; Table 1). Conversely,
there were no significant differences observed between
survivin expression and other patient data, such as age
or gender (p>0.05; Table 1). Furthermore, HLA-I ex-
pression exhibited no significant association with age,
gender, clinical stage, tumor grade, or lymph node metastasis
(p>0.05; Table 2).

Table 2 Association of HLA-I expression with clinicopathological
features from in ccRCC patients

Clinical information Number  HLA-I p value
Normal  Reduced

Age (years) 0.55
<50 34 11 23
>50 56 18 38

Gender 0.004
Male 52 23 29
Female 38 6 32

Tumor size (cm) 0.45
<7 41 14 27
>7 49 15 34

Fuhrman grade 0.46
G1 and G2 32 11 21
G3 and G4 58 18 40

TNM stage 0.54
T1 and T2 35 11 24
T3 and T4 55 18 27

Lymph node metastasis 0.53
Negative 29 9 20
Positive 61 20 41
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Association of survivin and HLA-I expression with survival
of ccRCC patients

ccRCC patients were monitored for up to 62 months with a
median of 48.7 months (ranging between 4 and 62 months).
MRI, CT, or B-mode ultrasound was performed every
6 months following surgery. There were 28 patients who
experienced relapse in this cohort of patients. Patients with
survivin-negative expression had a higher tumor-free survival
rate than those survivin-positive counterpart patients (p=
0.037, Fig. 2a); this figure also demonstrated that the sub-
group of patients with high survivin and low HLA-1 expres-
sion had an extremely poor prognosis (median survival of
15 months). However, patients with ccRCC who expressed
normal HLA-I levels displayed a higher tumor-free survival
rate than those with reduced HLA-I levels (p=0.020, Fig. 2b).
Tumor-free survival of ccRCC patients with survivin and
HLA-I expression was significantly greater than that of pa-
tients with survivin expression, but reduced HLA-I levels (p=
0.002, Fig. 2¢). Tumor-free survival of ccRCC patients with
survivin-negative and HLA-I expression was significantly
greater than that of patients with survivin-negative expression,
but reduced HLA-I expression (p=0.022, Fig. 2d). Similarly,
ccRCC patients with high levels of HLA-I expression, but
with low levels of survivin expression, had much better
tumor-free survival than ccRCC patients with high levels of
survivin, but reduced HLA-I expression (Fig. 3). The uni- and
multivariate analyses indicated that expression of survivin and
HLA-I individually and in combination was independent pre-
dictors for tumor-free survival of ccRCC patients (Table 3).
The univariate analysis showed that tumor stage, grade, lymph
node metastasis, and survivin or HLA-I expression were as-
sociated with poor survival of ccRCC patients, while the
multivariate analysis showed that tumor grade and survivin
or HLA-I expression were independent predicators for surviv-
al of ccRCC patients (Table 3).

Discussion

In this study, we detected an expression in survivin and HLA-I
proteins in ccRCC vs. normal kidney tissues for biomarker
discovery. Survivin protein was upregulated, but the HLA-I
protein was downregulated in ccRCC tissues. Overexpression
of the survivin protein was associated with advanced ccRCC
grade/stage and lymph node metastasis, but downregulation of
the HLA-I protein was not associated with all the clinicopath-
ological data from the patients. Moreover, overexpression of
survivin but a reduction in the HLA-I protein was associated
with poor tumor-free survival of ccRCC patients. When these
two proteins were combined, the prediction value of tumor-
free survival was far more dramatic. The uni- and multivariate
analyses demonstrated that expression of survivin and HLA
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Table 3 Univariate and multivariate analyses of clinicopathological factors affecting tumor-free survival of ccRCC patients

Characteristics Univariate analysis

Multivariate analysis

HR (95 % CI)

p value HR (95 % CI) p value

Gender
Male
Female
Age
<50
>50
Tumor size (cm)
<7
>7
TNM stage
Tand II
I and IV
Fuhrman grade
Grades 1 and 2
Grades 3 and 4
Lymph node metastasis
Absent
Present
Survivin expression
Survivin (-)
Survivin (+)
HLA-I expression
HLA-I (+)
HLA-I ()
Combination 1
HLA-I (+)/survivin (—)
HLA-I (-)/survivin (—)
HLA-I (+)/survivin (+)
HLA-I (-)/survivin (+)

1
1.21 (0.78-1.51)

1
0.88 (0.62-1.96)

1
1.32(0.79-1.83)

|
1.82 (0.93-3.64)

1
2.79 (1.62-6.04)

1
1.76 (1.22-2.96)

1
3.02 (2.22-6.38)

1
2.67 (1.28-5.53)

1
1.89 (1.02-3.34)
1.20 (0.78-2.62)
2.82 (1.45-5.35)

0.442

0.327

0.125

0.002

0.001

0.008

0.001

0.003

0.009
0.063
0.001

1.52 (0.78-2.06)

2.23 (1.43-5.56)

1.44 (0.62-2.16)

2.56 (1.65-5.67)

2.07 (1.30-4.42)

1.53 (0.87-2.64)

2.07 (1.23-4.04)

0.062

0.044

0.067

0.033

0.026

0.082

0.014

HLA-I (+) normal HLA-I levels, HLA-I (—) reduced HLA-I levels, (+) positive, (—) negative

individually and in combination is an independent predictor
for tumor-free survival of ccRCC patients. The results indi-
cated that the detection of these two proteins may be further
evaluated as a biomarker for the prediction of ccRCC progres-
sion and tumor-free survival.

Commonly, survivin is expressed in embryonic and fetal
organs, but not in most terminally differentiated normal cells
[9]. It functions as a suppressor of cell death, and the mech-
anism of its action involves a physical association with initi-
ator and effector caspases, preventing the proteolytic matura-
tion and enzyme activities of the caspases [5, 6, 24]. Indeed,
Mahalingam et al. [25] reported that the effectiveness of
combined histone deacetylase (HDAC) inhibitor vorinostat
and the mammalian target of rapamycin (mTOR) inhibitor
temsirolimus on a panel of RCC cell lines in vitro and in
two xenograft models in vivo was due to the suppression of
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survivin expression and corresponding induction of apoptosis
and enhanced inhibition of angiogenesis. Our data demon-
strated that 82.2 % of the ccRCC tissue samples increased
levels of survivin expression, but none of the normal kidney
tissues had a detectable level of survivin protein. Thus,
targeting survivin could be a promising therapeutic strategy
to improve RCC therapy [24].

Furthermore, previous studies demonstrated that survivin
expression was associated with a clinical significance of sev-
eral types of cancer, such as bladder [10], cervical [11], colon
[12], and lung cancers [13]. In this study, survivin expression
was associated with advanced pathological stage and tumor
differentiation in ccRCC patients, i.e., a poorly differentiated
ccRCC and lymph node metastasized ccRCC expressed a
higher level of the survivin protein. This finding was consis-
tent with previous studies [10—13], which suggests that
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survivin expression is associated with ccRCC progression.
Consequently, survivin expression could also be associated
with tumor-free survival of ccRCC patients. This hypothesis
was supported by the follow-up data from the cohort of
patients used in this study, which demonstrated that patients
with survivin-expressed ccRCC generally displayed a poorer
prognosis.

Recently, it was shown that survivin-specific CTLs can be
detected in patients with CLL or malignant melanoma and that
these CTLs (when isolated by magnetic beads) were able to
lyse HLA-matched allogeneic breast cancer and malignant
melanoma cells. This finding indicated that survivin-derived
epitopes could be applied for immunotherapy of human can-
cers [26]. This assumption was strengthened by identification
of a natural processed HLA-A2 binding peptide that could be
used for generation of survivin-specific CTLs when pulsed on
dendritic cells [27]. Indeed, cell-specific immune responses
play a key role in antitumor immunity of the host against
human tumors [28-30]. As an important part of such re-
sponses, CTL-facilitated cytotoxic killing of tumor cells is
mediated by CTL recognition of tumor surface HLA-I anti-
gens. Hence, CTLs and HLA-I molecules are both
indispensible for the eradication of tumor cells [31].
Downregulation of the HLA-I protein occurred more fre-
quently in breast and prostate cancer, but less frequently in
melanoma, head and neck, lung, colorectal, and cervical car-
cinomas [32]. HLA-I protein was expressed in 90 % of distant
normal kidney tissues but downregulated in 67.8 % of the
ccRCC tissues. Although detection of the reduced HLA-I
protein alone in ccRCC tissues was not associated with any
clinicopathological data from ccRCC patients (e.g., tumor
stage, grade, or lymph node metastasis), the combination of
survivin and HLA-I expression was able to predict ccRCC
progression and survival of patients. Moreover, reduced HLA-
I protein was an early event in ccRCC and may interfere with
presentation of tumor-associated antigens to CTLs and com-
promise cellular antigenicity for reducing host antitumor ac-
tivity. Thus, the tumor cells might not be recognizable by
CTLs and result in immune escape. However, reduced HLA-
I alone may not be sufficient, and the combination with other
gene alterations, such as survivin, may synergistically advance
ccRCC and results in poor tumor-free survival. Indeed, this
hypothesis was supported by follow-up data of ccRCC pa-
tients: reduced HLA-I expression plus overexpression of
survivin protein had much poorer tumor-free survival rate than
ccRCC with normal levels of HLA-I plus negative survivin
expression. In recent years, infusion of in vitro-induced spe-
cific T lymphocytes into cancer patients has become a focus of
cancer immune therapy [33]. Our data for reduced expression
of HLA-I protein in ccRCC tissues may indicate that ccRCC is
less immunogenic and, therefore, is not effective to respond to
T cell-dependent immune therapy. Conversely, since patients
with survivin-overexpressed ccRCC and reduced HLA-I

¢cRCC had much poor tumor-free survival rate, it is suggested
that targeting survivin could be a promising therapeutic strat-
egy to improve ccRCC therapy. Our current study implicates
an expression of survivin and HLA-I as biomarkers to identify
the most aggressive ccRCC tumors. However, it remains
unclear how these two molecules work together to confer such
a poor prognosis in ccRCC. One model suggests that the
combined effect of survivin and HLA-I on ¢ccRCC tumor ag-
gressiveness occurs at the cellular level (Fig. 1f). Specifically, it
has been shown that tumor cell survivin can be recognized by
CTLs [26]. However, this study was just a proof of concept, and
further studies using larger sample sizes are needed to confirm
our data. Future studies should also unearth the underlying
molecular mechanisms responsible for alterations of these two
genes in ccRCC tissues.
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