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Significance of intracellular localization of survivin in cervical
squamous cell lesions: Correlation with disease progression
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Abstract. Survivin is a member of the inhibitor of apoptosis
protein family. Under normal circumstances, survivin is
expressed in embryonic and fetal tissues, but is completely
downregulated in normal adult tissues. Notably, this protein
has been found to be prominently expressed in a variety of
human malignant tumors. The present study was designed
to evaluate the possible role of survivin in the tumorigenesis
of cervical intraepithelial neoplasia and invasive squamous
cell carcinoma (SCC) of the uterine cervix. In addition, it
was investigated whether the nuclear or cytoplasmic expres-
sion of survivin is associated with tumor progression. In
total, 71 samples of cervical squamous tissue were obtained,
including 15 normal squamous epithelia, 25 high-grade squa-
mous intraepithelial lesions (HSILs) and 31 SCCs, from cone
biopsy and hysterectomy specimens and stained for survivin
expression by immunohistochemistry. The intensity of
survivin expression tended to increase with tumor progres-
sion (60.0% of normal mucosa, 76.0% of HSIL and 80.6% of
SCC samples demonstrated high intensity survivin expres-
sion), but this correlation was not found to be statistically
significant. However, a statistically significant difference was
identified in the intracellular localization of survivin among
the normal mucosa, HSIL and SCC samples (P<0.001). In
total, 72% (18/25) of HSIL and 54.8% (17/31) of SCC cases
expressed cytoplasmic staining in contrast to the nuclear
staining of the normal mucosa. In addition, 64% (16/25) of
HSIL and 42% (13/31) of SCC cases showed coexpression in
the nucleus and cytoplasm. An inverse correlation was identi-
fied between the decrement of nuclear survivin expression
and tumor progression, but was not statistically significant
(P=0.08). These results indicated that analysis of the intra-
cellular expression of survivin (particularly cytoplasmic
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expression) is a marker for predicting disease progression in
the uterine cervix.

Introduction

Apoptosis is an essential mechanism for the preservation of the
homeostasis and morphogenesis of human tissue. Disturbance
of this process by aberrantly extending cell viability or favoring
accumulation of the transforming mutation is considered to
contribute to carcinogenesis (1-3). The two major classes of
apoptosis inhibitors are the Bcl-2 family and the inhibitor of
apoptosis (IAP) protein family. The first IAP was identified
in baculovirus (4) and, following this, a number of other IAPs
have been identified in various mammalian species, including
humans (5). Survivin is one of eight IAP proteins and has a
number of distinct features which are not shared with other TAP
members (6). Survivin is the shortest polypeptide, consisting of
142 amino acids, and its expression is cell cycle-regulated and
occurs in the G2/M phase. In addition, survivin functions to
inhibit apoptosis and regulate cell division, and also enhances
angiogenesis (7,8). In general, IAP proteins are key in the
negative regulation of apoptosis, and act by directly binding to
caspase-3 and -7, inhibiting the process of cell death (9). The
survivin protein is abundantly expressed during fetal develop-
ment in humans, but rarely presents in adult tissues. However,
expression of survivin has been reported in the majority
human tumors, which suggests that alterations in survivin
gene regulation commonly occur during tumorigenesis (10).
Due to this upregulation in malignancy and its functional
involvement in apoptosis as well as proliferation, survivin is
currently attracting considerable interest as a potential cancer
biomarker and a new target for cancer treatment (11).

Targeting the apoptosis pathways for cancer treatment
is supported by several observations, which emphasize the
role of aberrant apoptosis in tumorigenesis and resistance to
anticancer treatment (12). Evasion of apoptosis is critical for
tumor growth and is a hallmark of cancer cells (13). Specific
conventional antitumor therapies, including DNA-damaging
and antimicrotubule agents, exert their function by activating
the intrinsic apoptosis pathway (14).

Previously, the intracellular localization of survivin in
cancer cells has been reported to express biological features
of cancer behavior (15). In addition, survivin mRNA levels or
cytoplasmic expression of the protein has been associated with
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a poor outcome in various types of cancer (16-24). However,
previous studies have reported opposing conclusions with
regard to the significance and prognostic value of nuclear
survivin expression (25-33). These observations suggest that
the differential localization of survivin may indicate different
protein functions and affect patient prognosis (15).

The purpose of the present study was to investigate the
subcellular survivin expression levels in normal mucosa,
high-grade squamous intraepithelial lesions (HSILs) and
squamous cell carcinomas (SCCs) of the uterine cervix by
immunohistochemistry. In addition, the association between
the intracellular localization of survivin and histological diag-
nosis of the uterine cervix were examined, and the biological
significance of the difference in intracellular localization of
survivin protein was evaluated.

Materials and methods

Samples. In total, 71 samples of cervical squamous tissue
were obtained, including 15 normal mucosa, 25 HSILs and
31 SCCs, from cone biopsy and hysterectomy performed at
the Department of Obstetrics and Gynecology of the Chosun
University Hospital (Gwangju, South Korea) between January,
2005 and December 2011. The Insititional Review Board of
Chosun University Hospital waived the requirement for written
informed consent due to the nature of the study (CHOSUN
2013-07-006-01).

Histopathological analysis. Each specimen was re-evaluated
by retrospective analysis of the medical records and the tissue
slide files at the Department of Pathology, College of Medicine,
Chosun University (Gwangju, South Korea). Age, human
papilloma virus (HPV) infection status and histological diag-
nosis were assessed. The examined tissues were fixed in 10%
neutral formalin and the prepared paraffin-embedded tissues
were sectioned (4-5 pm in thickness). Hematoxylin and eosin
staining was performed and the sections were examined under
a light microscope (Olympus BX51; Olympus Corporation,
Tokyo, Japan). A representative area of tumor suitable for
the study purpose was selected and slides were prepared for
immunohistochemical analysis.

Immunohistochemical staining. All the specimens were
tested using a rabbit anti-human survivin polyclonal anti-
body (1:1,000; NeoMarkers, Fremont, CA, USA), according
to the manufacturer's instructions. Immunolocalization was
performed using the mouse ImmunoCruz Staining System
(sc-2050; Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA), according to the manufacturer's instructions. The
staining process was performed according to standard
protocol. Briefly, the 4-um sections obtained following
formalin fixation and paraffin embedding were deparaffinized
in xylene and then rehydrated with distilled water through a
graded series of ethanol solutions. The sections were then
placed in a glass jar with 10 mmol/I citrate buffer (pH 6.0)
and were irradiated in a microwave oven for 15 min. The
sections were allowed to cool in the jar at room temperature
for 20 min. The slides were then rinsed with Tris-buffered
saline and, after quenching the endogenous peroxidase
activity in 0.3% hydrogen peroxide for 10 min, a blocking
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reagent (sodium chloride-citrate; Ventana Medical Systems,
Tucson, AZ,USA) was added for 10 min. The slides were then
washed as described previously and subsequently subjected
to the primary antibody reaction. Immunohistochemistry
was performed on the NexES autoimmunostainer (Ventana
Medical Systems) and slides were incubated with the primary
antibodies for 32 min. The ultraview universial DAB detec-
tion kit (cat. no. 760-500; Ventana Medical Systems) was
used as the secondary detection method. This kit includes
biotinylated immunoglobulin secondary antibody, containing
affinity purified goat anti-mouse IgG and IgM (b200; 1 g/ml)
and goat anti-rabbit IgG (b200; 1 g/ml) in phosphate-buffered
saline with preservative. Incubation was performed for 8 min
and was followed by the addition of conjugated streptavidin
horseradish peroxidase for 8 min. Slides were then coun-
terstained with hematoxylin (cat. no. 760-2021; Ventana
Medical Systems).

Analysis and interpretation of staining. Representative histo-
logical sections of the lesions were immunohistochemically
stained with antibody against survivin and analyzed for the
expression of survivin. The immunostaining was defined as
positive when >20% of tumor cells were stained for survivin in
the nucleus or cytoplasm (15). The samples were subjectively
classified according to the staining intensity of the nucleus and
cytoplasm. Cases were classified as negative (score 0, 0-5%),
weakly positive (score 1, 5-20%), moderately positive (score 3,
20-50%) and strongly positive (score 4, >50%), according to
the intensity of the staining reaction (15). Next, the samples
were reclassified as low intensity (score 0-2) or high intensity
(scores 3 and 4).

Statistical analysis. Statistical evaluation was performed
using SPSS 12.0 (SPSS, Inc., Chicago, IL, USA). The y* test
was used to demonstrate the correlation between survivin
expression and histological diagnosis. P<0.05 was considered
to indicate a statistically significant difference.

Results

Immunohistochemistry results. The expression of survivin was
examined in 71 cervical lesion samples. By immunohistochem-
istry, survivin expression was observed in the nucleus and/or
cytoplasm of cervical squamous epithelial cells. The nuclear
expression of survivin without cytoplasmic expression was
detected in 50.7% (36/71) of all samples [normal, 100% (15/15);
HSIL, 28.0% (7/25); and SCC, 45.2% (14/31)], while the cyto-
plsmic expression of survivin without nuclear expression was
observed in 49.3% (35/71) of all samples [normal, 0% (0/15);
HSIL, 72.0% (18/25); and SCC, 54.8% (17/31)]. Furthermore,
the nuclear and cytoplasmic dual reactivity of survivin was
detected in 40.8% (29/71) of all squamous epithelial cell
samples [normal, 0% (0/15); HSIL, 64.0% (16/25); and SCC,
41.9% (13/31)] (Table I).

Correlation between the intensity of survivin expression and
histological diagnosis. The correlation between the intensity of
survivin expression and histological diagnosis was examined.
The intensity of survivin expression tended to increase with
tumor progression; 60.0% of normal mucosa, 76.0% of HSILs
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Table 1. Differences between the intracellular localization of
survivin in the normal mucosa, HSIL and SCC (%).
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Table II. Differences between the intensity of survivin expres-
sion in the normal mucosa, HSIL and SCC (%).

Normal Normal

mucosa, HSIL, SCC, Total, mucosa, HSIL, SCC, Total,
Localization n (%) n (%) n (%) n (%) P-value Intensity n (%) n (%) n (%) n (%) P-value
Nucleus 15 (100) 7 (28.0) 14 (45.2) 36 (50.7) Low* 6(400) 6(240) 6(194) 18(254)
Cytoplasm 0 (0) 18 (72.0) 17 (54.8) 35 (49.3) High® 9 (60.0) 19 (76.0) 25 (80.6) 53 (74.6) <0.1¢
Dual® 0(0) 16 (64.0) 13 (41.9) 29 (40.8) <0.001"  Total 15 (21.1) 25(35.2) 31(43.7) 71 (100.0)
Total 15 (21.1) 25(35.2) 31 (43.7) 71 (100.0)

“Localization to the nucleus and cytoplasm; "P<0.05 was considered
to indicate a stastically significant difference. HSIL, high-grade squa-
mous intraepithelial lesion; SCC, squamous cell carcinoma.

Staining intensity scores: “low, scores 0 and 1; and "high, scores 2 and 3.
°P<0.05 was considered to indicate a statistically significant difference.
HSIL, high-grade squamous intraepithelial lesion; SCC, squamous cell
carcinoma.

Figure 1. Immunohistochemical staining of survivin. (A) High-grade squamous intraepithelial lesion (cervical intraepithelial lesion 2, upper right) with viral
cytopathic effects associated with human papillomavirus infection shows strong cytoplasmic immunoreactivity in contrast to the adjacent normal squa-
mous epithelium. Invasive squamous cell carcinoma exhibits variable survivin expression, including (B) weak nuclear and moderate cytoplasmic expression,
(C) strong nuclear expression without cytoplasmic expression and (D) strong nuclear and weak cytoplasmic expression.

and 80.6% of SCCs revealed high intensity of survivin expres-
sion. However, this correlation was not found to be statistically
significant (Table II).

Intracellular localization of survivin among normal mucosa,
HSIL and SCC samples. In viral cytopathic lesions (with HPV
cytopathic effects), the koilocytes showed cytoplasmic staining
without nuclear expression. A statistically significant difference
was identified in the intracellular localization of survivin among
the normal mucosa, HSILs and SCCs (P<0.001; Table I). In
total, 72.0% (18/25) of HSIL and 54.8% (17/31) of SCC cases
expressed cytoplasmic immunoreactivity, in contrast to the
nuclear staining of all normal mucosa samples. In addition,

64.0% (16/25) of HSIL and 41.9% (13/31) of SCC cases showed
coexpression in the nucleus and cytoplasm (Fig. 1A-D). An
inverse correlation was identified between the decrement of
nuclear survivin expression and tumor progression, but this was
not statistically significant (P=0.08).

Discussion

In a number of developing countries, cervical cancer is the most
common fatal malignancy in females; however, there has been
a marked reduction in mortalities due to cervical cancer as a
result of the success of diagnostic cytopathology (34-36). The
majority of cervical cancers are SCC and most cervical SCC
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cases are preceded by cervical intraepithelial lesions (CINs),
including low-grade squamous intraepithelial lesions (LSILs)
and HSILs (37,38). While HSIL more commonly appears to
progress to invasive cancer compared with LSIL, it is not always
possible to determine the risk of progression in individual
SILs (39). Molecular markers of malignant potential may be
important in the detection of lesions that exhibit the greatest
potential for progression to cancer and may also be involved in
increasing the sensitivity of current diagnostic techniques (39).

Previously, survivin mRNA levels or cytoplasmic protein
expression have been associated with poor outcome in various
types of cancer, including breast cancer (16), lymphoma (17),
non-small cell lung cancer (18), liver cancer (19), gastric
carcinoma (20), ovarian carcinoma (24) and colorectal
cancer (21-23). In the present study, the cytoplasmic expression
of survivin was found to increase in dysplastic lesions (HSILs
and SCCs) compared with the normal mucosa. Certain previous
contradictory studies have shown that the nuclear staining of
survivin is associated with a favorable prognosis in gastric (25)
and breast (26) cancer. In addition, the expression of nuclear
survivin in osteosarcoma (27), transitional cell carcinoma of
the urinary bladder (28), pancreatic cancer (29) and non-small
cell lung cancer (30) has been found to correlate with a good
prognosis. However, in hepatocellular carcinoma, esophageal
SCC and epithelial ovarian tumors, the expression of nuclear
survivin has been found to correlate with an unfavorable prog-
nosis (31-33). In the present study, an inverse correlation was
identified between the decrement of nuclear survivin expression
and tumor progression, but was not statistically significant
(P=0.08). The reason for these different prognostic results in the
subcellular localization of survivin in different cancers remains
unclear (15). However, despite certain inconsistent results, the
bulk of data concerning numerous human cancer types support
the theory that the cytoplasmic expression of survivin is associ-
ated with cancer progression and poor prognosis (9,40).

In the present study, survivin was detected in the normal squa-
mous epithelia, cervical dysplasia (HSILs and SCCs in situ) and
invasive SCC. Although there is an increasing tendency of disease
progression, the intensity of survivin expression is unlikely to have
a potential role as a diagnostic or prognostic marker for cervical
SCC. These results suggest that the biological behavior of cervical
dysplasia may differ according to the intracellular localization of
survivin. The function of cytoplasmic survivin may be important
for malignant progression. Elucidation of the role of cytoplasmic
survivin may define the clinical significance of survivin expres-
sion in cervical dysplastic lesions. In addition, we suggest that the
inhibition of the cytoplasmic localization of survivin may present
a novel strategy for cervical cancer treatment.
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