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Abstract
Growing evidence suggests that survivin expression in cancer cell nuclei may represent an important
prognostic marker to predict disease outcome for cancer patients. Current reports in this research
area, however, are inconsistent and propose opposing conclusions regarding the significance and
prognostic value of survivin nuclear expression. The aim of our study is to review and discuss the
data reported in the original publications. We have also provided new experimental data to support
our view regarding the possible reasons for the observed inconsistencies in the literature. This would
alert researchers to pay attention to potential pitfalls in the determination of nuclear or cytoplasmic
expression of survivin for the future.
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Among the 19 publications relevant to survivin localization in nuclei or cytoplasm in various
cancer tissues, 9 showed that the expression of survivin in cancer cell nuclei is an unfavorable
prognostic marker,1–10 whereas studies from 5 of 19 proposed an opposing notion that the
nuclear expression of survivin represented a favorable prognostic marker.10–14 The remaining
5 publications did not focus on studying the significance of nuclear expression of survivin in
disease outcome, although these reports pointed out the fact that survivin could be expressed
in either cytoplasm or nuclei. 15–19 Two of these 5 studies reported that overall, survivin
expression was an unfavorable prognostic factor.16,18 The localization of survivin in nuclei
or cytoplasm was determined by immunohistochemistry (IHC) in all 19 reports. One of the 19
publications alternatively carried out Western blots using cell lysates from the fractionated
cytoplasm and nuclei for the confirmation of survivin localization.5 In addition, Nakagawa et
al.20 reported recently that nuclear localization of survivin, as well as cytoplasmic in some
cases, was essentially found in acute lymphocytic leukemia (ALL) cells whereas cytoplasmic
expression of survivin was predominantly showed in chronic lymphocytic leukemia (CLL)
cells. The significance, however, was not investigated.
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Nuclear expression of survivin is an unfavorable prognostic marker
In hepatocellular carcinoma (HCC), studies from Ito et al.1 indicated that 14 of 20 (70%) HCC
tissues showed nuclear staining of survivin, whereas non-tumor tissues showed little survivin
staining. Nuclear survivin expression strongly correlated with the proliferation index.1
Similarly, studies from Moon et al.4 showed that 22 of 35 (63%) survivin-positive specimens
(total = 47) showed punctate nuclear staining in HCC cells. In contrast, nonmalignant
hepatocytes showed only cytoplasmic staining. HCC specimens with nuclear survivin
expression showed the highest PCNA (proliferating cell nuclear antigen) labeling index and
correlated with tumor cell de-differentiation.4 Recently, Fields et al.8 reported that
immunohistochemical analyses of 72 hepatocellular carcinoma by tissue microarray indicated
43% frequency of nuclear survivin expression, which correlated with nuclear grade,
microvascular invasion, mitotic rate, MIB-1 index, local recurrence and diseasefree survival.
These observations are consistent with the previous finding that survivin interacts with Cdk4
in (growing) HCC cell lines,1 which leads to the nuclear translocation of survivin.21
Overexpression of survivin resulted in a decrease in the G0/G1 phase and an increase in the S-
phase.1 Blocking nuclear transport suppressed survivin nuclear translocation and S-phase shift.
21 These studies suggest that nuclear translocation of survivin might be a prerequisite for cancer
cell proliferation whereas the cytoplasmic presence of survivin may be associated with cell
survival but not cell proliferation. It should be pointed out that the IHC images provided in the
study by Moon and Tarnawski4 for nuclear or cytoplasmic expression of survivin seem to be
convincing.

In esophageal squamous cell carcinoma (SCC), nuclear expression of survivin was detected in
67 of 84 (80%) specimens.2 The mean patient survival (28 months) for this group was
significantly less than that for patients without survivin expression in the tumor cell nuclei (108
months). In contrast, the tumors with cytoplasmic survivin staining had no prognostic
significance.2 Whether the latter conclusion was derived from the 7 specimens with only
cytoplasmic staining of survivin or from all the 53 specimens with cytoplasmic staining of
survivin (46 of 53 with both) is not clear in the study. We should mention that one is unable
to appreciate the nuclear or cytoplasmic staining of survivin because the IHC images are in a
black and white format.

In ovarian carcinoma, Cohen et al.3 reported that 36 of 49 (74%) specimens showed nuclear
expression of survivin, which correlated significantly with high tumor grade, histologic type
and mutant p53, but not with disease-free survival. We should mention that the nuclear staining
of survivin provided in the IHC images is convincing. Recently, however, Tringler et al.
immunohistochemically analyzed 15 cystadenomas, 15 borderline tumors and 12
cystadenocarcinomas of the ovary. Eighty-seven percent of adenomas/borderline tumors
showed survivin-positivity in the nucleus but only 42% for carcinomas, which is statistically
significant. This observation suggests that nuclear localization of survivin is more common in
benign or borderline tumors than in malignant serous tumors of the ovary.9

In mantle cell lymphoma (MCL), Martinez et al.5 reported that 80 specimens examined showed
5–95% of nuclear survivin expression. Selected MCL cell lines and tumor specimens were
used for the confirmation of survivin localization by Western blot as well. The nuclear
expression level of survivin was significantly associated with proliferative activity; overall
patient survival was significantly shorter in patients with high survivin expression in the cell
nucleus.5 It should be emphasized that the results from Martinez et al.5 are not only confirmed
by Western blots but the IHC images provided in the study are also convincing.

In gastroenteropancreatic neuroendocrine tumor (GEP-NET), Grabowski et al. (personal
communication) found that among 104 GEP-NET patients, 29 patients with localized well-
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differentiated GEP-NETs without recurrence or tumor-associated deaths, survivin was not
expressed in tumor cell nuclei. In contrast, 15 of 60 (25%) patients with advanced metastatic
GEP-NETs expressed survivin in cancer cell nuclei (Dr. Hans Scherubl et al., personal
communication). Those 15 patients had a statistically significant worse prognosis (survival of
8 vs. 115 months). Their results suggest that nuclear survivin expression was inversely
correlated with tumor differentiation and grade. Although 44 of 47 well-differentiated tumors
were nuclear survivin-negative, 12 of 13 undifferentiated tumors were nuclear survivin-
positive (Dr. Hans Scherubl et al., personal communication).

In non-small cell lung cancer (NSCLC), immunohistochemistry analyses of 48 cancer samples
showed 32 cases (67%) with nuclear survivin-positivity, 39 cases (83%) with cytoplasmic
survivin-positivity and 19 cases (44%) with survivin-positive staining in both cytoplasm and
nucleus. These authors found that nuclear survivin expression was significantly associated with
poor survival, whereas cytoplasmic staining of survivin was not.7 They proposed that nuclear
presence of survivin might be an important prognostic marker for patients with NSCLC.

In cholangiocarcinoma, Javle et al.6 reported that among 24 consecutive cases of
cholangiocarcinoma, cytoplasmic survivin was detectable in 13 cases and nuclear survivin in
11. Among these, strong (>50% of cells positive) cytoplasmic survivin expression was seen in
6 cases and strong (>50% of cells positive) nuclear expression of survivin in 4. Patients with
strong nuclear survivin had a median survival of 11 months, which was significantly lower
than that for patients with weak nuclear survivin expression (20 months, p = 0.033).6

Nuclear expression of survivin is a favorable prognostic marker
In contrast with the studies described above, several studies indicated that survivin expression
in cancer cell nuclei is a favorable prognostic factor for the prediction of disease outcome for
cancer patients.

In gastric cancer, nuclear staining of survivin was observed in 109 of 133 (82%) cases.10
Interestingly, although these authors stated that nuclear survivin expression was associated
with a favorable prognosis, the IHC results indicated that nuclear expression of survivin was
associated with poor differentiation and younger age of the patients.10 In contrast, cytoplasmic
localization of survivin in 117 of 133 (88%) cases was associated with older patients.10 It is
clear from these data that 93 specimens should have both cytoplasmic and nuclear expression
of survivin. The report would be informative if the clinical outcomes of patients in this group
had been provided.

In bladder mucosa and transitional cell carcinoma (TCC), nuclear staining of survivin was
noted in 26 of 45 cases of TCC and 2 of 14 cases of in situ TCC, but not detected in healthy
bladder mucosa.11 The differential nuclear expression of survivin in TCC vs. healthy bladder
mucosa and in situ TCC was statistically significant (p < 0.001). These authors indicated,
however, that TCC patients with a nuclear survivin staining had longer disease-free survival
(27.2 months) compared to TCC patients without nuclear staining of survivin (9.9 months)
although the differences were not statistically significant.11 It should be pointed out that the
expression of survivin in nuclei or cytoplasm presented in the IHC images in this study seem
convincing.

In breast cancer, among the 176 of 293 (60%) cases of invasive primary breast carcinomas
with survivin expression, 31% showed exclusive nuclear staining of survivin, 13% showed
exclusive cytoplasmic staining and 16% showed both nuclear and cytoplasmic staining.12

These authors indicated that in a multivariate analysis, nuclear expression of survivin was a
significant independent prognostic indicator for favorable outcomes of the disease both in
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relapse-free and overall survival.12 Unfortunately, the black and white IHC images provided
in the study do not permit appreciation of the nuclear or cytoplasmic expression of survivin.

In osteosarcoma, 23 of 40 (57.5%) cases showed cytoplasmic expression of survivin, whereas
20 of 40 (50%) cases showed nuclear expression.13 These authors pointed out that nuclear
expression of survivin correlated significantly with prolonged survival but cytoplasmic
staining showed no correlation with patient outcome.13 It should be pointed out that because
we failed to obtain the original reprint, further comments regarding this study are inappropriate.

In the studies of pediatric ependymomas and choroid plexus tumors, it was shown that a
strikingly high level of survivin expression is present within normal ependyma and choroid
plexus (CP).14 Analysis of corresponding neoplastic tissue in pediatric ependymomas and CP
tumors showed that nuclear expression of survivin correlated with morphologic (low) tumor
grade, and loss of nuclear expression of survivin was associated with more anaplasia. 14

These authors believed the pattern of survivin expression supports a hypothesis that survivin
plays a functional role in normal ependymal growth or neural stem cell differentiation, and
abnormally low expression levels of survivin in nuclei may be a marker for more aggressive
disease or higher morphologic grade in ependymal and CP tumors.14 On the basis of the IHC
images provided in their Figures 1 and 3 in the original publication, however, we feel that the
dark brown/blue nuclei in the images of Figure 1A,C may not be truly survivin-positive in
nuclei (although these authors indicted in their study that the sc-10811 antisera stains nuclear
survivin). This notion is based on: (i) although the images from Figure 1E–H was stained with
the NB-500-201K3 antisera, which stain cytoplasmic survivin as indicated in the report, we
noted that very dark brown nuclei was obtained in Figure 1E,H, which are similar to that in
Figure 1B,D; (ii) our results indicated that the dark brown nuclei in the image of Figure 1B,D
are actually not survivin positive (see below). Figure 3B,C did not show nuclear survivin
staining (although using sc-10811 antisera), instead they showed cytoplasmic staining; we
agree that several nuclei were indeed stained for survivin in Figure 3D with an overall weak
survivin staining in cytoplasm. In addition, it is unbelievable that the dark brown nuclei in
Figure 3A represent strong nuclear survivin expression although there seems to be cytoplasmic
staining of survivin in Figure 3A. We feel that the authors’ interpretation for the nuclear or
cytoplasmic expression of survivin in their article requires an alternative approach such as
Western blots or a further dilution of the antibodies to confirm their unusual observation. We
have to emphasize that this is only our personal view on these IHC images from their original
study. Our views may not be entirely correct.

Additional observation
In addition to the reports described above, which presented opposing views on the prognostic
value of nuclear expression of survivin in various cancers, 5 additional reports indicated that
the expression of survivin can be in nuclei or cytoplasm.15–19 None of these reports, however,
was disease outcome correlated with the nuclear or cytoplasmic expression of survivin. Instead,
these reports focused on studies of the association of survivin expression (ignoring cytoplasm
or nuclei when analyzing their data) in cancer cells with cancer patient outcome.15–19 Below
is a summary of these studies.

In the study of survivin expression in cervical squamous tissue (31 normal, 17 low- and 15
high-grade squamous intraepithelial lesions [LSIL, HSIL] and 10 squamous cell carcinomas
[SCC]), it was found that nuclear survivin staining was detected in normal mucosa, LSILs and
HSILs. Survivin staining intensity increased in cases with morphologic evidence of human
papillomavirus (HPV) infection. Cytoplasmic staining was observed in immature squamous
metaplasia and in SCC.15 The authors believe that survivin expression in immature metaplastic
squamous mucosa may reflect a role for survivin in normal squamous differentiation whereas
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the histologic correlation between nuclear survivin staining and HPV infection suggests
involvement of survivin in HPV-mediated disruption of normal cellular maturation.15
Consistent with the increase of nuclear survivin staining in HPV-infected cells, it was reported
previously that the human immunodeficiency virus Type 1 (HIV-1) transcriptionally
upregulates survivin expression, which may be actively involved in enhancing cell viability
during HIV-1 infection.22 Moreover, it was also reported that survivin require the hepatitis B
X-interacting protein (HBXIP), which can interact with the X protein of hepatitis B virus
(HBX), as a coactivator to inhibit apoptosis.23 Viral HBX protein interacts with the survivin-
HBXIP complex and suppresses caspase activation in a survivin-dependent manner.23 Thus,
survivin could be involved in hepatitis B virus-induced hepatocellular carcinogenesis. From
this point of view, an alternative potential role for survivin upregulation in HPV-infected cells
is to increase the viability of the infected cells to facilitate the production of HPV virus or to
facilitate the HPV virus-induced carcinogenesis.

In endometrial carcinomas, studies of 51 specimens (31 endometrial carcinoma and 20 normal
endometria) showed that although survivin staining was weakly positive in some normal
endometria in the proliferative (0–5.1%) and secretory (0–15.8%) phases, its expression was
high in the nucleus or cytoplasm of the endometrial carcinoma cells.16 Scoring on the basis of
the percentage of positive cells indicated that survivin expression was significantly associated
with PCNA-labeling index, tumor stage, histological grade, the presence of invasion to >1/2
myometrium, and patient survival (p < 0.01, respectively).16 Previously, these authors showed
very similar results for survivin expression and the correlation of clinical outcomes using 26
ovarian epithelial carcinomas and 10 benign cystadenomas of ovary.24 We are unable to
appreciate the cytoplasmic or nuclear expression of survivin, however, because both reports
provided only black and white IHC images.

In the study of 44 NSCLC with Stage I (IA and IB), 31 (24 of 31 is nuclear expression of
survivin as well) of 44 (70%) specimens showed cytoplasmic expression of survivin in 10–
90% cells, 35 (24 of 35 is cytoplasmic expression of survivin as well) of 44 (80%) showed
nuclear immunoreactivity of survivin whereas both were present in 54% (24 of 44). The authors
indicated that cytoplasmic immunoreactivity of the 31 specimens (Dr. Falleni, personal
communication) correlated with tumor stage.18 These authors indicated that survivin
overexpression could be exploited for diagnostic purposes in NSCLC.18

In the study of precancerous and cancerous lesions of the oral cavity, it was shown that survivin
was present in 10 of 30 cases (33%) of oral precancerous lesions, and in 15 of 16 cases (94%)
of oral precancerous lesions that evolved into full-blown squamous cell carcinoma.19
Therefore, the authors believed that high expression of cytoplasmic or nuclear survivin is an
early event during oral carcinogenesis.19 Similarly, in studies of survivin expression in 110
oral squamous cell carcinoma (SCC), one distant and 6 lymph node metastatic lesions, 91 cases
(82.7%) of carcinoma and all 7 metastatic cases (100%) were positive for survivin expression.
In contrast, normal oral epithelium did not express survivin.25 Patients with low survivin
expression had statistically significant longer survival compared to those with high survivin
expression (p < 0.05).25 Based on the IHC images provided in these articles, however, the
expression of survivin appears primarily in the cytoplasm.

With regard to normal gastric mucosa, survivin expression is seen predominantly in the nuclei
of mucosal surface epithelial cells. The authors believe that survivin may play a role in
maintaining gastric mucosal integrity and regulating cell renewal in the gastric mucosa.17
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Potential pitfalls in determination of nuclear or cytoplasmic localization of
survivin by immunohistochemistry

Based on our working experiences with immunohistochemistry (IHC) in the determination of
nuclear or cytoplasmic expression of survivin, we feel that IHC results sometimes may lead to
misjudgment or misinterpretation of the expression pattern of survivin in normal or cancerous
tissues due to the inappropriate processing of tissues or images. We provide representative
examples (Fig. 1) to demonstrate that the same tissues without survivin expression (Fig. 1a,b
or c,d) could show a dark brown staining (false positive for survivin, Fig. 1b,d) due to
inappropriate processing of the tissue or the image. The images in Figure 1a and 1b were from
the same non-neoplastic lung tissue without survivin expression. One can easily say “survivin
is negative in Fig. 1a” but the brown nuclei in (Fig. 1b) may lead to misjudgment. Similarly,
the images in Figure 1c and 1d were from the same neoplastic lung tissue without survivin
expression. In contrast, the image in Figure 1e shows the cytoplasmic expression of survivin
from one lung neoplastic tissue, and the image in Figure 1f shows both the cytoplasmic and
nuclear expression of survivin from another lung neoplastic tissue (Western blots confirmed
that lung tissues used for Fig. 1a–d are survivin-negative, and the 2 lung cancerous tissues for
Fig. 1e,f are survivin-positive). We feel that researchers should be particularly careful in
deriving conclusions from IHC that survivin is expressed in nuclei or cytoplasm in normal or
cancerous tissues. This is because, in many tissue-processing conditions for IHC, nuclei could
be stained much darker than cytoplasm. We recommend that if a potential problem exists or
one is not certain of the IHC results, an alternative approach such as Western blots using
selected tissues should be considered for confirmation of the IHC results.

Conclusion
Survivin seems to exist in 2 subcellular pools (cytoplasmic and nuclear).26 This is consistent
with its function in the regulation of both cell viability and cell division.27 One possibility is
that the nuclear pool of survivin is involved in promoting cell proliferation in most (if not all)
cases whereas the cytoplasmic pool of survivin may participate in controlling cell survival but
not cell proliferation. Alternatively, survivin has a number of splicing variants,28,29 which
may differ in their subcellular localization and functions with respect to cell survival and cell
division. The anti-survivin antibodies available currently recognize them all due to the
existence of an identical amino-terminal peptide (73 amino acids) in all survivin variants as
well as in survivin. Molecular characterization of the functional mechanism and subcellular
localization for survivin and its variants may clarify the function of survivin as well as its
variants in cancer cell survival and proliferation. Hopefully, these studies will be done in the
coming years.
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FIGURE 1.
Potential pitfalls in determination of nuclear or cytoplasmic expression of survivin by
immunohistochemistry (IHC). (a,b) From the same non-neoplastic lung tissue, show no
survivin expression. (c,d) From the same NSCLC tissue, are also negative for survivin. (e)
From a NSCLC tissue, shows cytoplasmic expression of survivin. (f) From another NSCLC
tissue, displays both nuclear and cytoplasmic expression of survivin.
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