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Survivin is a member of the inhibitor of apoptosis
protein family that is expressed in G2/M phase. Sur-
vivin is overexpressed and associated with parame-
ters of poor prognosis in different human tumors.
The role of survivin in the pathogenesis of mantle cell
lymphoma (MCL) was examined in a series of typical
and blastoid tumors. Survivin was detected as a nu-
clear pattern in a variable number of tumor cells.
Mitotic figures were always positive with a strong
delineation of the chromosomes. Western blot analy-
sis confirmed the presence of survivin only in nuclear
fractions. Protein expression detected by immunohis-
tochemistry correlated with mRNA levels analyzed by
quantitative real-time reverse transcription-polymer-
ase chain reaction (P < 0.0001). Survivin expression
levels were higher in blastoid MCL variants (P <
0.0001) and were associated with the proliferative
activity (P = 0.001), but not with the ploidy status of
the tumors. The number of apoptotic cells was inde-
pendent of survivin or Ki-67 expression. Overall sur-
vival was significantly shorter in patients with high
survivin expression. However, in a multivariate anal-
ysis, proliferative index was a better predictor of sur-
vival than survivin score. These findings indicate that
survivin is commonly expressed in MCL with a nu-
clear and mitotic pattern. The expression levels are
strongly associated with the proliferative activity of
the tumors and the survival of the patients, suggest-
ing a potential role in cell cycle regulation and tumor
progression. (Am J Pathol 2004, 164:501-510)

Mantle cell lymphoma (MCL) is a malignant lymphopro-
liferative disorder characterized by the proliferation of
CD5+, CD23- monoclonal B cells containing the chromo-
somal translocation t(11;14)(q13;932) which places the

cyclin D1 gene under the transcriptional control of the
immunoglobulin heavy chain enhancer elements.’? Ad-
ditional alterations in the tumor suppressor genes
p16INK4a and p53 have been described in aggressive
variants of MCL, suggesting that these genes may coop-
erate with cyclin D1 activation in the progression of these
lymphomas.>© Classical cytogenetic and comparative
genomic hybridization (CGH) studies have also demon-
strated complex karyotypes and high number of addi-
tional recurrent chromosomal imbalances.”® Further-
more, a high incidence of tetraploidy has been described
in blastoid variants of MCL."° This high number of sec-
ondary chromosomal aberrations are associated with in-
activation of DNA damage response genes such as ATM
and CHK2.'"'2 MCL has an aggressive clinical course,
with a median survival of less than 5 years, and a poor
response to conventional treatments. The mechanisms
accounting for the resistance of these tumor cells to
chemotherapeutic drugs are poorly understood. It has
been postulated that most chemotherapeutic agents in-
duce cell death by apoptosis triggering,'® but the molec-
ular basis for chemoresistance in this pathology is not
well known.

Inhibitors of apoptosis proteins (IAP) are a family of
negative regulators of apoptosis.’ Survivin is a unique
mammalian IAP family protein that is expressed during
mitosis in a cell-cycle-dependent manner and localized
to different components of the mitotic apparatus.’'®
Survivin is virtually undetectable in most normal adult
tissues, but it is highly expressed during embryogenesis
and in most human cancers. This overexpression in ma-
lignant tumors has been associated with an aggressive
behavior and poor prognosis of the patients.””2° The
anti-apoptotic function and topographic distribution dur-
ing cell cycle progression have suggested that survivin
may play a role in the mitotic checkpoint control, regulat-
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Table 1. Immunohistochemical Study: Antibodies and Conditions of Usage

Antigen retrieval*

Antibody Source Dilution Buffer pH Time Temperature
Survivin Novus 1:1000 Cytrate 6 5 min 100°C
Cleaved caspase-3 Cell Signaling 1:10 EDTA 8 2 min 100°C
Ki-67 (MIB-1) Immunotech 1:400 Cytrate 6 5 min 100°C

ing chromosome segregation and cell division.?"?? Its Cell Lines

overexpression in cancer cells may facilitate tumor pro-
gression by providing a mechanism to tolerate increasing
chromosomal abnormalities and promoting resistance to
treatment with anticancer drugs and irradiation.'9-2°
The aim of this study was to determine the potential
role of survivin in the pathogenesis of MCL, analyzing the
relationship of its expression with the proliferative activity,
genomic alterations, apoptotic levels of the tumors, as
well as response to therapy and survival of the patients.

Materials and Methods

Patients

Tumor specimens from 80 patients diagnosed with MCL
between 1988 and 2000 were obtained from the Depart-
ment of Pathology of the Hospital Clinic, University of
Barcelona (Spain) and the Institute of Pathology, Univer-
sity of Wirzburg (Germany). Tumors were classified as
classical MCL (n = 57; 71%), and blastoid variant, in-
cluding pleomorphic (n = 9; 11%) and blastic (n = 14;
18%) subtypes.’2? In addition, paired samples from two
patients that had progressed from classical to blastoid
MCL variants (5 months to 45 months for progression)
and 10 paired samples from 5 classical MCL at different
times of disease (15 months to 68 months of follow-up)
were also examined. The immunophenotype of the tu-
mors was analyzed by immunohistochemistry on tissue
sections and/or by flow cytometry on cell suspensions.
Cyclin D1 overexpression was demonstrated in all cases
by Northern blot analysis and/or immunohistochemistry.

For each patient the following initial data were re-
corded and evaluated for analysis: 1) clinical data: age,
sex, performance status (PS) according to the Eastern
Cooperative Oncology Group (ECOG) scale, and pres-
ence of B-symptoms; 2) hematological and biochemical
parameters: Hb, WBC count, presence of atypical lym-
phocytes in peripheral blood, platelet count, serum B2-
microglobulin, and serum LDH level; 3) tumor extension
data: number of nodal and extranodal involved sites,
spleen palpable below the left costal margin, hepato-
megaly, Ann Arbor stage, and bone marrow infiltration;
and 4) the International Prognostic Index (IP1), as defined
by the International Non-Hodgkin’s Lymphoma Prognos-
tic Factors Project.?* Moreover, response to treatment
and survival, measured from the time the sample was
obtained, was also recorded and analyzed.

The following human cell lines were used: Raji and Daudi,
derived from a Burkitt ymphoma and Granta 519, derived
from a MCL. Cell lines were purchased from the Ameri-
can Type Culture Collection (ATCC) and were cultured in
RPMI 1640 medium (Gibco BRL, Paisley, Scotland) con-
taining 10% heat-inactivated fetal calf serum (Gibco
BRL), 2 mmol/L glutamine and 50 ug/ml penicillin-strep-
tomycin, at 37°C in a humidified atmosphere containing
5% carbon dioxide.

Immunohistochemical Studies

MCL tumors were analyzed immunohistochemically us-
ing a rabbit polyclonal antibody anti-survivin directed
against the full-length recombinant survivin (Novus Bio-
logicals, Littleton, CO), a mouse monoclonal anti-Ki-67
(Immunotech, Marseille, France) and a rabbit polyclonal
antibody against cleaved caspase-3, which only recog-
nizes the large fragment of caspase-3 that results after
cleavage of procaspase-3 at Asp175 position (Cell Sig-
naling, Beverly, MA). Antigen retrieval conditions and
antibody dilutions are shown in Table 1. Briefly, paraffin
sections on silane-coated slides were dewaxed and then
subjected to antigen retrieval using a hot start method
with the adequate buffer solution in a pressure cooker for
2 to 5 minutes at highest pressure, depending on the
antibody used (Table 1). Slides were stained using an
automated immunostainer TechMate 500 Plus (DAKO,
Carpinteria, CA) and the Envision System (DAKO), coun-
terstained in Gill's hematoxylin and mounted in Pertex
(Histolab GmbH, Goéteborg, Germany).

Simultaneous demonstration of Ki-67 or cleaved
caspase-3 and survivin expression was determined in
20 tumor samples using an Universal DAKO Envision
Doublestain System (DAKO) following the supplier in-
structions. Briefly, a unique common retrieval treatment
was made for double staining of Ki-67 and survivin, but
for double staining of cleaved caspase-3 and survivin,
samples were subjected to pressure cooker in ade-
quate buffer before each primary antibody incubation.
Survivin immunostaining was performed using the
DAB-peroxidase Envision method. After washing,
slides were re-incubated with either anti-Ki-67 or anti-
cleaved caspase-3 and then an APAAP-Envision method
was used.



Immunohistochemical results were expressed as per-
centage of positive cells. A minimum of 1000 cells per
case was counted in representative areas of the tumor.
Entrapped and involved follicular germinal centers were
excluded for quantification.

RT-PCR Analysis

Total RNA was isolated from each frozen tumor sample
and from cell lines using guanidinium thiocyanate
method (Ultraspec; Biotecx Laboratories, Houston, TX).
RNA was treated with DNase (Ambion, Austin, TX) to
eliminate contaminating DNA. For cDNA synthesis, 1 ug
of RNA and Tagman Reverse Transcriptions reagents
(including Multiscribe reverse transcriptase and random
hexamers) were used, as described by the manufacturer
(Applied Biosystems, Foster City, CA). The primers and
probe used to amplify and quantify survivin cDNA by
real-time were designed using Primer Express software
(Applied Biosystems) and were as follows: survivin F,
5'-ATT TGA ATC GCG GGA CCC-3’; survivin R, 5'-GAG
AAA GGG CTG CCA GGC-3' and survivin probe, FAM-
5'-CAT GGG TGC CCC GAC GTT GC-3’-TAMRA. The
primers and the probe were located in a region with no
homology to the EPR-1 gene. Real-time monitoring of
PCR amplification of cDNAs was done with Tagman Uni-
versal master mix (Applied Biosystems) using 200 nmol/L
of probe and 100 nmol/L of each survivin primer, in the
ABI Prism 7700 sequence Detection System (Applied
Biosystems). Relative quantification of gene expression
was performed as described in the Tagman user’'s man-
ual using human B-glucoronidase (GUSB)(Applied Bio-
systems) as an internal control.

To examine separately the three splice variants of sur-
vivin mRNA, the same forward primer but different re-
verse primers were used, as described previously.?® Am-
plification was performed in a total volume of 25 ul in the
presence of 3 mmol/L MgCl, 0.5 umol/L of each primer
and 2.5 pl of each cDNA. RT-PCR amplification was
performed with an initial denaturation step of 10 minutes
at 95°C, followed by 40 cycles of 30 seconds at 95°C, 30
seconds annealing at 60°C, and 30 seconds elongation
at 72°C.

DNA Ploidy

DNA ploidy of the tumors was studied by flow cytometry
in 27 cases in which suitable material was available. The
analysis was performed on 50-um-thick sections ob-
tained from formalin-fixed, paraffin-embedded tissues as
previously described®® and analyzed with an Epics Pro-
file 1l flow cytometer (Coulter Company, Hialeah, FL).
Non-neoplastic cells in the section under study were
used as the internal standard of the diploid channel.

Western Blot Analysis

Western blot analysis was performed on whole, cytoplas-
mic, and nuclear protein lysates. Cryostat frozen sections
were lysed in ice-cold buffer containing 10 mmol/L N-2-
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hydroxyethylpiperazine-N-2-ethanesulphoric acid (HEPES)
(pH 7.9), 10 mmol/L KCI, 1.5 mmol/L MgCl, 0.1% Non-
idet P-40, 0.5 mmol/L dithiothreitol, 2 ug/ml leupeptin, 5
ng/ml aprotinin, and 0.5 mmol/L phenylmethylsulfonyl flu-
oride for 15 minutes. After centrifugation at 3500 rpm, the
supernatant was collected (cytosolic fraction) and the
nuclear fraction was obtained by lysis of the precipitated
nuclei in a buffer containing 80 mmol/L Tris-HCI (pH 6.8),
2% sodium dodecyl sulfate, 10% glycerol and 0.1 mol/L
DTT. Total extracts were obtained by lysis of cryostat
sections in the latter buffer. Fifty ug of protein were sep-
arated by electrophoresis on 12% polyacrylamide gel
and transferred to Immobilon-P (Millipore, Bedford, MA)
membranes. The membranes were incubated with a
polyclonal antibody against survivin. This antibody was
the same used in the immunohistochemical studies. An-
tibody binding was detected using a secondary antibody
conjugated to horseradish peroxidase and an enhanced
chemiluminescence (ECL) detection kit (Amersham,
Buckinghamshire, UK). Equal protein loading was con-
firmed with a-tubulin antibody (Oncogene Science, Inc,
Cambridge, MA).

Statistical Analysis

The Fisher's exact, x°, t-test and analysis of variance
tests were used to analyze the association between the
clinico-biological parameters and the following catego-
rized variables: immunohistochemical survivin protein ex-
pression (cutpoint 20%), survivin mRNA expression by
real-time RT-PCR (cutpoint, 2), Ki-67 (cutpoint 50%), and
cleaved caspase 3 (cutpoint 0.8%). Testing and estima-
tion of possible cutoff values for survivin and Ki-67 ex-
pression was done by maximally selected log-rank sta-
tistics. Correlation between survivin, Ki-67 and cleaved
caspase-3 was ascertained by means of linear regres-
sion. Survival time was measured from the time the sam-
ple was obtained. Probability of survival was calculated
by the method of Kaplan and Meier, and curves were
compared by means of the log-rank test. All statistical
tests were two-sided and the significance level was es-
tablished at 0.05. All significant prognostic variables in
the univariate study, as well as survivin expression, pro-
liferative index and Ki-67 expression, were considered for
multivariate analysis performed by the stepwise propor-
tional hazard regression method of Cox (survival). All
statistical tests were performed with the SPSS v10.06
statistical package (SPSS Inc., Chicago, IL).

Results

Analysis of Survivin Expression by Western Blot

Survivin expression was first studied in nuclear and cy-
toplasmic protein lysates from Granta 519, Raji, and
Daudi human lymphoma cell lines. Western blot analysis
using a polyclonal antibody directed against full-length
recombinant survivin showed a dominant band of ap-
proximately 16.5 kd that was only observed in nuclear
extracts from all of the cell lines tested (Figure 1A). In
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Figure 1. Western Blot analysis of survivin protein (Rj) in nuclear and cytoplasmic cell lysates from B human lymphoma cells and MCL patients. Nuclear and
cytoplasmic protein lysates from Daudi (D), Raji (R) and Granta 519 (Gr) human cell lines (A) and from two representative MCL patients (B) were obtained and
survivin expression was analyzed by Western blot. Expression of a-tubulin was used as a loading control. C: Immunostaining for survivin in cells from Granta
519 cell line and two representative MCL patients confirm the nuclear localization of survivin.

MCL tumors, survivin was also only detected in nuclear
protein lysates (Figure 1B).

Analysis of Survivin Expression by
Immunohistochemistry

The nuclear expression of survivin observed by Western
blot was confirmed by immunohistochemistry in all of the
cell lines tested and MCL tumors (Figure 1C). Some cells
showed weak cytoplasmic staining that tended to disap-
pear with progressive antibody dilutions (data not
shown). In reactive lymph nodes and adult tonsils, sur-
vivin-positive cells were found mainly in the nucleus of
proliferating germinal center cells, and only scattered
cells in the mantle zone were positive (Figure 2A). To
further confirm this nuclear localization in other lymphoid
tumors, additional immunohistochemical studies were
performed in a short series of diffuse large B-cell lympho-
mas (DLBCL) and chronic lymphocytic leukemia (CLL).
In all cases, survivin staining was exclusively nuclear as
in MCL cases.

Survivin expression was examined immunohistochemi-
cally in 80 MCL. A variable number of survivin nuclear-

positive cells ranging from 5% to 95% was detected
(Figure 2, B to D). This nuclear distribution of survivin was
homogeneous with nucleolar enhancement in non-mitotic
nuclei and more intense and granular in prophase (Figure
3A). In metaphase, anaphase, and telophase chromo-
somes were strongly stained, whereas mitotic spindles
were also occasionally observed with a weaker labeling
(Figure 3B). Survivin-positive cells were diffusely distrib-
uted throughout the tumor. However, in some cases,
reactive and colonized germinal centers were easily rec-
ognized as nodular clusters of cells with strong survivin
nuclear positivity (Figure 2B). Colonization of germinal
centers by tumor cells was confirmed by detection of
numerous cyclin D1-positive cells within the germinal
centers.

The number of survivin-positive cells correlated with
the histological subtype of MCL. Thus, the highest ex-
pression of survivin was observed in the blastic variant
(80 + 29% of positive cells, n = 14), compared to clas-
sical MCL (10 = 10%, n = 57) (analysis of variance, P <
0.0001). The expression of survivin in pleomorphic MCL
was similar to that observed in classical tumors (10 *=
12%,n = 9; P = 0.89) (Figure 4).
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SURVIVIN Ki-67 c¢-CASPASE-3

Figure 2. Survivin, Ki-67, and cleaved caspase-3 expression in reactive tonsil and MCL. A: Adult tonsil. Reactive tonsil showing a number of hyperplastic follicles
(hematoxylin and eosin, H&E). Cells expressing survivin, Ki-67, and cleaved caspase-3 were mainly localized in the germinal center of secondary follicles. B: MCL,
classical variant. An entrapped reactive germinal center was colonized by tumor cells (H&E). Cyclin D1 staining confirmed the presence of tumor cells inside the
reactive germinal center (not shown). Survivin-positive tumor and reactive cells were clustered in a partially involved germinal center. Only very few scattered
cells were positive outside the follicle. The proliferative activity of the tumor was low. A very low number of positive cleaved caspase-3 cells were detected in
the tumor. Apoptotic activity was mostly concentrated in the entrapped follicles. C: MCL, pleomorphic variant. A high mitotic activity was observed in this tumor
(H&E). Survivin-positive cells were widely distributed through the tumor. A high number of Ki-67 positive cells were also detected. A few cells were positive for
cleaved caspase-3. D: MCL, blastic variant. Monotonous infiltration by medium-sized lymphocytes with rounded nuclei and dispersed chromatin (H&E). Survivin
was widely expressed in tumor cells. Increased proliferative activity was noticed with Ki-67 antigen. A few number of cells were positive for cleaved caspase-3.
Original magnification, X200



506 Martinez et al
AJP February 2004, Vol. 164, No. 2

TR TN AT B ]
\."‘ r ‘ K@ ?
;v.'?‘“"‘ w’ - '
f“-h . :
‘ : ‘. ’ '
A, 0/0¢.
Vi e 4 ‘

- 7 b
" -
AQ. S “ -
- _ - - .
Figure 3. Nuclear and mitotic pattern of survivin expression in primary MCL
cells. Az Survivin expression showed a homogeneous pattern with nucleolar
reinforcement in non-mitotic nuclei (arrows) and a strong multi-granular
pattern in large-sized prophasic appearing nuclei (arrowheads). B: In late
mitotic nuclei, chromosomes were strongly stained. Original magnification,
X1000

No changes in survivin levels were observed in 10
paired samples of five classical MCL at different times of
disease, without evidence of tumor progression (11 = 9%
vs. 13 = 8%). In two additional patients who had pro-
gressed from classical to blastoid MCL, an increase in
the number of survivin-positive cells was observed in the
blastoid variant (1.4- and three-fold, respectively).

Analysis of Survivin Expression by Real-Time
RT-PCR

Quantification of survivin expression was assessed by
real-time RT-PCR. The comparative C; (cycle threshold)
method was used for relative quantification of survivin
mRNA expression, after confirming that survivin cDNA
and GUS cDNA were amplified with the same efficiency.
Survivin expression in normal lymphocytes was used as a
reference control, and the survivin expression levels of
these cells adopted the arbitrary value of 1. Granta 519,
a MCL-derived cell line, showed 100-fold increase in
survivin levels compared to normal lymphocytes. The
expression of survivin by real-time RT-PCR was analyzed
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Figure 4. Immunohistochemical analysis of survivin expression in MCL.
Blastic MCL variant showed higher survivin expression than classical and
pleomorphic MCL variants. Symbols above the bars represent outlier cases.
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Figure 5. Real-time RT-PCR quantitative analysis of survivin mRNA expres-
sion in MCL. Blastic MCL variant showed higher survivin mRNA expression
than classical and pleomorphic MCL variants. Survivin mRNA expression
levels are given in arbitrary units using normal lymphocytes as reference
control. PCR arbitrary units were defined as described in Material and Meth-
ods. Symbols above the bars represent outlier cases.

in 51 MCL tumors. Survivin mRNA was detected in all
MCL samples, with a mean relative value of 4 + 4. Higher
levels of survivin mMRNA were detected in the blastic MCL
variants (10 = 7, n = 7), compared to those obtained in
classical (4 = 3, n = 41) and pleomorphic (3 = 2,n = 3)
tumors (Figure 5). Moreover, a significant linear correla-
tion was found between mRNA survivin levels and the
number of survivin-positive cells analyzed by immunohis-
tochemistry (Pearson Regression Test, P < 0.0001).

Analysis of Survivin Variants by RT-PCR

Using specific primers, the different survivin variants
were detected in seven MCL tumors. The specificity of
amplification products was confirmed by DNA sequenc-
ing (data not shown). In all MCL cases, survivin, sur-
vivin-2B and survivin-AEx3 mRNA were detected. A se-
ries of six DLBCL and five CLL cases were also analyzed.
The three survivin variants were detected in all DLBCL,
with an expression pattern similar to MCL samples. The
expression pattern of these splicing variants was heter-
ogeneous in the CLL patients since survivin was detected
in four patients, survivin-2B in two and survivin-AEx3 only
in one of the five patients.

Correlation of Survivin Expression with Cell
Proliferation, Apoptosis, and Ploidy Status
in MCL

Survivin expression was compared to the proliferative
activity and apoptotic index of the tumors. The prolifera-
tive activity was analyzed in 82 MCL tumors and it was
calculated as the percentage of Ki-67 positive cells in the
most proliferative areas, excluding colonized follicles.
The apoptotic index was calculated in 55 cases as the
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Figure 6. Double immunohistochemical staining of survivin and Ki-67 or
cleaved caspase-3. A: Survivin/Ki-67 staining. All survivin-positive cells (red)
were also Ki—67fpositive cells (brown) (X60). Some cells were only positive
for Ki-67 (arrows). B: Survivin/cleaved caspase-3 staining. A wide number
of tumor cells were positive for survivin expression (red) but only few cells
were stained with the antibody against cleaved caspase-3 (brown). No
double-positive cells were found. Original magnification, X1000.

percentage of positive cells stained with anti-cleaved
caspase-3, the active form of caspase-3.

Blastic MCL cases showed a higher proliferative index
(63 = 29%, n = 14) than classical (30 = 23%, n = 57)
(analysis of variance, P < 0001) or pleomorphic (40 *
29%, n = 9) MCL variants (Figure 2, B to D). The prolif-
erative activity of the tumors showed a statistically signif-
icant correlation with protein and mRNA survivin expres-
sion levels measured by immunohistochemistry (Pearson
Regression Test, P = 0.001) or real-time quantitative
RT-PCR (Pearson Regression Test, P = 0.0001), respec-
tively.

Double immunolabeling for Ki-67 and survivin was per-
formed in 20 selected tumors. In all cases, a nuclear
co-localization of both proteins was observed, although
the number of Ki-67 positive cells was higher than sur-
vivin stained cells. Of note, virtually all cells positive for
survivin also expressed the Ki-67 antigen (Figure 6A).

In all MCL cases, the number of cells labeled with
anti-cleaved caspase-3 was low, ranging from 0.1% to
5.6% (Figure 2). In all of the samples analyzed, the areas
showing the highest positivity for cleaved caspase-3
were also the most proliferative areas (data not shown).
Although a higher apoptotic activity was observed in
blastic and pleomorphic variants, no significant differ-
ences in cleaved caspase-3 expression among the his-
tological subtypes were found. Moreover, no correlation
between survivin expression and the apoptosis index
was observed. Using a double-immunohistochemical la-
beling for cleaved caspase-3 and survivin, no cells simul-
taneously positive for both antigens were identified (Fig-
ure 6B).

In 27 cases, the ploidy status was assessed by flow
cytometry. Tetraploidy was found in 5 of 6 pleomorphic
MCL (83%), in 2 of 6 blastic variant (33%) and only in 2 of
15 classical tumors (13%) (x°, P = 0.03). By immunohis-
tochemistry, no differences in survivin levels were ob-
served between diploid (17 + 16%) and tetraploid (16 =
16%) MCL cases.

Prognostic Significance of Survivin Expression

The main clinical characteristics and follow-up were
available in 62 patients. Median follow-up of the series
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Figure 7. Overall survival of 62 MCL patients according to survivin protein
expression analyzed by immunohistochemistry.

was 36 months. Among the clinical features at diagnosis,
mRNA survivin expression correlated only with the per-
formance status of the patients (ECOG =2, ¥°, P = 0.05).
No relationship between survivin levels and other clinico-
biological parameters was found. Moreover, no correla-
tion of survivin levels with the degree of therapeutical
response was detected. Interestingly, increased survivin
expression assessed by both real-time RT-PCR and im-
munohistochemistry correlated with a shorter survival of
the patients. Thus, patients with survivin expression in
more than 20% of tumor cells had a median survival of 8
months, whereas it was of 60 months for those patients
with survivin staining in =20% (Kaplan-Meier, log survival
P = 0.0003) (Figure 7). Furthermore, the median survival
of the patients with high and low survivin mRNA expres-
sion was 24 and 80 months, respectively (Kaplan-Meier,
log survival P = 0.00023).

Ki-67 expression was also able to predict survival in
MCL patients. Patients with Ki-67 expression in more than
50% of tumor cells had a median survival of 9 months,
whereas it was 62 months for patients with less than 50%
of Ki-67-positive cells (Kaplan-Meier, log survival P =
0,0006). Furthermore, Ki-67 expression was able to pre-
dict survival in typical histological variants (P = 0.022),
but did not predict survival in either the blastic or pleo-
morphic variants. This was probably due to the fact that
virtually all blastic variants (8 of 10) exhibited high Ki-67
expression. When Ki-67 expression (considering 50%
cut-off) was compared to the histological variants (typical
versus blastoid) in a multivariate analysis for survival, only
the Ki-67 expression remained into the model (Cox Mul-
tivariate Test, risk ratio (RR) = 4.4; 0.95 Cl of RR = 1.9 10
9.9). In addition, in a Cox multivariate analysis comparing
survivin versus the proliferative index for survival, Ki-67
expression, but not the survivin levels, retained its prog-
nostic value (RR = 10.88; P = 0.0001).

Discussion

In this study, we have examined survivin expression in a
large series of MCL and the results have been compared
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to different pathological characteristics of the tumors and
clinical parameters of the patients. Our findings indicate
that survivin is commonly expressed in these tumors with
a nuclear and mitotic pattern. The expression levels were
significantly associated with the histological variants and
proliferative activity of the tumors as well as with the
survival of the patients. However, survivin levels were not
related to the ploidy or caspase-3 activation in these
tumors.

Survivin was only detected in the nuclear fraction of
tumor cells. In mitotic cells, after nuclear membrane dis-
ruption, survivin strongly labeled chromosomes and the
mitotic spindle. These immunohistochemical observa-
tions were also confirmed by Western blot analysis show-
ing survivin expression mainly in the nuclear but not in the
cytoplasmic fraction of cell lysates. A similar nuclear
staining was also observed in normal lymphocytes of
reactive germinal centers. These staining patterns in a
human lymphoid neoplasm are concordant with previous
observations in human cancer cell lines in which survivin
has been associated with centromeres, mitotic spindle
microtubules, centrosomes, and cytokinesis. 627730 Pre-
vious studies analyzing survivin expression by immuno-
histochemistry have shown a predominant cytoplasmic
distribution."®3" However, nuclear accumulation of sur-
vivin has been recently described in other human tu-
mors.3%33 The reason for these differences in cell distri-
bution between tumors is not clear. It has been proposed
that the subcellular distribution of survivin is regulated by
an active import into the nucleus and a CRM1-mediated
export to the cytoplasm, suggesting that survivin may be
considered a nuclear shuttling protein. Therefore, the
almost exclusively cytoplasmic localization in a high num-
ber of tumors may be the result of a higher rate of nuclear
export.®*

Survivin expression was detected in all tumors with a
variable number of positive cells ranging from 5% to 95%.
The number of positive cells detected by immunohisto-
chemistry correlated significantly with the mRNA levels
detected by real-time quantitative RT-PCR (P < 0.0001),
suggesting that survivin expression in these tumors is
predominantly regulated at the transcriptional level. The
survivin gene gives three alternatively spliced transcripts.
In addition to wild-type survivin, which exhibits a three-
intron-four exon structure, two survivin isoforms were
generated by insertion of an alternative exon 2 (survivin-
2B) or removal of exon 3 (survivin-AEx3).%° In MCL cases
the three survivin variants were detected.

Higher levels of survivin were detected in blastic MCL
than in classic or pleomorphic variants. In addition, sur-
vivin expression levels were significantly associated with
the proliferative activity of the tumors. Blastic variant of
MCL has a higher proliferative activity and a more ag-
gressive biological behavior than classical forms of this
tumor.3®> Concordantly, MCL patients with high survivin
expression had a shorter overall survival. In this regard, it
is of note that survivin overexpression in other human
cancers has been associated with unfavorable prognos-
tic features, poor response to therapy, high relapse rate
and shortened survival."”~2° Furthermore, survivin has
been considered an independent prognostic factor in

DLBL.%® However, the multivariate analysis performed in
our study indicates that survival in MCL was better pre-
dicted by the proliferative activity of the tumors than by
survivin levels. This finding is concordant with previous
studies indicating that proliferation is one of the best
prognosis parameters in MCL.2%3” The relationship be-
tween survivin expression, proliferation, and survival in
other human tumors has not been explored. Recently, it
has been described that in CLL cells, survivin is the only
IAP whose expression is induced by CD40L, suggesting
a role of survivin in the control of CLL proliferative pool
interfacing apoptosis.®® The protective anti-apoptotic ef-
fect of survivin in proliferating malignant cells may be a
mechanism to stabilize tumor cells with chromosomal
abnormalities favoring the survival of these cells and the
progression of the tumors.?®

Survivin seems to be required for the targeting of mem-
bers of the Aurora family of kinases to metaphase chro-
mosomes, thereby controlling chromosome segregation
and possibly cytokenesis.?®29%° Recently, it has been
described that the preponderant survivin pool is associ-
ated with microtubules and participates in the assembly
of a bipolar mitotic spindle.*® This function is consistent
with its localization to centrosomes, spindle pores, and
spindle microtubules.'®4° Furthermore, suppression of
human survivin expression induces a catastrophic defect
of microtubule assembly, with abnormal mitotic spindles
and formation of multinucleated cells.?”294"42 MCL is
characterized by an increased number of chromosomal
imbalances and ploidy alterations.”® In addition, tet-
raploidy is a common numerical chromosomal aberration
in blastic and pleomorphic MCL variants." In this sense,
we found tetraploidy in 83% of pleomorphic MCL and in
33% of blastic tumors but only in 13% of classical vari-
ants. However, no differences in survivin levels were
detected in MCL in correlation with the ploidy status,
suggesting that survivin expression may not be involved
in the generation of this type of chromosomal aberrations.

Survivin has been implicated in a dual role connecting
suppression of apoptosis to regulation of chromosomal
segregation and cell division.'®'® Targeting experiments
using antisense survivin or dominant-negative mutants
resulted in spontaneous apoptosis, increased caspase
activity, and inhibition of cell proliferation.?®4%42 A role
for survivin in blocking apoptosis has also been demon-
strated in vivo.*® However, the mechanisms of apoptotic
suppression by survivin are not completely clear. Initial
observations suggested that survivin could directly sup-
press activation of caspase-3*4“°; however, more recent
studies have demonstrated that survivin lacks the ability
to directly inhibit caspase-3.%¢*” Other groups have pro-
posed that survivin acts like other IAPs by binding to
caspase-9 and/or by neutralizing the new IAP-inhibiting
protein, Smac/Diablo,*®4° raising the possibility that it
might suppress caspases indirectly by freeing other IAP
family members from the constraints of this protein. In this
study we have investigated the apoptotic activity in MCL
by examining the expression of the cleaved form of
caspase-3. This immunohistochemical assay has been
recently used in other B cell ymphomas, showing that the
number of apoptotic cells was variable in different types



of tumors.®° However, in this study, MCL tumors were not
examined. Our findings demonstrate that expression of
cleaved caspase-3 in MCL was virtually absent or very
low in most tumors. Furthermore, survivin and cleaved
caspase-3 were never expressed in the same MCL cell.
This low percentage of apoptotic cells and the detection
of survivin in MCL are in agreement with a potential role of
survivin in inhibiting apoptosis.

In conclusion, our results indicate that survivin is com-
monly expressed in MCL with a nuclear and mitotic pat-
tern and that its expression levels are strongly associated
with the proliferative activity of the tumors and the survival
of the patients, suggesting a potential role in cell cycle
regulation and tumor progression. The dual role of sur-
vivin in apoptosis inhibition and regulation of cell cycle
may facilitate evasion from checkpoint mechanisms of
growth arrest and promote resistance to chemotherapeu-
tic regimens targeting the mitotic spindle. Since MCL
cells showed alterations in cell cycle regulator genes as
well as a poor response to conventional treatments, ma-
nipulation of survivin expression might be of interest in
the treatment of MCL.
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