Kiriyama et al: FERMT] and Colon Carcinoma Invasion

Declaration of Financial Disclosure

Hideo Takasu is an employee of Dainippon Sumitomo Pharma Co.,
Ltd.

Acknowledgements

The Authors are grateful to Drs K. Imai and K. Itoh for kindly
providing cell lines, and to Dr. T. Kitamura for kindly providing a
retrovirus system. This work was supported by Grants-in-Aid for
Scientific Research from the Ministry of Education, Culture, Sports,
Science and Technology of Japan (grant no. 16209013, 17016061
and 15659097) for Practical Application Research from the Japan
Science and Technology Agency, and for Cancer Research (15-17
and 19-14) from the Ministry of Health, Labor and Welfare of
Japan, Ono Cancer Research Fund (to N. S.) and Takeda Science
Foundation (to Y. H.). This work was supported in part by the
National Cancer Center Research and Development Fund (23-A-44).

References

1 Fearon ER and Vogelstein B: A genetic model for colorectal
tumorigenesis. Cell 6/: 759-767, 1990.

2 Hanahan D and Weinberg RA: Hallmarks of cancer: the next
generation. Cell /44: 646-674, 2011.

3 Rogalski TM, Mullen GP, Gilbert MM, Williams BD and
Moerman DG: The unc-112 gene in Caenorhabditis elegans
encodes a novel component of cell-matrix adhesion structures
required for integrin localization in the muscle cell membrane. J
Cell Biol 150: 253-264, 2000.

4 Weinstein EJ, Bourner M, Head R, Zakeri H, Bauver C and

Mazzarella R: URPI: a member of a novel family of PH and

FERM domain-containing membrane-associated proteins is

significantly overexpressed in lung and colon carcinomas.

Biochim Biophys Acta [637: 207-216, 2003.

Gozgit JM, Pentecost BT, Marconi SA, Otis CN, Wu C and

Arcaro KF: Use of an aggressive MCF-7 cell line variant,

TMX2-28, to study cell invasion in breast cancer. Mol Cancer

Res 4: 905-913, 2006.

6 Sin S, Bonin F, Petit V, Meseure D, Lallemand F, Bieche I,
Bellahcene A, Castronovo V, de Wever O, Gespach C, Lidereau
R and Driouch K: Role of the focal adhesion protein kindlin-1 in
breast cancer growth and lung metastasis. J Natl Cancer Inst
103: 1323-1337, 2011.

7 Morita S, Kojima T and Kitamura T: Plat-E: An efficient and
stable system for transient packaging of retroviruses. Gene Ther
7: 1063-1066, 2000.

8 Inoda S, Hirohashi Y, Torigoe T, Nakatsugawa M. Kiriyama K,
Nakazawa E, Harada K, Takasu H, Tamura Y, Kamiguchi K,
Asanuma H, Tsuruma T, Terui T, Ishitani K, Ohmura T, Wang Q,
Greene MI, Hasegawa T, Hirata K and Sato N: Cep55/c10orf3, a
turmnor antigen derived from a centrosome residing protein in
breast carcinoma. J Immunother 32: 474-485, 2009.

W

9 Landemaine T, Jackson A, Bellahcene A, Rucci N, Sin S, Abad
BM, Sierra A, Boudinet A, Guinebretiere JM, Ricevato E, Nogues
C, Briffod M, Bieche I, Cherel P, Garcia T, Castronovo V, Teti A,
Lidereau R and Driouch K: A six-gene signature predicting breast
cancer lung metastasis. Cancer Res 68: 6092-6099, 2008.

10 Siegel DH, Ashton GH, Penagos HG. Lee JV, Feiler HS,
Wilhelmsen KC, South AP, Smith FJ, Prescott AR, Wessagowit V,
Oyama N, Akiyama M, Al Aboud D, Al Aboud K, Al Githami A,
Al Hawsawi K, Al Ismaily A, Al-Suwaid R, Atherton DJ, Caputo
R, Fine JD, Frieden 1J, Fuchs E, Haber RM, Harada T, Kitajima Y,
Mallory SB, Ogawa H, Sahin S, Shimizu H, Suga Y, Tadini G,
Tsuchiya K, Wiebe CB, Wojnarowska F, Zaghloul AB, Hamada
T, Mallipeddi R, Eady RA, McLean WH, McGrath JA and Epstein
EH Loss of kindlin-1, a buman homolog of the Caenorhabditis
elegans actin-extracellular-matrix linker protein unc-112, causes
Kindler syndrome. Am J Hum Genet 73: 174-187, 2003.

11 Ashton GH, McLean WH, South AP, Oyama N, Smith FJ, Al-
Suwaid R, Al-Ismaily A, Atherton DJ, Harwood CA, Leigh IM,
Moss C, Didona B, Zambruno G, Patrizi A, Eady RA and
McGrath JA: Recurrent mutations in kindlin-1, a novel
keratinocyte focal contact protein, in the autosomal recessive
skin fragility and photosensitivity disorder, Kindler syndrome. J
Invest Dermatol 122: 78-83, 2004.

12 Has C, Castiglia D, del Rio M, Diez MG, Piccinni E, Kiritsi D,
Kohlhase J, Itin P, Martin L, Fischer J, Zambruno G and Bruckner-
Tuderman L: Kindler syndrome: Extension of FERMT! mutational
spectrum and natural history. Hum Mutat 32: 1204-1212, 2011.

13 Malinin NL, Zhang L, Choi J, Ciocea A, Razorenova O, Ma YQ,
Podrez EA, Tosi M, Lennon DP, Caplan Al, Shurin SB, Plow EF
and Byzova TV: A point mautation in K/NDLIN3 ablates
activation of three integrin subfamilies in humans. Nat Med /5:
313-318, 2009.

14 Svensson L. Howarth K, McDowall A, Patzak I, Evans R, Ussar S,
Moser M, Metin A, Fried M, Tomlinson I and Hogg N: Leukocyte
adhesion deficiency-1II is caused by mutations in KINDLIN3
affecting integrin activation. Nat Med /5: 306-312, 2009,

15 He Y, Esser P, Heinemann A, Bruckner-Tuderman L and Has C:
Kindlin-1 and -2 have overlapping functions in epithelial cells
implications for phenotype modification. Am J Pathol /78: 975-
982.2011.

16 Bandyopadhyay A, Rothschild G, Kim S, Calderwood DA and
Raghavan S: Functional differences between kindlin-1 and
kindlin-2 in keratinocytes. J Cell Sci /25: 2172-2184, 2012.

Received October 29, 2012
Revised November 12, 2012
Accepted November 13, 2012

— 297 —



MoDERH PaTHOLOGY (2013) 26, 117-124

& 2013 USCAP, Inc. All rights reserved 0893-3952/13 $32.00

Prognostic impact of the expression of ALDH1
and SOX2 in urothelial cancer of the upper

urinary tract

Hiroshi Kitamura, Toshihiko Torigoe, Yoshihiko Hirohashi, Hiroko Asanuma, Ryuta Inoue,
Sachiyo Nishida, Toshiaki Tanaka, Fumimasa Fukuta, Naoya Masumori, Noriyuki Sato

and Taiji Tsukamoto

Departments of Urology and Pathology, Sapporo Medical University School of Medicine, Sapporo, Japan

Aldehyde dehydrogenase 1 (ALDH1) and sex determining region-Y-related high mobility group box 2 (S0X2)
have been identified as putative cancer stem-like cell/tumor-initiating cell markers in various cancer tissues.
The aim of this study was to elucidate the prognostic impact of these putative cancer stem-like cell/tumor-
initiating cell markers in upper urinary tract urothelial cell carcinoma. Immunohistochemical staining for ALDH1
and SOX2 was carried out on archival specimens from 125 patients with upper urinary tract urothelial cell
carcinoma who underwent radical nephroureterectomy. The prognostic value of ALDH1 and SOX2 expression
and other clinicopathological features was evaluated. On univariate analysis, tumor grade, pathological T stage,
pathological N stage, lymphovascular invasion, ALDH1 expression and SOX2 expression were associated with
a poor prognosis. On multivariate analysis, the independent factors of prognosis were tumor grade (P=0.014),
pathological N stage (P~ 0.005) and ALDH1 expression (P= 0.002). In subgroup analysis, those subgroups with
no positive, one positive or two positive results in immunohistochemistry for ALDH1 and SOX2 expression had
estimated 5-year cancer-specific survival rates of 80%, 49% and 22%, respectively (P<0.001). Neither ALDH1
nor SOX2 expression correlated with intravesical recurrence after radical nephroureterectomy. These findings
suggest that cancer stem-like celis/tumor-initiating cells are tinked to more aggressive behavior of upper
urinary tract urothelial cell carcinoma, supporting the current cancer stem cell hypothesis. Thus, therapeutic
targeting of cancer stem-like cells/tumor-initiating cells in upper urinary tract urothelial cell carcinoma is a

future possibility.
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Upper urinary tract urothelial cell carcinomas are
uncommon and account for only 5-10% of urothe-
lial carcinomas.! Radical nephroureterectomy with
excision of an ipsilateral bladder cuff is the standard
therapy for patients with a normal contralateral
kidney.? Upper urinary tract urothelial cell carci-
nomas that invade the muscle wall usually have a
very poor prognosis, even if radical nephroureterec-
tomy is performed appropriately.! The 5-year speci-
fic survival is <50% for pT2/ pT3 and <10% for
pT4.3% According to the most recent classifications,
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the primarily recognized prognostic factors are
tumor stage and grade.’ Gender, age and the initial
location of the tumor within the upper urinary
tract are no longer accepted as prognostic factors.!
Lymphovascular invasion,>7 tumor necrosis,?®
tumor architecture'® and concomitant carcinoma
in situ®"!? are associated with higher risks of recur-
rent disease and cancer-specific mortality. Mole-
cular markers such as microsatellite instabilities,*3
E-cadherin, hypoxia-inducible factor-12 and a
telomerase RNA component' have been shown to
be useful for prognosis, although none of the
markers has been externally validated.!

Cancer stem-like cells/tumor-initiating cells are a
small population of cancer cells that have the proper-
ties of tumor-initiating ability, selfrenewal and
differentiation. Cancer stem-like cells/tumor-initiating
cells are more resistant to chemotherapy and radio-
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therapy than non-cancer stem-like cell/tumor-initiat-
ing cell populations via various mechanisms,!®
suggesting that the existence of these cells is a prog-
nostic factor in cancer patients. In this study, we
investigated two cancer stem-like cell/tumor-initiating
cell markers. Aldehyde dehydrogenase 1{ALDH1) is a
cytosolic isoform of ALDH, and high levels of its
activity are seen not only in hematopoietic stem/
progenitor cells but also in solid cancers (eg,
breast, ¢ colorectal,'® pancreas,’® bladder?® and
prostate?! cancers). Furthermore, expression of
ALDH1 is a 7predic:tor of poor clinical outcome in
the breast,’®%? lung?® pancreatic'® and bladder®®
cancers. Sex determining region-Y-related high mobi-
lity group box {SOX) 2 is a transcription factor that is
involved in the maintenance of embryonic stem cell
pluripotency and in multiple developmental pro-
cesses. It is overexpressed in certain poorly differen-
tiated subtypes of cancer (eg, lung,?4% breast,?6:?” and
colorectal®®?® cancers). SOX2 is not only a prognostic
indicator in these cancers but also a candidate for
cancer stem-like cell/tumor-initiating cell-targeting
T-cell-based immunotherapy.®°

The purpose of this study was therefore to
evaluate the relationship between cancer stem-like
cells/tumor-initiating cells and prognosis in upper
urinary tract urothelial cell carcinoma by using the
putative markers, ALDH1 and SOX2, with full
clinicopathological data and follow-up. We also
analyzed the association between cancer stem-like
cell/tumor-initiating cell marker expression and
recurrence, especially intravesical recurrence after
radical nephroureterectomy.

Materials and methods
Patients

We reviewed the clinical pathology archives of 181
consecutive patients who underwent radical ne-
phroureterectomy and were diagnosed as having
upper urinary tract urothelial cell carcinomas at the
Sapporo Medical University Hospital from June
1995 through May 2010. Patients with a previous
history of bladder cancer and patients with con-
comitant bladder cancer were excluded. Finally, a
total of 125 patients were enrolled in this study.
Informed consent was obtained from the patients to
use the surgical specimens remaining after patholo-
gical diagnosis for the investigational study, which
was approved by the Institutional Review Board
for Clinical Research at our university (No. 22-131}.
All hematoxylin- and eosin-stained slides were
reviewed, and all of these specimens showed
urothelial carcinoma. The median age at operation
of the 89 male and 36 female patients was 69 years
{range 32-88). Median follow-up was 69 months
{(range 6-192). All hematoxylin- and eosin-stained
slides were reviewed, and clinical stage was assig-
ned using the American Joint Committee on Cancer
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Table 1 Characteristics of the 125 patients

Characteristics
Median age in years (range) 69 (32-88)
Median follow-up {months} 69
Sex
Male 89 (71)
Female 36 (29)
Side
Right 54 (43)
Left 71 (57)
Primary site (main]
Renal pelvis 75 (60)
Ureter upper 11 (9)
Middle 10 (8)
Lower 29 (23)
Pathological stage
Stage Oa 16 (13)
Stage 0Ois 2 (2)
Stage 1 17 (14)
Stage 1T 21 (17)
Stage I 50 (40)
Stage 1V 19 (15)
Chemotherapy
Neoadjuvant . 10 (8)
Adjuvant 6 (5)

Values are N (%} except where mentioned otherwise.

TNM Staging System for Renal Pelvis and Ureter
Cancer (7th edition, 2010).3 The patients’ charac-
teristics are shown in Table 1.

Immunohistochemistry and Scoring

Sections (4um) of the formalin-fixed, paraffin-
embedded tumor specimens were immunostained
after heat-induced epitope retrieval in citrate buffer
{pH 6.0) using an autoclave with a monoclonal anti-
body against ALDH1 (dilution 1:1000; BD Trans-
duction Laboratories, San Diego, CA, USA) and a
polyclonal antibody against SOX2 (dilution 1:100;
Invitrogen, Camarillo, CA, USA). Subsequent incu-
bations with a secondary biotinylated antibody,
avidin-conjugated peroxidase complex and chromo-
gen were done on a Ventana NexES (Ventana
Medical Systems, Tucson, AZ, USA). The slides
were then counterstained with hematoxylin, rinsed,
dehydrated through graded alcohols into nonaqu-
eous solution, and cover-slipped with mounting
media. Negative controls had the primary antibody
replaced by buffer. All specimens were reviewed
independently using light microscopy in at least
five areas at x 400 magnification by investigators
who were blinded to clinicopathological data
(TT and YH). For ALDH1, tumors presenting at least
one ALDH1-positive cancer cell were considered to
be ALDH1 positive.1®32 For SOX2, nuclear staining



was considered positive.3® We previously reported
that the SOX2-positive rates in lung cancer were
15%, 45% and 40% in <1%, 1-10% and >10% of
tumors, respectively.®® On the basis of these results,
we used a 10% cutoff point for both negative and
positive specimens. Breast and lung cancer tissues
were used as positive controls for ALDH1 and
S0X2, respectively.

Statistical Analysis

We tested the relationships between ALDH1/SOX2
and the other clinicopathological parameters, ie,
the pathological T stage, pathological N stage, tumor
grade and lymphovascular invasion by »? tests.
Cancer-specific survival, overall survival, recur-
rence-free survival and intravesical recurrence-free
survival were assessed by the Kaplan—Meier meth-
od, and differences between two groups were
compared using the log-rank test. For the test of
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intravesical recurrence-free survival, 16 patients
with stage IV disease were excluded. The subgroups
with two positive, one positive and no positive
immunohistochemistry results for ALDH1 and
SOX2 expression were analyzed. Univariate and
multivariate regression analyses according to the
Cox proportional hazards regression model, with
cancer-specific survival as the dependent variable,
were used to evaluate the expression of ALDH1 and
S0X2 as potential independent prognostic factors. A
value of P<0.05 was considered to indicate statis-
tical significance. The calculations were performed
using JMP™ software.

Results
Expression and Localization of ALDH1 and SOX2

Scattered ALDH1-positive cells were observed in
34 (27%) of the 125 cases (Figure 1b). The ALDH1

Figure 1 Representative immunohistochemical staining of aldehyde dehydrogenase 1 (ALDH1)} and sex determining region-Y-related
high mobility group box 2 (SOX2). (a) Negative ALDH1 expression in tumor cells. (b) positive ALDH1 expression in tumor cells,
{c) negative SOX2 expression in tumor cells and (d) positive SOX2 expression in tumor cells.
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Table 2 Frequency of positive expression of cancer stem-like
cell/tumor-initiating cell (CSC/TIC) markers

Table 3 ALDH1/SOX2 expression and pathological factors in
patients with upper urinary tract urothelial cell carcinoma

CSC/TIC markers n (%)
ALDH1P980X2P0s 11 {9)
ALDH1P9SS0O X218 23 (18)
ALDH1%880X 2P0 13 (11)
ALDH17%830X2m%8 78 (62)

expression was strongly present in the cytoplasm.
SOX2 expression was mainly positive in cells
located in the peripheral regions of tumor nests,
and diffuse cytoplasmic and nuclear staining was
observed in 24 cases (19%) (Figure 1d). We
examined the mRNA expression of ALDH1 and
SOX2 by RT-PCR (Supplementary Information) and
compared it with immunohistochemical expression
of these genes in the same nine tissues. The concor-
dance rates between the two methods were 78%
for ALDH1 and 89% for SOX2 (Supplementary
Figure S1). The rates of SOX2-positive cells were
<1%, 1-10% and >10% in 19% (n=24), 62%
{n=77) and 19% (n=24) of the cases, respectively.
The percentages of ALDH1- and SOX2-positive
cancer cells were counted and subjected to statis-
tical analysis. The frequencies of the expression of
cancer stem-like cell/tumor-initiating cell markers
are shown in Table 2. In cases that were both
ALDH1- and SOX2-positive, the tumor cells were
ALDH1- or SOX2-positive or double-positive. Im-
munochistochemical staining of ALDH1 and SOX2 in
a representative double-positive case is shown in
Supplementary Figure S2.

Associations Between Expression of ALDH1 and SOX2
and Clinicopathological Variables (Table 3)

ALDH1 expression was linked to lymph node
metastasis {P=0.047) and lymphovascular invasion
{P==0.038). SOX2 expression was significantly asso-
ciated with more advanced pathological T stage
{P=0.032), more advanced pathological N stage
(P=0.019), and as well as with a trend toward to
higher tumor grade (P=0.017).

Association of ALDH1 and/or SOX2 with Survival and
Recurrence

The 5-year cancer-specific survival rates of patients
with ALDH1-negative and -positive tumors were
74% and 36%, respectively (Figure 2a). The 5-year
cancer-specific survival rates of patients with SOX2-
negative and -positive tumors were 72 and 46%,
respectively (Figure 2b). There were significant
differences in cancer-specific survival between
patients with ALDH1-negative tumors and those
with ALDH1-positive tumors (P<0.001, Figure 2a),
and between patients with SOX2-negative tumors

MODERN PATHOLOGY (2013) 26, 117-124

Variable ALDH1 SOX2
Positive Negative  P-  Positive Negative  P-
(%) (%) value (%) (%) value

Pathological T stage

pTa 2 (6} 0 (0} 0.184 14) 1(1) 0.032

pTis 3 (9) 13 {14} 1(4) 15 (15)

pT1 3 (9) 15 (16) 4 (17) 14 (14}

pT2 6(18) 17 {19) 1 (4} 22 {22

pT3 18 (52} 43 (48) 14 (58) 47 (46)

pT4 2 (6) 3(3) 3 (13} 2 {2)
Pathological N stage

pNo 27 (79) 85 (94) 0.047 18 (75) 94 {93) 0.018

pN1 4(12)  2(2) 2 (8} 4(4)

pN2 3 (9) 4 (4) 4 (17) 3 (3)
Grade

G1 0 (0} 3(3) 0.083 1(4) 2 {2} 0.017

G2 10 (29) 43 (47} 4(17) 49 (48)

G3 24 (71) 45 (50) 19 (79) 50 (50)
Lymphovascular invasion

Negative 17 (50) 64 (70) 0.038 13 (54) 68 (67) 0.242

Positive 17 (50) 27 (30} 11 (46) 33 (33)

and those with SOX2-positive tumors (P=0.003,
Figure 2b). Thus, both ALDH1 and SOX2 expression
correlated with cancer-specific survival. The sub-
groups with no positive, one positive or two positive
immunohistochemistry results for ALDH1 and
SOX2 expression had estimated 5-year cancer-
specific survival rates of 80%, 49%, and 22%,
respectively (P<0.001, Figure 2c).

Kaplan—Meier plots and log-rank tests showed
that the upper urinary tract urothelial cell carcino-
ma patients with ALDH1-positive tumor cells had
significantly shorter overall survival, than those
whose tumors were ALDH1-negative (P<0.001).
The 5-year overall survival rates of patients with
ALDH1-negative and -positive tumors were 63%
and 31%, respectively. The 5-year overall survival
rates of patients with SOX2-negative and -positive
tumors were 62% and 36%, respectively. There was
a significant difference in overall survival between
the two groups (P=0.019).

The 5-year recurrence-free survival rates of
patients with ALDH1-negative and -positive tumors
were 43% and 24%, respectively (Figure 3a). There
was a significant difference in recurrence-free
survival between the two groups (P=0.024). In
contrast, no difference was observed in recurrence-
free survival between patients with SOX2-negative
tumors and those with SOX2-positive tumors
(Figure 3b). During the follow-up, 34 (32%) of 106
patients undergoing radical nephroureterectomy for
stage <III disease had intravesical recurrence. Of
the 34 patients, 13 (38%) had systemic recurrence
and 8 (24%) died of UC. Neither ALDH1 nor SOX2
expression correlated with intravesical recurrence-
free survival (Figures 3c and d).
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Figure 2 Kaplan-Meier curves for cancer-specific survival rates
according to {a} aldehyde dehydrogenase 1 (ALDH1) expression
status, (b) sex determining region-Y-related high mobility group
box 2 (SOX2) expression status and (€} combined expression
status of ALDH1 and SOX2.

In univariate analysis, the pathological T stage,
pathological N stage, tumor grade, lymphovascular
invasion, ALDH1 and SOX2 were associated with
a poor prognosis (Table 4). In multivariate analysis,
the independent factors of prognosis were the patho-
logical N stage (P=0.005), tumor grade (P=0.014)
and ALDH1 expression (P=0.002) (Table 4).
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Discussion

To the best of our knowledge, this is the first study
in which the relationships between expression of
putative cancer stem-like cell/tumor-initiating cell
markers and the most clinically relevant features of
upper urinary tract urothelial cell carcinoma were
evaluated. We demonstrated that expression of both
ALDH1 and SOX2 correlated with cancer-specific
survival. In contrast, expression of these markers
was not associated with intravesical recurrence-free
survival. These findings suggested that cancer stem-
like cells/tumor-initiating cells were linked to more
aggressive behavior of upper urinary tract urothelial
cell carcinoma.

We demonstrated that ALDH1 was not only an
independent factor for prognosis but also associated
with recurrence-free survival, although there was no
relationship between ALDH1 expression and intra-
vesical recurrence-free survival. Brandt et al3*
found that ALDH1 was significantly upregulated in
urothelial cancer stem-like cells compared with
non-cancer stem-like cells, indicating a potential
mode of chemoresistance in urothelial cancer stem-
like cells. Su et aPP® reported that high ALDH1
expression was associated with poor prognosis
for patients with bladder urothelial carcinoma and
was an independent predictor for cancer-specific
survival. Various studies have reported that
immunohistochemically identified tumor ALDH1
expression is associated with a poor prognosis in
breast,'%22 lung,?® and pancreaticl? cancer patients.
Conversely, ALDH1 has a favorable function in
ovarian carcinoma and high expression of ALDH1
is a favorable qprognosti(: factor in patients with
ovarian cancer.®® In a large study including 1420
patients with colorectal cancer of all stages, no signi-
ficant correlation could be found between ALDH
expression and survival,®® whereas the ALDH1
expression pattern had a significant impact upon
survival for G2 T3NOMO colorectal cancer in another
study.3” Our findings suggest that upper urinary
tract urothelial cell carcinoma contains ALDH1-
positive cancer stem-like cells/tumor-initiating
cells like bladder cancer, and that these cells are
associated with survival or life-threatening disease,
as 62% of the patients with intravesical recurrence
were alive without any other recurrence.

Although the roles of SOX2 in cancer cells are still
elusive, SOX2 is considered one of the candidate
cancer stem-like cell/tumor-initiating cell anti-
gens.’® We previously demonstrated that SOX2-
overexpressing lung adenocarcinoma cell lines
showed higher rates of side population cells and
higher tumorigenecity and that SOX2 mRNA knock-
down of side population cells by gene-specific
siRNA completely abrogated tumorigenecity
in vivo.’® In this study, we found that SOX2 was
associated with cancer-specific survival in patients
with upper urinary tract urothelial cell carcinoma.
Although there has been no report showing the

MODERN PATHOLOGY (2013) 26, 117-124
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Figure 3 Kaplan—Meier curves for recurrence-free survival rates according to (a) aldehyde dehydrogenase 1 (ALDH1) expression status
and {b) sex determining region-Y-related high mobility group box 2 (SOX2) expression status, and for intravesical recurrence-free
survival rates according to (¢) ALDH1 expression status and (d) SOX2 expression status.

Table 4 Prognostic factors for cancer-specific survival in univariate and multivariate analyses

Univariate analysis

Multivariate analysis

Factor
HR (95% CI} P-value HR (95% CI) P-value

Pathological T stage 2.76 {1.69-4.89) <0.001 1.68 {0.94-3.16) 0.082
Pathological N stage 2.75 (1.75~4.09) <0.001 2.18 (1.29-3.60) 0.005
Grade 6.02 (2.53-17.7) <0.001 3.36 (1.26-10.6) 0.014
Lymphovascular invasion 2.18 {1.52-~3.25) <0.001 1.22 {0.76-1.96) 0.433
ALDH1 1.97 {1.38-2.81) <0.001 1.89 {1.28-2.79) 0.002
SOX2 1.78 (1.21-2.55) 0.005 1.30 (0.83-1.98) 0.256

relationship between SOX expression and prognosis
in UC, Ben-Porath et al*® reported enriched patterns
of gene sets associated with embryotic stem cell
identity, including SOX2, in the expression profiles
of bladder carcinoma. They demounstrated that high-
grade tumors showed an embryotic stem-like gene
set enrichment pattern, and concluded that an
embryotic stem-like signature was present in
poorly differentiated cancers from distinct cells of
origin. In the present study, SOX2 expression was
significantly associated with tumor grade, patho-
logical T stage and pathological N stage. This may
explain why SOX2 expression was an independent
factor for survival by univariate analysis but not by
multivariate analysis. Several studies have reported
that SOX2 is upregulated in various cancers other
than urothelial carcinoma, including lung adenocarci-
noma,?5 gastrie carcinoma,®® breast carcinoma,?” head
and neck squamous cell carcinomas,*%4! hepatocellular
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carcinoma*? and rectal cancer.?® Meanwhile, another
study on gastric cancer reported that SOX2 expres-
sion was related to better prognosis.®3 SOX2
expression is associated with a better outcome in
squamous cell lung cancer.#4

On the basis of the abilities for tumor initiation,
self-renewal and differentiation, various putative
cancer stem-like cell/tumor-initiating cell markers
have been used.®® As these markers (such as
side population, CD44 + /CD24-, CD133 4, ALDH1,
SOX2, Oct3/4, etc.) show distinct properties of
cancer stem cells, tumor tissues can show hetero-
geneity when multiple markers are examined. These
vary depending on the cancer, and not all tumor
cells identified by certain markers are cancer stem-
like cells/tumor-initiating cells.*® In this study,
18%, 10% and 9% of the upper urinary tract uro-
thelial cell carcinoma cases had ALDH1P%S0X2"°g,
ALDH1¢86S0X2P% and ALDH1P®SOX2P°* tumor



cells, respectively (Table 2). Furthermore, the num-
ber of upper urinary tract urothelial cell carcinoma
cells immunohistochemically stained for both
ALDH1 and SOX2, which are considered to have
more characteristics of cancer stem-like cell/tumor-
initiating cell, was limited in these cases (Supple-
mentary Figure S2). These results are compatible
with reported cancer stem-like cell/tumor-initiating
cell frequencies, which ranged from 1in 2500 to 1 in
36 000 in various cancers.*

There are several limitations to our study. First are
the limitations inherent to any retrospective study.
Second, radical nephroureterectomy was performed
by various surgeons over a long time period. Third,
immunohistochemistry has inherent limitations
such as reproducibility and reliability. Finally, the
roles of ALDH1 and SOX2 in upper urinary tract
urothelial cell carcinoma require further investi-
gation.

In summary, the current results demonstrate a
direct link between the expression of cancer stem-
like cell/tumor-initiating cell markers and patient
survival in upper urinary tract urothelial cell carci-
noma. Our data support the current cancer stem cell
hypothesis for upper urinary tract urothelial cell
carcinoma, which suggests that therapeutic targeting
of cancer stem-like cells/tumor-initiating cells in
upper urinary tract urothelial cell carcinoma is a
future possibility.
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Abstract Survivin, a member of the inhibitor of apoptosis
protein gene family, inhibits apoptosis and promotes mito-
sis. We determined whether nuclear or cytoplasmic locali-
zation of survivin could predict survival of patients with
upper urinary tract urothelial carcinoma (UUTUC). Immu-
nohistochemical staining for survivin was carried out on
archival specimens from 125 consecutive patients with
UUTUC who underwent radical nephroureterectomy.
Nuclear and cytoplasmic staining of survivin was scored
and compared with clinicopathologic features and cancer-
specific survival (CSS). Nuclear expression of survivin was
significantly correlated with tumor grade (»<0.001), lympho-
vascular invasion (p=0.022) and poor survival with an esti-
mated 5-year CSS probability of 54 % for tumors with
nuclear expression of survivin vs. 73 % for those without
nuclear expression of survivin (hazard ratio=2.19; 95 % con-
fidence interval=1.02-4.70; p=0.043). The 5-year cancer-
specific survival rates of patients with cytoplasmic survivin-
negative and -positive tumors were 66 and 67 %, respectively.
There was no difference in survival between patients with
cytoplasmic survivin-negative tumors and those with cyto-
plasmic survivin-positive tumors. Using univariate analysis,
nuclear survivin expression, tumor grade, pathological T
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stage, pathological N stage, and lymphovascular invasion
were the predictive variables for CSS. In contrast, cytoplas-
mic survivin expression had no prognostic relevance. These
data suggest that nuclear accumulation of survivin represents
biologic aggressiveness and that nuclear survivin is a nega-
tive prognostic marker in patients with resected UUTUC.

Keywords Survivin - Urothelial carcinoma - Upper urinary
tract - Survival

Introduction

Upper urinary tract urothelial carcinomas (UUTUC) are un-
common and account for only 5-10 % of urothelial carcino-
mas [1]. The primarily recognized prognostic factors are
tumor stage and grade, whereas gender, age and the initial
location of the tumor within the upper urinary tract are no
longer accepted as prognostic factors [1]. Lymphovascular
invasion [2—4], tumor necrosis [5, 6], tumor architecture {7],
and concomitant carcinoma in situ [8, 9] are associated with
higher risks of recurrent disease and cancer-specific mortality.
Molecular markers such as microsatellite instabilities [10], E-
cadherin, hypoxia-inducible factor-1cc and a telomerase RNA
component [11] have been shown to be useful for prognosis,
although none of the markers has been externally validated.
Survivin, an inhibitor of apoptosis protein (IAP) family
member that inhibits caspases and blocks cell death, is over-
expressed in various human malignancies {12]. Survivin also
plays a central role in cell division, and it is expressed in the
nuclear or cytosolic peol in cancer cells [13]. Many studies
have reported a correlation between survivin expression and
an either unfavorable or favorable prognosis [14]. Recently,
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nuclear expression of survivin has been reported to be associ-
ated with unfavorable outcomes in head and neck squamous
cell carcinoma (SCC) [15-18], hepatocellular carcinoma [19,
20], esophageal SCC [21, 22], melanoma [23], glioblastoma
[24], Merkel cell carcinoma [25], and bladder cancer [26-30].
Conversely, survivin nuclear positivity correlated with favor-
able prognoses in gastric [31], colorectal [32], and ovarian
cancers [33, 34]. In non-small cell lung cancer, nuclear accu-
mulation of survivin was a positive prognostic factor for
survival in advanced disease [35], but a negative prognostic
factor in patients with resected Stage I and I diseases [36].
To date, two studies have examined whether survivin
expression has an impact on prognosis in patients with
UUTUC. One study indicated no relationship between sur-
vivin expression and survival [37], whereas the other one
showed that survivin expression was a poor prognostic
factor [38]. In those studies, however, cells were considered
survivin-positive when a distinct granular pattern was ap-
parent within the cytoplasm of tumor cells. Therefore, we
investigated the nuclear expression of survivin in patients
with UUTUC and determined its prognostic relevance.

Materials and methods
Patients

We reviewed the clinical pathology archives of 181 consec-
utive patients who underwent radical nephroureterectomy
and were diagnosed as having UUTUCs at the Sapporo
Medical University Hospital from June 1995 through May
2010. Patients with a previous history of bladder cancer and
patients with concomitant bladder cancer were excluded.
Finally, a total of 125 patients were enrolled in this study.
Informed consent was obtained from the patients to use the
surgical specimens remaining after pathological diagnosis
for the investigational study, which was approved by the
Institutional Review Board for Clinical Research at our
university. All hematoxylin and eosin stained slides were
reviewed, and all of these specimens showed urothelial
carcinoma. The median age at operation of the 89 male
and 36 female patients was 69 years (range 32 to 88).
Median follow-up was 69 months (range 6 to 192). The
clinical stage was assigned using the American Joint Com-
miftee on Cancer TNM Staging System for Renal Pelvis and
Ureter Cancer (7th ed., 2010). Tumor grading was assessed
according to the 1973 World Health Organization classifi-
cation. The patients’ characteristics are shown in Table 1.

Immunohistochemistry and scoring

Sections (4 um) of the formalin-fixed, paraffin-embedded
tumor specimens were immunostained after heat-induced

&) Springer

Table 1 Characteristics of the 125 patients

Characteristic N (%)
Median age (range) 69 (32-88)

Median follow-up (months) 69

Sex

Male 89 an
Female 36 (29)
Side

Right 54 (43)
Left 71 (57)
Primary site (main)

Renal pelvis 75 (60)
Ureter upper 11 )
middle 10 8)
lower 29 (23)
Tumor architecture

Papillary 57 (46)
Sessile 66 (53)
Flat 2 ¢)]
Tumor grade (1973 WHO)

Gl 3 )
G2 53 43)
G3 69 (55)
Pathological stage

Stage Oa 16 (13)
Stage Ois 2 ¢3]
Stage 1 17 (14)
Stage 1l 21 an
Stage II1 50 (40)
Stage IV 19 (15)
Chemotherapy

Neoadjuvant 10 (8)
Adjuvant 6 5)

epitope retrieval in citrate buffer (pH6.0) using an autoclave
with a polyclonal antibody against survivin (1:200, Novus
Biologicals, Littleton, CO, USA). Subsequent incubations
with a secondary biotinylated antibody, avidin-conjugated
peroxidase complex, and chromogen were done on Ventana
NexES (Ventana Medical Systems, Tucson, AZ, USA). The
slides were then counterstained with hematoxylin, rinsed,
dehydrated through graded alcohols into nonaqueous so-
lution, and coverslipped with mounting media. Sections of
colorectal adenocarcinoma were used as positive controls
for survivin. Negative controls had the primary antibody
replaced by buffer. All specimens were reviewed and
scored independently using light microscopy in at least
5 areas at x400 magnification by investigators who were
blinded to clinicopathological data (TT and YH). Cases
were scored positive when >10 % of the cells reacted
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with the anti-survivin antibody, as proposed previously
[26, 30].

Statistical analysis

We tested the relationships between nuclear or cytoplasmic
survivin expression and the other clinicopathological param-
eters, i.e., the pathological T stage, pathological N stage,
tumor grade and lymphovascular invasion by chi-square tests.
Cancer-specific survival was assessed by the Kaplan—-Meier
method, and differences between two groups were compared
using the log-rank test. Univariate and multivariate regression
analyses according to the Cox proportional hazards regression
model, with cancer-specific survival as the dependent vari-
able, were used to evaluate the survivin expression as a
potential independent prognostic factor. A value of p<0.05
was considered to indicate statistical significance. The calcu-
lations were performed using JMP™ software.

Results

Survivin expression in UUTUC and its associations
with clinicopathological variables

Nuclear and cytoplasmic expression of survivin (Fig. 1)
was found in 48 (38 %) and 30 (24 %) of the 125
cases, respectively. Coexistence of nuclear and cytoplasmic

Fig. 1 Immunohistochemical
staining for survivin in upper
urinary tract urothelial
carcinoma: a survivin-negative
expression; b cytoplasmic
survivin-positive expression;
¢~ nuclear survivin-positive
expression

staining was observed in 15 cases (12 %). No normal
urothelial cells were stained with the anti-survivin antibody
either in the nucleus or in cytoplasm. Expression of nuclear
and cytoplasmic survivin was positive in 20 (35 %) and 9
(11 %) of the 57 papillary tumors, respectively. In the 77
sessile tumors, expression of nuclear and cytoplasmic survi-
vin was positive in 27 (41 %) and 19 (29 %), respectively.
There was no relationship between tumor architecture and
nuclear or cytoplasmic survivin expression. Nuclear
survivin expression was significantly associated with higher
tumor grade (»p<0.001) and lymphovascular invasion
{(p=0.022), whereas no clinicopathological variables were
linked to cytoplasmic survivin expression (Table 2).

Association of nuclear or cytoplasmic survivin expression
with survival and recurrence

The 5-year cancer-specific survival rates of patients with
nuclear survivin-positive and -negative tumors were 54 and
73 %, respectively (Fig. 2a). The S-year cancer-specific
survival rates of patients with cytoplasmic survivin-positive
and -negative tumors were 67 and 66 %, respectively
(Fig. 2b). There were significant differences in cancer-
specific survival between patients with nuclear survivin-
negative tumors and those with nuclear survivin-positive
tumors (hazard ratio=2.19; 95 % confidence interval=
1.02-4.70; p=0.043) (Fig. 2a), but no significant differences
between those with cytoplasmic survivin-negative tumors

) Springer
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Table 2 Survivin staining patterns and pathological factors of patients
with upper urinary tract urothelial carcinoma

Variable  Nuclear survivin

expression

Cytoplasmic survivin
expression

Positive Negative p value Positive Negative p value
(%) (%) (%) (%)

Pathological T stage

pTis 1(2) 1(1) 0058 2(7) 0(0) 0.222
pTa 510y 11(14) 4(13) 12(13)

pT1 2(4) 16 21) 4(13) 14(15)

pT2 9(19) 14(18) 4(13) 19Q0)

pT3 27 (56) 34 (44) 15 (50) 46 (48)

pT4 4(8) Iy 1(3) 4(4)
Pathological N stage

pNO 42 (88) 7091 0107 26(86) 87(92) 0.656
pNi 1(2) 5(6) 2(DH 33

pN2 510y 2() 2(7 5(5)

Grade

Gl 0(0) 34 <0.001 1(3) 2(2) 0.736
G2 11 (23) 42 (54) 11 37y 42 (44)

G3 37007y 3242 18 (60) 51 (54)
Lymphovascular invasion

Negative 25 (52) 56 (73) 0.022 19(63) 62(65) 0.831
Positive 23 (48) 21 27) 11 (37) 33(35)

and those with cytoplasmic survivin-positive tumors (hazard
ratio=1.11; 95 % confidence interval=0.44-2.78; p=0.832)
(Fig. 2b). A significant difference in CSS was observed
between patients with nuclear survivin-positive tumors and
those with survivin-negative tumors (hazard ratio=3.71;
95 % confidence interval=1.16~11.8; p=0.027) (Fig. 3),
when the cutoff was set at 20 %.

In univariate analysis, the pathological T stage, patholog-
ical N stage, tumor grade, lymphovascular invasion, and
nuclear survivin expression were associated with a poor
prognosis (Table 3). In multivariate analysis, the indepen-
dent factors of prognosis were the pathological T stage,
pathological N stage and tumor grade (Table 3).

Discussion

Two studies have investigated the relationships between
survivin expression and survival in patients with UUTUC.
Nakanishi et al. [37] examined survivin expression in
UUTUC using immunohistochemistry and its relationship
with the prognosis, clinicopathologic parameters, bcl-2, p53
and proliferating cell nuclear antigen (PCNA) immunoreac-
tivity. They found no correlation between survivin expression
and prognosis, clinicopathologic findings, bel-2, p53 or
PCNA, and concluded the survivin cytoplasmic expression
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Fig. 2 Kaplan-Meier curves for cancer-specific survival rates
according to a nuclear survivin expression status and b cytoplasmic
survivin expression status. RNVU radical nephrourcterectomy
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Fig. 3 Kaplan-Meier curves for recurrence-free survival rates
according to nuclear survivin expression status (>20 % vs. <20 %).
RNU radical nephroureterectomy
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Table 3 Prognostic factors
for cancer-specific survival in
univariate and multivariate
analyses

Factor Univariate analysis Multivariate analysis
HR (95 % CI) p value HR (95 % CI) p value

Pathological T stage 2.76 (1.69-4.89) <0.001 1.92 (1.09-3.59) 0.023
Pathological N stage 2.75 (1.75-4.09) <0.001 2.00 (1.24-3.12) 0.006
Grade 6.02 (2.53-17.7) <0.001 3.72 (1.42-11.7) 0.006
Lymphovascular invasion 2.18 (1.52-3.25) <0.001 1.30 (0.85-2.04) 0.236
Nuclear survivin 1.61 (1.01-2.44) 0.049 1.32 (0.81-2.02) 0.261
Cytoplasmic survivin 1.05 (0.64-1.59) 0.834 0.90 (0.54-1.39) 0.652

did not predict prognosis in UUTUC [37]. Jeong et al. [38]
investigated the expression of apoptosis-related markers, in-
cluding survivin, by using immunohistochemistry and the
association with the clinical outcomes of patients with
UUTUC. They demonstrated that survivin expression, the
apoptosis index, pathological T stage, and pathological N
stage were significantly associated with disease-specific sur-
vival in multivariate analysis [38]. Thus, the prognostic value
of cytoplasmic expression of survivin in tumor cells was
different in these studies and is still controversial, although
we found that cytoplasmic survivin expression had no
impact on survival in patients with UUTUC. One of the
reasons is the difficulty and ambiguity of immunohisto-
chemical scoring, especially when cells are weakly stained
in the cytoplasm.

Recent reports [26-30] concerning survivin expression in
urothelial carcinoma of the bladder indicated that nuclear
expression of survivin correlated with clinical outcome and
prognostic factors. Two of those studies compared the pre-
dictive value of nuclear versus cytoplasmic expression of
survivin in bladder cancer cells. Yin et al. [29] evaluated the
expression profile of the major apoptosis regulators, includ-
ing caspases, IAPs (survivin, livin, XIAP, etc.), APAF1,
SMAC, and BCL2 in non-muscle-invasive bladder cancer
by immunohistochemistry. They demonstrated that survivin
nuclear, but not cytoplasmic, expression was the only apo-
ptotic marker that correlated significantly with tumor grade,
stage, and patient outcome [29]. Another study, by Skagias
et al. [30], analyzed tissues from 80 bladder cancers, includ-
ing both non-muscle- and muscle-invasive diseases, by im-
munohistochemistry. They found correlations between
nuclear survivin expression and increased grade, stage and
the probability of tumor recurrence, but no relationship
between cytoplasmic survivin expression and any clinico-
pathological parameter [30]. Several studies [13, 39] have
reported that the nuclear pool of survivin is involved in
promoting cell proliferation, whereas the cytoplasmic pool
of survivin may participate in controlling cell survival but
not cell proliferation. Furthermore, it is known that several
splice variants of survivin have differential intraceilular
localization, e.g., survivin-AEx3 in the nucleus and

survivin-2B in the cytoplasm [40, 41]. Nouraee ct al. [42]
examined the expression pattern of survivin and its major
splice variants (survivin-AEx3 and survivin-2B) and their
prognostic values by reverse transcriptase polymerase chain
reaction. They demonstrated that the expression of survivin
and survivin-AEx3 was preferentially elevated in tumors
with high grades, whereas survivin-2B expression was lower
in high-grade tumors [42]. Nuclear expression of survivin,
including survivin itself and survivin-AEx3, is positively
correlated with tumor cell proliferation {41}, which may ex-
plain the reason why nuclear survivin correlates with survival
and prognostic factors in various cancers.

To the best of our knowledge, this is the first study in
which the relationships between nuclear expression of sur-
vivin and most clinically relevant features of UUTUC were
evaluated. In the present study, we demonstrated that the
UUTUC patients with nuclear survivin-positive tumor cells
had significantly shorter OS, than those whose tumors were
nuclear survivin-negative. In contrast, cytoplasmic survivin
expression had neither prognostic relevance nor any associ-
ation with other clinicopathological variables. Although nu-
clear survivin expression was not an independent prognostic
factor in multivariate analysis, it was linked to tumor grade
and lymphovascular invasion. Several investigators have
found the prognostic impact of tumor grade on survival
[43-45], and two large, independent, and multicenter studies
[2, 4] showed that lymphovascular invasion was an inde-
pendent prognostic factor in UUTUC and was associated
with established features of biologically aggressive disease
[46]. Therefore, nuclear accumulation of survivin represents
biologic aggressiveness, which may have a prognostic im-
pact on survival in patients with UUTUC. However, we did
not find an independently increased risk of cancer-specific
mortality with nuclear survivin expression.

This study has several potential limitations. First are the
limitations inherent in any retrospective data collection.
Second, radical nephroureterectomy was performed by var-
ious surgeons over a long time period. Third, immunohisto-
chemistry has inherent limitations such as reproducibility
and reliability, The data should be validated by molecular
biology methods.
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In summary, the current results demonstrate a negative
association between the nuclear expression of survivin and
patient survival in UUTUC. We conclude that nuclear sur-
vivin expression may be a superior biologic and prognostic
marker for UUTUC.

Conflict of interest The authors declare no conflict of interest.

References

—

. Roupret M, Zigeuner R, Palou J, Boehle A, Kaasinen E, Sylvester
R, Babjuk M, Oosterlinck W (2011) European guidelines for the
diagnosis and management of upper urinary tract urothelial cell
carcinomas: 2011 update. Eur Urol 59(4):584-594. doi:10.1016/
j-eururo.2010.12.042

2. Kikuchi E, Margulis V, Karakiewicz PI, Roscigno M, Mikami S,

Lotan Y, Remzi M, Bolenz C, Langner C, Weizer A, Montorsi F,
Bensalah K, Koppiec TM, Fernandez MI, Raman JD, Kassouf W,
Wood CG, Suardi N, Oya M, Shariat SF (2009) Lymphovascular
invasion predicts clinical outcomes in patients with node-negative
upper tract urothelial carcinoma. J Clin Oncol 27(4):612-618.
doi:10.1200/3C0.2008.17.2361

3. Kim DS, Lee YH, Cho KS, Cho NH, Chung BH, Hong SJ (2010)

Lymphovascular invasion and pT stage are prognostic factors in
patients treated with radical nephroureterectomy for localized upper
urinary tract transitional cell carcinoma. Urology 75(2):328-332.
doi:10.101 6/j.urology.2009.07.1350

4. Novara G, Matsumoto K, Kassouf W, Walton TJ, Fritsche HM,
Bastian PJ, Martinez-Salamanca J1, Seitz C, Lemberger RJ, Burger
M, El-Hakim A, Baba S, Martignoni G, Gupta A, Karakiewicz P1,
Ficarra V, Shariat SF (2010) Prognostic role of lymphovascular
invasion in patients with urothelial carcinoma of the upper urinary
tract: an international validation study. Eur Urol 57(6):1064-1071.
doi:10.1016/j.eururo.2009.12.029

. Zigeuner R, Shariat SF, Margulis V, Karakiewicz P1, Roscigno M,
Weizer A, Kikuchi E, Remzi M, Raman JD, Bolenz C, Bensalah K,
Capitanio U, Koppie TM, Kassouf W, Sircar K, Patard JJ,
Fernandez M1, Wood CG, Montorsi F, Strobel P, Wheat JC, Haitel
A, Oya M, Guo CC, Ng C, Chade DC, Sagalowsky A, Langner C
(2010) Tumour necrosis is an indicator of aggressive biology in
patients with urothelial carcinoma of the upper urinary tract. Eur
Urol 57(4):575-581. doi:10.1016/j.eururo.2009.11.035

6. Seitz C, Gupta A, Shariat SF, Matsumoto K, Kassouf W, Walton
TJ, Fritsche HM, Otto W, Tritschler S, Bastian PJ, Carballido J,
Ficarra V, Karakiewicz Pl, Artibani W, Mazzoleni G, Novara G
(2010) Association of tumor necrosis with pathological features
and clinical outcome in 754 patients undergoing radical nephrour-
eterectomy for upper tract urothelial carcinoma: an international
validation study. J Urol 184(5):1895-1900. doi:10.1016/
jJjuro.2010.06.106

. Remzi M, Haitel A, Margulis V, Karakiewicz P, Montorsi F,
Kikuchi E, Zigeuner R, Weizer A, Bolenz C, Bensalah K, Suardi
N, Raman JD, Lotan Y, Waldert M, Ng CK, Fernandez M, Koppie
TM, Strobel P, Kabbani W, Murai M, Langner C, Roscigno M,
Wheat J, Guo CC, Wood CG, Shariat SF (2009) Tumour architec-
ture is an independent predictor of outcomes after nephroureter-
ectomy: a multi-institutional analysis of 1363 patients. BJU Int 103
(3):307-311. doi:10.1111/5.1464-410X.2008.08003.x

8. Pieras E, Frontera G, Ruiz X, Vicens A, Ozonas M, Piza P (2010)

Concomitant carcinoma in situ and tumour size are prognostic

factors for bladder recurrence after nephroureterectomy for upper

w

~)

@_ Springer

10.

16.

20.

21.

22,

— 311 —

tract transitional cell carcinoma. BJU Int 106(9):1319-1323.
doi:10.1111/.1464-410X.2010.09341 x

. Wheat JC, Weizer AZ, Wolf JS Jr, Lotan Y, Remzi M, Margulis V,

Wood CG, Montorsi F, Roscigno M, Kikuchi E, Zigeuner R,
Langner C, Bolenz C, Koppie TM, Raman JD, Fermnandez M,
Karakiewize P, Capitanio U, Bensalah K, Patard JJ, Shariat SF
(2010) Concomitant carcinoma in situ is a feature of aggressive
disease in patients with organ confined urothelial carcinoma
following radical nephroureterectomy. Urol Oncol. doi:10.1016/
j.urolonc.2010.01.001

Roupret M, Fromont G, Azzouzi AR, Catto JW, Vallancien G,
Hamdy FC, Cussenot O (2005) Microsatellite instability as
predictor of survival in patients with invasive upper urinary tract
transitional cell carcinoma. Urology 65(6):1233-1237. doi:10.1016/
j.urology.2003.01.019

. Eltz S, Comperat E, Cussenot O, Roupret M (2008) Molecular

and histological markers in urothelial carcinomas of the upper
urinary tract. BJU Int 102(5):532-535. doi:10.1111/.1464-
410X.2008.07659.x

. Kelly R}, Lopez-Chavez A, Citrin D, Janik JE, Morris JC (2011)

Impacting tumor cell-fate by targeting the inhibitor of apoptosis
protein survivin. Mol Cancer 10:35. doi:10.1186/1476-4598-10-35

. Fortugno P, Wall NR, Giodini A, O’Connor DS, Plescia J,

Padgett KM, Tognin S, Marchisio PC, Altieri DC (2002)
Survivin exists in immunochemically distinct subcellular pools
and is involved in spindle microtubule function. J Cell Sci
115(Pt 3):575-585

. Li E Yang J, Ramnath N, Javle MM, Tan D (2005) Nuclear or

cytoplasmic expression of survivin: what is the significance? Int J
Cancer 114(4):509-512. doi:10.1002/jc.20768

. Marioni G, Ottaviano G, Marchese-Ragona R, Giacomelli L,

Bertolin A, Zanon D, Marino F, Staffieri A (2006) High nuclear
expression of the apoptosis inhibitor protein survivin is associated
with disease recurrence and poor prognosis in laryngeal basaloid
squamous cell carcinoma. Acta Otolaryngol 126(2):197-203.
doi: 10.1080/00016480500266685

Preuss SF, Weinell A, Molitor M, Stenner M, Semrau R, Drebber
U, Weissenborn SJ, Speel EJ, Wittekindt C, Guntinas-Lichius O,
Hoffmann TK, Eslick GD, Klussmann JP (2008) Nuclear survivin
expression is associated with HPV-independent carcinogenesis and
is an indicator of poor prognosis in oropharyngeal cancer. Br J
Cancer 98(3):627-632. doi:10.1038/5.bjc.6604192

. Qi G, Kudo Y, Ando T, Tsunematsu T, Shimizu N, Siriwardena SB,

Yoshida M, Keikhace MR, Ogawa I, Takata T (2010) Nuclear
survivin expression is correlated with malignant behaviors of head
and neck cancer together with Aurora-B. Oral Oncol 46(4):263-270.
doi:10.1016/j.oraloncology.2010.01.004

. Erpolat OP, Gocun PU, Akmansu M, Karakus E, Akyol G (2012)

High expression of nuclear survivin and Aurora B predicts poor
overall survival in patients with head and neck squamous cell
cancer. Strahlenther Onkol 188(3):248-254. doi:10.1007/s00066-
011-0042-7

. Moon WS, Tarnawski AS (2003) Nuclear translocation of survivin

in hepatocellufar carcinoma: a key to cancer ceil growth? Hum
Pathol 34(11):1119-1126

Fields AC, Cotsonis G, Sexton D, Santoianni R, Cohen C (2004)
Survivin expression in hepatocellular carcinoma: correlation with
proliferation, prognostic parameters, and outcome. Mod Pathol 17
(11):1378-1385. doi:10.1038/modpathol.3800203

Grabowski P, Kuhnel T, Muhr-Wilkenshoff F, Heine B, Stein H,
Hopfner M, Germer CT, Scherubl H (2003) Prognostic value of
nuclear survivin expression in oesophageal squamous cell carcino-
ma. Br J Cancer 88(1):115-119. doi:10.1038/sj.bjc.6600696
Mega S, Miyamoto M, Li L, Kadoya M, Takahashi R, Hase R,
Kaneko H, Shichinohe T, Kawarada Y, ltoh T, Morikawa T, Kondo
S (2006) Immunohistochemical analysis of nuclear survivin



Virchows Arch (2013} 462:101-107

23.

24,

25.

27.

28.

29.

30.

31,

33.

34,

expression in esophageal squamous cell carcinoma. Dis Esophagus
19(5):355~359. doi:10.1111/).1442-2050.2006.00604.x

Piras ¥, Murtas D, Minerba L, Ugalde J, Floris C, Maxia C,
Colombari R, Perra MT, Sirigu P (2007) Nuclear survivin is
agsociated with disease recurrence and poor survival in patients
with cutaneous malignant melanoma. Histopathology 50(7):835-
842. doi:10.1111/.1365-2559.2007.02695 x

Xie D, Zeng YX, Wang HI, Wen JM, Tao Y, Sham JS, Guan XY
(2006) Expression of cytoplasmic and nuclear survivin in primary
and secondary human glioblastoma. Br J Cancer 94(1):108-114.
doi:10.1038/sj.bjc.6602904

Kim J, McNiff JM (2008) Nuclear expression of survivin portends
a poor prognosis in Merkel cell carcinoma. Mod Pathol 21(6):764-
769. doi:10.1038/modpathol.2008.61

. Shariat SF, Ashfaq R, Karakiewicz PI, Saeedi O, Sagalowsky Al,

Lotan Y (2007) Survivin expression is associated with bladder
cancer presence, stage, progression, and mortality, Cancer 109
(6):1106-1113. doi:10.1002/cner.22521

Shariat SF, Karakiewicz P, Godoy G, Karam JA, Ashfag R, Fradet
Y, Isbarn H, Montorsi F, Jeldres C, Bastian PJ, Nielsen ME, Muller
SC, Sagalowsky Al, Lotan Y (2009) Survivin as a prognostic
marker for urothelial carcinoma of the bladder: a multicenter
external validation study. Clin Cancer Res 15(22):7012-7019.
doi:10.1158/1078-0432.CCR-08-2554

Karam JA, Lotan Y, Ashfaq R, Sagalowsky Al, Shariat SF (2007)
Survivin expression in patients with non-muscle-invasive
urothelial cell carcinoma of the bladder. Urology 70(3):482-486.
doi:10.1016/.urology.2007.05.009

Yin W, Chen N, Zhang Y, Zeng H, Chen X, He Y, Wang X, Zhou
Q (2006) Survivin nuclear labeling index: a superior biomarker in
superficial urothelial carcinoma of human urinary bladder. Mod
Pathol 19(11):1487-1497. doi:10.1038/modpathol.3800675
Skagias L, Politi E, Karameris A, Sambaziotis D, Archondakis A,
Ntinis A, Moreas 1, Vasou O, Koutselini H, Patsouris E (2009)
Survivin expression as a strong indicator of recurrence in urothelial
bladder cancer. Predictive value of nuclear versus cytoplasmic
staining. Anticancer Res 29(10):4163-4167

Okada E, Murai Y, Matsui K, Isizawa S, Cheng C, Masuda M,
Takano Y (2001) Survivin expression in tumor cell nuclei is
predictive of a favorable prognosis in gastric cancer patients.
Cancer Lett 163(1):109-116

. Qi G, Tuncel H, Aoki E, Tanaka S, Oka S, Kaneko I, Okamoto M,

Tatsuka M, Nakai S, Shimamoto F (2009) Intracellular localization
of survivin determines biological behavior in colorectal cancer.
Oncol Rep 22(3):557-562

Kleinberg L, Florenes VA, Silins I, Haug K, Trope CG, Nesland
JM, Davidson B (2007) Nuclear expression of survivin is
associated with improved survival in metastatic ovarian carcinoma.
Cancer 109(2):228-238. doi:10.1002/cncr.22426
Felisiak-Golabek A, Rembiszewska A, Rzepecka IK, Szafron L,
Madry R, Murawska M, Napiorkowski T, Sobiczewski P, Osuch B,
Kupryjanczyk J (2011) Nuclear survivin expression is a positive

35.

36.

37.

38.

39.

41,

42.

43.

46.

— 312 —

prognostic factor in taxane-platinum-treated ovarian cancer
patients. J Ovarian Res 4(1):20. doi:10.1186/1757-2215-4-20
Vischioni B, van der Valk P, Span SW, Kruyt FA, Rodriguez JA,
Giaccone G (2004) Nuclear localization of survivin is a positive
prognostic factor for survival in advanced non-small-cell lung
cancer. Ann Oncol 15(11):1654-1660. doi:10.1093/annonc/
mdh436

Shinohara ET, Gonzalez A, Massion PP, Chen H, Li M, Freyer AS,
Olson SJ, Andersen JJ, Shyr Y, Carbone DP, Johnson DH,
Hallahan DE, Lu B (2005) Nuclear survivin predicts recurrence
and poor survival in patients with resected nonsmall cell lung
carcinoma. Cancer 103(8):1685-1692. doi:10.1002/cncr.20951
Nakanishi K, Tominaga S, Hiroi S, Kawai T, Aida S, Kasamatsu H,
Aurues T, Hayashi T, Tkeda T (2002) Expression of survivin does
not predict survival in patients with transitional cell carcinoma of
the upper urinary tract. Virchows Arch 441(6):559-563.
doi:10.1007/500428-002-0712-z

Jeong IG, Kim SH, Jeon HG, Kim BH, Moon KC, Lee SE, Lee E
(2009) Prognostic value of apoptosis-related markers in urothelial
cancer of the upper urinary tract. Hum Pathol 40(5):668-677.
doi:10.1016/j.humpath.2008.10.010

Li F (2005) Role of survivin and its splice variants in tumorigen-
esis, Br J Cancer 92(2):212-216. doi:10.1038/s].bjc.6602340

. Badran A, Yoshida A, Ishikawa K, Goi T, Yamaguchi A, Ueda T,

Inuzuka M (2004) Identification of a novel splice variant of the
human anti-apoptopsis gene survivin. Biochem Biophys Res
Commun 314(3):902-907

Chaopotong P, Kajita S, Hashimura M, Saegusa M (2012) Nuclear
survivin is associated with cell proliferative advantage in uterine
cervical carcinomas during radiation therapy. J Clin Pathol 65
(5):424--430. doi:10.1136/jclinpath-2011-200477

Nouraee N, Mowla SJ, Ozhand A, Parvin M, Ziace SA, Hatefi N
(2009) Expression of survivin and its spliced variants in bladder
tumors as a potential prognostic marker. Urol J 6(2):101-108
Lehmann J, Suttmann H, Kovac I, Hack M, Kamradt J, Siemer S,
Wallich B, Zwergel U, Stockle M (2007) Transitional cell
carcinoma of the ureter: prognostic factors influencing pro-
gression and survival. Eur Urol 51(5):1281-1288. doi:10.1016/

Jj-euriro.2006.11.021
. Li CC, Chang TH, Wu WIJ, Ke HL, Huang SP, Tsai PC, Chang SJ,

Shen JT, Chou YH, Huang CH (2008) Significant predictive
factors for prognosis of primary upper urinary tract cancer afier
radical nephroureterectomy in Taiwanese patients. Eur Urol 54
(5):1127-1134. doi:10.1016/j.eururo.2008.01.054

. Li WM, Li CC, Ke HL, Wu W], Huang CN, Huang CH (2009)

The prognostic predictors of primary ureteral transitional cell
carcinoma after radical nephroureterectomy. J Urol 182(2):451-458.
doi:10.1016/j.juro.2009.04.026, discussion 458

Chromecki TF, Bensalah K, Remzi M, Verhoest G, Cha EK, Scherr
DS, Novara G, Karakiewicz PI, Shariat SF (2011) Prognostic
factors for upper urinary tract urothelial carcinoma. Nat Rev Urol
8(8):440-447. doi:10.1038/nrurol.2011.96

_@_ Springer



Immunotherapeutic benefit of a-inte

- The official journal of the Japane

rferon (IF) in

survivin2B-derived peptide vaccination for advanced

pancreatic cancer patients

Hidekazu Kameshima,# Tetsuhiro Tsuruma,'3* Goro Kutomi,' Hiroaki Shima,’ Yuji iwayama,' Yasutoshi Kimura,’
Masahumi Imamura,® Toshihiko Torigoe,2 Akari Takahashi,2 Yoshihiko Hirohashi,2 Yasuaki Tamura,?
Tomohide Tsukahara,? Takayuki Kanaseki,? Noriyuki Sato? and Koichi Hirata®

Departments of 'Surgery and ?Pathology, Sapporo Medical University School of Medicine, Sapporo, Japan

(Received July 3, 2012/Revised October 4, 2012/Accepted October 10, 2012/ Accepted manuscript online October 19, 2012/ Article first published online December 16, 2012)

Survivin, a member of the inhibitor of apoptosis protein (IAP)
family containing a single baculovirus IAP repeat domain, is
highly expressed in cancerous tissues but not in normal counter-
parts. Our group identified an HLA-A24-restricted antigenic
peptide, survivin-2B80-88 (AYACNTSTL), that is recognized by
CD8 + CTLs and functions as an immunogenic molecule in
patients with cancers of various histological origins such as
colon, breast, lung, oral, and urogenital malignancies. Subse-
quent clinical trials with this epitope peptide alone resulted in
clinical and immunological responses. However, these were not
strong enough for routine clinical use as a therapeutic cancer
vaccine, and our previous study of colon cancer patients
indicated that treatment with a vaccination protocol of survivin-
2B80-88 pius incomplete Freund’s adjuvant (iFA) and a-interferon
(IFNo) conferred overt clinical improvement and enhanced the
immunological responses of patients. In the current study, we
further investigated whether this vaccination protocol could
efficiently provide not only improved immune responses but also
better clinical outcomes for advanced pancreatic cancers. Tetra-
mer and enzyme-linked immunosorbent spot analysis data
indicated that more than 50% of the patients had positive clinical
and immunological responses. In contrast, assessment of treat-
ment with IFN« only to another group of cancer patients resulted
in no obvious increase in the frequency of survivin-2B80-88
peptide-specific CTLs. Taken together, our data clearly indicate
that a vaccination protocol of survivin-2B80-88 plus IFA and IFNa«
is very effective and useful in immunotherapy for this type of
poor-prognosis neoplasm. This trial was registered with the
UMIN Clinical Trials Registry, no. UMIN000000905. (Cancer Sci
2013; 104: 124-129)

R ecent progress in human tumor immunology research has
presented us with the possibility that immunotherapy
could be established as an effective cancer therapy in the very
near future.*"® Indeed, since the first discovery of a human
tumor antigen in 1992, many clinical trials for cancer vac-
cines have been carried out, and these studies have suggested
that active immunization using HLA class I restricted tumor
antigenic peptides and the whole or part of the tumor antigenic
protein could work as activators of antigen-specific CTLs, at
least in some cancer patients.®'® However, even in effective
cases, vaccination with these molecules alone is not sufficient
to evoke a potent and stable immune response and subsequent
strong clinical effect. Thus, it is crucial to develop various
methods for enhancing the immunological efficacy of tumor
antigens.

We have studied how tumor antigenicity can be efficiently
enhanced in cancer patients since 2003. In our studies, the
HLA-A24-restricted peptide survivin-2B80-88 was given s.c.

Cancer Sci | January 2013 | vol. 104 | no. 1 | 124-129

to patients six times or more at biweekly intervals for colon,
breast, lung, oral cavity, and urinary bladder cancers, and
lymphomas. Clinically, certain patients with colon, lung, and
urinary bladder cancers showed reductions in tumor mark-
ers and growth arrest as assessed by computed tomography
 (8-133 i . o .
(CT). These effects, however, were not strong enough for
the clinical requirements as decided by the criteria for cancer
chemotherapy. When assessed with the Response Evaluation
Criteria in Solid Tumors, which requires more than 30%
regression of tumors on CT, only one patient each of 15 with
colon cancers and three with urinary bladder cancers had a
positive clinical response, indicating that the therapeutic poten-
tial was obviously not strong enough for routine clinical use as
a cancer treatment.

In a previous study, ™ to determine if the immunogenicity of
the survivin-2B80-88 peptide could be enhanced with other
vaccination protocols, we carried out and compared clinical
trials in advanced colon cancer patients with two vaccination
protocols: (i) survivin-2B80-88 plus incomplete Freund’s adju-
vant (IFA); and (ii) survivin-2B80-88 plus IFA and a type-I
interferon (IFN), IFNo. Our data clearly indicated that,
although the effect of survivin-2B80-88 plus IFA was not
significantly different from that with survivin-2B80-88 alone,
treatment with survivin-2B80-88 plus IFA and IFNo resulted
in clear clinical improvement and enhanced the immunological
responses of patients. We also analyzed CTLs of these patients
by single-cell sorting, and found that cach CTL clone from
vaccinated patients was indeed not only peptide-specific but
also cytotoxic against human cancer cells in the context of the
expression of both HLA-A24 and survivin molecules.

Pancreatic cancer is still one of most difficult malignant
neoplasms to treat, so in the current study we investigated
whether the most effective protocol for colon cancer patients,
namely survivin-2B80-88 plus IFA and IFN, could work sim-
ilarly in pancreatic cancers as in colon cancers. Furthermore,
we carried out frequency monitoring of survivin-2B80-88 pep-
tide-specific CTL in cases of cancer patients treated with IFNx
alone, and found no overt increase of these CTLs. Once the
survivin-2B80-88 peptide was administered with IFNa,
patients showed strong clinical and immunological responses
as assessed by tetramer and enzyme-linked immunosorbent
spot (ELISPOT) analyses. Taken together, our current data
strongly suggest that vaccination using survivin-2B80-88 plus
IFA and IFNz is actually very effective in patients with
advanced pancreatic cancers from both the clinical and
immunological points of view.
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Materials and Methods

Patients. Patient selection was done as reported in our previ-
ously published work. The study protocol was approved by the
Clinic Institutional Ethical Review Board of the Medical Insti-
tute of Bioregulation, Sapporo Medical University (Sapporo,
Japan).“s"’m All patients gave informed consent before being
enrolled. Patients who participated in this study were required
to: (i) have histologically confirmed pancreatic cancer; (ii) be
HLA-A*2402 positive; (iii) have survivin-positive carcinoma-
tous lesions by immunohistochemistry; (iv) be between 20 and
85 years old; (v) have unresectable advanced cancer or recur-
rent cancer; and (vi) have Eastern Cooperative Oncology
Group performance status between 0 and 2. Exclusion criteria
included: (i) prior cancer therapy such as chemotherapy, radia-
tion therapy, steroid therapy, or other immunotherapy within
the past 4 weeks; (ii) the presence of other cancers that might
influence the prognosis; (iii) immunodeficiency or a history of
splenectomy; (iv) severe cardiac insufficiency, acute infection,
or hematopoietic failure; (v) use of anticoagulants; and (vi)
unsuitability for the trial based on clinical judgment. This
study was carried out at the Department of Surgery, in the
Sapporo Medical University Primary Hospital from December
2005 through to November 2010.

Peptide, IFA, and IFNa preparation. The peptide, survivin-
2B80-88 with the sequence AYACNTSTL, was prepared under
good manufacturing practice conditions by Multiple Peptide
Systems (San Diego, CA, USA).®'%? The identity of the
peptide was confirmed by mass spectrometry analysis, and the
purity was shown to be more than 98% as assessed by HPLC
analysis. The peptide was supplied as a freeze-dried, sterile
white powder. It was dissolved in 1.0 mL physiological saline
(Otsuka Pharmaceutical, Tokyo, Japan) and stored at —80°C
until just before use. Montanide ISA 51 (Seppic, Paris, France)
was used as IFA. Human IFNa was purchased from Dainip-
pon-Sumitomo Pharmaceutical (Osaka, Japan).

Patient treatment. In this clinical study, we used the protocol
illustrated in Fig. 1, with the survivin-2B80-88 peptide plus
IFA and IFNu. In this trial, the primary endpoint was safety.
The second endpoint was investigation of the antitumor effects
and clinical and immunological monitoring.

In this protocol, survivin-2B80-88 at a dose of | mg/1 mL
plus IFA at a dose of 1 mL were mixed immediately before
vaccination. The patients were then vaccinated s.c. four times

Survivin-2B80-88 peptide plus IFA with IFNa

Peptide
1mg/ImL,
IFA (1 mL)

1mg/1 mLY k1 mg/1 mL)| (1 mg/1 ml,

Peptide Peptide Peptide
IFA (1 mL)] | IFA (1 mL){ | IFA (1 mL)

l Day 1 l2weeksl4weeks16weeks
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IFNa administration

(3 000 000 IU)
Clinical & Clinical &
immunological immunological
evaluation evaluation
Fig. 1. Clinical protocol of study. Survivin-2B80-88 and incomplete

Freund's adjuvant (IFA) were mixed immediately before vaccination.
The patients were then vaccinated s.c. four times at 14-day intervals.
in addition, w-interferon (IFNx) was given twice a week close to the
site of vaccination. For this, IFNx was mixed with the peptide and IFA
immediately before vaccination and given at the time of peptide and
IFA biweekly vaccination.
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at 14-day intervals. In addition, TFNo at a dose of
3 000 000 TU was given s.c. twice a week close to the site of
vaccination. For this, IFNo was mixed with the peptide and
IFA immediately before vaccination and given at the time of
peptide and IFA biweekly vaccination (Fig. 1).

Toxicity evaluation. Patients were examined closely for signs
of toxicity during and after vaccination. Adverse events were
recorded using the National Cancer Institute Common Toxicity
Criteria.®1®

Clinical response evaluation. Physical examinations and
hematological examinations were carried out before and after
each vaccination.® '™ A tumor marker (Cal9-9) was exam-
ined. Changes in the tumor marker levels were evaluated by
comparison of the serum level before the first vaccination and
that after the fourth vaccination. Immunohistochemical study
of the HLA class I expression in patients’ primary pancreatic
cancer tissues was done with anti-HLA class I heavy chain
mAb EMR-8-5""" (Funakoshi, Tokyo, Japan).

Tumor size was evaluated by CT scans or MRI by comparing
the size before the first vaccination with that after the fourth
vaccination. A complete response (CR) was defined as com-
plete disappearance of all measurable and evaluable disease. A
partial response was defined as a >30% decrease from the
baseline in the size of all measurable lesions (sum of maximal
diameters). Progressive disease (PD) was defined as an increase
in the sum of maximal diameters by at least 20% or the appear-
ance of new lesions. Stable disecase (SD) was defined as the
absence of criteria matching those for complete response, par-
tial response, or PD.®1? patients who received fewer than four
vaccinations were excluded from all evaluations in this study.

In vitro stimulation of PBMC, tetramer staining, and ELISPOT
assay. The samples for tetramer analysis and ELISPOT analysis
were simultaneously obtained at the time of the hematological
examination before and after each vaccination. These experi-
ments were carried out as in our previous report. The PBMCs
were isolated from blood samples by Ficoll-Conray density
gradient centrifugation. Then they were frozen and stored at
—80°C. As needed, frozen PBMCs were thawed and incubated
in the presence of 30 pg/mL survivin-2B80-88 in AIM V (Life
Technologies Corp, Grand Island, NY, USA) medium contain-
ing 10% human serum at room temperature. Next, interleukin-2
was added at a final concentration of 50 U/mL 1 h, 2 days,
4 days, and 6 days after the addition of the peptide. On day 7
of culture, the PBMCs were analyzed by tetramer staining and
ELISPOT assay.

The FITC-labeled HLA-A*2402-HIV  peptide (RYL-
RDQQLL) and phycoerythrin (PE)-labeled HLA-A*2402-
survivin-2B8-88 peptide tetramers were purchased from Medi-
cal and Biological Laboratories (MBL) Co., Ltd (Nagoya,
Japan). For flow cytometric analysis, PBMCs, stimulated
in vitro as above, were stained with the PE-labeled tetramer
at 37°C for 20 min, followed by staining with a PE-Cy5-
conjugated anti-CD8 mAb (BD Biosciences, San Jose, CA,
USA) at 4°C for 30 min. Cells were washed twice with PBS
before fixation in 1% formaldehyde. Flow cytometric analysis
was carried out using FACSCalibur and CellQuest software
(BD Biosciences). The frequency of CTL precursors was calcu-
lated as the number of telramer—ll)ositive cells divided by the
number of CD8-positive cells, 012

The ELISPOT plates were coated overnight in a sterile
environment with an IFNy capture antibody (BD Biosciences)
at 4°C. The plates were then washed once and blocked with
AIM V medium containing 10% human serum for 2 h at room
temperature. CD8-positive T cells separated from patients’
PBMCs (5 x 10° cells/well) that were stimulated in vitro as
above were then added to each well along with HLA-A24-trans-
fected T2 cells (T2-A24) (5 x 10* cells/well) that had been
preincubated with or without survivin-2B80-88 (10 mg/mL) or
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with an HIV peptide as a negative control. After incubation in
a 5% CO, humidified chamber at 37°C for 24 h, the wells
were washed vigorously five times with PBS and incubated
with a biotinylated anti-human IFNy antibody and HRP-conju-
gated avidin. Spots were visualized and analyzed using KS
ELISPOT (Carl Zeiss, Oberkochen, Germany). In this study,
positive (+) ELISPOT represents a more than twofold increase
of survivin-2B80-88 peptide-specific CD8 T cell IFNy-postive
spots as compared with HIV peptide-specific CD8 T cell spots,
whereas negative (—) means a less than twofold increase.

Single-cell cloning and functional assessment of tetramer-posi-
tive CTLs. Survivin-2B80-88 peptide tetramer-positive CTLs
were sorted and subsequently cloned to single cells using
FACS (Aria 1I Special Order; BD Biosciences). The peptide-
specific cytotoxicity of each of these CTLs was determined
by pulsing T2A24 cells®'” with survivin-2B80-88 or HLA-
A*2402 HIV (RYLRDQQLL) peptides, as previously
described.

Results

Patient profiles, safety, and clinical responses. In the present
protocol with the survivin-2B80-88 peptide plus TFA and
IFNa, six patients were enrolled in the study (Table 1). None
dropped out because of adverse events due to the vaccination.
They consisted of three men and three women, whose age
range was 50-80 years.

With respect to the safety, vaccination was well tolerated in
all patients. Four patients had fever reaching nearly 39°C after
the vaccination, possibly due to the action of IFN«. No other
severe adverse events were observed during or after vaccina-
tion except for induration at the injection site, which was con-
duced by IFA.

The clinical outcomes for the six patients treated with survi-
vin-2B80-88 plus IFA and IFNa are summarized in Table 1.
In some patients, particularly No. 1, the postvaccination Cal9-
9 value was clearly decreased as compared with prevaccina-
tion, and was within the normal limit. Other patients (Nos. 2,
4, and 6) also had decreased or stable postvaccination levels of
Cal9-9, although not as large. As for tumor size evaluated by
CT, four patients (Nos. 1, 2, 4, and 6) were considered to have
SD, but the other two patients (Nos. 3 and 5) had PD. Conse-
quently, it appeared that there was a close correlation between
clinical SD outcomes and a reduced or stable Cal9-9 level.

Immune responses, single-cell cloning, and subsequent
functional assessment of tetramer-positive CTLs. As in our
previous study with colon cancer patients, we determined if
the survivin-2B80-88 peptide vaccination could actually induce
specific immune responses in the patients enrolled. The peptide-
specific CTL frequency was analyzed using the HLA-A24/
peptide tetramer. The CTL frequencies before the first
vaccination (prevaccination) and after the last vaccination
(postvaccination) were assessed with an HLA-A24-restricted
survivin-2B80-88 (AYACNTSTL) peptide tetramer, compared
with an HLA-A24-restricted HIV peptide (RYLRDQQLL) tetra-
mer as a negative tetramer control. The number of survivin-
2B80-88 peptide tetramer-positive but HIV peptide-negative
CD8 T cells in 10* CD8 T cells was determined. In the current
study, ELISPOT was also carried out using these peptides.

As summarized in Table 1, four of the six patients (Nos. 1,
2, 4, and 6) had enhanced frequency with a more than 200%
increase. It was also interesting that all four of these patients
were also positive in the ELISPOT study, and all four had SD
by CT evaluation, suggesting that immune responses might
appropriately reflect clinical responses with the current vacci-
nation protocol.

As in our previous work, we also analyzed tetramer-positive
CD8 T cells at the single-cell level, and determined whether
these T cells had specificity for the survivin-2B80-88 peptide
and cytotoxic potential against live survivin-2B-positive tumor
cells in the context of HLA-A*2402. As shown in Fig. 2,
patient No. 1 (62 years old, female) had a reduced serum
Cal9-9 level, and obvious immune responses as assessed by
the survivin-2B80-88 ELISPOT and tetramer analyses (Fig. 3)
after vaccination.

Subsequently, CD8 T cells of the tetramer-positive fraction
were sorted by FACS, then cultured with 1, 3, and 10 cells/
well for 7-10 days. Almost all growing T cells were survivin-
2B peptide-specific T cells (data not shown), and we next
assessed peptide-specific cytotoxicity by using these T cells.
As Fig. 4 clearly shows, all T cells had very high peptide-
specific cytotoxic potential. Taken together, these data clearly
indicated that the vaccination protocol with survivin-2B80-88
plus IFA and IFNo was capable of inducing a strong CTL
response and for some pancreatic cancer patients might result
in clinical effectiveness.

Assessment of treatment effect with IFNa alone. The above
data strongly suggested that the current vaccination protocol

Table 1. Profiles of patients with advanced pancreatic cancer enrolled in the study and their clinical and immunological responses to
vaccination with survivin-2B80-88 peptide, incomplete Freund's adjuvant and IFN«

. Tetramer stainingt ELISPOT®

Patient Age/sex Adverse effects Tumor markers CT eval. d

no. pre/post (CA19-9 U/mL) Pre/post % Increase Pre/post % Increase

1 62/F Induration 136.5/31.4 sD 23/246 1069.6 27/294 1088.9

2 61/F Induration 63.6/60.6 SD 1/157 15700.0 25/71 284.0
Fever

3 56/M Induration 171.4/978.8 PD 22/19 86.3 19/525 2763.2
Fever
Thrombopenia

4 80/F induration 30.0/22.7 SD 9/1030 11444.4 1/101 10100.0
Fever

5 58/M Induration - 436.0/2885.0 PD 3/0 0.0 34/20 58.8
Fever

6 50/M Induration 4389.0/4295.0 SD 2/7 350.0 27/85 3148

tCytotoxic T-lymphocyte frequency of prevaccinated (pre) and postvaccinated (post) patients was assessed with an HLA-A24-restricted survivin-
2B80-88 (AYACNTSTL) peptide tetramer. HLA-A24-restricted HIV peptide (RYLRDQQLL) tetramer was used as a negative control. The numbers of
survivin-2880-88 peptide tetramer-positive but HIV peptide-negative CTLs in 10° x CD8 T cells are shown. $y-Interferon (iFNy) secretion of pre-
and postvaccinated patients’ CD8 T cells was assesed with enzyme-linked immunosorbent spot (ELISPOT) assay using T2-A24 cells pulsed with sur-
vivin-2B80-88 peptide. The numbers of spots in 5 x 10° CD8 T cells are shown. CT eval., evaluation by computed tomography; IFNo, s-interferon;

PD, progressive disease; SD, stable disease.
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Fig. 2. Representative illustration of the clinical effect in patient No.
1 as assessed by the serum Ca19-9 level. Arrows indicate vaccinations
with survivin-2B80-88 plus incomplete Freund’s adjuvant with
w-interferon (IFNg).
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Fig. 3. Immunological analysis of CTL responses against HLA-A24
restricted survivin-2B80-88 peptide (surv2B) before and after vaccina-
tions as assessed by enzyme-linked immunosorbent spot (ELISPOT) and
tetramer (tet) analyses. Numbers in the ELISPOT assay indicate y-inter-
feron (IFNy) secretion against survivin2B80-88 or HIV peptide pulsed
T2-A24 cells in 10*x CD8" T cells. Numbers in tetramer analysis indicate
survivin-2B80-88 peptide-specific CD8* T cells among 10%x CD8* T cells.

with the survivin-2B80-88 peptide plus IFA and IFNo could
work as a potential therapeutic regimen in pancreatic cancers.
However, it remained to be clarified if IFN« alone without the
peptide could function in a similar manner, at least to some
extent, as this cytokine is considered to be the most potent for
the activation and maturation of dendritic cells (DCs) as well as
upregulation of HLA class I in tumor cells. To this end, we
studied this profile in three patients with colon cancer, not
pancreatic cancer, whose condition was similar to those in this
study, that is, patients with unresectable advanced or recurrent
cancer. This was done because patients with the latter cancer
had highly advanced clinical cases, making this type of study
impossible. As shown Table 2, all three patients showed no
obvious increases, but rather reductions, in the frequency of sur-
vivin-2B peptide-specific T cells as assessed by tetramer analy-
sis before and after two to four treatments with IFNa alone.
Furthermore, this was also true for ELISPOT analysis. These
data supported the idea that IFNa alone did not actively partici-
pate in the activation ol survivin-2B peptide-specific T cells.

Discussion

Our group previously showed that the vaccination protocol of
survivin-2B80-88 plus IFA and IFNo could work as a potent
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Fig. 4. Single-cell analysis of survivin-2880-88 peptide tetramer-posi-
tive CD8 CTL cells). Survivin-2B80-88 peptide tetramer-positive CD8 T
cells in Fig. 3 (circled) were sorted and cultured at 1, 3, and 10 cells
/well for 7-10 days. Subsequently, clonal CTL cells were examined for
their reactivity to the survivin-2B80-88 peptide tetramer (Surv2B) (A)
and against T2A24 target cells pulsed with the survivin-2B80-88 pep-
tide and HIV peptide and against control K562 cells (B). ET, effector/
target ratio.

immunotherapeutic regimen in colon cancers.™ In addition to
colon cancer, survivin2B protein is expressed in most tumor
cells of various tissue origins, such as those in the
gastrointestinal and biliary tracts and pancreas, therefore, there
is a possibility that the survivin2B peptide could work as a
potential therapeutic tumor vaccine in cancer patients with
these neoplasms.

In this present study, we assessed whether the vaccination
protocol using survivin-2B80-88 plus IFA and IFNa could be
effective in pancreatic cancer patients from inununological and
clinical points of views. Consequently, our data strongly sug-
gested that this protocol was very effective and useful in
immunotherapy for advanced pancreatic cancers as in colon
cancers. Actually it was shown that more than 50% of patients
with pancreatic cancers showed positive clinical and immuno-
logical responses in tetramer and ELISPOT analyses. In some
cases, the immunological response of survivin-2B80-88
peptide-specific CTLs was elucidated at the single-cell level.
Taken together, the current data implied that our vaccination
protocol was very useful in immunotherapy for pancreatic
cancers.

As shown in Fig. 3, the number of tetramer-positive popula-
tions and IFNy-positive spots in the ELISPOT assay was
reduced from the third to the fourth vaccination. We speculate
that there could be various reasons for this reduction. One
might be immune escape by the downregulation of HLA
expression, cytokines, or regulatory T cells. Another might be
an activity of the stored samples, or differences between the
environment of the peripheral circulation and the tumor. In
other words, the peptide-specific CTL responses were reduced
in immunological monitoring in the peripheral circulation, but
maintained in the local cancer environment. In this case, the
clinical responses, such as tumor marker (CA19-9) level and
tumor size evaluated by CT, had been maintained also after
that, even though the number of tetramer-positive populations
and IFNy-positive spots in the ELISPOT assay was reduced
between the third and fourth vaccinations. Therefore, CA19-9
levels had been kept within normal limits and new cancer
lesions had not appeared.

We evaluated immunological monitoring of this clinical pro-
tocol by tetramer staining and IFNy ELISPOT assay. Tetramer
staining recognizes the structure of the T cell receptor, and
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