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San Diego, CA) antibodies. For intracellular staining of
Foxp3, cells were stained using a Foxp3 Staining Buffer
set (eBiosciences).

Flow cytometry

The following antibodies were used for flow cytometry:
anti-CD4-APC/H7, anti-CD11c-PE/Cy7, anti-major histo-
compatibility complex (MHC) class II-Pacific Blue, and
anti-CD103-APC antibodies (BD Biosciences). Anti-
Foxp3-Alexa Fluor 647 antibodies (eBioscience) were also
used; conditions were set according to the manufacturer’s
instructions. Data were acquired using a FACS Cant-2
instrument with Diva software (Becton Dickinson, Flank-
lin Lakes, NJ, USA).

Intestinal tissue explant cultures

Explant culture was performed according to previously
published methods with some modifications.'>'¢ Briefly,
large intestines were collected, opened longitudinally,
washed in PBS to remove contents, and shaken at
110 rpm in RPMI 1640 containing 50 mg/mL gentamicin,
100 U/mL penicillin, 100 mg/mL streptomycin (GIBCO,
Carlsbad, CA, USA), and 5 mmol/L ethylenediaminetetra-
acetic acid for 20 min at 37°C. After removing epithelial
cells and fat tissue, intestinal tissue was cut into 10-mm
fragments. Tissue fragments were incubated in 0.5 mL
RPMI is abbreviation of Roswell Park Memorial Institute
medium. Normally, RPMI is used. 1640 supplemented
with 50 mg/mL gentamicin, 100 U/mL penicillin, 100 mg/
mL streptomycin, and 5% heat-inactivated fetal bovine
serum. Supernatants from the tissue fragment incubations
were collected after 24 h for cytokine ELISAs (IL-6 and IL-
10; R&D Systems), and tissue dry weights were measured.

Intestinal microflora analysis (T-RFLP
method)

Analysis of intestinal bacterial flora using mouse fecal
specimens was outsourced to Techno Suruga Laboratory
(Shizuoka, Japan), where the T-RFLP (terminal restriction
fragment length polymorphism) method was used.'” The
details of this method are described in the Data SI.

Microflora transfer

Microflora transfer was performed according to previ-
ously published methods, with modifications.'® Briefly, 6-
week-old female mice were treated with a cocktail of anti-
biotics (0.5 mg/mL vancomycin [Duchefa Biochemie,
Haarlem, the Netherlands], 1 mg/mL ampicillin, 1 mg/
mL metronidazole, 1 mg/mL neomycin, and 1 mg/mL
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gentamicin [Nacalai Tesque, Kyoto, Japan]) in drinking
water for 2 weeks. Diluted cecal contents were collected
from 8-week-old mice treated with C. kefyr or water for
2 weeks. The ceca of control mice or C. kefyr-treated mice
were dissected and opened, and the contents were trans-
ferred to a sterile tube and resuspended in 50 volumes of
sterile water. Next, 200 uL of this suspension was admin-
istered to each recipient by oral gavage using a gavage
needle for five consecutive days. At 2 days after the final
oral gavage, feces were collected for T-RFLP analysis, and
mice were immunized for EAE.

Statistical analysis

Statistical analysis of the results was performed by one-
way analysis of variance (ANOVA). Repeated measures
ANOVA was used to compare the ratio of bacteria in T-
RFLP analysis. Differences were considered significant
when P values were less than 0.05. The data were analyzed
using SPSS 14.]. (SPSS, Chicago, IL, USA)

Results

Candida kefyr decreased the susceptibility
of mice to EAE

Eighteen types of yeasts that are found in common fer-
mented foods were investigated in this study (Table S1).
Because TNF-o is involved in the pathogenesis of intesti-
nal autoimmune diseases’®* and IL-10 is a key anti-
inflammatory cytokine involved in the maintenance of
intestinal homeostasis,”** the effects of yeasts on the
production of these cytokines by MNCs from intestinal
LP were examined. The yeasts were then classified into
four groups depending on the pattern of relative cytokine
production: high TNF-o/high IL-10, high TNF-o/low IL-
10, low TNF-a/high IL-10, and low TNF-a/low IL-10
(data not shown). Eight yeasts representing the four
groups were arbitrarily selected, and their effects on EAE
model mice were examined. When administered begin-
ning 14 days before immunization with MOGss_ss, only
C. kefyr, which belonged to the low TNF-o/low IL-10
group, significantly ameliorated the clinical severity of
EAE symptoms (Fig. 1A). Pathological examinations
revealed that the number of infiltrated MNCs into the
spinal cords of mice treated with C. kefyr was apparently
lower than that observed in the control group (Fig. 1B).
The significant decrease in the number of infiltrating cells
in the C. kefyr-treated group was confirmed by semiquan-
titative analysis (C. kefyr: 1.16 £ 0.24 vs. control
2.07 £ 0.22; P = 0.010; Fig. 1C). To investigate the effects
of C. kefyr on systemic inflammation, draining
inguinal LNs and cervical LNs harvested on day 8 after
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Figure 1. Candida kefyr ameliorates symptoms of EAE. The effects of
C kefyr (n = 11), C. versatilis (n = 8), A. oryzae (n = 6), and control
(water, n = 9) on the clinical severity of EAE are shown. (A) The three
yeasts listed above are shown because the other five yeasts did not
differ significantly from the control. Yeasts were administered from
14 days before immunization until the end of the study. Data
represent the mean clinical score +SEM. (*P < 0.05, **P < 0.01
compared to the control group using ANOVA). (B) Spinal cord
sections obtained from control or C. kefyr-treated C57BL/6 mice on
day 22 after immunization were analyzed by hematoxylin and eosin
(H&E) staining. Scale bar = 250 um. (C) Semiquantitative evaluation
of the pathological scores was performed as described in the
Materials and Methods section. Each bar indicates the mean
pathological score +SEM of six mice from each group. Lymphocytes
were isolated from draining lymph nodes (D) and cervical lymph
nodes (E) on day 8 after immunization and then restimulated with
MOGss_ss5 for 72 h. IL-17, IFN-y, and IL-10 in the culture supernatants
were assayed by ELISA. Data are means + SEMs and are
representative of three independent experiments (n = 5-8 each). EAE,
experimental autoimmune encephalomyelitis; ANOVA, analysis of
variance; MOG, myelin oligodendrocyte glycoprotein; IL, interleukin;
IFN, interferon; ELISA, enzyme-linked immunosorbent assay.
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immunization were restimulated with MOGs;s_s5. Both
inguinal and cervical LNs obtained from the C. kefyr-trea-
ted mice produced significantly less IL-17 and IFN-y than
those obtained from the control group. The production
of IL-10 did not differ significantly between the two
groups (Fig. 1D and E). Although we assayed IL-4 to
examine the effects of C. kefyr on Th2-skewing, the levels
were below the sensitivity of the assay system. These data
suggested that treatment with C. kefyr inhibited the
induction of antigen-specific Th17 and Thl cells.

Next, the effects of C. kefyr were examined in a model
of dextran sulfate sodium (DSS)-induced colitis because
inflammatory bowel disease is known to be directly
affected by intestinal microflora and intestinal immu-
nity.” In this colitis model, prophylactic oral administra-
tion of C. kefyr significantly inhibited body weight loss,
reduced colon length, and increased relative colon weights
(Fig. S1A-D). The effects of other Candida species were
less prominent than those of C. kefyr, and no significant
differences were observed compared to the control. The
effects of C. kefyr were also examined in a toluene-2, 4-
diisocyanate (TDI) contact dermatitis model, another
model of autoimmune dysfunction. However, C. kefyr, as
well as the other yeasts examined (C. versatilis, C. valida,
and Saccharomyces cerevisiae), had no effects on TDI-
induced dermatitis (Fig. S2). Thus, our data supported
that C. kefyr ameliorated symptoms of EAE and DSS-
induced colitis, but did not affect TDI-induced dermatitis,
suggesting that the efficacy was disease specific.

When C. kefyr administration was initiated on day 8
after immunization of mice with EAE, clinical severity
was not affected (Fig. S3A). Moreover, in the DSS-
induced colitis model, disease deterioration was observed
when C. kefyr was administered after DSS induction (data
not shown). Thus, C. kefyr was not effective as a thera-
peutic agent, but exhibited efficacy in the prophylactic/
preventive setting.

Candida kefyr suppressed generation of
Th17 cells and induced production of
regulatory T cells (Tregs) and dendritic cells

In order to elucidate the mechanism through which C.
kefyr suppressed intestinal and systemic inflammation, we
analyzed CD4" T cells from mice treated with C. kefyr.
Intracellular staining of CD4" T cells from LP and MLNs
of mice treated with C. kefyr for 2 weeks revealed that
CD4" IL-17-producing cells were downregulated in intes-
tinal LP in both small and large intestines (Fig. 2A). The
production of IL-6 by intestinal tissue explants was also
downregulated in both small and large intestines, and IL-
10 was significantly upregulated in the colon (Fig. 2B).
Significantly increased percentages of CD4" Foxp3* iTregs
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were observed in C. kefyr-treated mice (C. kefyr:
7.5 £ 0.4% vs. control: 9.8 & 0.5%), although the ratio
of Th17 cells was not altered in MLNs (Fig. 2C). No sig-
nificant differences in the ratios of iTregs in intestinal LP
were observed (data not shown). The percentage of
CD103" dendritic cells was significantly increased in
MLNs (Fig. 2D) and ILNs (data not shown) on day 8 po-
stimmunization in C. kefyr-treated mice, although differ-
ences were not observed between the two groups before
immunization. These data suggested that C. kefyr induced
the production of Tregs and dendritic cells and sup-
pressed the production of Thl7 cells. Additionally,
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decreased IL-6 and increased IL-10 levels may contribute
to these effects.

Ingestion of C. kefyr altered the intestinal
microflora

Because intestinal immune cells are affected by intestinal
microbiota,”* the intestinal microflora of mice treated
with C. kefyr-treated mice for 2 weeks was analyzed using
the T-RFLP method. There were no differences in the
patterns of microflora between the control and
C. kefyr groups at baseline (Fig. 3A). One week after
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Figure 2. Oral administration of Candida kefyr suppresses intestinal Th17 cells and induces regulatory T cells and dendritic cells. (A) Lamina
propria lymphocytes from small and large intestines were isolated from C. kefyr-treated nonimmunized mice. Intracellular staining of IL-17 and
IFN-y in CD4* T cells was analyzed by flow cytometry. Data are representative of three independent experiments. (B) Tissue explants of small and
large intestines from control mice and mice treated with C. kefyr for 14 days were cultured for 24 h, and IL-6 and IL-10 in supernatants were
assayed by ELISA. (*P < 0.05, **P < 0.01 using ANOVA). (C) Lymphocytes from MLNs isolated from C. kefyr-treated nonimmunized mice were
stained with anti-CD4 and anti-Foxp3 antibodies and analyzed by flow cytometry. Dotplots showed one of five representative experiments, and
the graphs show the ratios of Foxp3 cells in CD4* T cells. (D) Lymphocytes from MLNs isolated from C. kefyr-treated mice on day 8
postimmunization were stained with anti-CD11¢, anti-MHC class If, and anti-CD103 antibodies and analyzed by flow cytometry. Dotplots show
one of five representative experiments, and the graphs show the ratio of CD103 cells in CD11c¢* and MHC class 2* dendritic cells. IL, interleukin;
IFN, interferon; ELISA, enzyme-linked immunosorbent assay; MLNs, mesenteric lymph nodes; ANOVA, analysis of variance.
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administration, the ratio of Bacteroides was decreased in
the C. kefyr-treated group, while the ratio of Lactobacill-
ales remained higher (Fig. 3B). The decrease in the ratio
of Bacteroides was not observed when administered after
immunization (Fig. S3B). In addition to decreased Bacte-
roides and increased Lactobacillales, the ratio of Prevotella
tended to be increased 2 weeks after administration
(Fig. 3C).  Statistical analysis revealed significantly
increased Lactobacillales (C. kefyr: 49.5 £ 0.2% vs. con-
trol: 24.2 & 0.3%, P = 0.005; Fig. 3D) and significantly
decreased Bacteroides (C. kefyr: 12.6 £5.1% vs. control:
35.6 £ 6.3%, P = 0.039; Fig. 3E). Prevotella tended to be
increased, although the difference was not significant (C.
kefyr: 16.7 = 2.2% vs. control: 10.4 £ 3.7%, P = 0.325;
Fig. 3F). The percentages of total Clostridium, which have
been reported to induce regulatory T cells,” were not dif-
ferent between the two groups (Fig. 3G).

Microflora transferred from C. kefyr-treated
mice ameliorated symptoms of EAE in
recipients

Because C. kefyr altered the intestinal microflora, as
described above, and therapeutic administration of C.
kefyr was not effective in either the EAE model or the
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DSS-induced colitis model, we hypothesized that modi-
fied intestinal microbiota would ameliorate disease patho-
genesis and progression. Then, we examined the effects of
prophylactic C. kefyr administration from day —14 to day
0 postimmunization. Interestingly, this prophylactic
administration was still effective, although the effect was
less than that of C. kefyr administration from day —14 to
the end of the study (Fig. 4A). The microflora on day 8
postimmunization exhibited a pattern similar to that
observed before EAE induction, as shown in Figures 3C,
4B. Furthermore, CD103-positive DCs were induced in
MLNs (Fig. 4C). These results suggested that microflora
altered by the ingestion of C. kefyr affected the ameliora-
tion of EAE.

Thus, we next examined the effects of altered microfl-
ora following ingestion of C. kefyr. Diluted cecal contents
from mice treated with C. kefyr for 2 weeks were trans-
ferred to recipient mice, and EAE was then induced
(Fig. 4D). Analysis of microbiota before immunization
showed that the transfer of feces from C. kefyr-treated
mice tended to decrease Bacteroides (C. kefyr-t:
7.2 £ 3.7% vs. control-t: 21.8 £ 3.6%, P = 0.025), but
did not significantly alter the ratio of Prevotella (C kefyr-t:
1.7% vs. control-t: 7.7%) and Lactobacillales (C. kefyr-t:
25.7% vs. control-t: 23.8%; Fig. 4E and F). The clinical
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Figure 3. Candida kefyr modifies the intestinal microflora. T-RFLP analysis of 16s-rDNA from feces of control mice or mice treated with C. kefyr.
(A) At baseline (~14 days before immunization [~14 dpi]), (B) 1 week after treatment (-7 dpi), (C) 2 weeks after treatment (day 0). Data show
the means of 3-5 mice from two or three independent experiments. (D-G) The ratios of Lactobacillales, Bacteroides, Prevotella and Clostridium
after a 2-week treatment are shown. Data are the means + SEMs (n = 5) (*P < 0.05, **P < 0.01 using repeated measures analysis of variance
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Figure 4. Microflora from Candida kefyr-treated mice ameliorates symptoms of EAE. (A) The effects of C. kefyr (n = 6) administered only
prophylactically (from —14 dpi until day 0) and control (water, n = 6) on the clinical severity of EAE are shown. Data represent the mean clinical
score +SEM. The area under the curve (AUC) under the bar was significantly lower in C. kefyr-treated mice (*P < 0.05 using ANOVA). (B) T-RFLP
analysis of 16s-rDNA from feces of control mice or mice treated with C. kefyr (from day —14 to day 0) on day 8 postimmunization. (C)
Lymphocytes from MLNs isolated from mice treated prophylactically with C. kefyr on day 8 postimmunization were stained with anti-CD11c, anti-
MHC class I, and anti-CD103 antibodies and analyzed by flow cytometry. Dotplots show one of three representative experiments (D) Schematic
of microflora transfer. Mice were treated with an antibiotic cocktail in their drinking water for 2 weeks and were then fed diluted feces from C
kefyr-treated mice or control mice once per day for 5 consecutive days. Following a 2-day rest, mice were immunized with MOGss_ss peptide in
CFA. (E) T-RFLP analysis of 16s-rDNA of feces from C. kefyr-treated mice and control mice before immunization. Data show the means of five
mice from three independent experiments. (F) The ratios of Lactobacillales, Bacteroides, Prevotella and Clostridium in 16s-rDNA from feces of
control-t or C. kefyr-t mice on the day of immunization are shown. Data are the means + SEMs (n = 5). (*P < 0.05, **P < 0.01 using repeated
measures ANOVA). (G) Clinical scores of EAE mice administered feces from C. kefyr-treated (C. kefyr-t) or nontreated (control-t) mice. Data show
the means + SEMs (C. kefyr-t, n = 10; control-t, n = 11) from two independent experiments (*P < 0.05 using repeated measures ANOVA). EAE,
experimental autoimmune encephalomyelitis; ANOVA, analysis of variance; MLNs, mesenteric lymph nodes; MOG, myelin oligodendrocyte
glycoprotein.
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scores of mice administered cecal contents from C. kefyr-
treated mice were significantly decreased compared with
those of mice administered cecal contents from control
mice (Fig. 4G). Because the microflora of antibiotic-trea-
ted recipients before fecal transfer revealed that these four
genera were undetectable using the T-RFLP method (data
not shown), reconstituted microflora were thought to
reflect the original microflora harvested from control or
C. kefyr-treated mice. In addition, contamination of C.
kefyr itself or other metabolites was thought to be mini-
mal since the transfer was performed by oral administra-
tion of small amount of diluted feces. Taken together,
these results suggested that C. kefyr-induced changes in
microbiota contributed to the amelioration of EAE.

Discussion

Several studies have provided evidence of the importance
of microflora in the pathogenesis of multiple sclerosis
(MS) pathology,”®?® and a recent epidemiological analysis
conducted in patients living on the island of Crete
revealed that modification of microflora due to changes
in food habits could be a risk factor for MS.?” In addi-
tion, oral administration of a single type of bacterium or
a bacterial mixture has been shown to reduce the suscep-
tibility of model animals to EAE.1%%-30 However, the
effects of yeasts on MS/EAE have not yet been investi-
gated. In the present study, we found that C. kefyr had
beneficial effects on the symptoms of EAE, suggesting that
dietary yeasts prove to be important for the management
of immune-mediated diseases.

With regard to the underlying mechanisms, C. kefyr
treatment was shown to induce CD103" dendritic cells,
which function to regulate the immune response, and
Foxp3™ Tregs in MLNs. Intestinal CD103"* dendritic cells
are induced by oral administration of polysaccharide A
from Bacteroides fragilis,”>' while Tregs are induced in
MLNs.'® CD103* dendritic cells migrate towards MLNs
in a CCR7-dependent manner.””> In MLNs, CD103" den-
dritic cells induce Foxp3* Tregs with through a mecha-
nism involving retinoic acid and transforming growth
factor (TGF)-B. Our results suggested that induced
CD103" dendritic cells have important roles in reducing
susceptibility to EAE.

To analyze whether oral administration of C. kefyr was
effective in other disease models, C. kefyr was adminis-
tered to mice with DSS-induced colitis and TDI contact
dermatitis. In the DSS model, colitis is induced by the
inflammatory response to microflora.’® Although many
types of bacteria have been reported to be effective in the
DSS-induced colitis model,”® very few studies have
reported the roles of yeasts, such that Saccharomyces
boulardii that has been shown to reduce the severity of
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colitis.>® In the present study, we found that prophylactic
administration of C. kefyr ameliorated the symptoms of
DSS-induced colitis and EAE, but did not affect mice in
the TDI dermatitis model, which is induced by a cutane-
ous delayed-type hypersensitivity response.®” Thus, it
seems likely that C. kefyr affects some specific immune-
mediated diseases, depending on the underlying
pathology.

Microflora analysis revealed that ingestion of C. kefyr
increased Lactobacillales and reciprocally decreased Bac-
teroides and increased Prevotella. Thus, changes in
microflora were identified at the genus level, and the
inter-cage effects were minimal within animals in the
same group; changes at the species level were not iden-
tified due to the limitations of T-RFLP analysis for
evaluation of intestinal microflora. Our experiment
involving microflora transfer suggested that the decrease
in Bacteroides rather than the increase in Lactobacillales
and Prevotella seemed to affect the clinical course of
EAE. Bacteroides and Prevotella consist of three predom-
inant enterotypes with Ruminococcus,”® and the reci-
procal abundance patterns of these two genera have
been reported in several other studies of the human
gut microbiome.”**' Consumption of a high-fat diet is
known to induce Bacteroides, increase intestinal perme-
ability, and promote Th17 immune responses.*>*> In
our study, ingestion of C. kefyr inhibited the produc-
tion of IL-6.and generation of Th17 cells in intestinal
LP in the intestine. Microflora modify local activation
of the IL-6 pathway,** and commensal Bacteroides spe-
cies can induce spontaneous inflammatory colitis,
depending on the genetic backgrounds.*” The present
data suggested that modification of the intestinal micro-
flora by C. kefyr reduced susceptibility to inflammation
by decreasing IL-6 production.

The relationship between intestinal fungi and bacteria
is not well understood. One study reported a correlation
between intestinal fungi and bacteria, such as Prevotella
and Bacteroides®® Candida species have been shown to
induce production of carbohydrates, which subsequently
reduce the ratio of Bacteroides.*® In our study, although
both C. kefyr and S. cerevisiae increased the proportion of
Lactobacillus species, Saccharomyces species did not reduce
the ratio of Bacteroides (data not shown). Thus, C. kefyr
may have significant effects on the Bacteroides ratio
through a mechanism that is distinct from that of S. cere-
visige.

In conclusion, C. kefyr decreased the ratio of Bacteroides
and the production of IL-6 in the intestines, which con-
tributed in part to the induction of regulatory dendritic
cells and the suppression of EAE. Therefore, modulation of
microflora by dietary yeasts may be an option to prevent
and treat MS.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Table S1. Dietary yeasts examined in this study.

Figure S1. Candida kefyr administration ameliorates DSS-
induced colitis. Yeasts (C. kefyr, n=10; C. versatilis,
n = 10; C. valida, n = 9) or water (n = 10) were adminis-
tered to C57BL/6 mice in a water bottle for 14 days
before DSS administration. (A) Percent weight change
after DSS administration for 5 days. The initial weight of
each mouse was defined as 100%. Data are representative
of two independent experiments. Each bar indicates the
mean body weight (%) +SEM. (*P < 0.05 compared to
the control group using ANOVA). (B) Colon length and
(C) relative weight of the colon collected on day 20 after
DSS treatment. The sums of two experiments are shown.
Each bar represents the mean + SEM (C. kefyr, n = 20; C.
versatilis, n = 20; C. wvalida, n=19; water, n = 20).
(*P < 0.05, **P < 0.01 using ANOVA). (D) Colon sec-
tions obtained from control or C. kefyr-treated C57BL/6
mice on day 18 after DSS treatment were analyzed by
hematoxylin and eosin (H&E) staining.  Scale
bar = 200 um. Data are representative of four mice from
two independent experiments.

Figure S2. The effects of yeast administration in the TDI
model. Seven-week-old BALB/c mice were administered
water (n =9) or yeasts (Candida kefyr, C. versatilis, C.
valida, and Saccharomyces cerevisiae 0.8 mg/mL) in a
water bottle beginning 2 weeks before TDI sensitization
to the end of the study. Application of TDI to mouse ears
was performed 3 weeks after preapplication of TDI to
bilateral hind legs. Increases in an ear thickness were mea-
sured 22 and 48 h after the second application. Data are
representative of two experiments and are presented as
the mean clinical score.
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Figure S3. Therapeutic administration of Candida kefyr
does not ameliorate EAE. The effects of therapeutic
administration of C. kefyr (n = 6) and control (water,
n =6) on the clinical severity of EAE are shown. (A)
Candida kefyr was administered from the day of clinical
onset until the end of the study. Data represent the mean

K. Takata et al.

clinical score +SEM. (B) T-RFLP analysis of 16s-rDNA
from feces of control mice or mice treated with C. kefyr
from the day after immunization to day 7 after treatment.
Representative data of three independent experiments are
shown.

Data S1. Supplementary methods.

66 © 2014 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.

_87__



Hindawi Publishing Corporation
Parkinson’s Disease

Volume 2015, Article ID 961790, 4 pages
http://dx.doi.org/10.1155/2015/961790

Hindawi

Research Article

Parkinsonian Rigidity Depends on the Velocity of
Passive Joint Movement

Takuyuki Endo,' Naoya Yoshikawa,” Harutoshi Fujimura,' and Saburo Sakoda’

Department of Neurology, Toneyama National Hospital, 5-1-1 Toneyama, Toyonaka, Osaka 560-8552, Japan
Graduate School of Engineering Science, Osaka University, 1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan

Correspondence should be addressed to Takuyuki Endo; tendo@toneyama.go.jp
Received 5 July 2015; Accepted 7 December 2015
Academic Editor: Ivan Bodis-Wollner

Copyright © 2015 Takuyuki Endo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. It has been long believed that Parkinsonian rigidity is not velocity-dependent based on the neurological examination.
However, this has not been verified scientifically. Methods. The elbow joints of 20 Parkinson’s disease patients were passively
flexed and extended, and two characteristic values, the elastic coefficient (elasticity) and the difference in bias (difference in torque
measurements for extension and flexion), were identified from a plot of the angle and torque characteristics. Flexion and extension
were done at two different velocities, 60°/s and 120°/s, and a statistical analysis was performed to determine whether the changes in
these characteristic values were velocity-dependent. Results. The elastic coefficient was not velocity-dependent, but the difference in
bias increased in a velocity-dependent manner (P = 0.0017). Conclusions. The features of rigidity may differ from the conventional

definition, which states that they are not dependent on the velocity of joint movement.

1. Introduction

Rigidity and spasticity are two well-known abnormalities of
muscle tone. Rigidity is a major characteristic of Parkinson’s
disease (PD), and it has been distinguished from spasticity
in that the resistance of a joint is typically described as
constant regardless of the joint angle and is not dependent
on the velocity of the movement [1]. (We regard “velocity”
as “angular velocity” in this report.) However, such a def-
inition depends on the subjective method of neurological
examination, and it should be confirmed by a scientific
measurement system. With respect to rigidity in PD patients,
Lee et al. quantified the velocity-dependent features of muscle
tone using a torque meter when the elbow was flexed at a
constant speed, and they showed velocity dependence [2].
However, they did not show that the characteristic values
used in that study were correlated with rigidity in clinical
assessments. The pathophysiology of Parkinsonian rigidity
has been investigated using electrophysiological technique
for a long time. From the clinical observation of muscular
rigidity, many researchers have been interested in the stretch
reflex response. They defined the M1 response as a tendon
jerk and the M2 response as a long latency stretch reflex,

and the M2 response had twice the tendon jerk latency with
a much larger amplitude than the MI response. Lee and
Tatton examined the long latency stretch reflex in wrist flexor
muscles of PD patients [3]. They observed an exaggerated M2
response, while the M1 response was unchanged. However,
Rothwell et al. measured the long latency stretch reflex in
triceps brachii and flexor pollicis longus muscles in PD
patients with severe rigidity and showed that the M2 response
was greatly increased in triceps brachii, whereas a normal
M2 response was observed in flexor pollicis longus [4]. They
concluded that enhanced long latency reflexes contribute to,
but may not be solely responsible for, rigidity. Thus which
components contribute to rigidity is still unclear. Activation
rigidity, which is the clinically well-known phenomenon of
reinforcing rigidity in one limb by requesting a voluntary
flexion or extension in the other limb, is thought to indicate
the central nervous system influence in the pathogenesis of
rigidity [5]. Although activated rigidity may affect the long
latency reflex system, it had not previously been adequately
validated in clinical practice.

We previously succeeded in systematically analyzing
factors of rigidity perceived by physicians in clinical exam-
inations [6]. The results showed that the elastic coefhicient
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(elasticity) and the difference in bias (difference in torque
during flexion and extension) are factors in rigidity and
that rigidity is perceived to be strong when either or both
of these factors are large. We then considered the elastic
coeflicient, one of the component factors of rigidity, not as
having one feature over the full joint angle range but as a
model combining two elastic characteristics with different
features. We previously showed the validity of the technique
of analyzing elbow joint movement divided into angles
proximal and distal to a joint angle of 60° [7]. In this study, the
elbow joints of PD patients were moved passively at different
velocities, and two components of rigidity were evaluated to
determine whether they were velocity-dependent.

2. Methods

2.1. Subjects. This study included 20 patients (10 men and
10 women; mean age: 74.4 + 6.2 years) diagnosed with PD
according to British Brain Bank clinical criteria [8]. PD
patients were assessed using UPDRS (Unified Parkinson
Disease Rating Scale) Part III, and rigidity was scored using
a five-point scale (0 = no rigidity, 1 = slight, 2 = mild to
moderate, 3 = marked, and 4 = severe). The rigidity detected
only during activation was not rated as score 1 or 0, because
the patients were instructed to remain relaxed during the
measurement and no movement was induced. The upper limb
of the side that showed more severe rigidity was analyzed
in each subject; it was the left side in 16 patients and the
right side in 4 patients. In the present study, the UPDRS
rigidity score was 1 in 8 patients, 2 in 9 patients, and 3
in 3 patients. All patients were on medication during the
UPDRS assessment and during the measurements. All of the
present subjects underwent head MRI, but no central nervous
system lesions that would cause spasticity in the arms were
seen. This study was approved by the Institutional Review
Board of Toneyama National Hospital, and written, informed
consent was obtained from all subjects in accordance with the
Declaration of Helsinki.

2.2. Muscle Tone Measurement Device and Protocols. Figure 1
shows an overview of the muscle tone measurement system
and the measurement protocol. This device consisted of small
3-axis force sensors and a gyro sensor. Two force sensors
with soft pads were placed on either side of the wrist joint
to measure the force perpendicular to the long axis of the
arm during flexion and extension movements of the elbow
joint and to calculate the torque at the elbow joint. The
signals from the gyro sensor attached between the force
sensors were used to calculate the angle of the elbow joint.
The subjects were instructed to remain relaxed in the sitting
position. An examiner held the elbow joint of the subject with
one hand and the wrist joint of the subject with the other
hand and performed passive flexion and extension of the
elbow joint of the subject. The measurement was started from
the maximum extension position. The following movements
were repeated over 60 sec: more than 3 sec rest, flexion over
2 sec, more than 3 sec rest at the maximum flexion position,
extension over 2 sec, and more than 3 sec rest at the maximum
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FIGURE 1: Overview of the muscle tone measurement system and the
measurement protocol.

extension position. Each trial included five cycles of flexion
and extension, and the times for flexion and extension were
one time each for 2 sec (60°/s) and 1sec (120°/s).

2.3. Data Analysis

(1) Two different characteristic values, the elastic coeffi-
cient and the difference in bias, were extracted from
the angle-torque characteristic plots during elbow
flexion and extension in 20 PD patients. The angle-
torque characteristic plots of one PD patient (UPDRS
rigidity score = 3) were shown in Figure 2.

(2) Elastic coeflicient: the data for joint angles of 10-110°
were taken from the graphs of angle-torque character-
istics of the elbow because inertial force may affect the
data in the beginning and ending of the flexion and
extension phase. The elastic coefficient was calculated
by obtaining the slopes of the respective regression
lines for flexion and extension.

(3) Difference in bias: bias was first defined as the torque
value during flexion at one joint angle. It was defined
similarly during extension. The difference in bias
during flexion and extension was then calculated for
the three angles of 30°, 60°, and 90°, and these values
were summed.

(4) Statistical analysis: the elastic coefficients and the
difference in bias, which were the characteristic values
of muscle tone for the 20 PD patients, were analyzed
statistically to determine whether there was velocity
dependence in flexion and extension (JMP 11, SAS
Institute Inc., Cary, NC, USA). Ten measurements,
including five repetitive tests at two velocities, 60°/s
and 120°/s, were recorded for each subject. Mixed-
design analysis of variance for repeated measures was
used for comparisons between the measurements of
two velocities. Multivariate F tests were used because
the sphericity chi-square test was significant.
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FIGURE 2: Angle-torque characteristics in passive flexion (solid line) and passive extension (dashed line) of left upper limb in one PD patient
(UPDRS rigidity score = 3). The data included five cycles in (a) angular velocity 60°/s and (b) angular velocity 120°/s.

3. Results and Discussion

As shown in Figure 3, there was no difference in the elastic
coefficient between the two velocities of 60°/s and 120°/s
during extension (P = 0.6679) and flexion (P = 0.5924).
In contrast, a significant velocity dependence was seen in a
comparison of the sum of the differences in bias at 60°/s with
that at 120°/s (P = 0.0017). The sum of the differences in bias
increased as the velocity increased. The elastic coefficient and
the difference in bias are two components of Parkinsonian
rigidity, but they might have different features; the elastic
coefficient has positional dependence as it is defined, and the
difference in bias has velocity dependence.

The present result is the first to show velocity dependence
in one component of rigidity that corresponds to clinical
assessment.

Shimazu et al. observed the discharge patterns of the same
single neuromuscular unit of the biceps brachii muscle with
Parkinsonian rigidity on electromyography [9]. Their results
suggest that a reduced spike-to-spike interval in rigidity tends
to increase in the course of pallidotomy. It is possible that the
decreased spike-to-spike interval in rigidity occurred because
of not only overactivation of tonic motor units, but also
a change to tonic in the phasic motor units as a result of
excessive activity of afferent fibers from the muscle spindle.
This interpretation is based on the report of Granit et al.,
who demonstrated that phasic alpha motor neurons show an
increased stretch reflex and tonic properties during periods
of excessive muscle spindle activity with the injection of
succinylcholine [10].

Rothwell et al. demonstrated that the long latency stretch
reflex in triceps brachii in PD patients with severe rigidity
showed a larger response than normal controls, whereas a
normal response was observed in flexor pollicis longus [4].
They also showed that the M2 response in flexor pollicis
longus in PD patients with severe rigidity increased with

velocity, although saturation occurred at velocities greater
than 300°/s. In clinical examinations, rigidity is detected by
passive movement in the main joint, and the physician cannot
move the joint at a high speed over 300°/s. Moreover, it is hard
for the examiner to assess the rigidity in flexor pollicis longus
in such a small joint. The velocity-dependent component of
Parkinsonian rigidity in the elbow joint may be derived from
an exaggerated long latency stretch reflex.

Using this measurement system, we previously reported
that Parkinsonian rigidity varies with joint angle [7]. Those
findings, together with the present results, suggest that the
features of rigidity may not conform to the conventional
definition that rigidity is constant regardless of joint angle
and does not depend on the speed at which the joint is
moved. Differences in bias are high in subjects with a UPDRS
rigidity score of 2 or greater. It may be said that physicians can
feel velocity-dependency in some patients with moderate to
severe rigidity because they evaluate rigidity as a combination
of two components: the elastic coeflicient and differences in
bias.

Detailed analysis of spasticity using this technique may
open the way to development of a unified model of muscle
tone abnormality in neurological diseases.
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Abstract. Survivin is expressed in the nucleus and/or cyto-
plasm of various malignant cells. Nuclear survivin is critical
for the completion of mitosis, while cytoplasmic survivin func-
tions as an inhibitor of apoptosis. The expression of survivin
has been reported to be associated with the aggressiveness of
certain types of cancer. The present study examined the asso-
ciation between cigarette smoking history and the expression
of survivin and Ki-67 in lung adenocarcinomas of pathological
(p) stages I, IT and III. The expression of survivin and Ki-67
in adenocarcinomas was also compared with that of other
p-stage I lung cancers, including squamous cell carcinoma
(SqCC), large cell neuroendocrine carcinoma (LCNEC) and
small cell carcinoma (SmCCs), of patients with a smoking
history. In adenocarcinomas at p-stage I, labeling indices
(LIs) of nuclear survivin and Ki-67 were significantly higher
in tissue samples from smokers than those from non-smokers;
however, the nuclear survivin and Ki-67 LIs in p-stage 1I
and III adenocarcinomas from non-smokers and smokers were
similar to those in p-stage I adenocarcinomas of smokers. The
nuclear survivin and Ki-67 LIs in adenocarcinomas of smokers
at p-stage I were Jower than those in SqQCCs, LCNECs and
SmCCs of smokers at the same stage. Smokers with adeno-
carcinoma also exhibited a higher survival rate compared
with that of smokers with SqQCCs, LCNECs and SmCCs. The
present results indicated that a history of smoking is associ-
ated with increased nuclear survivin and Ki-67 expression in
lung adenocarcinomas of p-stage I, but not p-stages II or IIL. In
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addition it was revealed that, in smokers, the nuclear survivin
and Ki-67 expression in p-stage I adenocarcinomas was lower
than that of other p-stage I lung cancer types, and was associ-
ated with an enhanced survival rate. In conclusion, smoking is
associated with the histogenesis of lung adenocarcinoma but
not with the development of lung adenocarcinoma, based on
the nuclear expression levels of Ki-67 and survivin.

Introduction

Survivin was first identified in 1997 as a member of the
inhibitor of apoptosis protein (IAP) family, which contain
a family-specific baculovirus TAP repeat (BIR) (1). This
BIR domain exists at the N-terminal and is associated with
the inhibition of apoptosis (2). The human survivin gene is
located on chromosome 17 (17q25) (3). Survivin is expressed
in the nucleus and/or cytoplasm of various malignant tumor
cells (4), and is also expressed in fetal and certain proliferating
adult tissues, although remains undetectable in differentiated
tissues (5). In the cytoplasm, survivin functions as an inhibitor
of apoptosis, while in the nucleus, survivin regulates cell
proliferation (6).

Survivin possesses a nuclear export signal (NES), which
allows it to bind to its export receptor, chromosome region
maintenance protein 1 (Crml). In the nucleus, survivin forms
a complex with aurora kinase B, the inner centromere protein
(INCENP) and borealin to complete mitosis. Crml1 is critical
in tethering this complex to the centromere (Fig. 1) (7). At
the end of mitosis, Crm1 is released from this complex and
exports survivin from the nucleus to the cytoplasm, where it
functions as an inhibitor of apoptosis.

Human survivin has multiple splice variants, which
have various functions and localizations; wild type survivin
(WT-survivin), survivin-2a, survivin-2B, survivin-AEx3
and survivin-3B have been identified to date (Fig. 2) (8).
Survivin-AEx3 and survivin-2a lack a nuclear localization
signal (NLS), and remain in the cytoplasm, while WT-survivin,
survivin-2B and survivin-3B possess an NLS and are able to
function in the completion of mitosis in the nucleus (9).

Various types of cancer express survivin. As survivin has
a dual role as an apoptosis inhibitor and a mitotic effector,
the expression of survivin in cancer cells may protect them
from therapeutic drug-induced apoptosis and promote their
proliferation. The association between the aggressiveness of
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cancer cells and the expression of survivin has been investi-
gated in numerous types of cancer (10-12). However, various
studies have reported inconsistent findings with regard to
the significance of survivin as a prognostic factor for cancer
patients. Nuclear survivin expression has been reported to be
correlated with poor prognosis in patients with various types
of cancer, including hepatocellular carcinoma, esophageal
squamous cell carcinoma, as well as urinary bladder and
ovarian cancer (12-15). However, it has been reported to be a
valuable prognostic factor in other types of cancer, for example
gastric cancer and invasive breast cancer (10,16). With regard
to lung cancer, nuclear survivin expression has been reported
to be a useful prognostic factor for patients with advanced
non-small cell cancers (stages III and IV), and a poor prog-
nostic factor for patients with non-small cell carcinomas at
earlier stages (I and II). Although a number of studies have
investigated survivin expression in non-small cell lung carci-
nomas (11,17,18), little data is available with regard to survivin
expression in lung cancers of various histological types at
various stages, or the association between survivin expres-
sion and smoking history. The paraffin-embedded blocks
of lung tumor tissue removed during surgeries performed
in Toneyama National Hospital (Toyonaka, Osaka, Japan)
between 2002 and 2011 included sufficient numbers to allow
statistical analysis of adenocarcinomas from smokers and
non-smokers at p-stages I, IT and III, as well as squamous cell
carcinomas (SqCCs), large cell neuroendocrine carcinomas
(LCNECsS) and small cell carcinomas (SmCCs) from smokers
at p-stage I. Among the proliferative markers of tumors, the
Ki-67 labeling index (Ki67-LI) is widely accepted as one of
the most reliable markers for estimating the malignancy grade
and the prognosis of various types of tumor (19). The Ki-67
LI of non-small cell lung carcinoma has prognostic value (20).
The present study investigated the expression of survivin and
Ki-67 in these tumors.

Materials and methods

Patients and specimens. Paraffin-embedded tissue blocks of
adenocarcinomas of p-stages I, II and III, as well as SqCCs,
LCNECs and SmCCs at p-stage I, were selected. All tissues
were obtained during surgeries performed at Toneyama
National Hospital (Osaka, Japan) from January 2002 to
December 2011. None of the patients whose tissues were
used in the present study had received chemotherapy or
radiotherapy prior to surgery. The numbers of samples
obtained are presented in Table I. The Brinkman index
(BI), which is described in Table I represents the number
of pieces of tobacco smoked/day, multiplied by the number
of years smoking history. The mortality of lung cancer
patients with a BI 2400 is ~4.9 times higher compared with
that of non-smoking patients (21). In the present study, the
majority of the patients with SqCC, LCNEC and SmCC
had a high BI, and the poor prognosis of those histological
types is possibly due to an increased BI. The adenocar-
cinoma samples were almost evenly distributed between
p-stages I, IT and III, and were identified in non-smokers
and smokers (including current smokers and ex-smokers)
(Table I). By contrast, the majority of SqCCs, LCNECs and
SmCCs were of p-stage I and almost all patients who had
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Figure 1. Functions, localization and transport of survivin. INCENP, inner
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Figure 2. Human survivin splice variants. E, exon; WT, wild type.

undergone surgery for these types of tumor were smokers
(Table I).

The paraffin-embedded tissue blocks used for this study
were produced following the fixation of tumor tissues in
0.01 M phosphate-buffered 10% formalin (pH 7.4). Clinical
data, including follow-up findings, were available for all cases.
Written informed consent from each patient, allowing the
arbitrary use of tumor tissues for pathological studies, was
obtained prior to surgery. The present study was approved by
the ethics committee of Toneyama National Hospital (approval
number 1334).

Immunohistochemistry. For immunohistochemical exami-
nations of survivin, one representative tissue block from
each tumor was used, with 5-mm sections prepared.
Immunohistochemical staining was performed using an
avidin-streptavidin immunoperoxidase method with a rabbit
polyclonal anti-human survivin antibody (Novus Biologicals,
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Table 1. Clinical features of patients with various subtypes of lung cancer.

A, Adenocarcinoma (n=87)

Characteristic Stage I Stage II Stage 111
Patients, n 34 22 31
Age, years
Mean + SE 66.4+1.5 66.6+1.8 65.8+1.2
Range 50-80 53-80 47-81
Gender, n
Male 20 15 18
Female 14 7 13
Smoking status, n
Non-smoker 13 4 8
Smoker 21 18 23
BI of smoker, mean + SE 921.2+57.5 829.2+108.0 1137.6x137.9
B, Squamous cell carcinoma (n=44)
Characteristic Stage I Stage 11 Stage 111
Patients, n 33 2 9
Age, years
Mean + SE 68.4+1.5 66.5+£7.6 70.9+3 .4
Range 55-79 59-74 48-82
Gender, n
Male 30 2 7
Female 3 1 2
Smoking status, n
Non-smoker 1 0 1
Smoker 32 2 8
BI of smoker, mean + SE 1179.4+83.7 935.6+231.1
C, Large cell neuroendocrine carcinoma (n=13)
Characteristic Stage I Stage IT Stage 111
Patients, n 13 0 0
Age, years
Mean + SE 69.3+2.8
Range 58-79
Gender, n
Male 12
Female 1
Smoking status, n
Non-smoker 1
Smoker 12
BI of smoker, mean + SE 1012.9+118.0
D, Small cell carcinoma (n=13)
Characteristic Stage I Stage II Stage II1
Patients, n 10 2 1
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Table I. Continued.
Characteristic Stage I Stage II Stage III
Age, years

Mean + SE 69.1+2.9

Range 56-79 62-73 80
Gender, n

Male 9 2 0

Female 1 1 1
Smoking status, n

Non-smoker 0 0 0

Smoker 10 2 1
BI of smoker, mean + SEM 948+127 4

SE, standard error of the mean; BI, Brinkman index.

Table II. Survivin expression and Ki-67 labeling indices in adenocarcinomas of non-smokers and smokers at p-stage I, IT or III.

Stage Non-smokers Smokers Difference
Stage I, n 13 21
Survivin nuclear labeling index, % 29+1.0 97+2.4 P<0.05
Survivin cytoplasm expression >10%, n (%) 12 (92.3) 16 (76.2) NS
Ki-67 labeling index, % 12.0+1.6 20.5+2.8 P<0.05
Stage 11, n 4 18
Survivin nuclear labeling index, % 9.0+2.7 12.3+2.1 NS
Survivin cytoplasm expression >10%, n (%) 3(75.0) 9 (50.0) NS
Ki-67 labeling index, % 17.8+4.5 28.1£3.3 NS
Stage III, n 8 23
Survivin nuclear labeling index, % 7.1x1.8 13.2+2.8 NS
Survivin cytoplasm expression >10%, n (%) 7(87.5) 12 (52.2) NS
Ki-67 labeling index, % 15.1£2.6 21.9+2.1 NS

Nuclear survivin and Ki-67 labeling indices are presented as the mean =+ standard error of the mean. NS, not significant.

Littleton, CO, USA) at a 1:500 dilution, or with a prediluted
anti-human Ki-67 mouse monoclonal antibody (Dako, Glos-
trup, Denmark). The primary antibodies were detected using
the iView DAB universal kit (Ventana Medical Systems Inc.,
Tucson, AZ, USA), which is a detection kit including from
a mixture of anti-mouse Ig and anti-rabbit Ig biotinylated
secondary antibodies using DAB/H202 as substrates. Antigen
retrieval was conducted by incubation of deparaffinized
sections in cell condition 1 solution from the aforementioned
kit for 64 min at 100°C and immunohistochemical staining
was conducted using an automated Benchmark system
(Ventana Medical System, Tuscon, AZ, USA), according
to the manufacturer’s instructions. To estimate the labeling
index (LI) of nuclear survivin or Ki-67 in each tumor, ~1,000
nuclei stained positively or negatively were counted automati-
cally, using Win Roof software (Mitani Co, Tokyo, Japan). To
determine positive staining of cytoplasmic survivin, tumors
were classified into two groups based on the percentage of

positively stained cells: >10%, positive staining; and <10%,
negative staining.

Statistical analysis. Statistical analyses were performed using
the Excel Statistics 2012 software package for Windows (SSRI,
Tokyo, Japan). P<0.05 was considered to indicate a statistically
significant difference. Categorical data was analyzed using
a i test. Data comprising multiple values are presented as
the mean =+ standard error of the mean and these data were
analyzed using Bonferroni's multiple comparison test. The
survival curves were analyzed by the Kaplan-Meier method,
followed by the Log rank test.

Results
Survivin expression in adenocarcinomas of non-smokers and

smokers. In adenocarcinomas at p-stage I, the nuclear survivin
LIs were significantly higher for smokers than for non-smokers
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Table III. Survivin expression and Ki-67 labeling indices in various histological types of lung cancer in smokers.

Stage Adenocarcinoma SqCC LCNEC SmCC
Stage I, n 21 32 12 10
Survivin nuclear labeling index, % 9.7+2 4b+4 29.1+2.9%¢ 41.542.3% 33.3+3.2°
Survivin cytoplasm expression >10%, n (%) 16 (76.2)¢ 29 (90.6)¢ 3 (25.0)%° 3 (30.0)*°
Ki-67 labeling index, % 20.5+2.8b¢4 45.5+2.7° 46 .9+7 4* 54.2+4.0°
Stage III, n 23 8
Survivin nuclear labeling index, % 13.2+2.8 194442
Survivin cytoplasm expression >10%, n (%) 12 (52.2) 7(87.5)
Ki-67 labeling index, % 21.9+2.1° 32.244.5*

SqCC, squamous cell carcinoma; LCNEC, large cell neuroendocrine carcinoma; SmCC, small cell carcinoma. Nuclear survivin and Ki-67
labeling indices are presented as the mean + standard error of the mean. *P<0.05 vs. adenocarcinoma; *P<0.05 vs. SqCC; P<0.05 vs. LCNEC;

9P<0.05 vs. SmCC.

Figure 3. Immunohistochemical staining of survivin in p-stage I lung carcinomas: (A) Nuclear and cytoplasmic expression in adenocarcinoma (x40 magnifica-
tion); (B) nuclear expression in squamous cell carcinoma (x20 magnification); (C) nuclear expression in small cell carcinoma (x20 magnification); (D) nuclear

expression in large cell neuroendocrine carcinoma (x20 magnification).

(P<0.05), while there was no significant difference in the cyto-
plasmic survivin expression between adenocarcinomas from
smokers and non-smokers (Table IT; Fig. 3A). The Ki-67 LIs of
the adenocarcinomas of smokers were also significantly higher
compared with those of the adenocarcinomas of non-smokers.
In adenocarcinomas at p-stage IT and III, smoking history was
not significantly associated with the nuclear survivin LI, cyto-
plasmic survivin expression or Ki-67 LI. The nuclear survivin
LIs and Ki-67 LIs in adenocarcinomas at p-stage IT and IIT were
similar to those in adenocarcinomas of smokers at p-stage I.

Survivin expression in lung cancers of various histological
types. Survivin expression and Ki-67 LIs were compared
between adenocarcinomas and other histological types of
lung carcinoma, including SqCC, LCNEC and SmCC, from
smokers at p-stage I, as almost all patients who had undergone
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Figure 4. Survival curves of patients with a history of smoking with various
histological types of lung carcinoma at p-stage I. LCNEC, large cell neuro-
endocrine carcinoma; SmCC, small cell carcinoma; SqCC, squamous cell
carcinoma. "P<0.05 vs. adenocarcinoma.
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surgery for the treatment of SqCC, LCNEC and SmCC were
smokers (Table II). The nuclear survivin and Ki-67 LIs in the
adenocarcinoma samples were significantly lower compared
with those of the SqCC, LCNEC and SmCC samples (P<0.05;
Table III; Fig. 3B, C and D). By contrast, the cytoplasmic
survivin expression in SqCC samples was similar to that of
adenocarcinoma samples, whilst it was decreased in LCNEC
and SmCC compared with adenocarcinoma.

Survival rate of patients with different histological types of lung
carcinoma. When the survival rates were compared among
smokers with adenocarcinoma, SqCC, LCNEC and SmCC at
p-stage I, the survival rates of smokers with LCNEC and SmCC
were significantly poorer compared with that of smokers with
adenocarcinoma (Fig. 4). The survival rate of SqCC patients was
also poorer than that of adenocarcinoma patients, however, this
difference was not statistically significant. The duration of the
follow-up for the p-stage I adenocarcinoma patients was shorter
compared with the other type of lung carcinoma patients, since
p-stage I adenocarcinoma has a more favorable prognosis; there-
fore, a 5-year follow-up was considered to be sufficient.

In conclusion, the present study indicates that smoking is asso-
ciated with the histogenesis of lung adenocarcinoma but not
with the development of lung adenocarcinoma, based on the
nuclear expression levels of Ki-67 and survivin in lung cancer
tissue samples.

Discussion

In adenocarcinomas at p-stage I, the LIs of nuclear survivin
and Ki-67 were significantly higher in the adenocarcinomas
of smokers than in adenocarcinomas of non-smokers. These
results are consistent with the results of a previous study by our
group, in which an association was identified between smoking
and nuclear survivin expression and Ki-67 LI in p-stage [A
adenocarcinomas (18). Dasgupta et al (22) have reported that the
cigarette component nicotine upregulates survivin expression
in human non-small cell carcinoma cell lines. Therefore, it is
conceivable that smoking induces survivin expression at an early
developmental stage of lung adenocarcinoma. The increased
nuclear survivin expression in the adenocarcinomas of smokers
compared with that of non-smokers may be associated with the
higher Ki-67 LIs in these adenocarcinomas. Maeda et al (23)
reported that smoking was associated with poor outcomes in
patients with clinical stage IA adenocarcinomas. The poor prog-
noses of these patients may be associated with the increased
nuclear survivin expression.

Notably, nuclear survivin and Ki-67 Lls, in adenocarci-
nomas at p-stages II and III of non-smokers and smokers were
similar to those in p-stage I adenocarcinomas of smokers. These
results indicate that nuclear survivin expression and prolifera-
tive activity may be increased during the progression of disease
following the early developmental stages of adenocarcinoma.

Nuclear survivin and Ki-67 LIs in adenocarcinomas of
smokers at p-stage I were significantly lower compared with
those of SqCCs, LCNECs and SmCCs of smokers at the
same stage. These results suggested that survivin expression
may depend on the histological type of lung cancer, at least at
p-stage L. The higher Ki-67 LIs in SqCCs, LCNECs and SmCCs
may be associated with higher nuclear survivin expression in
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these histological types of lung cancer. Inconsistent with the
higher Ki-67 LIs in SqCCs, LCNECs and SmCCs compared
with that of adenocarcinomas of smokers at p-stage I, the
survival rates of smokers with SqCCs, LCNECs and SmCCs
were poorer than those of smokers with adenocarcinoma.

In contrast to the nuclear expression of survivin, cytoplasmic
survivin expression was not increased in non-adenocarcinoma
lung cancer types compared with that in adenocarcinoma, and
the poorer survival rates of patients with these types of cancer
were not associated with its increase. Therefore, cytoplasmic
survivin expression may have little effect on the proliferation
or prognosis of lung cancer.

In conclusion, the present results suggest that a history of
smoking is accompanied by an increase in nuclear survivin
and Ki-67 expression in lung adenocarcinomas at p-stage I,
but not at p-stage II and III; and that nuclear survivin and
Ki-67 expression in adenocarcinomas of smokers at p-stage I
is lower than that in other types of lung cancer of smokers at
p-stage I, which is associated with an enhanced survival rate.
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