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inhibition of binding of cyclin D/CDK4 or cyclin D/CDK6
complexes in the Rb pathway (Serrano et al. 1995). Inacti-
vation of pl6, therefore, can result in a cellular inability to
activate the Rb gene, with resultant loss of the cellular
capacity to block cell cycle progression (Weinberg 1995).
pl6 mutations that lead to inactivation are found in many
tumor types (Kamb et al. 1994; Nobori et al. 1994), but
generally are lacking in colorectal cancers (Burri et al.
2001). Homozygous deletions, described in colon cancer
cell lines (Guan et al. 1999; Burri et al. 2001) and hyperme-
thylation of the promoter are alternative major mechanisms
of p16 inactivation, which occurs in 40% of colon cancers
while being absent in normal colonic epithelium in an
earlier report (Herman et al. 1995).

The aim of the present study was to investigate aberrant
pl6 promoter methylation in a series of sporadic colorectal
cancers and assess any association with clinicopathological
features and prognostic relevance. In addition, relationships
between the pl6 methylation status and mRNA levels or
protein expression were examined.

Materials and methods
Patients and materials

The subjects of our study were a series of 151 patients diag-
nosed with and undergoing surgery for colorectal carci-
noma at the National Hospital Organization Sagamihara
Hospital between April 1996 and March 2001. Surgically
resected specimens were fixed in 10% formalin and embed-
ded in paraffin wax, according to routine procedures, and
sections were cut and stained with hematoxylin and eosin
(H&E). Patients with familial polyposis coli, hereditary
non-polyposis colorectal carcinoma, multiple colorectal
carcinomas or inflammatory bowel disease, or those who
had died within 30 days of surgery were not included in the
analysis. No patient received initial chemotherapy or
radiotherapy. The 151 patients comprised 95 males and
56 females, with a mean age of 65.8 years (median,
67 years; range, 39-86).

For biochemical studies of p16 transcription, fresh tumor
tissues and corresponding normal mucosa distant from the
tumor were obtained from 61 patients (36 males and 25
females; mean/median age, 69.8/70.5 years [range, 36-87})
between February and June 2007. Tissue blocks were pre-
pared immediately after surgical resection, snap-frozen in
liquid nitrogen, and stored at —80°C. For immunohisto-
chemistry, another tissue block obtained simultaneously
was fixed in 10% formalin and embedded in paraffin wax.
Informed consent was obtained from all patients and the
study was approved by our hospital’s clinical research and
ethics committee.

@ Springer

Pathological review

Slides stained with H&E were examined by an experienced
gastrointestinal pathologist (HM), Proximal cancers were
classified as tumors proximal to the splenic flexure and the
remaining tumors were defined as distal. The depth of inva-
sion (pT category), lymph node involvement (pN category),
and pathological staging of all surgically resected tumors
were assessed according to the UICC/TNM classification
(International Union Against Cancer 1997). Out of 151
patients, 70 were diagnosed pathologically to have TNM
stage I1 lesions, 57 stage 111 and 24 stage IV.

Adjuvant chemotherapy and follow-up

In 48 out of the 57 stage III patients, postoperative oral
administration of S-fluorouracil (5-FU) derivatives was
given for at least 1 year. In 13 patients out of 24 with stage
IV cases, 5-FU plus mitomycin C or leukovorin was
applied by intravenous infusion biweekly after surgery.
All patients were followed up regularly by physical and
blood examinations with mandatory screening by colonos-
copy, ultrasound, computed tomography or magnetic reso-
nance imaging. Locoregional recurrence was defined as a
tumor occurring at the anastomosis or in the locoregional
Iymph nodes, retroperitoneum or pelvic wall. Distant recur-
rences were defined as tumor manifestations outside the site
of resection in the peritoneal cavity or other organs. The
patients were observed for more than 5 years, and the
median duration of follow-up was 79 months (range, 60-123),
for the survivors were alive at the date of their last visit
(n=87).

DNA and RNA extraction

Genomic DNA was extracted from five 10-pm-thick forma-
lin-fixed paraffin-embedded sections of the 151 tumors (one
paraffin block representing the tumor center without normal
mucosa) and 20 normal tissues (one paraffin block distant
from the tumor), and from frozen sections of 61 tumors and
10 normal tissues using a DNeasy kit (Qiagen, Valencia,
CA, USA), according to the manufacturer’s instructions.
In addition, DNA was extracted from a colon cancer cell
line SW480 (American Type Culture Collection), in which
the promoter of the p16 gene is reported to be fully methyl-
ated (Herman et al. 1995), as a positive control. DNA from
peripheral blood leukocytes of a healthy volunteer was
employed as a negative control for bisulfite conversion,
DNA recovery, and PCR reaction,

Total RNA was extracted from frozen sections of 43
tumor tissues using a RNeasy Micro kit (Qiagen) with
DNasel (Qiagen), according to the manufacturer’s
protocol.
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Bisulfite modification and real-time quantitative
methylation-specific PCR

Bisulfite modification was conducted using an EZ DNA
Methylation-Gold Kit (Zymo Research, Orange, CA,
USA). Two micrograms of DNA was treated with sodium
bisulfite following the manufacturer's recommendations
and amplified using specifically designed primers for meth-
ylated and unmethylated pl6 sequences and a Tagman
probe. The sense and antisense primers for the methylated
sequence were 5'-GTTATTAGAGGGTGGGGCGGATCG
CG-3' and 5'-CGAACCGCGACCGTAACCA-3', respec-
tively. These primers were used in conjunction with a Tag-
man probe [5'-(FAM)-AGTAGTATGGAGTCGGCGGCG
GG-(TAMRA)-3']. The sense and antisense primers for the
unmethylated sequence were 5'-GGTTATTAGAGGGTG
GGGTGGATTGTG-3' and 5'-CCCAACCCCAAACCAC
AACCATATCC-3', respectively, used in conjunction with
another Tagman probe [5'-(FAM)-AGGTAGTGGGTG
GTGGGGAGTAGTATGGAGTTG-(TAMRA)-3'].

Real-time quantitative methylation-specific PCR (MSP)
was performed with Premix Ex Taq (Takara Bio, Shiga,
Japan) on a LightCycler (Roche Diagnostics, Basel,
Switzerland). The PCR protocol was the same for methyl-
ated and unmethylated pl6, i.e., 95°C for 10 min to activate
Taq polymerase, then 60 cycles of 95°C for 10 s and 68°C
for 30s. All PCR runs included separate reactions with
templates from pl6-fully methylated and the unmethylated
control DNA, as well as with no template. The methylation
index (MI; percentage) in a sample was calculated accord-
ing to the equation: (concentration of methylated pl6
sequence/concentrations of methylated plus unmethylated
p16 sequence) x 100 (Kim et al. 2005).

Reverse transcription real-time quantitative PCR analysis

One microgram of total RNA was employed to synthesize
cDNA using Sensiscript reverse transcriptase (Qiagen). The
c¢DNA was then used for real-time quantitative PCR on a
LightCycler. The primer pairs located in exons la and 2
with flanking intron 1 of the p16 gene were 5'-GAGCAG
CATGGAGCCTTC-3' and 5-ACCGTAACTATTICGGT
GCGTT-3'. The probe sequence for pl6 was 5'-(FAM)-TA
GAGGAGGTGCGGGCGCTGCATAMRA)-3'. The PCR
protocol was as follows: 95°C for 10 min to activate Tag
polymerase, then 60 cycles of 95°C for 10 s and 56°C for
30 s. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene expression was used as an internal standard, its CONA
being amplified with the following primers: 5'-CAGGGA
CTCCCCAGCAGT-3' and 5'-GGCATTGCCCTCAACG
ACCA-3'. These primers were used in conjunction with
SYBR Green 1. The PCR protocol was as follows: 95°C for
10 min to activate Tag polymerase, then 40 cycles of 95°C

for 10 s, 60°C for 155, and 72°C for 6 s. For each sample,
the level of cDNA was normalized to the expression of
GAPDH. SYBR Premix Ex Taq (lakara Bio, Shiga, Japan)
was used for the reaction.

Immunohistochemistry

We randomly selected 25 blocks from 25 tumor samples,
which were prepared for immunohistochemical analysis.
Immunostaining was performed with DakoCytomation Auto-
stainer Instruments (DakoCytomation, Kyoto, Japan). Briefly,
4-um-thick tissue sections were dewaxed in xylene and rehy-
drated in decreasing concentrations of ethanol. Endogeneous
peroxidase activity was blocked by incubation with Peroxi-
dase-Blocking Solution (DakoCytomation) for 5 min. Anti-
gen retrieval consisted of autoclave treatment of sections for
30 min in Epitope Retrieval Solution. The primary antibody
employed was monoclonal anti-pl6 (E6H4, prediluted,
DakoCytomation), with incubation for 30 min at room tem-
perature. Using an Envision Kit, the slides were incubated
with horseradish peroxidase-labeled polymer conjugated
with secondary antibody for 30 min and then with Substrate-
Chromogen (diaminobenzidine) Solution, followed by light
counterstaining with Mayer's hematoxylin. Sections of a
squamous cell carcinoma of the esophagus with known posi-
tivity for pl6 were used as external positive controls. For
negative controls, the primary antibodies were omitted.

Assessment of immunostaining

Image analysis using Image-Pro Plus (Version 5.1, Media
Cybernetics Inc., Silver Spring, MD, USA) was performed
on pl6 immunostained slides; five images were captured in
each case from the areas of their highest immunoreactivity
at 25x magnification with a Digital Microscopy Camera
(DP50-CU, Olympus Co., Tokyo, Japan) and processed
with Viewfinder Lite software (Version 1.0, Pixera Corp.,
San Jose, CA, USA) and Adobe Photoshop software pro-
grams (Version 7.0, Adobe Photoshop Inc., San Jose, CA,
USA). Distinct nuclear staining was considered to be posi-
tive, regardless of the staining intensity. When there was
cytoplasmic staining, a nucleus was regarded as positive
if its staining intensity equaled or exceeded that of the
surrounding cytoplasm. In negative cases, sporadically
decorated stromal fibroblasts served as convenient internal
controls, Finally, pl6-immunolabeling indices were obtained
by calculating the percentage of the total area of positively
stained tumor cells per whole lesion.

Statistical analysis

Categorical analysis of variables was performed using
either the chi-squared test (with Yates® correction) or the
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Fisher's exact test, as appropriate. Continuous data were
compared with the Mann-Whitney U-test or Kruskal-
Wallis test. Survival curves were generated by the Kaplan—
Meier method. Cancer-related survival time was measured
from the date of surgery to the end of follow-up or death
due to colorectal cancer or other causes. Recurrence-free
survival time was defined as the time from surgery to recur-
rent disease (alive) or death with or without recurrence, The
patients who had metastases diagnosed at surgery or had
incomplete resection were excluded from analyses of recur-
rence-free survival (n = 127). Associations between MI and
clinicopathological features, and survival were examined
using univariate and multivariate Cox’s regression analy-
ses. In the Cox’s multivariate analysis, a step-wise back-
ward variable elimination method was used with an entry
limit of P < 0.1 and a removal limit of P > 0.05. A P value
of less than 0.05 was considered statistically significant.
All statistical analyses were carried out using StatView for
Windows Version 5.0 (SAS Institute Inc., Cary, NC, USA).

Results
pl6 MI in normal and tumor tissue samples

The pl6 MI values for normal mucosa samples (n = 30)
ranged from O to 2% (mean, 0.23%; median, 0.02%), while
for tumor samples (n=212) they varied widely from 0 to
100% (mean, 25.7%; median, 7.1%), the difference being
statistically significant (P < 0.001). Tumor cases were clas-
sified into three categories as follows: low (Ml < 2%),
intermediate (2 <MI <40%), and high (MI>40%)
aberrant p16 methylation groups, accounting for 51 (34%),
54 (36%), and 46 (30%), respectively, of the 151 parafhn-
embedded tumor samples.

Associations between the pl6 methylation status
and clinicopathological features

High aberrant pl6 methylation was significantly associated
with large tumor size (P = 0.025), but not with other clini-
copathological features (Table 1).

Impact on cancer-related survival

Based on univariate analysis (Table 2), patients with high
pl6 methylation had significantly worse (P =0.002) sur-
vival than those with low or intermediate methylation
(Fig. 1a). In addition, tumor differentiation (P < 0.001), pT
category (P =0.003), pN category (P <0.001) and TNM
stage (P <0.001) had significant influence on cancer-
related survival. In the Cox’s regression model, high meth-
ylation group (P <0.001), high pT (P=0.013) and
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Table 1 Associations between pl6 methylation status and clinico-
pathological features

Variable Aberrant p16 methylation P value
Low Intermediate High
(n=>51) (n=>54) (n=46)
Sex
Male 29 37 29 NS
Female 22 17 17
Age
<60 years 14 14 12 NS
>60 years 37 40 34
Size
<5.0cm 28 39 23 0.025*%
>5.0 cm 23 15 23
Location
Proximal 12 22 16 NS
Distal 39 32 30
Differentiation
Well 2 26 25 NS
Moderate 27 22 19
Poor 2 6 2
pT category
pT3 49 52 42 NS
pT4 2 2
pN category
pNO 25 28 23 NS
pN1 2 16 16
pN2 4 10 7
TNM stage
I 2 25 23 NS
I 21 20 16
v 8 9 7

* Intermediate vs. high p16 methylation group

advanced TNM stage (P < 0.001) proved to be independent
predictors of short cancer-related survival (Table 3).

Impact on recurrence-free survival

Twenty (16%) of 127 patients suffered isolated locore-
gional recurrence, and 20 (16%) had distant metastases.
Patients with intermediate and high pl16 methylation (16/127
cases, 13%) showed more frequent locoregional recurrence
as compared with the low-methylation group (4/127 cases,
3%; P = 0.009). For distant metastases, similar differences
were found in patients with metastases to the liver (interme-
diate and high, 9% vs. low, 2%; P =0.019) and the lung
(5% vs. 0%; P =0.029). Other metastatic deposits were
found in the peritoneum (2%), bone (1%) and brain (1%),
but no significant link was apparent with aberrant methyla-
tion.
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Table 2 Univariate analysis of clinicopathological features and p16
methylation status with reference to cancer-related survival

Variable n  S-yearsurvival HR 95% C1 P value
Sex

Male 95 59(62) 1

Female 56 34(61) 0.894 0.526-1.521 NS
Age

<60 years 40 21(53) 1

>60 years 111 72 (65) 1.415 0.818-245 NS
Size

<5.0 cm 90 56 (62) 1

>5.0cm 61 37(61) 0.979 0.580-1.651 NS
Location

Proximal 50 34(68) 1

Distal 101 59 (58) 0.773  0.434-1.375 NS
Differentiation

Well 73 48(66) 1

Moderate 68 43 (63) 1.108  0.636-1.929 0.7
Poor 10 2(20) 4.121 1.848-9.189 <0.001
pT category

pT3 143 91 (64) 1

pT4 8 225 3.585 1.529-8.403 0.003
pN category

pNO 76 61 (80) 1

pN1 54 26 (48) 3366  1.797-6.307 <0.001
pN2 21 6(29) 4948 2.411-10.15 <0.001
TNM stage

I 70 61(87) 1

It 57 32(56) 4133 1.928-8.858 <0.001
v 24 0(0) 26.221 11.74-58.57 <0.001
Aberrant p16 methylation

Low 51 39(76) 1

Intermediate 54 34 (63) 1.819 0.889-3.724 0.102
High 46 20(62) 2953 1.487-5.863 0.002

Values in parenthesis are percentages
HR hazard ratio. CI confidence interval
NS not significant

On univariate analysis of risk factors for recurrence-free
survival (Table 4), patients with high methylation of p16
had a significantly worse prognosis (P = 0.001) than those
with low or intermediate methylation (Fig. 1b). Further-
more, recurrence-free survival was also strongly related to
poor tumor differentiation (P =0.01) and high pN (pN1,
P =0.002; pN2, P <0.001). Cox’s regression multivariate
analysis showed high p16 methylation group (intermediate,
P=0.04; high, P<0.001) and advanced TNM stage
(P<0.001) to predict short recurrence-free survival
(Table 5).
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Fig. 1 Cancer-related (a) and recurrence-free (b) survival cases with
reference to aberrant p16 methylation status

Table 3 Multivariate analysis of variables for cancer-related survival
in the 151 patients

Variable HR 95% CI P value
Aberrant p16 methylation

Low 1

Intermediate 1.852 0.901-3.81 0.094
High 3379 1.668-6.843 <0.001
pT category

pT3 1

pT4 3.098 1.266-7.585 0.013
TNM stage

I 1

i 4955 2.292-10.71 <0.001
v 20.33 12.89-66.71 <0.001

HR hazard ratio, CI confidence interval

Correlations among p16 methylation status, mRNA level
and immunoreactivity in tumor samples

The tumors with high p16 methylation tended to have lower
pl6 mRNA levels as compared with intermediate or low
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Table 4 Univariate analysis of clinicopathological features and p16
methylation status with reference to recurrence-free survival

Variable n  S-yearsurvival HR  95% CI P value
Sex

Male 80 5567 1

Female 47 34(72) 1.113 0.569-2.178 NS
Age

<60 years 30 20(67) 1

>60 years 97 69(71) 1.139 0.553-2.346 NS
Size

<5.0cm 74 54(72) 1

>5.0cm 53 35(66) 0.752 0.398-1.422 NS
Location

Proximal 43 32 (74) 1

Distal 84 57 (68) 0.805 0.399-1.624 NS
Differentiation

Well 65 45 (69) i

Moderate 55 42(76) 0.723 0.359-1.455 0.364
Poor 7 2(28) 3.666 1.365-9.842 0.01
pT category

pT3 122 87 (71)

pT4 5 240) 3.212 0.985-10.48 0.053
pN category

pNO 70 59 (84) 1

pN1 43 24 (56) 3.341 1.589-7.025 0.002
pN2 14 6(43) 4.853 1.944-12.12 <0.001
Aberrant p16 methylation

Low 51 39 (76) 1

Intermediate 54 32(59) 1.939 0.959-3.921 0.065
High 46 18(39) 3.121 1.584-6.15 0.001

Values in parenthesis are percentages
HR hazard ratio. CI confidence interval

NS not significant

Table S Multivariate analysis of variables for recurrence-free sur-
vival in the 127 patients

Variable HR 95% Cl1 P value
Aberrant p16 methylation

Low 1

Intermediate 2.095 1.033-4.247 0.04
High 3.962 1.987-7.903 <0.001
TNM stage

11 1

18 4.545 2.231-9.261 <0.001
v 3251  40.8-2589.8 <0.001

HR hazard ratio, CI confidence interval
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P=0.195 (Kruskal Wallis test)
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Fig. 2 Associations of p16 mRNA level and aberrant methylation sta-
tus in tumor samples. The units ascribed to pl6 mRNA represent the
ratios of p16 to GAPDH on reverse transcription real-time quantitative
PCR. Data are means % standard errors

Fig. 3 Example of pl6 immunostaining in a colon carcinoma. Note
loss of expression in the tumor center and high intensity at the invasive
front (original magnification, < 16)

methylation groups, but without any significant difference
(P =0.195; Fig. 2).

P16 immunostaining could be clearly discriminated and
proved heterogenous, with higher expression commonly
seen at invasive fronts (Fig. 3). The p16 immunolabeling
indices gradually decreased from low to intermediate and
high pl6 methylation groups with significant intergroup
variation (P = 0.017; Fig. 4).

Discussion

In the present study, fluorescence-based real-time
quantitative MSP-detected p16 methylation was found to
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P=0.017 (Kruskal Wallis test)
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Fig. 4 Associations of p16 immunoreactivity and aberrant methyla-
tion status in tumor samples. Data are means = standard errors

be significantly greater in tumor samples than in normal
mucosa, with intermediate and high aberrant p16 methyla-
tion demonstrable in 36% and 30% of colorectal cancers,
respectively. In the literature, aberrant p16 methylation was
present in 18-61% of the lesions using the MSP method
(Guan et al. 1999; Liang et al. 1999; Wiencke et al. 1999;
Esteller et al. 2000; Burri et al. 2001; Esteller et al. 2001;
Kanai et al. 2001; Yi et al. 2001; Hawkins et al. 2002; Hibi
et al. 2002; Van Rijnsoever et al. 2002; Maeda et al. 2003;
Norrie et al. 2003; Schaeider-Stock et al. 2003; Van Rijn-
soever et al, 2003; Ward et al. 2003; Kim et al. 2005; Sanz-
Casla et al. 2005; Derks et al. 20006; Iacopetta et al. 2006;
Ishiguro etal. 2006; Lee etal. 2006; Ogino etal. 2006;
Prall et al. 2006; Goto et al. 2009). Methylation frequencies
examined by other methods were rather low ranging from
17 to 40% (Herman et al. 1995; Ahuja et al. 1997; Toyota
et al. 1999; Shannon and lacopetta. 2001; Shen et al. 2007).
The fluorescence-based real-time quantitative MSP used in
our study does not require electrophoresis, in contrast with
almost all other methods for analysis of DNA methylation.
Simple MSP cannot reliably distinguish between low and
high levels of methylation because it provides only a binary
division (i.e., present vs. absent). In contrast, the real-time
MSP method provides quantitative data, and requires only
small amounts of DNA for sensitivity up to 0.1% methyl-
ated alleles in a given CpG island locus (Herman et al.
1996). Furthermore, this technique eliminates the false-pos-
itive results inherent in PCR-based approaches which rely
on differential restriction enzyme cleavage to distinguish
methylated from unmethylated DNA.

Our data provide evidence for wide variation in p16 MIs
for tumor samples with heterogenous expression of pl6
protein, in accordance with previous reports (Dai et al.
2000; Goto et al. 2009), This may be due to partial methyl-
ation, in which, as we speculate, some proportion of tumor
cells contain methylated pl6, whereas the remainder are

unmethylated. In fact, most of pl6-hypermethylated
colorectal cancers presented with both methylated and
unmethylated PCR products (Liang et al. 1999; Kim et al.
2005). Furthermore, Guan et al. (1999) demonstrated this to
be the case with tumor samples isolated strictly by micro-
dissection. A recent study showed some colorectal cancers
to express pl6 mRNA even with methylation (Kim et al.
2005). p16 is known to be heterozygously methylated in
some colon cancer cell lines, p16 mRNA being detected
in methylated as well as unmethylated cells (Burri et al.
2001).

Previous studies have shown that pl16 methylation is a
frequent phenomenon in older females (Hawkins et al.
2002; Norrie et al. 2003; Ward et al. 2003; Ishiguro et al.
2006) as well as with right-sided lesions (Hawkins et al. 2002;
Van Rijnsoever et al. 2002; Norrie et al. 2003; Ward et al.
2003; Iacopetta et al. 2006), circumscribed tumor margins
(Norrie etal. 2003), increased intratumoral/peritumoral
lymphocytes (Hawkins etal. 2002; Norrie etal, 2003;
Ward et al. 2003; Tacopetta et al. 2006), Crohn’s type reac-
tions (Norrie et al. 2003), a mucinous phenotype (Hawkins
et al. 2002; Maeda et al. 2003; Norrie et al. 2003; Ward
et al. 2003; Tacopetta et al, 2006), poor tumor differentiation
(Shannon and Tacopetta 2001; Hawkins et al. 2002; Van
Rijnsoever etal. 2002; Maeda etal. 2003; Norrie et al.
2003: Ward et al. 2003; Lee et al. 2006) and an advanced
stage (Yi etal. 2001; Maeda et al. 2003; Ishiguro etal.
2006; Goto et al, 2009), This mirrors the clinicopathologi-
cal features classically described with the CpG island meth-
ylator phenotype (CIMP), known to cause microsatellite
instability through methylation of the hMLHI1 promoter in
colorectal cancers (Ahuja etal. 1997; Toyota et al. 199Y;
Hawkins et al. 2002; Van Rijnsoever et al. 2002, 2003;
Tacopetta etal. 2006; Ogino etal. 2006). As expected.
microsatellite unstable tumors frequently display methyla-
tion of p16 (Ahuja etal. 1997; Liang et al. 1999; Toyota
et al. 1999; Shannon and Iacopetta. 2001; Hawkins et al.
2002; Van Rijnsoever et al, 2002, 2003; Ward et al. 2003,
Tacopetta et al, 2006; Lee et al. 2006). However, high aber-
rant p16 methylation was here only associated with large
tumor size, but not CIMP features.

In the current work, the patients with higher aberrant p16
methylation more frequently exhibited locoregional or dis-
tant metastasis and multivariate analysis indicated high p16
methylation as an independent predictor of shortened can-
cer-related and recurrence-free survival, in line with the
results of Maeda et al. (2003). In contrast to their study pro-
viding a binary distinction (hypermethylated or not), we
emphasize that three methylation levels (low, intermediate
or high) have independent prognostic values, There are two
other published reports of a relationship between p16 meth-
ylation and a worse prognosis on univariate analysis (Liang
et al. 1999; Shen et al. 2007).
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A recent study by Shen etal. (2007) confirmed that
methylation of p16, p14ARF, MINT1, or MINT31 is associ-
ated individually with shortened survival in CIMP colorec-
tal cancers. They also mentioned that concurrent
methylation of two or more genes in a CIMP-associated
subset defined a group with a markedly poor prognosis.
Microsatellite-unstable cancers with increasing methylation
of CIMP-associated genes appeared to have better survival,
whereas increasing methylation within the microsatellite-
stable tumor group was associated with a worse outcome
(Hawkins et al. 2002; Ward et al. 2003). These observa-
tions are somewhat paradoxical. We now need to further
analyze microsatellite instability in our tumor samples.

In the present study, high pl6-methylated tumor tissues
displayed significantly lower pl6 immunoreactivity, as
compared with low- or intermediate-methylation samples.
A similar tendency was observed regarding the mRNA
level, in agreement with a statistically significant relation-
ship between pl6 methylation and suppression of mRNA
production or loss of protein expression (Norrie et al. 2003;
Schneider-Stock et al. 2003; Kim etal. 2005; Lee etal.
20006; Prall et al. 2006). Regulation at the mRNA level may
be largely responsible for differences in p16 protein expres-
sion (Dai et al. 2000; Kim et al. 2005). Our data thus pro-
vide evidence that aberrant methylation may at least partly
facilitate transcriptional repression of the pl6 gene. We
found, however, a few exceptional tumor samples that dis-
played relatively low p16 mRNA levels despite low M1, in
accordance with the earlier observations of Kim et al.
(2005). They also identified tumors with high MI express-
ing some mRNA. The findings imply that transcriptional
regulation of pl6 likely contributes not only to its own
methylation but also to other processes such as ras pathway
activation (Serrano et al. 1995).

In summary, one key finding of this study is that aberrant
pl6 methylation, although common in sporadic colorectal
cancer, is not a reflection of the CIMP, but has potential as an
independent adverse prognostic factor. The second key find-
ing is that p16 methylation results in transcriptional silencing
at the RNA level and consequent loss of protein expression,
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Abstract

Background: A randomized study was performed to investigate whether a communication skill
(CS) training program can improve nurse’s ability to detect the distress of patients who have
just been informed of cancer diagnosis.

Methods: Nurses were randomly assigned to the experimental or control group, and those in
the former group had undergone CS training program. Nurses in both groups were then
requested to support patients informed of their cancer diagnosis. Intervention consisted of one-
on-one nurse interviews 3 times (on the day, 1 week, and 1 month after diagnosis). Patient’s
self-reported distress according to the Hospital Anxiety and Depression Scale and nurse’s
ratings of patient distress by Visual Analeg Scale were assessed 3 times (1 week, 1 month, and
3 months after diagnosis). These two scales were compared between the nurses of the two
groups to assess the impact of CS training.

Results: The nurses in the experimental and control groups supported 42 and 47 patients,
respectively. The analysis using mixed-effects modeling revealed no significant differences in
the nurse’s ability to detect patient’s distress between the two groups. However, when the
nurse’s ratings of patient’s distress and patient’s self-reported distress were compared, these
two scores were significantly correlated only with the nurses in the experimental group,
suggesting that the nurse’s ability to become aware of patient’s distress had been improved in

that group.

Conclusions: CS training for health professionals is useful in oncology practice to improve
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randomized study

nurse’s ability to recognize the distress of patients diagnosed with cancer.
Copyright © 2009 John Wiley & Sons, Ltd.

Keywords: psychological distress; communication skills; nursing support; newly diagnosed cancer;

Introduction

Psychological distress of patients with malignancies
is a normal response to cancer diagnosis, treat-
ment, and prognosis [1-3]. Without early recogni-
tion and support for the distressed patients, there
may be long-term, detrimental consequences on
their quality of life [4]. Therefore, psychological
distress needs to be recognized and supported
appropriately by health professionals.

However, health professionals in oncology often
fail to recognize patient’s distress, and feel it
difficult to estimate the level of such distress,
because they lack knowledge about symptoms of
patient’s distress and often rely on superficial signs
to assess it {1,5]. Patients are also sometimes
reluctant to disclose their psychological concerns
spontaneously [6]. It is thus important to detect
distress as early as possible in the course of the
disecase and to refer patients for appropriate
professional support. Since patient’s distress is

Copyright € 2009 john Wiley & Sons, Ltd.

highest just after cancer diagnosis [7,8], it is
particularly important for health professionals to
support patients at that time.

Our previous study revealed that busy physicians
at a cancer screening center have little time to
support patients in their distress when they were
informed of cancer diagnosis [8]. Therefore, nurses
are supposed to play a key role in supporting those
patients [9].

Recent studies have underscored the importance
of nurse’s communication skills (CS) to detect
patient’s distress [1,10]. Taking a brief educational
course may be useful for health professionals to
improve their ability to improve such distress
[11-13]. However, except for one study on physi-
cians, there are no previous studies on health
professionals, which investigated the impact of
such an educational course on the detection of
cancer patient’s distress [1].

The primary purpose of this study was to
evaluate the impact of a brief educational course



on nurse’s ability to detect patient’s distress. In
parallel, we also attempted to investigate the
factors associated with a nurse’s ability to detect
patient’s distress.

Methods

Subjects

First, we chose cancer screening institutions in east
Japan, which have a follow-up system by nurses
after physicians informed patients of their cancer
diagnosis. At first, we approached four institutions
and visited head nurses to ask them to participate.
The head nurses agreed to allow us to contact
nurses who worked in the follow-up system.
Consent was obtained in writing from each of
them.

Patients were selected from among those who
had had a cancer diagnostic test and supported by
nurses after a physician’s consultation informing
them of a cancer diagnosis. In the conventional
system, nurses in charge are always present at
physician consultations when patients are informed
of a cancer diagnosis. The physicians then entrust
nurses with the support of patients thereafter. The
study protocol was reviewed and approved by the
Institutional Review Board and the Ethics Com-
mittee of Tokyo Metropolitan University.

Previous studies and reviews revealed that CS
training programs did not improve patient out-
comes in terms of psychological distress and
adjustment to cancer [14-16]. In those studies, the
lack of homogeneity among the subjects could be
the reason for their negative results, because
homogeneity of patients is critical in studying the
effects of psychological interventions [17]. Taking
this into consideration, we set patient eligibility
criteria for the present study as follows: (1) newly
diagnosed and informed of cancer by physician’s
consultation after cancer diagnostic test in the
study period (from January to December 2006); (2)
nurse in charge present at the physician’s consulta-
tion; (3) age >18 years; (4) not advanced and
operable stage; (5) diagnosed with gastric, color-
ectal, or breast cancer, the three major sites most
tested at the center, where nurses usually provide
support for all these patients after cancer diagnosis;
and (6) written informed consent. Patients were
excluded if they had not been informed of a cancer
diagnosis by physicians and had severe psycholo-
gical status based on physicians’ assessment.

Study design

In order to assess the efficacy of the CS training
program on a nurse’s ability to detect patient’s
distress, nurses were randomly assigned either to
the experimental group or to the wait-listed control
group (Figure 1). Before starting the study, nurses

Copyright € 2009 john Wiley & Sons, Ltd.
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Figure 1. Nurses randomization procedure

in the experimental group attended a 1-day CS
training program 2 times during a 3-month period
(October and December 2005). Nurses assigned to
the wait-listed control group were invited to
participate in the CS training program after the
study period.

The study was explained to the patients who met
the eligibility criteria, and they were consecutively
asked to participate in the study by the nurses in
charge. Patient recruitment and first-time assess-
ment were started at T1 (1 week after cancer
diagnosis), because the ethical manager of the
institution (Tokyo Metropolitan Cancer Screening
Center) did not allow us to start the patient
assessment at TO (on the day of cancer diagnosis).
Each patient was interviewed 3 times by a nurse in
either group, which was scheduled on the day of
cancer diagnosis (T0), 1 week (T1), and 1 month
after the diagnosis (T2), through one-on-
one psychological and informational support
(Figure 2).

CS training program for nurses

The program consisted of two workshops, one at
the beginning and the other at the end of the 3-
month period. The program was based on a step-
by-step approach model proposed by Baile et al.
[18] and Radziewicz et al. [19]. The approach
consists of 6 steps, which was referred to by the
acronym_SPIKES: S, setting up the interview; P,
assessing the patient’s perception of the illness; I,
obtaining an invitation by the patient to disclose
information; K, giving knowledge and information
to the patient; E, addressing the patient’s emotions
with empathic responses; and S, strategy and
summary.

The program consisted of a large group meeting
for 2h and subsequent small group meetings for
approximately 4h. At the large group meeting, a
brief educational course was given about the
impact of communication between patients and
health professionals, the principles of CS for
breaking bad news, a lecture regarding psycholo-
gical distress in cancer patients, and how to detect
and handle it. Also, to unify the support learning
effect among the nurses, original educational
materials and a checklist were given to each nurse.

Psycho-Oncology (2009)
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Figure 2. Patient recruitment and assessment procedure

At the small group meeting, nurses were divided
into groups of two or three, and one or two
facilitators were assigned to each group. There
were three nurse facilitators in this study who had
received a 2-day training on CS. In each group, one
participant volunteered to play a nurse and another
to play a patient in three given scenarios simulating
a nurse’s follow-up situation. In preparation of the
scenarios, the Japanese medical system and culture
were taken into account: the first is a young female
diagnosed with early-stage breast cancer; the
second is an adult male diagnosed with advanced-
stage gastric cancer; and the third is an elderly
diagnosed with severe inoperable cancer whose
daughter is the main caregiver. The ‘nurse’
conducted a simulated interview with the ‘patient’
according to the SPIKES steps, while the other
member of the group worked as commentators.
They also discussed methods for eliciting and
responding: to* emotions in cancer patients and
how to assess and detect their distress during
nurse—patient communication.

Patients’ sociodemographic data

Data on patients” demographic and clinical char-
acteristics (age, gender, employment status, marital

Copyright € 2009 John Wiley & Sons, Ltd.

status, family number living together, cancer site,
cancer stage) were obtained by reviewing patients’
records.

Patients’ psychological distress

The patient’s psychological distress was self-
assessed at each interview using the Hospital
Anxiety and Depression Scale (HADS) [20]. The
HADS is a 14-item self-rating scale with each item
rated on a scale of 0-3. Higher scores indicate a
greater tendency to anxiety and depression. The
Japanese version of HADS has been shown to have
adequate validity and reliability [21].

Nurses, physicians, and interview characteristics

Data were collected on the ages of the nurses and
the physicians, their genders, experience in oncol-
ogy practice (years), and experience of having
previous CS training. The date of notification of
cancer diagnosis was recorded, and at each inter-
view, the date and the nurse’s self-reported evalua-
tion for CS during the interview were collected.

In the experimental group, interviews were all
audio-taped and transcribed. The transcripts were
then assessed by two trained investigators, in order

Psycho-Oncology (2009)
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to determine the number of CS used within the 6-
step SPIKES. The two investigators had attended
the CS training together with nurse participants,
and then a brief 2-day educational course on
patient’s distress, in which they also learned how to
rate respective steps of CS during the interview.
They rated each interview independently. When the
rating was inconsistent between the investigators,
they had a discussion to determine the final rating
for the interview. In the control group, we asked
the nurses about the contents of their interview
with the patients.

Nurses’ ratings of patient’s distress

Nurses rated their patient’s distress on a 100-mm-
line Visual Analog Scale (VAS) immediately after
the interview at each of the three assessment times
(T1. T2, T3). A VAS was used because similar
scales were used in previous studies to assess health
professionals’ ability to detect patient’s distress
[1,22] and because there are no suitable nurse-rated
measures, to our knowledge, for the evaluation of
patient’s distress. Prior to the study, the nurses in
both groups were also trained in the role play
simulation of how to evaluate the level of distress
of the patients by VAS.

Nurse’s ability to detect patient’s distress

In order to assess the nurse’s ability to detect a
patient’s distress, we devised a new variable based
on a previously described method [1]. For this, the
patient’s self-reported HADS score and nurse’s
VAS rating of patient’s distress were first brought
up to a maximal score of 100, respectively. The
variable was obtained by subtracting the modified
HADS score from the modified VAS rating.

Statistical analyses

Patients’ demographic and clinical data and inter-
view characteristics were tested by r-test, chi-
squared test, or Mann-Whitney U-test, as appro-
priate, in order to assess the homogeneity of the
patients involved in the study.

Patient’s psychological status (patient’s self-
reported distress, nurse’s ratings of patient’s dis-
tress by VAS), time of nurse’s interview, and time
of physician’s consultation were analyzed using
repeated measures analyses of variance (MANO-
VAs) and chi-squared tests as appropriate. Regard-
ing a nurse’s ability to detect patient’s distress,
group and group-by-time changes in the new
variable were also analyzed using MANOVAs.
All tests were two-tailed and the alpha was set at
0.05.

Mixed-eflfects modeling was employed to inves-
tigate factors associated with nurse’s detection of
patient’s distress. First, the univariate analyses

Copyright © 2009 John Wiley & Sons, Ltd.
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were conducted to identify potential covariates
using Pearson correlations and t-tests as appro-
priate. Factors were then entered in the multi-
variate model only if they satisfied P-values less
than 0.10 in the univariate analyses. Group
(P =0.54) and time (P = 0.25), although they were
not significant at the univariate level, were retained
in the model. A linear mixed-effects model with
fixed effects was used.

All data analyses were conducted using the SAS
statistical software, version 9.1.

Results

Sample of institution, nurses, and physicians

A cancer institution, Tokyo Metropolitan Cancer
Screening Center, consented to participate in the
study. All of the nine follow-up nurses, who were
always involved in the support system for patients
as charge nurses, consented to participate in the
study and completed the program. In this center,
18 other nurses provide technical support for
potential cancer patients undergoing screening
tests.

Since one nurse had a maternity leave just after
attending the CS training program, eight nurses
were randomly assigned to either the experimental
or the control group (four nurses each) at the
beginning of the study. For these nurses, the mean
age+SD was 40.8+7.2, mean clinical experience
(years in oncology practice) was 17.2+6.8, and 7 of
them were females (87.5%). None of these vari-
ables were significantly different between the
experimental and control groups. Twelve physi-
cians provided consultations for the patients who
participated in the study. For them, the mean age
was 42.6+9.4, mean clinical experience was
16.7+4.8, and 4 of them were females (33.3%).
No nurses or physicians had attended a CS training
workshop before this study.

Patient sample

Of the consecutive 175 eligible patients, 4 (2%)
were excluded because of severe psychological
distress and 82 (47%) refused to participate (57
felt the burden of participating in the study and 25
felt social barriers). Therefore, a total of 89 patients
(51%) consented to participate. Of these, 45
patients were assigned to the nurses in the
experimental group and 44 to those in the control
groups. During the study, 11 patients (4 in
experimental group and 7 in control group)
dropped out after the initial assessment, and the
results of 41 patients who were supported by the
nurses in the experimental group and 45 patients
supported by those in the control group were
analyzed (Figure 2).

Psycho-Oncology (2009)
DOI. 10.1002/pon



Effect of communication skills training on nurses’ detection

Table 1. Comparison of patient variables between groups

Experimental group Control group P-value
n=4] (100%) n =45 (100%)

(a) Patient demographic characteristics

Age (years) 614108 60.9+143 NS

Gender
Male 16 (39.0) 18 (40.0) NS
Female 25 (61.0) 27 (60.0)

Employment status NS
Working part or full time 25 (60.9) 25 (55.6)

Unemployed 16 (3%.1) 20 (444)

Marital status NS
Marvied 33 (80.5) 34 (75.6)
Single/divorced/separated/widowed 8 (19.5) 1 (244)

(b) Patient clinical charactenstics

Cancer site NS
Gastric 21 51 19 (42)

Colorectal 10 (29) 14 (31)
Breast 10 (24) 12 (27)

Cancer stage NS
I 22 (54) 24 (53)

H 4 (34 18 (40)
i 52 3@

(<) Interview charactenstics

Time of physician’s consultation of informing cancer diagnosis (min) t61+11.6 160+£100 NS

Time of nurse’s interview after physician's consultation (min)

TO (on the day of diagnosis) 219476 183+£80 004
Ti (I week after diagnosis) 179499 1724121 NS
T2 (I month after diagnosis) 94412 100+ 1.6 NS

Number of CS used during the nurse’s interview (range: 0-6)° 46+15 — —

Nurse's self-reported evaluation for CS during the interview (VAS, range: 0-100) 679+ 136 6034137 001

Nurse's ratings of patient's distress (VAS)

T0 (on the day of diagnosis) 4174239 399+178 NSP
T1 (1 week after diagnosis) 3844240 4004199
T2 (I month after diagnosis) 36.7+£265 3984190

Patient's self-reported distress (HADS total score)

TO (on the day of diagnosis) [1.34+55 10.6+6.6 0.03°
T (I week after diagnosis) 96456 113465
T2 (I month after diagnosis) 69450 95459

Nurse's ability to detect patient's distress®
TO (on the day of diagnosis) 1494197 1484223 Ns?
T (1 week after diagnosis) 1574207 13.0+209
T2 (I month after diagnosis) 19.8+214 1754200

Data are shown by mean=+SD or no. (%). SD, standard deviation; NS, not significant; CS, communication skills; VAS, Visual Analog Scale.
*Evaluation of communication skills of the nurse through the interview transcription by investigators.

PRepeated measures analysis of variance (MANOVA) was done.
“A significant change in group-by-time was shown.

“This value was computed as the difference between physicians’ ratings of patients'distress (VAS) and patients’self-reported distress (HADS).

Between the patients who consented to participate
and those who refused to participate or dropped
out, statistically significant differences were not
found with any of the demographic variables.

Interview characteristics

Time of nurse’s interview after physician’s con-
sultation at T0 and nurse’s self-reported evaluation
for CS during the interview were statistically
different between the experimental and control
groups (Table 1). No other interview character-
istics were significantly different between the
groups.

Copyright © 2009 john Wiley & Sons, Ltd.

In the experimental group, all four trained
nurses were able to conduct the interviews along
the 6-step SPIKES fairly well. The number of CS
used in the interview was 4.6 + 1.5 (mean+SD). All
6 steps were conducted in 22 interviews out of 41
(54%), and in the remaining, those 6 steps were
performed in 71-95% of the interviews, tespec-
tively (Table 2). In most interviews, the nurses
successfully assessed and elicited patient’s distress
and responded to their emotions fairly well.
Examples of nurse-patient communication are
given in Table 2.

In the control group, the nurses conducted
interviews mostly by reacting passively to patient’s
expressions. That is, the nurses mentioned the
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Table 2. Percentages and examples of each step performance
in interviews within 6-step SPIKES

Number
Step of SPIKES (%)

(1) S: Setting up the interview

Ex. Before the interview, nurses carefully checked the patient
status for presence of mind, possible disturbance, etc.

(2) P: Assessing the patient’s perception of the illness

Ex. Nurse: 'Did you understand what the doctor said? As
your nurse, I'd be happy to explain again anything you want
to confirm. Feel free to ask me anything.

Patient: ‘| could understand my cancer diagnosis, but | am not
sure what the doctor said after that. Why me with cancer? |
just can't tell my wife. Now, what do | do?’

(3) Ik Obtaining an invitawon by the patient to disclose
information

Ex. Patient: ‘| don't want to think about anything right now. |
am all mixed up. (Brief sitence)’

Nurse: ‘What the doctor told you is a lot to handle. Give
yourself a little time. Are you OK? Let's take it one step at a
time. After you have calmed down, I'd like to explain to you
what the doctor said again. (Sit at the patient’s side and put
your hand on the patient’s shoulder for a while.)’

(4) K Giving knowledge and information to the patient

Ex. Nurse: '(After the nurse is sure the patient has calmed
down.) Let me go over again what the doctor said. The bad
news is that you have breast cancer. (Carefully observe
patient for a while) The good news, however, is that we
have several treatments to cure your cancer. 'm going to
explain them to you while jotting them down.’

(5) E Addressing the patient’s emotions with empathic
responses

Ex. Nurse: ‘Are you all right? We can introduce you 1o some
good hospitals and doctors. And till you are hospitalized, you
can call me anytime and ask me anything because | am still
your nurse. Here's my name and number. | am always here
for you. | will always support you, | promise.’

Patient: Thank you. Your support is very helpful and
meaningful to me.’

(6) S: Strategy and summary

Ex. Nurse: ‘Let me say this again. We're going to get through
this together. Here is what | noted down today. Check it out.
You can always ask me anything. | am your nurse.’

38 (93)

31 (76)

29 @71

39 (95)

32 (78)

39 (95)

cancer diagnosis only when patients wished to
confirm it, and provided emotional support only
when patients requested it. When patients ex-
pressed strong emotions, the nurses tended to
avoid reacting to them, because they did not know
how to deal with them. All four nurses in this
group communicated with patients in their own
way but had no confidence because they never had
a chance to learn the strategy.

Effect of CS training program on intercorrelations
between patient’s self-reported distress, nurse’s
ratings of patient’s distress, and number of CS
used by nurses

For the patients who were supported by the nurses
in the experimental group, the nurse’s ratings of
patient’s distress correlated significantly with pa-
tient’s self-reported distress at each of the three

Copyright © 2009 John Wiley & Sons, Ltd.
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Table 3. Intercorrelations between patient’s self-reported
distress (HADS), nurse’s ratings of patient’s distress (VAS),
and number of CS used by nurses

Experimental group
(n=41)

Control group
(n=45)

Characteristic
No. of
HADS VAS Ccs

No. of
HADS VAS CS

T1: 1 week after cancer diagnosis (T1)

HADS 100 057"** 021 100 042 —
VAS N 1.00 044** N 100 —
No. of C§* N N 1.00 N N —
T2: | month after cancer diagnosis (T2)

HADS 100 046™ 059*** 100 005 —
VAS N 1.00 045 N 100 —
No. of CS N N 1.00 N N —
T3: 3 months dfter cancer diagnosis (T3)

HADS 100 0627 — 160 020 —
VAS N 1.00 — N 100 —
No. of CS° — — — — —_ =

*P<0.05; “P<0.01; ""P<0.001. CS, communication skills.

*Number of CS used within 6-step SPIKES through nurse’s interview, which is
evaluated through the interview transcription by investigators (range: 0-6).

®No data available because nurse’s interview was not conducted at T3.

assessment times (T1, P<0.001; T2, P<0.01; T3,
P<0.001) (Table 3). For those patients, the nurse’s
ratings of patient’s distress also significantly
correlated with the number of CS used in the
interview at two assessment times (T1 and T2; T1,
P<0.01; T2, P<0.01). Also, patient’s self-reported
distress was significantly correlated with the
number of CS used in the interview at T2
(P<0.001). Meanwhile, for the patients supported
by the nurses in the control group, none of these
variables were significantly correlated.

Effects of CS training on nurse’s ability to detect
patient’s distress

The MANOVA revealed that the change of
patient’s self-reported distress was significant in
group-by-time (F=3.51, P=0.03) (Table 1).
Meanwhile, neither the change of nurse’s ratings
of patient’s distress nor that of the nurse’s ability to
detect patient’s distress changed significantly in
time or between groups (Table 1).

Factors associated with nurse’s ability to detect
patient’s distress

Patient’s age (P = 0.004), time of nurse’s interview
after physician’s consultation (P =0.07), nurse’s
self-reported evaluation for CS during the inter-
view (P <0.001), nurse’s ratings of patient’s distress
(P=0.07), and patient’s self-reported distress
(P<0.001) were identified as possible predictors
and were retained in the multivariate model. Other
demographic and clinical characteristics of pa-
tients, nurses’ and physicians’ characteristics, and
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Table 4. Mixed-effects model for nurse’s ability to detect patient’s distress using MANOVA (fixed effects)

Variable Estimates Standard errvor t-Value P
Nurse's ability to detect patient's distress (intercept)® 11741 11.69 10.04 <0001
Group (Experimental/Control) 6.84 425 1.6l O.11
Tirne (T1/T3) 249 225 1.H 027
Time (T2/T3) 095 226 042 0.68
Group x Time (Experimental/Control x T1/T3) —344 299 —115 0.25
Group x Time (Experimental/Control x T2/T3) —0.82 3.14 —0.26 0.79
Patient's age —0.37 0.13 272 <0.001
Time of nurse's interview after physician's consultation 0.61 020 —-309 0.003
Nurse's self-reported evaluation for CS during interview (VAS) 0.60 0.13 —473 <0.001
Nurse's ratings of patient’s distress (VAS) 236 0.73 -325 0.002
Patient's self-reported distress (HADS) 1.70 0.18 927 <0.00l

T1, | week after diagnosis; T2, | month after diagnosis; T3, 3 months after diagnosis.
*Computed from difference between nurse’s ratings of patient’s distress (VAS) and patient’s self-reported distress (HADS).

interview characteristics did not satisfy the inclu-
sion criteria (i.e. P<0.10).

The mixed-effects model showed that the nurse’s
ability to detect patient’s distress was negatively
associated with patient’s age (P<0.001) and
positively associated with time of nurse’s interview
(P = 0.003), nurse’s self-reported evaluation for CS
during the interview (P <(0.001), nurse’s ratings of
patient’s distress (P = 0.002), and patient’s self-
reported distress (P<0.001) (Table 4). No signifi-
cant difference was found with the nurse’s ability to
detect patient’s distress between the experimental
and control groups (P =0.11).

Discussion

The most important finding of this study was that
the nurse’s ratings of patient’s distress were
significantly correlated with patient’s self-reported
distress in the experimental group in all three
assessment times, whereas no such correlation was
found in the control group. Although previous
studies indicated that. health professionals often
failed to detect their patients’ distress accurately
[5,23], the nurses who had attended a CS training
program properly recognized patients’ distress. As
shown in the results of nurse—patient interviews
(Table 2), the nurses were considered to have
learned how to detect and handle patient’s distress
through a CS training program. Previous studies
showed that CS training programs need to be
longer and more intensive for health professionals
to acquire and improve their skills [10,15,24]. Thus,
we conducted a 3-month CS training program in
which nurses were trained 2 times at the start and
end of this period. During the 3-month period, the
nurses had chances to practice the CS, and found
their own questions and :problems with the
technique. These points were discussed and solved
at the second training. We assume that having this
‘practice period’ was very helpful for the nurses in

Copyright €: 2009 john Wiley & Sons, Ltd.

the experimental group, which could lead to the
positive findings in this study.

Another important finding of this study was that
the nurses in the experimental group used sig-
nificantly more CS from 6-step SPIKES during
interviews when they perceived their patients as
more distressed. This result showed that those
nurses use their CS effectively according to the level
of distress they perceive in their patients. We chose
and used the model of CS training developed by
Baile et al. [18] because it is highly structured,
systematic, and brief, and its effectiveness for
Japanese physicians was confirmed [25]. Studies
also reported that a short-term and basic training
program failed to give health professionals the
needed CS [10,22]. Based on these findings, in the
present study, an intensive program was held (2
times during the 3 months), which successfully
transmitted the CS to the nurses.

The nurse’s ability to detect patient’s distress did
not change significantly during the 3-month study
period. Although we hypothesized that an im-
provement in nurses’ CS and increase in knowledge
of distress in cancer patients would lead to an
improvement in nurses’ ability to detect patient’s
distress, that hypothesis was not supported. This
was consistent with the results of a study on
physicians [1]. One possible reason was that the CS
training program in this study might have failed to
provide the nurses enough knowledge and skills to
detect patient’s distress. Another reason may be the
cultural attitude of Japanese patients. Some studies
have shown that Japanese patients do not seek
professional assistance for psychosocial problems
created by cancer experience [26] and that Japanese
cancer patients usually repress their emotions
about having cancer [27]. As Japanese people are
accustomed to these attitudes and their attitude
may be rooted more in habits, it may be difficult for
nurses to improve their ability to detect patient’s
distress and it may require a specific training
module. The study design might be another
possible reason for the negative finding. We
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assessed patient’s distress using HADS 3 times: 1
week, 1 month, and 3 months after cancer
diagnosis. Patients diagnosed with cancer at a
cancer screening center usually are hospitalized for
treatment as soon as possible. Thus, it is likely that
most patients who participated in the present study
were hospitalized during the 3-month study period
[8]. Therefore, patient’s distress at later assessment
times might have been influenced by their experi-
ence of hospitalization, treatments, and so on. Such
experiences of the patients could have some
influence on the nurses’ assessment and detection
of patients’ distress.

The mixed-effects modeling also showed that the
patient’s age was significantly correlated with a
nurse’s ability to detect patient’s distress. A
previous study revealed that the distress in older
patients is more difficult to detect, because elderly
patients tend to show less overt symptoms of
distress and are often more reluctant to talk
explicitly about problems with emotional function-
ing [28]. This finding would suggest that health
professionals must be careful to provide support
for the elderly after having been informed of a
cancer diagnosis.

The generalizability of our findings is uncertain.
First, the subjects of our study were limited to a
small number of nurses and patients in one cancer
screening institution. If the study had been
performed on a larger number of patients in
various institutions, it would have been possible
to observe the improvements in health profes-
sionals’ ability to detect distress. Second. we used a
new variable to assess the nurse’s ability to detect
patient’s distress, which was made by subtracting
the HADS scores from the VAS. Although we
assume that the variable represents how precisely
the nurse recognized the distress of the patients, its
reliability has not been established. Future studies
are needed to develop a better scale to evaluate
nurses’ ability in this regard. Third, since we
performed transcript analysis of the interviews
only in the experimental group, it was not possible
to compare the actual CS between the groups.
Moreover, although the results from the two
investigators were highly consistent, an inter-rater
reliability on the transcript analysis was not
confirmed. Further studies are needed to address
such limitations.

To our knowledge, this is the first study to use a
randomized design to assess the impact of a CS
training program on nurse’s detection of distress in
patients who have just been given a cancer
diagnosis. Although no significant change was
observed in this study in the nurse’s ability to
detect patient’s distress, such programs provide
nurses with the capacity to communicate with
patients efficiently. Our findings are encouraging
for health professionals in oncology practice in that

Copyright C: 2009 John Wiley & Sons, Ltd.
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the risk of unrecognized distress in cancer patients
can be reduced by training in CS.
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Abstract

Osteoarthritis (OA) is a common disease that has a definite genetic component. Only a few OA susceptibility genes that
have definite functional evidence and replication of association have been reported, however. Through a genome-wide
association study and a replication using a total of ~4,800 Japanese subjects, we identified" two ‘single nucleotide
polymorphisms (SNPs) (rs7775228 and 1510947262) associated with susceptibility to knee OA. The two SNPs were in a region
containing HLA class I/l genes and their association reached genome-wide significance (combined P=2.43 x107% for
157775228 and 6.73 x 1078 for rs10947262). Our results suggest that immunologic mechanism is implicated in the eticlogy of
OA. ‘
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Introduction gene(s) must be the first step. Many OA susceptibility genes
identified by candidate-gene association studies have been
reported, but only a few have supporting functional evidence

and replication of the results in different populations [1,2]. Large-

We are living in the “Bone and Joint Decade” (http://www.
boneandjointdecade.org/). As the WHO initiative shows, bone

and joint diseases are serious problems all over the world, putting
us under severe medical, economical and social burden.
Osteoarthritis (OA; MIM 165720) is one of the most common
diseases among them. OA affects synovial joints of all over the
body, mainly knee, hip, hand and spine. OA is characterized by
progressive loss of articular cartilage and, often, proliferation of
synovium and bone, which lead to pain, loss of joint function and
disability. More than tens of millions patients in the world are
suffering from this non-lethal, but intractable disease, and the
number is relentlessly increasing; however, its etiological picture
remains unclear and we have no fundamental treatment for it.
OA is a polygenic disease. Both environmental and genetic
factors contribute to its etiology and pathogenesis [1]. To
understand its genetic factor, identification of its susceptibility

@ PLoS ONE | www.plosone.org

scale association studies including the genome-wide association
study (GWAS) using high-density single nucleotide polymorphisms
(SNPs) have been reported by a few groups in Asia and Europe
[3-6], but only a gene fulfilled genome-wide significance level [2].
The genetic basis of OA susceptibility remains largely unchar-
acterized. To identify OA susceptibility gene(s), we conducted a
GWAS for knee OA and identified two SNPs with genome-wide
significance level.

Methods

Samples
Characteristics of each cohort group are shown in Table 1. Case
samples of GWAS for the Japanese population were obtained from
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several medical institutes in Japan, as previously described [5,7].
Knee OA was diagnosed on the basis of clinical and radiographic
findings using previously described criteria [5,7]. Rheumatoid
arthritis (RA) and polyarthritis associated with autoimmune
diseases were excluded, as were secondary OA due to crystal
deposition (gout and pseudogout), posttraumatic OA and infec-
tion-induced OA. Patients who had clinical and radiographic
findings suggestive of skeletal dysplasias, including overt short
stature, multiple symmetric involvements of epiphyses and a
definitely positive Mendelian family history were also excluded
from the study. The control groups consisted of 3,396 individuals
that were registered in the Leading Project for Personalized
Medicine in the Ministry of Education, Culture, Sports, Science
and Technology, Japan as the subjects with diseases unrelated to
OA and the volunteers in the Osaka-Midosuji Rotary Club,
Osaka, Japan [8]. For replication study, we recruited population-
based cohorts from inhabitants of Odai and Minami-ise town
(previously Miyagawa village and Nansei town, respectively in the
Mie prefecture in Japan) [9]. The Spanish and Greek knee OA
and control populations were recruited as described previously
from the Hospital Clinico de Santiago, the Departments of Biology
and Genetics and of Orthopaedics, University of Thessaly and the
Institute of Musculoskeletal Sciences [10]. All the participants
provided written informed consent. This research project was
approved by the ethical committees at Center for Genomic
Medicine (formerly, SNP Research Center), RIKEN and the
participating institutions.

SNP genotyping

For the GWAS, we genotyped 906 patients with OA and 3,396
controls using Ilumina HumanHap550v3 Genotyping BeadChip.
After excluding seven cases with call rate of <<0.98, we applied SNP
QC (call rate of =0.99 in both cases and controls and P value of
Hardy-Weinberg equilibrium test of =1.0x107® in controls), Finally,
459,393 SNPs on autosomal chromosomes passed the QC filters and
were further analyzed. Among the SNPs analyzed in the GWAS, we
selected top 15 SNPs showing the smallest P values (P<<1x107°) for
the replication study using an independent 514 Japanese subjects

@ PLoS ONE | www.plosone.org

Table 1. Basal characteristics of the subjects.
Number of Age BMI Severity®
Cohort Source Platform samples Nationality Female (%) (mean +/— sd) (mean +/— sd) (% severe OA)
GWAS
knee OA  RIKEN Hlumina HumanHap550 899 Japanese 759 (84.4) 7N6+/-76 24.9+/-3.6 76.5
control - ORC+BioBank Japan Hlumina HumanHap550.. 3,396 Japanese 1,491 (43.9). - 525+/—15.2 22.5+/-3.7. -
Replication
Japaniese )
knee OA  RIKEN Invader assay 167 Japanese 124 (74.3) 73.8+/-6.1 245+/-3.3 485
control RIKEN Invader assay 347 Japanese 223 (64.3) 65.9+/—-87 22.34/-2.7 =
European Caucasian
knee OA . Santiago de Compostela . SNaPshot 243 Spanish 197 (81.1) - 68.0+/—-5.7 32.8+/—4.8 ND®
control  Santiago de Combostela SNaPshot 426 Spanish 165 (38.7) 684+/-9.1 28.3+/-3.8 -
knee OA - University of Thessaly SNaPshot 570 Greek 468 (82.1) 65.8+/—8.7 29.1+/-33 771
control University of Thessaly SNaPshot 645 Greek 417 (64.6) 59.5+/-11.6 254+/-3.7 -
OA: osteoarthritis, ORC: Osaka-Midosuji Rotary Club.
*Kellegren-Laurence grade =3 was considered as severe OA.
PAll cases underwent TKR (total knee replacement) surgery.
doi:10.1371/journal.pone.0009723.t001

from a resident cohort. SNPs with minor allele frequency of =<0.1 in
both case and control samples were excluded from the further
analysis, In the replication analysis, we genotyped SNPs using the
multiplex PCR-based invader assay (Third Wave Technologies) or
by direct sequencing of PCR products using ABI 3700 DNA
analyzers (Applied Biosystems), or by SNaPshot Multiplex System
(Applied Biosystems) according to manufacturers’ protocols.

Statistical analysis

In the GWAS and replication analyses, we applied Fisher’s
exact test to two-by-two contingency table in three genetic models:
an allele frequency model, a dominant-effect model, and a
recessive-effect model. We conducted the meta-analysis using the
Mantel-Haenszel method. We examined heterogeneity among
studies by using the Breslow-Day test. Significance levels after the
Bonferroni correction for multiple testing were P=1.09x1077
(0.05/459,393). Age, gender- and BMI-adjusted odds ratios were
obtained by logistic regression analysis [11]. Odds ratios and
confidence intervals were calculated using the risk allele as a
reference. We analyzed the haplotype association using Haploview
software [12]. We conducted a principal component analysis to
detect population stratification {13].

Software

For general statistical analysis, we used R statistical environment
version 2.6.1 or Microsoft Excel. Drawing the LD map, estimation
of haplotype frequencies and analysis of haplotype association
were performed by Haploview software.

Results

To identify genetic variants that determine OA susceptibility,
we conducted a GWAS in Japanese knee OA. We examined 906
individuals with knee OA and 3,396 control individuals (Table 1)
using Illumina HumanHap550v3 Genotyping BeadChip. After
confirming the data quality, we compared the results of 459,393
SNPs between cases and controls by Fisher’s exact test for three
genetic models: allelic, dominant or recessive (Figure 1). Fifteen
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Figure 1. Results of a genome-wide association study {-log,, P value plot). Each P value is the minimum of Fisher's exact tests for three
models: dominant, recessive and allele frequency model.
doi:10.1371/journal.pone.0009723.g001

SNPs selected for the replication study that had the smallest P Japanese controls from a resident cohort study. Through these
values (minimum P<1x107% were next genotyped in an studies, only two SNPs, rs7775228 (combined P= 2.43x107%;
independent set of 167 Japanese knee OA individuals and 347 OR=1.34; 95% CI=1.21-1.49) and 1510947262 {(combined

Table 2. Association of rs7775228 and rs10947262 with knee osteoarthritis.
SNP
{Nearest gene)} Allele Population Minor allele Frequency
Case Control OR (95% CI)® 72 Poet®
157775228 (7] Japanese
{HLA-DQB1} GWAS 0318 0379 1.31 (1.18-147) 1.38 E-06
Replication 0.290 0.385 1.53 (1.15-2.02) 3.07 E-03
Combined? 134 (1.21-149) 243 E-08 0.33
European Caucasian
Spanish 0.194 0.209 1.10 (0.83-1.45) 0521
Greek 0.094 0.075 0.78 (0.58-1.03) 0.084
European combined® 0.93 (0.76-1.13) ‘ 0.178 0.09
All combined® - - 0.003
1510947262 (7} Japanese
(BTNL2) GWAS 0.358 0419 1.30 (1.16-1.44) 245 E-06
Replication 0.332 0422 147 (1.12-1.93) 5.74 E-03
Combined® ' 1.32 (1.19-1.46) 6.73 E-08 0.40
European Caucasian
Spanish 0.122 0.136 1.13 {0.81-1.59) 0.465
Greek 0.068 0.094 143 (1.06-1.92) 0.019
European combined® 1.29 (1.03-1.61) 0.025 0.32
~ All combined® g 1.31 (1.20-1.44) /510 E-09 0.63
Odds ratios {ORs) and P values for the independence test were calculated by the Mantel-Haenszel method.
20R of the risk allele from the two-by-two allele frequency table.
5p values of the Pearson’s % test for the allele model.
“Results of the Breslow-Day test.
9Meta-analysis of Japanese studies.
“Meta-analysis of European studies.
Meta-analysis of all studies.
doi:10.1371/journal.pone.0009723.t1002
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