gies from role playing in training and by demonstrat-
ing skills repeatedly in clinical settings during the 3-
month period. In Japan, as the control group nurses
stated, they communicate with patients in their own
way, because they have never had a chance to learn
the strategy for delivering bad news. Thus, were they
properly trained, Japanese nurses would be better
able to communicate with their patients.

Still another reason might be the influence of the
cultural attitude of the Japanese nurses on the result.
A previous study pointed out that any attempt to
apply Western-developed intervention models to Jap-
anese individuals without considering differences in
cultural contexts, such as communication style and
family structure, would fail 1o achieve its effect.”
Accordingly, given the needs of the nurses who
attended the 2-time CST program, we intensively dis-
cussed how to communicate with physicians and
other health professionals, how to provide medical
information, and how to communicate with and sup-
port not only patients but also family members,
while giving Japanese culture its due place in the
program. Hence, our study may have met these
nurses’ needs and effectively helped them provide
more culturally appropriate  support for their
patients.

Results may also have been influenced by the
cultural attitude of Japanese patients and the basi-
cally poor support system for patients with newly
diagnosed cancer that exists to date in Japan. Some
studies have shown that Japanese patients do not
seek professional assistance for psychosocial pro-
blems created by cancer experience,*” and that Japa-
nese cancer patients usually repress their emotions
about having cancer.”” Because Japanese people are
accustomed to these attitudes, nurses’ improved
communication using 6-step CS may stimulate and
increase patients’ need for psychologic and emo-
tional support and thus may change their attitude.
This interpretation may be confirmed by the results
of their improved coping style. Thus, subjects in the
experimental group evidenced an intensified adapt-
ive coping style (fighting spirit in the MAC) and
weakened maladaptive coping style (anxious preoc-
cupation and fatalism in the MAC). Moreover,
patients in the experimental group actually expressed
their negative feelings immediately after the cancer
diagnosis, but later many of them were satisfied with
the support from the nurses. Considering the poor
support system for such patients by nurses in Japan,
patients’ psychologic distress might be alleviated by
the nurses’ support through their improved CS. The
results of the current study suggest the importance
of improved nurse CS to reduce patients’ long-term
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psychologic distress,*® although Ffurther evidence
must be provided by future studies.

The generalizability of the current study findings
is uncertain. First, recruitment was difficult, as in
previous studies.”™ We could recruit from only 1
institution, and the number of subjects was small.
Second, because we performed transcript analysis of
the interviews only in the experimental group, we
could not compare the differences in actual commu-
nication between groups. Moreover, neither inter-
rater reliability nor intrarater reliability were con-
firmed on the transcript analysis, although nearly all
results from the 2 investigators were the same, and if
the result was different, they conferred and con-
curred on a result. Third, we did not assess physician
communication precisely. However, nurses in charge
were always present at the physician consuliations
and supported patients afterward in light of what
physicians told the patients. In addition, between the
experimental and control groups, we confirmed there
were no differences in physicians’ clinical experience
and time of consultation.

Although further studies are needed to resolve
these limitations, 10 our knowledge this is the first
study published to date to use a randomized design
to assess the impact of a nurses' CS training program
on patient outcomes. Our study may thus provide
encouragement and a direction for future research in
the application of CST for more health professionals
in oncology practice to better deal with unrecognized
distress among patients diagnosed with cancer.

REFERENCES

1. Radziewicz R, Baile WE Communication skills: breaking
bad news in the clinical setting. Oncol Nurs Forum.
2001;28:951-953.

2. Sawyer H. Meeling the infor
patients. Prof Nurse. 2000;15:244-247,

3. Rassion M, Levy 0O, Schwartz T, et al. Caregivers' role in
breaking bad news. Cancer Nurs. 2006;29:302-308.

4. Delvaux N, Razavi D, Marchal S, et al. Effects of a 105
hours psychological training on attitudes, communication
skills and occupational stress in oncology: 8 randomised
study. Br J Cancer. 2004;90:106-114.

5. Razavi D, Delvaux N, Marchal §, et al. Does training
increase the use of more emotionally laden words by
nurses when talking with cancer patients? A randomised
study. Br J Cancer. 2002;87:1-7.

6. Fallowfield L, Saul J, Gilligan B, Teaching senior nurses

how to teach communication skills in oncology. Cancer

Nurs. 2001;24:185-191.

Kruijver [P, Kerkstra A, Kerssens JJ, et al. Communication

between nurses and simulated patients with cancer: eva-

luation of a communication training programme. Eur /

Oncol Nurs, 2001;5:140-150,

8. Sheldon LK. Communication in oncology care: the effec-
tiveness of skills training workshops for healtheare provi-
ders. Clin | Oncol Nurs. 2005;9:305-312.

needs of cancer

-3



1470

Gysels M, Richardson A, Higginson 1. Communication
training for health professionals who care for patients with
cancer: a systematic review of training methods, Support
Care Cancer. 2005;13:356-366.

. Gysels M, Richardson A, Higginson I, Communication

training for health professionals who care for patients with
cancer: @ systematic review of effectiveness. Support Care
Cancer. 2004;12:692-700.

. Merckaert |, Libert Y, Razavi D. Communication skills train-

ing in cancer care: where are we and where are we going?
Curr Opinion Oncol. 2005;17:319-330.

. Fallowfield L, Jenkins V. Current concepts of communica-

tion skills training in oncology, Recent Results Cancer Res,
2006;168:105-112.

. Baile WE Kudelka AR Beale EA, et al. Communication skills

training in oncology. Description and preliminary out.
comes of workshops on breaking bad news and managing
patient reactions to illness. Cancer. 1999;86:887 -897,

. Baile WF, Buckman R, Renzi R, et al. SPIKES-A 6-step pro-

tocol for delivering bad news: application 1o the patiemt
with cancer. Oncologist. 2000:5:302-311.

. Fu]irnmi M, Oba A, Koike M, et al. Communication skills

for J oncologists on how to break bad
news, ]' Canm Educ 2003;18:194-201.

. Zigmond AS, Snaith RP. The hospital anxiety and depres-

sion scale. Acta Psychiatr Scand. 1983,67:361-370.

. Kugaya A, Akechi T, Okuyama T, et al. Screening for psy-

chological distress in Japanese cancer patients, jpn | Clin
Oncol. 1998;26:333-330,

. Kitarmnura T. Hospital anxety and depression scale [in Japa-

nese]. Seishinka Sindangaku. 1993;4:371-372.

. Wal.mn M, Greer S, Ynung I, et al. Development of a ques-

of ad to cancer: the MAC scale.

Ps]n:ka! Med. 1998,18: 203 209,

CANCER  Seplember 15, 2008 / Volume 113 / Number 6

20.

21.

22.

24,

25,

26,

27

28,

Watson M, Greer 5, Bliss M. Mental Adjustment to Cancer
scale user's manual. London, UK: Royal Marsden Hospital;
1989,

Akechi T, Kugaya A, Okamura H. et al. Validity and reliabil-
ity of the Japanese version of the Mental Adjustment to
Cancer (MAC) scale [In Japanese]. Jpn | Psychiatr Treat.
1997;12:1065-1071.

u S, Fujimor M, Uchitoml Y. Care for patients who
were informed of bad news |in Japanese]. [pn | Cancer
Care. 2006:11:767-770.

Fallowfield L, Jenkins V, Farewell V, Saul ), Duffy A, Eves R.
Efficacy of a Cancer Research UK communication skills
training model for oncologists: a randomised controlled
trial. Lancer. 2002;359:650-656.

Fallowfield 1, Jenkins V. Communicating sad. bad,
and difficult news in medicine. Lancet. 2004;363:312-
als.

Razavi D, Merckaert I, Marchal S, et al. How to optimize
physicians’ communication skills in cancer care: results of
a randomized swudy assessing the usefulness of posturain:
ing consolidation workshops. / Clin Oncol. 2003;21:3141-
3149,

Baile WE, Buckman R, Schapira L, et al. Breaking bad news:
more than just guidelines. | Clin Oncol. 2006;24:3217;
author reply 3217-3218,

Singer MK, Wellish DK, Durvasula R. Impact of breast can-
cer on Asian American and Anglo American women, Cul-
ture Med and Psychiatr. 1997;21:449-480,

Uchitomi Y, Sugihara J, Fukue M, et al. Psychiatric liaison
issues in cancer care in Japan. J Pain Symptom Manage.
2004;9:319-324,

. Lomas D, Timmins |, Harley B, et al. The development of

best practice in breaking bad news to patients, Niurs Times.
2004;100:28-30.



Journal of Surgical Oncology

Abnormal Expression of p16'™***, Cyclin D1, Cyclin-Dependent
Kinase 4 and Retinoblastoma Protein in Gastric Carcinomas
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Background and Objectives: The pl6™ % (p16), cyclin DI, cyclin-dependent kinase (CDK) 4 and retinoblastoma (Rb) genes are components
of the Rb pathway that controls the G1-S checkpoint of the cell eycle. The aim of this siudy was 10 assess the relationship between their
abnormalities and clinicopathological features in gastric carcinomas.

Mchtods: | histochemical analysis of the encoded proeins was performed on a series of |58 cases.

Results: Loss of pl&/Rb p (pRb) exp and ¢ pression of eyclin DI/CDK4 were observed in 49%/40% and 37%/37% of gastric
carcinomas, respectively. At least | of these abnormalities was found in 86% of the cases and a positive comelation was noted between pléand
PRb (F=0.009). Cyclin DI (P = 0.042) and CDK4 (P = 0,008) overexpession was inversely associated with lymph node metastasis and depth of
inviasion, respectively, Loss of pRb expression was more frequently in diffuse type lesions than n the intestinal type (P = 0.022). The patiems with
pl6H/pRb—feyelin DI —/CDK4— or pl6—/pRb | feyclin DI —/CDK4~ wmors demonstrated particularly poor survival, With multivariate
survival analysis, only depth of invasion and TNM stage could be proven as independent predictors.

Conclusions: The Rb pathway is disrupted in the vast majority of pastric carcinomas. This study also identified specific immunohistochemical

marker profiles for prognosis,
1. Surg. Oncol. @ 2008 Wiley-Liss, Inc.

Key Worbs: gastric carcinoma; p16™"*; retinoblastoma protein; cyclin D1; CDK4; prognosis

INTRODUCTION

In the normal situation, cell proliferation appears to be reguluted by
several different cascades of molecules, many of which are known
o be oncogene products or tumor-suppressor proteins. In the
development of neoplasia, loss of this cell eycle control is a critical
step. The late G cell cyele checkpoint is controlled by a complex of
proteins, which includes p16 "™*** (p16), cyclin D1, cyclin-dependent
kinase (CDK) 4/6, and retinoblastoma protein (pRb) [1]. They are
components of the pRb cell cycle conrol pathway: cyclin DI
stimulates phosphorylation of pRb by associating with CDKs [2]
and pl6 binds to CDK4/6, blocking their association with D-type
cycling [1]. Thus, loss of pl6 or pRb expression, of overexpression of
eyclin DI or CDK4/6 cause pRb pathway dysfunction and stimulate
cell proliferation. For this reason, it is better to unalyze all four of
these genes together rather than study them individually, However,
there have been few studies of patterns and prognostic value of their
expression in gastric carcinomas [3,4], The present study was thus
undertaken to determine the disturbance in the pRb pathway with
expression of these four related genes i gastric carcinomas and
to explore their comelation with clinicopathological features and
Prognosis.

MATERIALS AND METHODS

Patients and Materials

The subjects of the present study compnised a series of 158 patients
dhagnosed and undergoing potentially curative surgery for gastric
carcinoma at the National Hospital Organization Sagamihari Hospital

© 2008 Wiley-Liss, Inc.

between August 1999 and June 2006. The 158 patients comprised
108 males and 50 females, with a mean age of 66.5 years (range, 36—
91). Paticats with multiple gastric carcinomas or with distant
metastasis, and patients who had died within 30 days of surgery were
not included in the analysis. No patient received initial chemotherapy
or radiotherapy and standard informed consent was obtained in all
cases,

Pathological Review

Surgically resected specimens had been fixed in 10% formalin and
embedded in paraffin wax, nccording o routine procedures. Slides
stained with hematoxylin and eosin were examined by an experienced
E t I pathologist (HM.). Curative surgery was finally
detined as the removal of all gross wmors and the demonstration of
tumor-negative surgical margins by microscopic examination of the
total circumference of the resection line. The histological type was
classified as intestinal or diffuse according to the criteria of Laurén [5].
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The depth of invasion (pT category). lymph node involvement
(pN category) and pathological staging, of all surgically resecied
tumiors was completed according to the UICC/TNM classification (6],
Of the total, 98 were dingnosed pathologically as TNM stage 1, 29 as
stage 11, 22 as stage 111 and 9 as stage IV,

Follow-up

All patients were followed up regularly by clinical examination at
I~ to 2-month intervals for the first year and 3- 1o 6-month intervals
thereafter. They underwent routine physical and blood examinations
including measurement of serum carcinoembryonic antigen levels,
liver [uncllons and oompl:lc blood cell coums. Endoscopy was
p-.-a' periop vely und e\-mr yeur thereafier. Screening with
ultr 1 1t phy of magnetic resonance Imaging was
also mandated at 3- & monthly intervals for the first year and once
u year thereafter. Overall survival (0S) was measured from the date of
surgery o the end of follow-up or death due 1o gasiric cancer or other
causes. Recurrence-free survival (RFS) was defined as the time from
surgery to recurrent disense (alive) or death. The mean duration of
patients” follow-up was 43 hs (median, 4] hs; range, 12—
103 months) for those who were alive at the date of their last visit
in=117).

Immunohistochemistry

Methodology. Immunostaining was performed on 4 pm thick
slides that were prepared from each wmor with DakoCytomation
A (DakoCytomation, Kyoto, Japan). Briefly,
Ihc rvrcnuﬂs were deparaffinization in xylene and mllydmad in

tions of ethanol, End activity
wis blm.lccd by incubation with Fﬂmudase Blnchng Solution (Dako
AJS Lid., Glostrup, Denmark) for 5 min. Antigen retrieval was required
for all amibodies and consisted of autoclave treatment of sections for
30 min in cither Epitope Retrieval Solution (DakoCytomation) for
plt or Target Retrieval Solution (pH 6.0, DakoCytomation) for cyclin
DI, CDK4 and pRb, The slides were then incubated with primary
antibodies for 30 min at room temperature, Envision Kits (DakoCy-
tomation) were employed; the slides were incubated with horseradish
peroxidase-labeled polymer conj 1 wilh | ¥ untibody for
30 win and incubated with Sub Chromogen (di L
Solution (DakoCytomation), followed by light counterstaining with
Mayer's hematoxylin.

Antibodies. Antibodies employed were monoclonal anti-pl6
(E6H4, prediluted, DakoCytomation), monoclonal anti-cyclin DI
(SP4, prediluted, Nichirei, Tokyo, Japan), polyclonal anti-CDK4
(C-22, 1:600. Santa Cruz Biotechnology, Inc., Sama Cruz, CA) and
monoclonal anti-pRb (Rbl, 1:200, DakoCytomation),

Controls. Sections of a squamous cell carcinoma of the esophagus
with known positivity for pl6 and a thyroid papillary carcinoma with
known pasitivity for cyelin D1, CDK4 and pRb were used as external
positive controls. For negative controls, the primary antibodies were
nmitted.

Assessment of staining. Distinct nucl

idine)

lora.ll ibodies

was considered to be positive, regardless of the ing i ity.
When there was cy:oplumnc staining, a nucleus was regarded as
pos.lllw: lf its staining y equaled or exceeded that of the
2 cytopl All were evaluated by one pathologist
{H.M.) nf the di For pl6 and pr <5%

expression (— ) was considered as loss. For cyclin DI and CDK4, >5%
(+) was regarded overexpression. Loss of plo and Rb expression
(pl6—/Rb—) and overexpression of cyclin DI and CDK4 (cyclin
D14/CDK44) was considered sbnormal,

Jowrnal of Strgical Onealogy

Statistical analysis

The chi-squared test (with Yates” correction) and Fisher's exact
test were applied 10 check for associations between categoncal
data. Survival curves were generated by the Kaplan-Meier method. To
identify survival differences (good, intermediate and poor prognosis
groups), specific marker profiles of combined immunohistochemical
results for the four genes were clustered using multiple cutoff points
and were amalyzed for survival rates with resultant hazard ratios and
P values. Associations b linicopathological fi and
survival were examined using univaniate and multivanate Cox's
regression muiyus. le the Cox's multivanate analysis, a step-wise
backward variabl hod was used with an entry limit of
P <01 and a removal limit of P> 005, All P values <0.05 were
considered statisticully significant, Statistical analyses were carried out
using StatView for Windows Version 5.0 (SAS Institute, Inc., Cary,
NC).

RESULTS

pl6, Cyclin D1, CDK4 and pRb Expressions
in Gastric Mucosa

In few cases, very weak pl6 reactivity was found in the neck zone of
normal glands, and in some cases the antigen demonstrated relatively
strong expression at the b of the regenerative and metaplastic
glands (Fig. LA). In some cases, cyclin DI was wenkly expressed in the
neck zone of nnnmi glunds um! fmmlur epithelial cells, In the non-

ic tissues, i ities of pl6 and cyclin D1 were less
than §%. No expression of CDK4 was apparent in non-neoplastic
mucasa. On the other hand, pRb was positive throughout the normal
und regenerative epithelium with or without intestinal metaplasia,
more than 50% of cells exhibiting clear staining (Fig. 1C).

Expression of the Encoded Proteins
in Gastric Carcinomas

Basically, p16 and CDK4 sh d nuclear/cytoplasmic staining, and
cyclin DI and pRb nuclear immunoreactivity for all staining, most
carcinomas showed a mosaic pattemn throughout the lesions. Of the
158 wmors, 77 (49%) and 63 (40%) demonstrated loss of expression
for pl6 (Fig. 1B) and pRb (Fig. 1D, respectively. Some of the tumors
overexpressed cyclin DI (58/158, 37%; Fig. 1E) and CDK4 (59/158.
37%; Fig. 1F), respectively.

Correlation Among Expression of the Encoded Proteins

Abnormal expression of at least | protein was apparent in
136 (86%) carcinomas, Expression of pl6 was positively associated
with pRb immunoreactivity, but no correlations were noted among the
other parameters (Table I).

Associations With Clinicopathological Features

Cyclin DI overexpression was more p in node-negative
than in node-positive cases, CDK4 overexpession was inversely related
1o the pT category. Loss of pRb expression was more frequent in the
diffuse type of Laurén’s classification than in the intestinal type. No
significant relationship was observed between pl6 expression and
clinicopathological variables (Table [1).

Survival

Clinicopathological fi were analyzed by univariale analysis
s risk factors for OS and RFS. Based on this analysis, tumor size, the
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Fig. |

A: pl6 reactivity is focally apparent at the bottoms of non-neoplastic regenerative glands (original magnification 25 ). B: Decreased

expression of pl6 in an intestinal type gpastric adenocarcinoma (original mugnification 30x). C: pRb is reactive throughout
regenerative epithelium characterized by intestinal metaplasia (original magnification 18x). D: pRb demonstrates loss of nuclear

immunore

ivity in u diffuse type adenocarcinoma (oniginal magnification 34 » ), E: Strong nuclear staining of cyclin DI in an intestinal type

adenocarcinoma (original magnification 25x), F: CDK4 expression in the nuclei and cytoplusm of a diffuse type adenocarcinoma (original
magnification 41x). [Color figure can be viewed in the online issue, available at www.interscience.wiley.com.]

pPT category, the pN category and the TNM stage had a significant
influence on OS and RFS (Table III).

Three distinct prognosis groups were idemtified: a good prognosis
group with 10 patterns of marker profiles, and intermediate and poor

TABLE 1. Correlation of pl6, Cyclin D1, CDK4, and pRb Expression

n pl6d Cyelin D1 4 CDK4+ pRb+
plé
+ 81 Blank 28 {35) 35(43) 57000y
7 Blank 30 (40) 24031 18 (49)
P=0.622 P=0.140 F=0.009
Cyclin DI
. 58 28 (48) Blunk 26 (45) 38 (66)
— 100 53 (53) Blank 3331 57(57)
P=0.622 P=0.173 P=0316
CDK4
b 59 35 (59) 26 (44) Blank 19 (66)
a4 46 (47) 32 (32) Blank 36(57)
F=0.140 P=0173 P =0.246
PRI
¢ ys 57 (641) I (40) 4]y Blank
63 24 (38) 20 (32) 20 (32) Blank
P =000y P=0316 P=0.246

Values in prrenthesis are percentage

Journal of Surgical Oncoloyy

prognosis groups with 4 and 2 patterns of marker profiles, respectively
Patients with pl6-+/pRb—/cyclin DI —/CDK4— or pl6—/pRb+/cyclin
D1—/CDK4— wumors demonstrated particularly poor survival whereas
patients with plé+/pRb—fcyclin DI+/CDK4+, pl6—/pRb+fcyclin
D1-/CDK4+ or pl6—/pRb—/cyclin DI —/CDK4+ tumors were all
alive. On univariate unalysis, significant differences were observed
between the good and poor prognosis groups (Table TV: Fig. 2).

In the Cox’s regression multivariate analysis, high pT and advanced
TNM stage, but not tumor size, pN category or the prognosis group,
could be proven as independent predictors of short OS and RFS
(Table V).

DISCUSSION
We found that most gastric carcinoma exhibit abnormal expression
of at least one of the four genes studied here; loss of pl6/Rb and
overexpression of cyclin D1/CDK4 each oceurred in about 40-50% of
the cases. Although alicration of each individually did not show
influgnce, combination of pl16, pRb, cyclin D1, and CDK4 expression
yielded additional proguostic information.

pl6 Expression in Gastric Mucosa Might be Complex

The present study showed pl6 to be generally expressed at very low
levels in normal gastric epithelium, with relatively strong expression at
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TABLE Il. Expression of pl6, Cyclin [}, CDKA4, and pRb In Cor With Clink logical Variables
Variable ] plb —ve P-value Cyclin D1 fve Povalue CDK4 +ve P-value pRb ~ve Povalue
Sex
Female 50 9 (58) 0.126 20 (40) 0597 23 (46) 0.157 21 (42) 0,730
Male 108 48 (44) 38 (35) 36 (33) 42 (39)
Age
<65 61 30 (49) >0999 25 (41) 0.401 2 (17) 0614 25 (41) 0.868
>65 97 47 (49) (34 E TP 38 (39)
Size (cm)
<50 B3 42 (51) 0.636 36 (43) 0072 31(37) 0,999 32(39) 0,747
>50 73 35 (47) 2(29) 28 (37) a1 (41)
Location
Upper n 13 (62) 0.188 10 (48) 0515 9 (43) 0.783 10 (48) 0.239
Middle 69 36 (52) 25 (36) 24 (35) 31 (45)
Lower ] 26 (41) 23 (34) 26 (38) 21 (32)
Laurén
Intestinal 86 36 (42) 0.088 32037 0999 32(37) 0,999 27 (31) 0022
Diffuse n 41 (57) 26 (36) 27 (38) 36 150)
pT
I n 34 (47) 0918 31 (43) 0.124 36 (50) 0.008 24 (33) 0307
T2 55 17 (49) 18 (33) 13 (24) 25 (46)
T 3 16 (52) 9(29) 10(32) 14 (45)
N
NO 97 A6 (4T) 0.745 42 (43) 0.042 42 (43 0,063 36137) 0407
NI-3 61 3151 16 (26) 17 (28) 27 (44)
TNM stage
i 127 60 (47) 0.549 §1(40) 0.096 51 (40) 0153 50 (39) 0839
v a1 17 (55) 7(23) B (26) 13 (42)
Values in parenthesis are percentage. Laurén, Laurén’s classification,
the b of the regencrative glands, in line with previous reports Loss of pRb Expression Associated
[7.8). These findings suggest that in regencrative mucosa pl6é may With the Histol of Lauré
: rén
suppress abnormally enhanced cell cycle tumover as a negative ogical Type
feedback or homeostatic mechunism, H the anti i D or loss of pRb expression has been found in gastric

in gastric carcinomas might be more complex: 77 of our 158 (49%)
gasiric carcinoma cases sh | loss of exp of pl6 whereas
relatively high levels (>30%) of expression were seen in 31 (20%)
wmors, Indeed, plo exp has been reported to be i 1 in
gastric carcinomas [9-11], as also found by Western blotting [8].
Similarly, pl6 mRNA levels may be higher in some colorectal
carcinomas than in matched normal muocosa [12,13]. In vitro,
activation of ras and the mitogen-activated protein kinase pathway
has been shown to increase pl6 expression [14,15]. It seems therefore
likely that multiple events influence ent 1 pl6 expression in gastric
carcinomas,

The reported prevalence of plé loss in gastnc carcinoma is
11-53% [4.7-11,16-19]. Homozygous deletions and mutations of
the pl6 gene are rare, in the range from 0% to 13% [9,20] whereas
hypermethylation in the gene promoter region accounts for inacrivation
in 18-87% of cases [16,21.22,19). Gasiric carcinoma tissues with
pl6 promoter methylanon express significantly lower levels of
pl6 protein [8.20.2223]. As assessed by Northern blot analysis,
gastric carcinoma cell lines reexpress pl6 mRNA when treated with
the demethylating agent 5-nza-2'-deoxycytidine [20). These data
support the idea that hypermethylation in the pl6 gene promoter
region 15 responsible for the loss of pl6 expression in gastric
carcinomas. In previous studies. pl6 expression was associated with
lymph node metastasis |10,17], histologic type [8.10), and location
[7,18]. In addition, existing data suggest that loss of pl6 plays a role
in the pathogenesis of Epstein-Barr virus-associated gastric carcino-
mas [7.23]. However, no comelation was found with any of the

ilable clini i in the or other studi

1l 1gic al par

(1123,
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carcinoma as compared to the diffuse positivity in non-neoplastic
mucosa [3.4,10] with a prevalence in the range from 4% to 56%
[3.4.10,24-26). Our study demonstrated pRb in over 50% of cells in
normal. ive and wplastic epithelium, whereas the figure
was less than 5% in 40% of the wmors. Loss of pRb expression was
more prevalent in the diffuse type gastric carci in the p
study, in line with the earlier report of high pRb expression in intestinal
type tumors [11]. The depth of tumor invasion, lymph node metastasis
or prognosis hus been documented o be associated with loss of
pRb [4,24-26] although no significant influence of pRb status on
clinicopathological parsmeters was evident in the present and other
studies [3,8].

Positive Link Between pl6 and pRb Expression

It has been proposed that physiological inactivation of pRb
during the Gl-phase leads to increased pl6 expression [1]. This
negative feedback model predicts that pRb-negative tumors would
have high levels of pl6, while pRb-positive tumors might require
decreased amounts of functional pl6 vice versa. Indeed, an inverse
relationship exists between pRb and pl6 expression in gastric
carcinomas [10,11]. However, we have observed a positive link
between the two proteins in agreement with another study [3]. In
addition, no reciprocal expression was apparent in two studies
[4.8]. These conflicting results may reflect differences in methodo-
logy such as antibodies used or cutoff values for immuno-
reactivity, Further analysis at the mRNA level may be necessary for
clarification.
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TABLE IL Univariate Analysis of Clinicopathological Features and 1

5

With Reference to Overall and Recurrence-Free

Survival
Varisble n 08 HR (95% C1) Povalue RFS HR 195% CI) P-value
Sex
Female 50 44 {86) | 43 (RS) I
Male 108 85 (68) 1.736 (0.707-4.263) NS R5 (75) 1.527 (0.655-3.559) NS
Age
<65 61 51.470) | 51(79) 1
>05 97 TR (75) 1321 (0.613-2.846) NS 77 (78) 1326 (0.621 -2.834) NS
Size (cm)
<50 B3 74 (87) 1 75 (90 1
=50 75 34 (58) 3.653 {1.614-8.268) a2 53 (6%) 3548 (1.578-7 977) 0,002
Location
Upper 21 16 (69) | 16 (73) 1
Middle 69 57 (76) (1606 (0.213-1.724) NS 5T (% 0,601 10.212-1.707) NS
Lower [ 56.(71) 0.723 (0.255-2.056) NS 55 (78) 0.704 10.251-1.97T) NS
Laurén
Intestinal 86 74 (80) 1 74 (85) |
Diffuse 72 55 (65) 1630 (0.874-31.833) NS 54 (70) 1,951 10.940-4.052) 0,073
)
Tl o) 70 (95) 1 70 197) 1
T2 55 45 (73) 686l (1.500-31.37%) 0013 44 (78) B.246 (1.826-37.240) KM
T3 3l 14 (269 30,652 (7.045-133.361) <0.001 14 (33) 28.100 (6.457-121.969) 0,001
pN
NO 97 ) (BE) 1 LLARE ] I
NI-3 61 395N 6.068 (2.589-14.224) <0.001 38 (54) 6.315 (2.707-14.731) <000]
TNM stage
f1) 127 117 (B6) 1 117 (90) 1
mnv M 12 (16) 13.806 (6.282-30.340) <0.001 1 (31) 12.678 (5.877-27.350) <0.00]
plb
i 81 68 (74) | 68 (BO) I
77 61 (73 1.322 (0.635-2.751) NS il (76) 1467 (0.712-3.021) NS
Cyclin [M
t 58 4% (78) | 48 (82) 1
100 B1 (700 1360 (0.631-2.932) NS 80 (75) 1263 (0.591-2701) NS
CDK4
b 9 33 (56) 1 52 (B7) 1
- w9 T (68) 1935 10.786-4.762) NS 76 (74) 1874 (U803 -4.370) NS
pRh
| 95 80 (77) I 9 (8l) 1
63 49 (T0) 1LOKS (0.522-2.256) NS 49 (75) 1.233 (.6)] -2.533) NS

Vilues in parenthesis are percentage, OS, overall survival; RFS, recurrence-free survival: HR. hazard ratio; CI, confidence interval; Laurén, Laurén’s classification;

NS, not significant,

TABLE 1V, Univariate Analysis of the Relationship Between Survival and the Proguosis Group

Prognosis Cyclin RFS HR
group plt DI CDK4 pRb n  nfwml) OS  (towal) HR (95% Cl) Povalue  (totl) (95% C1) Pvalue
Good 89 86% 1 B7% |
+ + 2 100% 100%
- - + - 3 100% 100%:
+ + 9 100% R9%
+ - - + 22 BE% 86%
+ - - + 12 RE% 88%
+ - - - 9 R 88%
- + + + 6 BI% B3%
- + - - q Bi% RO%
+ + - + 1 R0% Bl%
Intermediate 45 70% 2359 (0.977-3.695) 0.056 T3% 2,151 (0.166-8.388) 0.073
- + - + 12 3% B0%
- + - + a 7% 6%
+ + 3 7% 67%
- - - 2j 67% G8%
Poor 24 3% 397511.576-10021) 0003 S6% JOUL (1201 -T7488) 0018
— } 14 53% 67%
+ - - 1m0 7% 47%

08, overall survival: RFS, recurrence-free survival: HR, hazard mtio; CI, confidence interval,
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Fig. 2. Kaplan—Meier curves showing overall (A) and recurrence-
free (B) survival with reference to the prognosis group,

Inverse Relationship Between Cyclin D1
Expression and Lymph Node Metastasis

We observed only weak or undetectable staining for cyclin D1 in
non-peoplastic mucosa in line with previous reports [27-30]. None of
a series of samples from normal gastric mucosa displayed cyclin DI
gene gun in an earber repont [29]. Conversely, strong immunor-

umplification or high-balunced polysomy of the cyclin DI gene were
also identified in 25% of cases [29], We found cyclin D1 over-
expression 10 be more prevalent in node-negative than in node-positive
cases in agreement with an earlier repont [33). In addition, cyclin D]
overexpression has been found to be associated with higher age |31),
poarly diﬁmntimcdfsigm ring cell type [4], papillary and well to

mod 1y differentiated/i I type [27,30], early stage cancer [3]
and a poor prognosis [28). Thus, c!lm::upnlhuiugiml ussociation with
its p pression still ins ca

Inverse Relationship Between CDK4 Expression and
Lymph Node Metastasis

CDE4 expression was previously studied in limited series of gastric
carcinomas [3.31,33); 48-100% cases were estimated 1o be protein
overexpressers, and 45% overexpressed CDK4 mRNA In our cases. no
expmtsmn of CDE4 was ap in non mucosa

',v,....mlc _,wnsMuumedm‘l?%nfthe
gastric carcinomas, While we found an inverse relationship between
CDK4 expression and depth of tumor invasion, the antigen was
reported to be expressed equally in eurly and advanced gastric
carcinomas [3]. CDK4 overexpression may be apparently linked 10
vessel invasion, poor prognosis and cyclin DI expression [31,33]
although this could not be confirmed in the present study.

Disruption of Rb Pathway in Gastric Carcinomas

Associations between pl6, Rb, cyclin DI and CDK4 have not been
assessed previously in large series of gastric carcinoma cases. In 86%
of these in the present study, abnormal expression of at least | protein
was found, implying disruption of the pRb cell cycle control pathway.
This percentage is similar to the prevalence of 92% reported in gastric
carcinomas in a previous study of 3 proteins (pl6/Rbicyclin D1) [4].
The fact that 14% of our tumors retained normal expression (pl64/
Rb4/eyelin DI -/CDK4~), suggested that other cell cycle regulator
proteins might also play roles in pathogenesis or progression of gastric
CRICINOMS,

Prognostic Impact of Immunohistochemical
Marker Profiles

Our nml.lysls of combination of pl6, pr cyclm Dl and CDKd

eactivity was apparent in 37% of gastric in the p
study. Cyclin D1 was previously studied in several series of gastric
carcinomas [4,27-34], a 20-56% with frequency of overexpression
being reported, in accordance with the present result. Cyclin DI
mRNA overexpression has been observed in 35-41% of gastnic
carcinomas [28,33], in line with protein overexpression. High levels of

ielded additional prog infor
wuh plé+/pRb—/eyclin DI-/CDK4— or pl6i— !prH:ycIm Dl
CDK4~ demc | icularly poor survival. This was
the most relevant combination ul’ nlmauun contributing to a poor
h It of esch individually did not show
mﬂu:ncc Conversely, patients with pl6+/pRb—/cyclin DI +/CDK4+4,

TABLE V. Multivariate l'_ul P‘rnpnrlhull Hazards Analysis of the Relati ip 1 Survival and Variables
Selected by Univarinie A
os RFS

Varlable HR (95% Ch FPvalue HR (95% C1) F-value
pT

TI 1 1

T2 5160 (1.100-24.198) L13% 12.575 (1.594-99.183) 0016

T 499 (1 57T8-45.776) 0.013 12.068 (1.340-108.691) 0.026
TNM stage

m 1 I

mny §822(2.121-15941) 0.001 TAY (2596-21.276) <0001

OS. overall survival: RFS, recurrence. free survival: HR, hazard ratio; C1, confidence imterval.
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plo—ipRb+fcyclin DI-/CDK4+ or pl6-/pRb—jeyclin DI~/
CDK4+ wmors were all alive. These results raise the possibility that
specific marker profiles could cnmnhuln significantly to future clinical
in gastric ¢
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Zonal Gene Expression of Chondrocytes in
Osteoarthritic Cartilage
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Objective. To determine the chondrocyte metabo-
lism in respective zones of osteoarthritic (OA) cartilage.

Methods. OA cartilage was obtained from macro-
scopically intact areas of 4 knee joints with end-stage
OA. The cartilage was divided into 3 zones, and gene
expression profiles were determined in the respective
zones by a custom-designed microarray that focused on
chondrocyte-related genes. For the genes whose expres-
sion was significantly different among the zones, the
expression was compared between OA and control car-
tilage in the respective zones by an analysis using laser
capture microdissection and real-time polymerase chain
reaction (PCR). For some genes, the correlation of
expression was investigated in specific cartilage zones.

Results. A total of 198 genes (—40% of those
investigated) were found to be expressed at significantly
different levels among the zones. Expression of 26 of
those genes was evaluated by laser capture microdissec-
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tion and real-time PCR, which confirmed the validity ol
microarray analysis. The expression of cartilage matrix
genes was mostly enhanced in OA cartilage, at similar
levels across the zones but at different magnitudes
among the genes. The expression of bone-related genes
was induced either in the superficial zone or in the deep
zone, and positive correlations were found among their
expression in the respective zones. The expression of 5
proteinase genes was most enhanced in the superficial
zone, where their expression was correlated, suggesting
the presence of a common regulatory mechanism(s) for
their expression.

Conclusion. In OA cartilage, the metabolic activ-
ity of chondrocytes differed considerably among zones.
Characteristic changes were observed in the superficial
and deep zones.

Osteoarthritis (OA) is the most prevalent joint
disease in developed countries that primarily affects
articular cartilage. In OA, cartilage matrix is lost grad-
ually, which eventually devastates functional joints.
Chondrocytes are the sole type of cells that reside in
articular cartilage. Currently, they are considered 1o play
a pivotal role in progression of OA. Chondrocytes
express catabolic cytokines and proteinases that pro-
mote loss of cartilage matrix (1). Chondrocytes undergo
phenotypic changes and come to express matrix genes
that are little expressed in normal articular cartilage
(2-4). This induction of noncartilaginous matrices could
facilitate the loss of cartilage matrix by altering the
composition and properties of the matrix (5). Thus, in
order to understand the pathology of OA, it is crucially
important to know how the chondrocyte metabolism is
altered within OA cartilage.

Articular cartilage is a highly organized tissue.
Based on histologic features, the articular cartilage
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above the tidemark is divided into 3 distinct layers, the
superficial, middle, and deep zones (6,7), in which the
morphology and density of chondrocytes differ (8). The
composition of cartilage matrix also differs among the
zones. While the superficial zone is rich in collagens, the
middle and deep zones contain more proteoglycan than
the superficial zone (9). Corresponding to these differ-
ences, the chondrocyte metabolism differs considerably
among the zones (2). The regional difference in chon-
drocyte metabolism may be even more important in the
analysis of OA pathology. In the early stage of OA,
chondrocytes in the superficial zone could be cataboli-
cally more active, which initiates cartilage degeneration
at the surface areas (10-12).

In the present study, we attempted to determine
the metabolic activity of chondrocytes in the respective
zones of OA cartilage. Cartilage samples were obtained
from macroscopically intacl areas, and gene expression
profiles of chondrocytes were determined by comple-
mentary DNA (cDNA) microarray that focused on
chondrocyte-related genes. Comparison of gene expres-
sion profiles among the zones clarified the difference in
cellular metabolism among the zones. Based on this
result, gene expression was investigated in the respective
zones of OA and control cartilage by an analysis using

FUKUI ET AL

laser capture microdissection and real-time polymerase
chain reaction (PCR) (2,13). The results of these analy-
ses revealed previously unrecognized features of the
chondrocyte metabolism in OA cartilage.

MATERIALS AND METHODS

Cartilage. The study was performed with the approval
of the Human Ethics Review Committees of the institutes that
participated in the study, and informed consent was obtained
in writing from each subject or family of the donor before
material collection. All OA cartilage was obtained from knees
with end-stage OA at prosthetic surgery. The diagnosis of OA
was based on the criteria for knee OA of the American College
of Rheumatology (14). The cartilage was obtained from knees
with medial involvement, and cartilage from laterally or bilat-
erally involved knees was not used for this study. For microar-
ray analysis, OA cartilage was obtained from 4 OA knee joints
in 4 patients (mean age 73.2 years, range 62-82 years). The
cartilage was taken from the weight-bearing area of a lateral
femoral condyle, where cartilage presented few signs of mac-
roscopic degeneration. Cartilage was harvested in a square of
15-20 mm on a side, in full thickness above the tidemark. Alter
harvest, the cartilage was separated into superficial, middle,
and deep zones with a scalpel under a dissection microscope.
The separated cartilages were each embedded in OCT com-
pound (Sakura Finetek, Tokyo, Japan), snap-frozen in liquid
nitrogen, and stored at -80°C until analysis. This processing of
cartilage was completed within 4 hours after the acquisition.

Table 1. Abundance of gene expression in the superficial zone compared with that in the middle zone*

Signal intensity

Gene symbol Accession no. Gene name Superficial zone  Middle zone  Signal ratio}
Greater expression in superficial zone
CRABP2 NM _001878.2  Cellular retinoic acid binding protein 2 4.230 x 10! 7.578 % 10° 5.582
TNFAIPS NM_007115.2  Tumor necrosis factor a-induced 8.398 x 107 2370 x 107 3543
protein 6
MATN4 NM_003833.2  Matrilin 4, transcript variant 1 8317 % 107 2401 x 107 3464
INA NM_003278.1 Tetranectin 3155 = 10° 1.032 x 10° 3.057
WNT5B NM_030775.2 Wingless-type MMTV integration site 3733 2 100 1.340 x 10! 1.786
family, member 5B, transcript
vaniant 2
MMP13 NM_002427.2  Matrix metalloproteinase 13 5177 X 107 1.901 x 107 2724
POSTN NM_006475.1  Periosun, osteoblast-specific factor T.608 » 107 3.156 x 10° 2411
DAF NM_000574.2 Decay-accelerating factor for 2276 x 10° 1.098 x 10° 2072
complement (CD55)
TimMrP3 NM_000362.3 Tissue inhibitor of metallopr 3 1.745 x 10° 8.546 x 10° 2.042
Greater expression in middle zone
COL10AL NM_000493.2  Collagen, type X, al 4840 x 10" 5309 % 10' 0.091
LECT? NM_007015.1  Leukocyte cell-denved chemotaan 1 9.141 % 10} 4027 x 1P 0.227
FGFI3 NM_004114.2  Fibroblast growth factor 13, transcript 4.701 x 10 1458 % 107 0.322
vanant 1A
CHAD NM_001267.1 Chondroadhenn 2837 x 107 8.609 x 107 0.330
MATNI NM_002381.3 Matnlin 3 6803 % 10' 1,725 % 1(¥ 0.394
1T™M24 NM_DM867.2  Integral membrane protein 2A 6.745 x 107 1.566 x 10" 0.431
MMPO NM_004994.1  Matrix metalloprotenase 9 3,995 x 10" 8,900 x 10" 0.449

* Genes whose signals in the superficial zone were =2 times those in the middle zone are shown in the order of signal intensity ratio. Genes whose
signals in the superficial zone were =0.5 times those in the middle zone are shown in the order of signal intensity ratio.
1 Signal intensity of the superficial zone relative to that of the middie zone.
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Table 2. Abundance of gene expression in the middle zone compared with that in the deep zone*

Signal intensity

Gene symbol Ageession no. Gene name Middie zone Deep zone Signal ratiot
Greater expression in middle zone
MMPI3 NM_002427.2 Matrix metalloproteinase 13 1.880 x 10° 2.852 x 10! 6.625
c3 NM_000064.1 Complement component 3 1.209 x 10° 1.950 = 10 6.199
FGF7 NM_(02009.2 Fibroblast growth factor 7 2553 x 10! 7.617 x 10° 33352
COL1241 NM_(04370.4 Collagen, type XI1, al, 9.605 x 10 3355 % 10° 2.863
transeript variant long
CHI3LI NM_001276.1 Chitinase 3-like 1 (cartilage 2,895 % 10° L.046 = 10* 2768
glycoprotein 39)
LAMAY NM_002290.2 Laminin, o4 2492 x 10¢ 9.907 = 10 2515
MMP2 NM_004530.1 Matrix metalloproteinase 2 7.357 % 10° 3.005 x 107 2448
CHI3L2 NM_004000.1 Chitinase 3-like 2 2582 x 10 1.063 x 10 2429
FAP NM_(04460.2 Fibroblast activation 7.107 x 107 2932 x 107 2424
protein, o
TIMP] NM_003254.1 Tissue intubitor of 2664 x 10° 1.114 x 10* 2392
metalloproteinase |
GRM] NM_000838.2 Glutamate receplor, 4.149 % 10 1.736 % 107 2300
metabotropic 1
MMP3 NM_0024222 Matrix metalloproteinase 3 9.857 x 10° 4.692 x 10° 2.101
Gireater expression in deep zone
WNTs8 NM_030775.2 Wingless-type MMTV 1.358 > 10¢ 8472 % 10 0,160
integration site family,
member 5B, transeript
vanant 2
SPPi NM_000582.2 S d phosphoprotein 1 9.187 x 107 4.301 = 107 0214
(mlmponlm, Imnr.
sinloprotein 1)
IBSP NM_(04067.2 Integrin-binding 1.791 x 10¢ 6,609 x 10° 0271
sialoprotein (bone
sialoprotein, bone
sialoprotein 11)
TNFRSF1IB NM_002546.2 Tumor necrosis factor 3.485 % 107 1.081 % 1P 0322
receptor superfamily,
member 11b
(osteoprotegerin)
MATN3 NM_002381.3 Matrilin 3 1.715 = 10¢ 5.162 x 107 0332
COLl0Al NM_000493.2 Collagen, type X, al 5.325 x 10 1.422 x 10° 0374
SLC26A42 NM_000112.2 Solute carrier family 26, 2118 x 107 5.389 % 107 0393
member 2
TNFAIPG NM_007115.2 Tumor necrosis factor 2352 % 107 5.207 % 107 0452
a-induced protein 6
PLOD2 NM_000935.1 Procollagen-lysine, 1.005 x 10° 2.100 % 10* 0479
2-oxoglutarale
5-dioxygenase 2,

transcript vanant 2

* Genes whose signals in the middle zone were =2 times those in the decp zone are shown in the order of signal intensity ratio. Genes whose signals
in the middle zone were =0.5 times those in the deep zone are shown in the order of signal intensity ratio.
1 Signal intensity of the middle zone relative to that of the deep zone.

For laser capture microdissection analysis, OA carti-
lage was obtained from another 42 knees with end-stage OA in
41 patients (from both knees in the case of 1 patient) (mean
age 67.2 years, range 62-77 years) in the manner described for
the microarray analysis. Control cartilage was harvested from
13 non-OA knees of 10 donors (from both knees in the case of
3 donors) (mean age 78.6 years, range 68-93 years) at the
weight-bearing areas in lateral femoral condyles. The donors
had no known history of joint disease or trauma, and normality
of the joint was confirmed macroscopically at material collec-
tion. Control cartilage was obtained even when some signs of

degeneration were noticed as long as the degeneration was
limited (superficial degeneration in <20% of total cartilage
area] and the lateral femoral condyle was sparcd from degen-
eration. After harvest, cartilages were bedded
in OCT compound and stored at —80°C until use.

RNA extraction. RNA for microarray analysis was
extracted from the cartilage tissues following a previously
described method (15) with some modifications. Briefly, 20-
pm-thick cryosections were made from cartilage in OCT
compound, and these were placed immediately into TRIzol
reagent (Invitrogen, Carlsbad, CA). During this process, 1 of
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Table 3. Abundance of gene expression in the superficial zone compared with that in the deep zone®

Signal intensity

Gene symbol Accession no Gene name Superficial zone  Deep zone  Signal ratiot
Greater expression in superficial zone
MMPI3 NM (024272 Matnx metalloproteinase 13 5.098 x 107 2.852 % 107 17.878
MMP2 NM_(004530.1  Matrix metalloproteinase 2 1.369 x 10°  3.005 x 1(° 4.554
POSTN NM_006475.1  Penostin, osteoblast-specific factor 7.476 x 107 2455 % 107 346
coLi24l NM_(043704  Collagen, type XII, al, transcnipt 9.530 x 107 3.355 x 107 2840
variant long
FAP NM_(N4460.2  Fibroblast activation protein, a 8224 10° 2932 %107 2.805
GRM1 NM_(00838.2  Glutamate receptor, metabotropic | 4.839 x 10' 1.736 = 10 2.788
MATNS NM_003833.2  Matrilin 4, transeript vaniant 1 8,168 x 10° 3.037 % 10° 2.689
IMSB4X NM_021109.2 Thymosin, 34, X-linked 1945 x 107 1.500 = 107 2614
CHI3L2 NM_004000.1  Chitinase 3-like 2 2.693 x 10" 1.063 = 10° 2.534
LAMA4 NMZMZZDI].Z Laminin, ad 2.482 x 107 9.907 % 10 2.505
FGF7 NM_(02009.2  Fibroblast growth factor 7 1.883 x 10 7.617 % 10° 2473
ECMI] NM 0044252  Extracellular matrix protein 1, 5,263 % 107 2,130 x 107 24N
transcript variant 1
ADAMTSS NM_007038.1 A disintegrin-like and 1.497 x 107 6.068 x 10 2.466
metalloproteinase with
thrombospondin type 1 motif, 5
(aggrecanase 2)
TNA NM_003278.1  Tetranectin 3.076 x 10° 1.261 x 10° 2439
CHISLT NM_001276.1 Chiunase 3-like 1 (carulage 2530 x 10° 1.046 x 10* 2427
glycoprotein 39)
ITGES NM_0022133  Integrin, A5 3.480 x 10° 1.447 x 10° 2.406
THBS2 NM_003247.2  Thrombospondin 2 3,281 x 107 1.426 x 10° 2.300
MMPL NM_005940.2 Matnx metalloprotemase 11 5.007 x 10° 2.262 % 10° 2.214
TIMPI NM_003254.1  Tissue inhubitor of metalloproteinase 1 2454 x 100 1.114 x 10* 2.203
COLIA? NM_0000893  Collagen, type 1, a2 8784 x 100 4019 % 10° 2.186
MMP3 NM_0024222  Matnix metalloproteinase 3 1.012 x 10¢ 4.692 % 10° 2157
e NM_002160.1  Tenasan C 4803 x 10° 2271 % 10° 2115
1GFBPS NM_000599.2  Insulin-like growth factor binding 8847 x 107 4183 % 107 2115
protein §
GADD4SA NM_0019242  Growth arrest and DNA damage— 6,081 % 100 2.925 % 107 2.079
inducible,
PLTP NM (062272  Phospholipid transfer protein, 5329 x 10* 2,617 % 107 2.036

transcripl vanani 1

every 40-50 sections was picked up on glass slides and stained
with HistoGene stain (Arcturus, Mountain View, CA), and the
appropriateness of zonal separation was confirmed under a
light microscope by histology (6,7) (examples of histologic
staining are available at httpz//www.hosp.go.jp/~sagami/rinken/
cre/index.html), For the sections made from the deep zone
cartilage, contamination of the calcified zone was also ruled
out. RNA was first recovered from the TRIzol reagent in the
aqueous phase, then purified using the RNeasy Micro kit
(Qiagen, Hilden, Germany). The quality and quantity of RNA
were routinely evaluated on a spectrophotometer (SmartSpec
Plus; Bio-Rad, Hercules, CA) and a Bivanalyzer 2100 using
RNA 6000 Nano Chips (Agilent, Santa Clara, CA). The RNA
samples were used for the microarray analysis with the condi-
tions that the A260 nm:A280 nm ratio was =18 and the
285:18S ratio was =1.4,

Microarray analysis. Microarray analysis was per-
formed using a custom-designed oligonucleotide microarray
carrying 527 chondrocyte-related genes and 11 housekeeping
genes (see Supplementary Table 1, available in the online
version of this article at http://www3 interscience. wiley.com/
journal/76509746/home). The chondrocyte-related genes were

selected based upon previously reported data (16,17). They
included genes encoding various matrix components, catabolic
proteinases, cytokines, chemokines, growth factors, and their
related molecules. The microarray was prepared by GeneFron-
tier (Tokyo, Japan) following a previously described method
(18). In detail, 12 perfect-match probes and 12 mismatch
probes, each 24 bases long, were designed for each gene and
were synthesized on a microarray platform by NimbleGen's
photolithography technology (NimbleGen Systems, Madison,
WI) (19). The perfect-match probes had the sequences that
exactly matched the gene, while the mismatch probes con-
tained 2 mismatch bases in the 24 bases (6th and 12th bases
from the 5' end).

The RNA was reverse-transcribed, labeled with Cy3
fluorescent dye, and used for hybridization. The hybridization
was performed using a 12-well array system (Nimble Screen 12;
NimbleGen Systems) following the manufacturer’s protocol.
This system allowed simultaneous hybridization of 12 different
samples on a single glass slide. The hybridization signal for
cach probe set was determined by the difference in signal
intensities between the perfect-match and mismatch probes,
using NimbleScan software (NimbleGen Systems). Obtained



CHONDROCYTE METABOLISM IN ZONES OF OA CARTILAGE

Table 3, (Contd)

Gene symbol Accession no.

Gene name

Signal intensity

Superfiaal zone  Deep zone  Signal ot

Greater expression in deep zone

CoLioal NM_000493.2  Collagen, type X, al 4.892 % 10° 1.422 x 107 0.034

LECTI NM_D07015.1 Leukocyte cell-derived chemotaxin 1 9,089 x 10! 7.028 % 107 0.129

MATN3 NM_002381.3  Matrilin 3 6.775 % 10} 5.162 x 107 0.131

1BSP NM_0(49672  Integrin-binding sialoprotein (bone 1010 % 1070 6.609 x 10° 0.153
sialoprotein, bone sialoprotein I1)

sPPl NM _000582.2 Secreted phosphoprotein 1 7090 % 10° 4301 x 10° 0.165
(osteopontin, bone sialoprotein 1)

CHAD NM_001267.1 Chondroadherin 2,767 x 10° 1.167 x 10° 0.237

SLC2642 NM_000112.2 Solute carrier family 26, member 2 1.343 x 107 5.389 x 107 0,240

GPCS NM_004466.3  Glypican 3 1.783 x 10! 7.109 x 10" 0.251

1TM24 NM_(04867.2 Integral membrane protein 2A 6,632 x 10° 2353 % 10° 0.282

TNERSF1IB NM_002546.2 Tumor necrosis factor receptor 3.403 % 107 1.081 = 10 0315
superfamily, member 11b
(osteoprotegernin)

PLOD2 NM_000935.1  Procollagen-lysine, 2-oxoglutarate 7.420 x 10? 2.100 % 10° 0353
S-dioxygenase 2, transcript vanant 2

cILP NM_003613.2  Cartilage intermediate-layer protein, 9.287 « 10° 2.553 x 10 0364
nucleotide pyrophosphohydrolase

HAPLN] NM_001884.2 Hyaluronan and proteoglycan link 1.604 % 107 4,162 % 10" 0.385
protein 1

(iREMI NM_0133724  Gremlin 1 homolog, cysteine knot 9.244 % 107 2340 x 10° 0.395
superfamily

FRZB NM_001463.2 Frizzled-related protein 2.664 % 107 6.556 % 10° 0.406

S1ooal NM 0062711 5100 calcium binding protein Al 1.798 x 10" 4104 x 107 0438

coL24! NM_033150.1 Collagen, type 11, al, transcript 1811 x 10* 4.077 % 10¢ 0.444
vanant 2

COLIAL NM_001854.2 Collngen, type X1, al, transcript 2684 x 100 5936 x 10° 0452
variant A

AGC] NM_001135.1 recan 1, transcript vanant 1 4317 < 10° 9.068 = 107 0476

COL24] NM_0018443  Collagen type II, al, transcnipt 1.959 = 10* 4.110 = 10* 0477
variant 1

COL9A2 NM_0018523 Collagen, type 1X, a2 1123 X 10° 2354 % 10° 0477

CPE NM _001873.1 Carboxypeptidase E 3402 x 107 6,999 x 107 0.486

SPARC NM_(03118.2  Secreted protein, acidic, cysteine-rich 1.985 = 10° 4.071 = 107 0.488

* Genes whose signals in the superficial zone were =2 times those in the deep zone are shown in the order of signal intensity ratio. Genes whose
signals in the deep zone were =2 times those in the superficial zone are shown in the order of singal intensity ratio.

t Signal intensity of the superficial zone relative to that of the deep zone,

data were normalized by Microarray Analysis Suite 5.0 soft-
ware (Affymetrix, Santa Clara, CA).

Laser capture microdissection. Laser capture micro-
dissection was performed by a previously described method
(2). Briefly, frozen sections of 10-20-um thickness were pre-
pared in the plane perpendicular to the joint surface from the
cartilage samples embedded in the OCT compound. For laser
capture microdissection, the sections were first treated with
0.5M EDTA (pH 80) for 3 minutes, then dehydrated with
graded concentrations of ethanol and clarified with xylene. All
reagents were prepared RNase free, and the entire process was
completed within 30 minutes to minimize RNA degradation.

Under a laser capture microdissection device (PixCell
Ile; Arcturus), each frozen section was divided into cartilage
zones based on histologic features (2,6,7) (an example of
histologic staining is available at http//www hosp.go jp/—~sagami/
rinken/cre/index.html), At each tissue procurement, the appro-
priateness of zone isolation was confirmed on the laser capture
microdissection device.

Analysis of gene expression by real-time quantitative
PCR. The obtained tissue was immediately placed in the RNA
extraction buffer contained in an RNeasy Micro kit, and RNA
was extracted by the kit with a routine use of DNase |
(Qiagen). Complementary DNA was synthesized using Sensi-
script reverse transcriptase (Qiagen). Gene expression was
evaluated quantitatively by real-time PCR on an ABI PRISM
7700 (Applied Biosystems, Foster City, CA) or a LightCycler
(Roche Diagnostics, Basel, Switzerland). Gene-speaific prim-
ers were prepared (see Supplementary Table 2, available in the
online version of this article at http://www3.interscience.
wiley.com/fjournal/76509746/home), and the PCR reaction was
performed using QuantiTect SYBR Green PCR (Qiagen).
During the reaction, the amount of PCR product was moni-
tored by the fluorescence from SYBR Green dye that bound to
the product.

The PCR protocol was common for all genes: 94°C for
15 minutes to activate Tag polymerase, then 40-50 cycles of
94°C for 15 seconds, melting temperature of the primers for 30
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Figure 1. Companson of cartilage matnx gene expression between microarray and real-time polymerase cham reaction (PCR) analyses. Expression
of cartiluge matnix genes was determined in superficial (5), middle (M), and deep (D) zones of osteoarthnitic (OA) and control cartilage using laser
capture microdissection and real-time PCR, and the result is shown together with that of the microarray analysis (Array). At least 8 samples were
used for real-me PCR analysis. Resulis of real-time PCR analyses are shown as the ralio of the expression of the gene Lo that ol GAPDH. Resulls
of microarray analyses are shown as signal intensitics. Expression of the following genes is shown: COL2A41 (collagen, type 11, al) (A), COL942
(collagen, type IX, a2) (B), COLIIAL (collagen, type X1, al) (C), AGC! (aggrecan 1) (D), HAPLNI (hyaluronan and proteoglycan Link protein 1)
(E), CILP (cartilage intermediate-layer protein, nucleotide pyrophosphohydrolase) (F), CHAD (chondroadherin} (G), LECTI (leukocyte
cell-derived chemotaxin 1) (H), MATNG (matnilin 3) (1), THBS2 (thrombospondin 2) (1), CHIZLT (chitinase 3-like 1 [cartlage glycoprotein 39])

(K), CHIZL2 (chitinase 3-like 2) (L), TNC (tenascin C) (M),

seconds (sce Supplementary Table 2, available in the online
version of this article at hup://www3.interscience. wiley.com/
journal/76509746/home), and 72°C for 30 seconds. The amount
of specific cDNA was quantified with a standard curve based
on the known amounts of PCR product. The levels of cDNA
among samples were normalized to the expression of GAPDH,

Statistical analysis. Statistically significant differences
in gene expression between the zones were determined by
2-lailed t-test, and correlation of expression was evaluated by
linear regression analysis. P values less than 0.05 were consid-
ered sigmficant.

RESULTS

Microarray analysis findings. Significant levels
of signals were obtained with all 538 probe sets (527
chondrocyte-related genes and 11 housekeeping genes)
contained in the microarray. Among the 11 housekeep-
ing genes, the expression of 4 genes (actin, beta; beta-
2-microglobulin; phosphoglycerate kinase 1; transferrin
receptor) was significantly different among cartilage
zones. Thus, the normalization was performed on the
expression of the remaining 7 housekeeping genes
(glyceraldehyde-3-phosphate dehydrogenase; glucuroni-
dase, beta; hypoxanthine phosphoribosyliransferase 1;
peptidylprolyl isomerase A; ribosomal protein, large, PO,

TATA box binding protein; 185 ribosomal RNA) (see
Supplementary Table 1B, available in the online version
of this article at http://www3.interscience.wiley.com/
Journal/76509746/home).

The expression of 198 of 527 chondrocyte-related
genes was significantly different between any 2 cartilage
zones. Between the superficial and middle zones, the
expression of 93 genes was significantly different (see
Supplementary Table 3, available in the online version
of this article at http://www3.interscience.wiley.com/
journal/76509746/home). Among them, 9 genes were
expressed =2 times in the superficial zone, while an-
other 7 genes were expressed =2 times in the middle
zone (Table 1).

A total of 115 genes were expressed at signifi-
cantly different levels between the middle and deep
zones (see Supplementary Table 4, available in the
online version of this article at hup:/www3,
interscience.wiley.com/journal/76509746/home). The ex-
pression of 12 of them was increased =2-fold in the
middle zone, while that of another 9 genes was increased
=2-fold in the deep zone (Table 2). Among these genes,
the expression of matrix metalloproteinase 13 (MMP13)
was most increased in the middle zone, while the expres-
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Figure 2. A-H, Companson of bone-related gene expression between microarray and real-time PCR analyses. Expression of bone-related genes
was determined in respective zones by laser capture microdissection and real-time PCR, and the result is shown together with that of the microarray
analysis. Data are | d in the shown in Figure 1. At least 13 samples were used for real-time PCR analysis. 1-N, Correlation of
expression among the bone-related genes in OA cartilage. For genes primarily expressed in the superficial zone, correlation coefficients of
expression are shown on a heat map (1), and the relationship of POSTN (periostin, osteoblast-specific factor) and COL1A42 (collagen, type 1, a2)
expression is presented on a scattergram (J). For genes whose expression is most enhanced in the deep zone, correlation coefficients of expression
are shown on a heat map (K), and relationships of expression between COLIOAL (collagen, type X, al) and WNTSH (wingless-type MMTV
imegration site family, member 5B, transeript variant 2), between COLI0A1 and SPP (secreted phosphoprotein 1 [osteopontin, bane sialoprotein
1]), and between SPARC (secreted protein, acidic, cysteine-rich) and WNT3H are shown on scattergrams (L-N, respectively). Results of 42 OA
cartilage samples are shown, In I and K, red and green wluﬁ indicate posluvc and negative corrclations, respectively. Expression of the following

genes 15 also shown: TNA (tetranectin) (C), IBSP (integrin g si
P < 0.01. See Figure 1 for other definitions.

sion of wingless-type MMTV integration site family,
member 5B, transcript variant 2 (WNT5B) was most
enhanced in the deep zone.

The difference in gene expression was most ob-
vious between the superficial and deep zones. The
expression of 126 genes differed significantly between
these zones (see Supplementary Table 5, available in the
online version of this article at htp://www3.
interscience.wiley.com/journal/76509746/home). The ex-
pression of 25 of the 126 genes was increased =2 times
in the superficial zone (Table 3). The expression of
MMPI3 was most increased, followed by that of matrix
melalloproteinase 2 (MMP2) and periostin, osteoblast-
specific factor (POSTN). Meanwhile, the expression of
another 23 genes was increased =2 times in the deep
zone (Table 3). The expression of collagen, type X, al
(COLI0AT) was mosl increased (nearly 30 times), fol-
lowed by that of leukocyte cell-derived chemotaxin 1
(LECTI), matrilin 3 (MATN3), integrin-binding sialo-
protein (bone sialoprotein, bone sialoprotein 1) (1BSP),

n [bone sialoprotein, bone sialoprotein 11]) (E), = = P < 0,05, »» =

and secreted phosphoprotein 1 (osteopontin, bone sia-
loprotein 1) (SPPI).

Comparison of cartilage matrix gene expression
between microarray analysis and real-time PCR. Real-
time PCR analysis was performed on selected genes to
validate the result of microarray analysis and to compare
their expression in OA and control cartilage. Sixteen OA
cartilage samples and 13 control cartilage samples were
used for this analysis. Those cartilages were separated
into 3 zones by laser capture microdissection for precise
zone isolation based on their histologic features (2).

We chose a total of 26 genes for this analysis,
considering the difference in expression levels among
the zones (=2-fold difference between any 2 zones),
signal intensities, and relevance 1o OA pathology. These
genes were categorized into 3 groups. The first group
consisted of 13 genes encoding components of articular
cartilage. The second group contained 8 genes that are
expressed during hypertrophic change of the chondro-
cytes and those expressed by osteoblasts (bone-related
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Figure 3. A-E, Comparison of lloprote: gene exp on between microarray and real-ime PCR analyses. Expression of bone-related

genes was determined in respective zones by laser capture microdissection and real-time PCR, and the result is shown together with that of the
microarray analysis. Data are presented in the manner shown in Figure 1. At least 13 samples were used for real-time PCR analysis. F-I,
Correlation of expression of the proteinase genes in the superficial zone of OA cartilage. Correlation coelficients of expression among the genes
are shown on a heat map (F), and relationships of expression between MMP2 (matrix metalloprotemase 2) and ADAMTSS (a disintegnn-like and
metalloproteinase with thrombospondin type 1 motif, 5 [aggrecanase 2|), between MMP3 (matnx metalloproteinase 3) and MMPI3 (matrix
metalloproteinase 13), and between MMPLI (matnix metalloproteinase 11) and MMPI3 are shown on scattergrams (G-I, respectively). Results of
42 OA cartilage samples are shown. In F, red and green colors indicate positive and negative correlations, respectively. « = P < 005, #+ = P <

0.01. See Figure 1 for other definitions.

genes). The genes encoding metalloproteinases that
could promote cartilage degencration were assigned lo
the third group. The results of the microarray analysis
and real-time PCR were compared in those 3 groups,
respectively.

For 13 cartilage matrix genes, the result of mi-
croarray analysis was generally well consistent with that
of real-ime PCR, confirming the validity of our mi-
croarray analysis (Figure 1). The following features were
noticed with the expression of cartilage matrix genes in
OA cartilage. First, except for chitinase 3-like |
(CHI3ZL1) (Figure 1K), the expression of all cartilage
matrix genes was enhanced in OA cartilage. Second,
despite such increase in expression, the change of gene
expression across the zones was similar between OA and
control cartilage. In other words, within OA cartilage,
the level of increase in expression was similar in all 3
zones. Third, however, the degree of increase in expres-
sion was considerably different among the genes. For
example, while the expression of LECT! and tenascin C
(INC) was increased 40 times and 220 times, respec-
tively, in OA cartilage (Figures 1H and M), the increase
of chondroadherin (CHAD) expression was merely
2-fold (Figure 1G).

Expression of bone-related genes. For this group
of genes, the results were also consistent between the
microarray and real-time PCR analyses (Figures 2A-H).

The genes in this group were further divided into 2
calegories by the pattern of expression across the zones.
The expression of collagen, type I, a2 (COLIAZ2),
POSTN, and tetranectin (TNA) was most enhanced in
the superficial zone of OA cartilage (Figures 2A-C).
Meanwhile, the expression of COL10AI, IBSP, secreted
protein, acidic, cysteine-rich (SPARC), SPPI1, and
WNTSB was highest in the deep zone (Figures 2D-H).
Since the expression of those genes in the control
cartilage was very low, their expression in the specific
zones of OA cartilage indicated the phenotypic change
of the chondrocytes at those sites.

With these genes, a large difference was observed
in expression levels among OA cartilage samples. For
example, the expression level of COLI0AL in the deep
zone differed more than 1 % 10*fold among samples. If
the induction of such gene expression was in fact related
to the phenotypic change of the cells, there should be
some correlation in their expression. To examine this
possibility, we evaluated the expression of those genes in
the superficial or deep zone in a greater number of OA
cartilage samples. Among the 3 genes expressed in the
superficial zone, a positive correlation was observed
between COLIA2 and POSTN (r = 0464, P < 0.001)
and between POSTN and TNA (r = 0.300, P = 0.036)
(Figures 21 and 1). A significant correlation was also
observed among the 5 genes expressed in the deep zone.
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Except for correlations between IBSP and SPARC and
between [BSP and WNT3B, the expression of those 5
genes was significantly correlated in any other possible
combination (Figure 2K). In particular, a close correla-
tion was found between COLI0AI and WNT3B (r =
0.559, P < 0.001), between COL10AI and SPPI (r =
0.863, P < 0.001), and between SPARC and WNT3B (r =
0.511, P < 0.001) (Figures 2L-N). This result implies
that the expression of those bone-related genes could be
induced in association with the phenotypic shift of the
chondrocytes in the superficial and deep zones, respec-
tively.

Expression of metalloproteinase genes. We also
performed real-time PCR analysis on the expression of 5
metalloproteinase genes. Again, for these genes, the
result of real-time PCR was almost consistent with that
of the microarray analysis (Figures 3A-E). Interestingly,
the expression of 2 proteinase genes was either not
altered (a disintegrin-like and metalloproteinase with
thrombospondin type 1 motif, 5 [aggrecanase 2J; termed
ADAMTSS) (Figure 3E) or rather reduced (matrix met-
alloproteinase 3 [MMP3]) (Figure 3B) in OA cartilage
compared with control cartilage. The expression of the
other 3 genes was increased in OA cartilage. In partic-
ular, the expression of matrix metalloproteinase 11
(MMPI1) and MMPI13 was highly enhanced in OA
cartilage and reached >40-fold that in control cartilage.

The expression of these 5 proteinase genes, in-
cluding 2 genes whose expression was not enhanced in
OA cartilage, was most enhanced in the superficial zone.
We then investigated the relationship of their expression
in that zone in an increased number of OA cartilage
samples. The results indicated that the expression of all
5 proteinase genes was mutually correlated (Figure 3F).
A close correlation was observed between MMP2 and
ADAMTSS (r = 0.876, P < 0.001), between MMF3 and
MMPI3 (r = 0.548, P < 0.001), and between MMPII
and MMPI3 (r = 0.787, P < 0.001) (Figures 3G-I), while
a significant correlation was also seen between MMP2
and MMPI1 (r = 0.373, P = 0.009) and between MMP2
and MMPI3 (r = 0.329, P = 0.023).

DISCUSSION

In this study, the result of microarray analysis was
in good agreement with that of real-time PCR (Figures
1-3) (see Supplementary Figure 1, available in the
online version of this article at hup://www3,
interscience.wiley.com/journal/76509746/home). This
corroborates the validity of our current analyses. Al-
though some discrepancies were observed, they might

not have been related to possible technical problems but
more likely stemmed from individual differences in
expression levels, given that a large individual difference
is an inevitable problem in the analysis of human
cartilage samples (2,20,21).

Our microarray analysis showed that ~40% of
the investigated genes were expressed al significantly
different levels among the zones. This zonal variation in
expression would reflect both the physiologic difference
in cell metabolism among the zones and the changes
caused by the disease. This was illustrated by the expres-
sion of cartilage matrix genes (Figure 1), Our current
analyses indicated that more than a dozen cartilage
matrix genes were cxpressed at significantly different
levels among the zones within OA cartilage. Despite this
difference in gene expression levels, a similar zonal
change of expression was observed in the control carti-
lage. Thus, it was assumed that in OA cartilage, the
expression of those genes was amplified (or reduced)
equally across the 3 zones by a certain mechanism(s)
involved in the disease. This finding could be a clue for
elucidating the mechanism(s) for enhanced matrix syn-
thesis in OA, which remains entirely unknown.

Current analysis also revealed that the magnitude
of the increase in expression was considerably different
among the cartilage matrix genes. This finding may
imply an unrecognized but potentially important mech-
anism for the progression of OA. Our current and
previous evaluations showed that the 3 conslitutive
collagens of cartilage matrix (types II, IX, and XI
collagen) could be synthesized at an altered ratio by OA
chondrocytes (22). While the expression of COL2A1 in
OA cartilage was increased 10-24-fold that in control
cartilage, the expression of collagen, type IX, a2 gene
(COL9A2) and collagen, type X1, al gene (COL1IAIL)
was enhanced 7-11-fold and 2-4-fold, respectively. In
accordance with this, our analysis of cartilage collagens
revealed that the amounts of pepsin-extractable type IX
and type XI collagens are in fact reduced in OA
cartilage relative to that of type II collagen (Fukui N:
unpublished observations).

Type IX and type XI collagens form a collagen
fibril network within cartilage, together with type Il
collagen. As known from observations of human hered-
itary diseases and gene-manipulated mice, the proper
level of expression of these minor collagens is indispens-
able to maintain the normal properties of cartilage
matrix (23-27). Therefore, the relative reduction of
COL9A2 and COLI1AI expression in OA cartilage may
lead 1o the fragility of newly synthesized cartilage, which
might rather facilitate loss of cartilage matrix. Although
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nol yet demonstrated, disproportionate expression of
other matrix components could have a similar signifi-
cance in disease progression (28). We now assume that
such imbalance in cartilage matrix gene expression could
be significantly involved in the pathology of OA.

The expression of a senies of bone-related genes
in OA cartilage is another novel finding of this study.
While the induction of COLIA2 and COL10AI expres-
sion in OA cartilage has been known for more than a
decade (2-4,21,29-36), enhanced expression of TNA,
POSTN, IBSP, and WNTSB in human OA cartilage has
not been reported previously. Our results suggested that
the expression of these genes in OA cartilage could be
related to the phenotypic change of the chondrocytes.
The fact that their expression was induced either in the
superficial zone or in the deep zone, and not in both,
may reflect the occurrence of distinctive phenotypic
changes in those zones.

Three among these bone-related genes expressed
in the superficial zone (COLIA2, POSTN, and TNA) are
known Lo be expressed by the osteoblasts (37,38). Mean-
while, 2 genes expressed in the deep zone (COLI0AT
and WNT5B) are expressed characteristically in the
chondrocytes undergoing hypertrophic change (39).
Thus, the phenotypic change in the superficial zone
might have an aspect of osteoblastic differentiation,
whereas that in the deep zone could have a trait of
chondrocyte hypertrophy. In light of the developmental
process of articular cartilage, this notion might not be
unreasonable. At present, it is not known why these
genes are expressed in OA cartilage. In the future, a
more comprehensive analysis of gene expression profiles
in the respective zones may clarify the molecular mech-
anism(s) involved in the phenotypic changes.

Meanwhile, the expression of 5 proteinase genes
was most enhanced in the superficial zone of OA
cartilage. In OA, the cartilage surface is the region
where cartilage degeneration begins (10-12). Therefore,
those proteinases could be responsible for the initiation
of matrix degeneration at that site. Furthermore, the
finding that their expression was mutually correlated at
the superficial zone implies that those proteinases could
work synergistically in certain cases to cause cartilage
degeneration. That correlation also suggests the pres-
ence of a common regulatory mechanism(s) for their
expression. Regulation of proteinase expression in OA
cartilage is critically important to inhibit the progression
of the disease. Thus, elucidation of such a mechanism(s)
may be useful 1o develop new therapeutic strategies for
OA.

Although it is important, the change of chondro-
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cyte metabolism in OA has been understood only partly.
This incomplete understanding could be ascribed, at
least in part, lo the regional difference in cellular
metabolism within cartilage. As demonstrated in this
study, consideration of the regional difference within
cartilage could provide further insights into the meta-
bolic change of the chondrocytes with the discase.
Conventionally, such regional differences have been
studied by histologic evaluations of a limited number of
genes. Compared with those techniques, the experimen-
tal methods we employed here could be advantageous in
that they allow a more comprehensive evaluation of the
cellular metabolism in specific sites. Obviously, this
study has several limitations. The number of samples
used for the microarray analysis was rather small, and
the number of genes contained in the array was limited
to 527. Although confirmed for selected genes, the
reliability of the microarray analysis has not been fully
validated. Therefore, it is very likely that some genes are
left unnoticed while they are expressed at different
intensities across the zones. For all its limitations, the
present study promises Lo provide greater understanding
of the pathology of OA,
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