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Tabie 1. Distribution of cancer cases in a cohort of 260} married couples, Saitama, Japan, 1986-2000

Site (ICD-9%)

No. of couples with this cancer

Wives only Husbands onty Both
Mouth and pharynx (140-149) 0 5 0
Esophagus (150) 2 10 0
Stomach (151) 32 86 2
Small intestine (152) 1 H 0
Colen (153} 7 13 1
Rectum (154) 3 i2 0
Liver (155) 1t 19 0
Gallbladder (156) 5 5 0
Pancreas (157) 3 17 0
Other digestive (158, 159) 0 6 0
Larynx (161) 0 9 0
Lung (162) il 46 1
Other respiratory {163-165) 4 3 0
Melanoma (172) 2 2 0
Mon-melanoma skin (173) 1 1 1]
Breast (174, 175) 10 0 t]
Genital organs (179187 16 10 0
Bladder (188) 2 i1 0
Kidney (189} i 6 0
Brain and CNS (191-192} 1 7 0
Thyroid (193) 2 1 0
Non-hodgkins lymphoma (200, 202) 1 6 0
Multiple myeloma (203) 2 1 0
Myeloid teukemia {205) 2 1 0
Other unspecified leukemia (207) 0 1 0
All cancer combined (140-209) 119 279 33
Tobacco-related {(140-150, 157, 161, 162, 188} 21 102 I
Alcohol-related (140~145, 150, 155, 161) 15 98 1

2 The International Classification of Diseases, 9th Revision.

84% for husbands and 10% for wives. Only these habits
were suggested to be associated with individual cancer
risk (p < 0.1). Husbands® smoking habits were not
associated with an increased risk of cancer among 2337
non-smoking wives (adjusted RR: 0.79, 5% CL: 0.52-
1.22). Mean body mass index was 22.2 for husbands and
22.6 for wives, and was not associated with individual
cancer risk (p > 0.1). About 20% of subjecis had at
least one parent who had developed cancer prior to the
survey, and were not at an increased risk of developing
cancer {age- and birth year-adjusted RR: 1.11, 95% CL
0.89-1.39). Thus we sclected smoking and drinking
habits to examine a possible relation to spousal concor-
dance of cancer incidence.

Table 3 shows spousal concordance for all cancers in
relation to shared lifestyles, using the 1872 case—control
couples. Wives whose husbands developed cancer were
at an increased risk of developing cancer, compared with
those whose husbands had not had cancer (age- and
birth year-adjusted CR: 1.70, 95% CI. 1.12-2.58).
Correlation of paired cancer incidence was consistently
seen, when further adjusted for smoking and drinking

habits, and parental history of cancer on the baseline
rates (adjusted CR: 1.74, 95% CI: 1.14-2.63). Observed
correlation was more prominent among the couples
whose wife’s age at diagnosis was prior to the husband’s
age at diagnosis (adjusted CR: 1.98, 95% CI: 1.19-3.18).
Particularly stronger correlation was seen among cou-
ples who shared habits of smoking or drinking. For
example, the adjusted CR was 3.97 (95% CI: 1.32-
11.98) for current and past smokers and 7.27 (95% CI:
1.44-36.62) for regular and past drinkers. Therefore
shared smoking and drinking habits are deemed to
influence spousal aggregation of cancer occurrence. The
presence of spousal concordance among non-smokers
(adjusted CR: 3.08, 93% CI: 1.13-8.41) may suggest the
impact of further environmental factors.

Discussion

We investigated concordance of cancer incidence with
lifestyle factors in a cohort of 2601 Japanese married
couples in a general population, in order to establish the
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Table 2. Lifestyle characteristics and cancer incidence in a cohort of 2601 married couples, Saitama, Japan, 1986-2000

Cancer incidence Coacordance (%)
No. of cases RR* 95% CI Observed Expected p value®
Fish
Daily 129 1 - 65.4 49.4 0.02
2-4fweek 24 0.8] 0.66-1.00
0—1/week 61 1.00 0.73-1.35
Meat
Daily 83 1€ - 63.0 46.9 0.02
2-4fweek 288 0.98 0.77-1.24
0—1/week 88 1.05 0.78-1.41
Fruits
Daily 208 1° - 56.3 383 <0.01
2-4jweek 190 0.83 0.68-1.01
0-1/week 66 0.95 0.71-1.25
Soy products
Daily 167 1€ - 60.0 440 0.02
Z-djweek 249 0.97 0.80-1.18
0-1jweek 43 Q.95 0.69-1.31
Eggs
Daily 195 1€ - 558 41.0 0.02
2-d4fweek 215 0.98 0.81-1.19
0-1jweek 54 1.04 0.77-1.41
Dairy products
Daily 165 1¢ - 48.7 138 0.01
2-4/week 113 0.89 0.70-1.14
0-1jweek 185 0.93 0.75-1.14
Vepetables
Daily 276 1¢ - 58.6 43.5 0.02
2-4jweek 141 1.01 0.82-1.24
0-1/week 46 0.96 0.70-1.32
Green vegetables
Daily 167 1° - 59.8 41.1 <0.01
2-4fweek 227 0.97 0.79-1.19
0-1/week 70 115 0.87-1.53
Yellow vegetables
Daily 38 1°¢ - 60.8 433 0.01
2--4fweek 244 1.01 0.72-1.42
0-1/weck 181 1.04 0.73-1.48
Smoking habits
Never 167 1€ - 22.1 19.9 0.61
Past 75 1.45 1.03-2.05
Current 222 1.53 1.15-2.04
Alcohot habits
Never 170 1¢ - 258 21.4 0.34
Past 28 1.66 1.08-2.53
Occasional 27 0.96 0.73-1.26
Regular 179 1.22 0.94-1.58
Body mass index
<18.5 50 1€ - 60.9 59.4 0.85
18.5-25.0 345 1.00 0.74-1,36
25.0< 66 0.89 0.61-1.30

 After adjustment by Cox regression for age, sex, birth year, parental family history of cancer, and age at the time of survey.
® Based on the y? test comparing observed and expected concordance frequency.
¢ Reference category.
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Table 3. Relation of shared lifestyle with concordance of cancer incidence, in a case-control sample of 1872 married couples, Saitama, Japan,

1986-2000
No. of couples CR? 95% CI p values®
with cancer
Overall 33 1.74 1.§4-2.65
Order of diagnoses
Wife was the first 23 1.98 1.19-3.18 0.35
Husband was the first 10 1.39 0.68-2.58
Smoking habits 012
Both are current or former smokers 5 397 1.32-11.98
One is a current or former smoker, and 22 1.34 0.81-2.22
the other is 2 non-smoker
Both are non-smokers 6 3.08 1.13-8.41
Drinking habits 0.02
Both are regular or past drinkers 3 7.27 1.44-36.62
One is a regular or past drinker, and 23 230 1.36-3.89
the other is an occasional or non-drinker
Both are occasional or non-drinkers 7 0.81 0.36-1.83
Parental history of cancer 0.79
Both husband and wife 3 272 0.74-10.02
Either husband or wife 11 1.71 0.88-3.35
Neither husband nor wife 19 1.67 0.97-2.86

* After adjustment for age, smoking and drinking habits, parental history of cancer (where appropriate).
b Based on the likelihood ratio test examining whether CR estimates vary in a group.

role of shared environmental factors. Study subjects
were aged 40 years or older to allow latency time from
the start of cohabitation. Cohort members were
assumed to be a homogeneous ethnic group. Our results
suggested that long cohabitation resulted in similar
dietary habits, in cancer incidence of wives increasing
with that of their husbands, and correlation of cancer
incidence was more prominent among the couples whose
wife’s age at diagnosis was before the husband’s age at
diagnosis. Furthermore, sharing smoking and/or drink-
ing habits increased concordance of cancer incidence
among married couples, while parental history of cancer
did not affect it. Thus, observed excess concordance of
cancer incidence seems to be influenced more by
environmental aspects than by genetic predisposition.
This implication is consistent with that obtained in the
latest study of twins [1]. It is unlikely that our findings
were generated by a bias due to heightened medical
awareness, medical attention afiter the spouse was
diagnosed with cancer, or the quality of care that the
couples have jointly received, because the present study
did not include latent cancers as cancer cases.

The present study used a recently proposed statistical
method to analyze correlated disease rate data between
pairs [17, 20]. Bias and loss of efficiency in assessing the
spousal aggregation may result from ignoring follow-up
time of the spouses who were cancer-free at the end of

follow-up (i.e., censored subjects) and who may have
developed cancer later. The present data analysis strives
to avoid that by using age-adjusted CRs controlling for
the effects of potential risk factors on cancer rates of
both probands (husbands) and spouses (wives). Other
statistical methods were also recently developed for such
data {21, 22], but these approaches require complex
computations. Therefore we believe that our approach
facilitates analyzing correlated disease rate data in
future family studies.

Regarding the matching of cases with controls, we can
use either the retrospective case—control design or the
nested case—control design (risk-set sampling). When we
preliminarily compared the results from both designs
regarding age-matching, we found that the CR estimates
were consistent using the present data. Thus, we
presented the results from the retrospective case—control
design to illustrate the method most clearly for the
readers. In addition to age, another risk factor such as
birth year can be used to match cases with controls. As
the present data became quite sparse when matching on
age and birth year of husbands, we decided to maich
only on age and adjusted for the effects of birth year on
the baseline cancer rates.

Spousal concordance of cancer occurrence was
consistently seen in the present study, even when using
the wife as proband. For 152 case wives, 760 control
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wives were selected randomly from cancer-free wives,
matched for age. Results of the data analysis showed
that husbands whose wives developed cancer were at
an increased risk of developing cancer (age- and birth
year-adjusted CR: 1.81, 95% CI: 1.20-2.74). Effects of
smoking and drinking habits on correlation of cancer
incidence were similarly seen (details on results can be
obtained from the authors). As these habits are related
to dietary and other lifestyle factors in a Japanese
population [23], other environmental factors may
affect the concordance of cancer among married
couples.

Infectious agents such as Helicobacter pylori, hepati-
tis B and C viruses, and Human papilloma virus are
unlikely to explain the observed spousal concordance of
cancer incidence for the present study. Although no
information regarding such infectious agents was col-
lected in the present study, we only observed two
couples with stomach cancer. There were no couples
with liver cancer or with cervical cancer/penile cancer.
An excess concordance of cancer incidence among
couples was still observed after excluding cancers in
the stomach, liver, cervix, and penis. Thus there might
be other aetiological candidates for the observed but
unexplained spousal aggregation of cancer.

Nutritional factors may play an important role in the
carcinogenesis process for certain sites of cancer [24, 25].
Our data, however, showed no evidence that shared
dietary patterns increased spousal aggregation of cancer,
since the present study collected only frequency data
without amount of intake. For this reason our dietary
information is insufficient to compute total energy and
nutrient intakes. Instead, body mass index was used as a
measure of chronic energy balance, but there was no
evidence of an association with cancer risk. The shared
dietary patterns in food groups may suggest that some
particular food items associated with cancer risk are also
commonly consumed between husbands and wives; a
further study may be required.

It is possible, but unlikely, that changes in lifestyle
and marital status after 1986 may have influenced the
present results. There was good correspondence be-
tween married couples as regards dietary habits but
little correspondence in their patterns of cigarette
smoking and alcohol consumption, which is consistent
with results obtained in the earlier study of lifestyle
among married couples [26], It was also reported that
spouse similarities in smoking decreased and those in
educational attainment increased as the duration of the
relationship increased [27]. If couples became separated
or divorced during follow-up, this would also decrease
environmental! sharing, but we have no clear measure
of the degree to which this occurred. Besides
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cohabitation, assortative mating (the tendency for
individuals to choose a marital partner with similar
lifestyle) may be a plausible explanation for similarities
between spouses. Thus future studies of married
couples should incorporate duration of marriage,
changes in lifestyle and marital status, and assortative
mating into analyses.

QOur study has characteristics that make it different
from studies of death certificates [2], epidemiologic
survey [3], hospital records [4-6], commercially-based
medical care program [7], and family cancer registry [8—
10]. First, unlike other studies [2—-10], our study collected
baseline lifestyle information from the couples them-
selves. Second, our study has a virtnally complete
follow-up of cancer incidence in a general cohort of
married couples, not being limited to cancer mortality
[2], parental cancer history of survey participants [3],
spouses of cancer patients [4-6, 8-10] or subscribersto a
medical care program {7]. Third, the couples in our
study tended to have common lifestyle characteristics
for a longer period than those in other studies {2, 4-10]:
According to Demographic Yearbook (United Nations)
and Vital Statistics of Japan (Japanese Ministry of
Health, Labour and Welfare), divorce rates per 1000
population in 1995 were 1.6 for Japan, 2.5 for Sweden,
and 4.5 for USA. In addition, birth years of the couples
in our study were chosen to be close (mean birth-year
difference: 2.3 years, SD: 3.0). And our study involved a
single ethnic group, unlike most of the others, in which
multiple ethnic groups were involved [2, 4-10]. Thus,
differences in population assessment and demographic
factors may explain why an excess spousal concordance
of all cancers combined has been found in some studies
including ours [3, 4, 8, 10}, but not in others [7].
Although the number of couples with cancer in our
study was too small to examine the aggregation of
specific cancer sites, we believe that this population-
based cohort study, with detailed epidemioclogical data
for 2601 couples, will provide essential findings for the
effects of common lifestyle and shared environmental
factors on concordance of cancer occurrence in married
couples.

Finally, our primary finding — a significant concor-
dance of cancer risk and lifestyles among married
couples — suggests the importance of controiling for
shared lifestyle in developing future strategies for
cancer prevention. Because lifestyles in offspring at
childhood and youth tend to be similar to those of
parents, shared environmental effects within a family
also need to be considered. Further investigation is
necessary to explore the potentially important lifestyle
factors for specific cancer types in a large family-cohort
study.
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Estrogen receptor (ER)-positive breast cancer is a distinct subpop-
ulation of breast cancer exhibiting a high response rate to endo-
crine therapy. However, not all ER-positive patients respond to
the therapy, and a subgrouping of ER-positive patients based on
the physiclogy of estrogen signaling is expected to be useful for
predicting the prognosis. This study has revealed that selected es-
trogen-regulated genes (ERGs) are useful in identification of a
poor-prognosis population among ER-positive breast cancer pa-
tients. First, the expression ievels of 11 ERGs, selected based on
our earlier microarray study in cultured cells, were analyzed by
means of real-time reverse transcription-PCR in 14 ER-positive hu-
man breast cancer tissues. The patients were clearly divided into
two groups in cluster analysis. Then, we examined the expression
levels of two representative ERGs, histone deacetylase 6 (HDACS)
and insulin-like growth factor binding protein 4 (IGFBP-4), in 62
ER-positive patients with immunohistochemistry to assess the im-
pact of ERG expression on prognosis {median follow-up 4409
days). Positive HDACE staining was significantly correlated with a
lower disease-free survival rate. Moreover, when the expression
level of HDACK was assessed in combination with IGFEP-4 expres-
sion in the nucleus, the poor-prognosis patients were more accu-
rately identified. This study has identified new candidate ERGs
for prediction of prognosis, and we suggest that combined as-
sessment of the expression levels of these ERGs will contribute to
the clinically useful stratification of ER-positive breast cancer pa-
tients. (Cancer Sci 2004; 95: 496-502)

B reast cancer is the leading cancer in most countries in terms
of cumulative incidence rate in females. The female hor-
mone estrogen mediates the proliferation and progression of
breast cancer, and endocrine therapy, which inhibits estrogen
synthesis or estrogen binding to its receptor, has been a stan-
dard therapy for estrogen receptor (ER)-positive breast cancer.
Tamoxifen has served as the standard endocrine agent for post-
menopausal patients for more than 25 years.? While the propor-
tional reduction in recurrence is as much as 47% in ER-positive
breast cancer patients receiving adjuvant tamoxifen therapy
over 5 years,” a significant number of patients still relapse after
the therapy. Therefore, an effective way to stratify ER-positive
patients is crucial for improved choice of therapy

Many investigators have considered that expression of estro-
gen-regulated genes (ERGs) can provide predictive markers,?
because their expression may indicate the presence of a func-
tional estrogen signaling pathway. Progesterone receptor (PgR)
is one of the representative ERGs, and ER-negative and PgR-
positive tumors occasionally respond to tamoxifen treatment.
However, in a recent meta-analysis on adjuvant endocrine treat-
ment,? the reduction in recurrence was 23% for ER-negative

496-502 1 CancerSci 1 June2004 | vol.95 | no.&

and PgR-positive patients, 37% for ER-positive and PgR-posi-
tive patients, and 32% for ER-positive and PgR-negative pa-
tients, and the study concluded that it was of little additional
value to measure PgR in ER-positive patients to predict the re-
sponse to adjuvant tamoxifen therapy.? These data indicated
that although PgR expression in ER-negative patients indicated
a favorable response to endocrine therapy, it was not useful for
stratification of ER-positive patients in terms of response to en-
docrine treatment. A number of studies have been performed to
find other ERGs that would serve as useful predictive or prog-
nostic markers. However, none has been established as yet (re-
viewed in ref. 3).

The reason may be that the expression levels of ERGs are
regulated not only by estrogen, but also by other factors, and
that hampers the precise evaluation of the status of estrogen
signaling in terms of the expression level of an ERG alone.
This led us to hypothesize that new predictive or prognositic
markers could be found from a larger body of ERGs, and the
prognostic accuracy would be improved by an appropriately
combined assessmient of more than one ERG. This sirategy
would highlight the estrogen signaling pathway by minimizing
the influence on the expression levels of ERGs from other sig-
naling pathways. We have already identified more than 100
ERGs in the MCFE-7 human breast cancer cell line with mi-
croarray analysis,” and real-time PCR is a sufficiently quantita-
tive method to see the expression pattern of the genes in each
patient. We found that ER-positive patients could be clearly di-
vided into two groups based on the expression pattern of 11
ERGs. Immunohistochemical (IHC) analyses showed that two
of the genes could be useful in prediction of the prognosis. Fur-
thermore, combined assessment of the two genes identified a
distinct population with poor prognosis among ER-positive
breast cancer patients.

Materials and Methods

Tumor samples. RNA from 26 breast cancer patients for real-
time reverse transcription (RT)-PCR experiments was randomly
selected from the RNA collection of the breast cancer research

*To whom correspondence should be addressed.

E-mail: shin@cancer-c.pref.saitama.jp

Abbreviations: ER, estrogen receptor; ERG, estrogen-regulated gene; EIA, enzyme
immunoassay; H&E, hematoxylin & ecsin; HDACE, histone deacatylase 6; IGFBP-4,
insulin-like growth factor binding protein 4; IGFBP-5, insulin-like growth factor
binding protein 5; IHC, immunohistochemistry; 1BA, ligand binding assay; NR, nu-
clear receptor; NRIF1, nuclear receptor interacting protein 1; PDZKt, PDZ-domain
containing 1; PgR, progesterone raceptor; RbEPS, retinoblastoma binding protein
8§; RY, reverse transcription; SELENBP1, selenium binding protein f; TPD52L1, tu-
mor pratein D52-like 1.
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project of our research institute.” Tissue samples for THC stud-
ies were from 62 consecutive primary invasive ER-positive
breast cancer patients that satisfied the following criteria. They
had undergone mastectomy from 1986 to 1990 at the Clinics of
Breast Surgery, Saitama Cancer Center Hospital after having
provided written informed consent; all patients were ER-posi-
tive in enzyme immunocassay (EIA) or ligand binding assay
(LBA); the number of axillary lymph nodes with confirmed
metastasis ranged from 1 to 3 pathologically; no metastasis was
detected in distant organs; and treated with tamoxifen according
to one of three schedules: a) 1 month in every 4 months for 5
years (42 patients), b) 1 month in every 3 months for 5 years (7
patients), or ¢) every day for 2 years (13 patients younger than
50). The daily dose ranged from 20 to 60 mg. Some of them
were treated concurrently with oral chemotherapy (Table I).
Patients treated with iv. chemotherapy were excluded. The
modified Bloom-Richardson grading scheme® was adopted for
histological grading. Median follow-up duration was 4409 days
(range 972-5846 days). Other clinicopathelogical characteris-
tics are summarized in Table 1. This project was approved by
the institutional review board of Saitama Cancer Institute.

RMNA preparation and RT. Total RNA of tissue samples and
MCF-7 human breast cancer cell line was prepared for RT by
the method of Chomczynski and Sacchi,” digested with RQ1
DNase (Promega, Madison, WI), purified with an RNeasy mini
kit (Qiagen) and reverse-transcribed with an RNA PCR Kit
(TaKaRa, Otsu) using random nanomers as primers at the time
of study. To provide negative control templates for selected ex-
periments, RT was performed with the same mixture minus re-
verse transcriptase,

Real-time PCR. The primer sequences are shown in Table 2.
All the primer sets were designed so that the PCR products in-
cluded exon-exon junctions to prevent residual genomic DNA
from working as a template, except for NRIP1 and KTIAA1051,
since the corresponding gene to the former was intronless and
the genomic sequence was not available for the latter at the
time of study. Control plasmids were constructed as follows.
DNA fragments for each primer set were amplified using total
RNA from MCF-7 cells, purified, and cloned into pGEM-T or
p-GEM-T Easy vector (Promega). The sequences of the cloned
fragments were confirmed. Then the plasmids were digested
with Nofl and diluted sedally to make soluticns containing
from 100 ng/ml to 10 fg/ml plasmid to construct standard
curves, The real-time PCR was performed in duplicate using
iCycler 1Q (Bio-Rad Laboratories, Hercules, CA) and SYBR
Green PCR Master Mix (Applied Biosystems, Warrington, UK)
or a QuantiTect SYBR Green PCR Kit (Qiagen) according to

the manufacrurers’ protocols. All the measurements were per-
formed within the linear portion of the standard curves. For
NRIP1 and KIAA1051, when the measured threshold cycle was
more than the least threshold cycle for the negative contro! tem-
plates, the result was recorded as less than the sensitivity limit
(0). The results were normalized by the expression levels of B-
actin.

IHC staining. Fixation, serial sectioning, paraffin embedding,
and H&E staining were performed as previously described.®
The primary antibodies used were anti-HDAC6 rabbit poly-
clonal antibody H-300 (Santa Cruz Biotech, Santa Cruz, CA),
and anti-IGFBP-4 goat polyclonal anitibody C-20 (Santa Cruz).
The staining procedure was described elsewhere® except for the
following. For HDACG staining, the sections were autoclaved
at 120°C for 30 min in 10 mM citrate buffer for antigen re-
trieval, and the primary antibody was used at a 1:50 dilation
and incubated at 4°C overnight, Envision solution (Dako) was
applied for 45 min at room temperature, and the peroxidase ac-
tivity was visualized with 3,3"-diaminobenzidine and 0.03 mol/
liter hydrogen peroxide for 5 min. The procedure for IGFBP-4
staining was the same, except that the primary antibody dilution
was 1:25, and the secondary antibody was polyclonal antibody
labeled with biotin against goat immunoglebulin in Histofine
SAB-PO(G) Kit (Nichirei, Tokyo), used according to the manu-
facturer’s protacol, and visualized with 3,3’-diaminobenzidine
and hydrogen peroxide for 15 min. In a pilot study with 5 tu-
mor samples, we performed immunostaining in 5 patients as
described above, except the primary antibody was replaced
with normal serum from mouse or rabbit to provide a negative
control, and confirmed that no staining was observed. We also
utilized two kinds of antibodies against HDAC6 from different
manufacturers (Santa-Cruz and Cell Signaling Technology,
Beverly, MA) and confirmed in the same specimens that both
antibodies showed the same staining pattern. The normal breast
epithelium was confirmed to be stained, so the staining of the
normal breast epithelinm was used as a positive contrel in each
specimen. ER was examined immunohistochemically and
evaluated in terms of the Alred score. Fifty-five patients were
positive and 7 were negative. ERP immunostaining was not
performed.

IHC assessment. Immunchistochemically stained slides were
evaluated blindly by N.Y. THC scoring for HDAC6 was per-
formed as follows. The staining intensity was classified as
weak (1 point), moderate (2 points), or strong (3 points). The
area of each staining intensity was estimated with a Hght mi-
croscopy based on 25 percentiles in a representative field. The
score was calculated as the weighted average (sum of

Table 1. Patients’ characteristics?
Patient number 62 Modal status {clinical} Histology
Age Negative 24 Invasive ductal 59
Less than 50 42 Positive 38 Special 3
50 or more 20  Stage Histological grade
Menopausal state 1 18 | 19
Premenopausal 38 i 40 [} 21
Postmenopausal 19 m 4 | 21
Unknown 5 ER {(EIA or LBA) Unknown 1
Tumor diameter Positive 62  Chemotherapy®
Less than 2 ¢m 21 Negative 0 UFT 28
2 ¢m or more 41 PgR (EIA or LBA) UFT+eyclophosphamide 16
Positive 49 None 18
Negative 1t
Unknown 2

1} For all the patients, the number of axillary lymph nodes confirmed pathologically to exhibit
metastasis ranged from 1 to 3, and no metastasis was detected in distant organs. All the patients

had undergone adjuvant tamoxifen therapy.
2} Oral chemotherapies.
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pointxarea %). The averages of three independent measure-
ments were calculated to the first decimal place and used for
statistical analyses. The intensities of staining in the cytoplasm

Table 2. Primer sequences

and nucleus were not parallel for IGFBP-4, so.for IGFBP-4
THC scoring, the nucleus and cytoplasm were evaluated sepa-
rately. They were scored as integers, i.., 0 (none or slight), 1

Gene hame Abbreviation Primer sequence Description

B-Actin — 5-GCCAACCGCGAGAAGATGA-3 Cytoskeletal protein-
5-CATCACGATGCCAGTGGTA-3

Cathepsin b — 5-CTGAGCAGGGACCCAGATG-3’ Proteinase
-CAGGTGGACCTGCCAGTAG-3'

Histone deacetylase & HDACE 5-CCTTCGCCTGTGCACAGCTT-3" Tubulin deacetylase:
5*-CGCACCACAGCAGCACCATT-3'

Insulin-like growth factor binding protein 4 IGFBP-4 5-ACCGCAACGGCAACTTC-3' Binds to IGF
5-GTCCACACACCAGCACTT-3

tnsulin-fike growth factor binding protein 5 IGFBP-5 5-ACCACEAGCAAGTCAAGAT-3' Binds to IGF
S CTTCACTGCTTCAGCCTTCA-3

KIAA1051 - 5. CCACTACCTGATGCACAACTA-3/ Function unknown
- TGATCTTGCGTTTGGCAACCT-3

Nuclear receptoer interacting protein 1 NREP1 Y-CACAGTGAGAGAGGAAGCATT-3’ Transcriptional cofactor
5-CAGTTCGGTGTTIGCAAGAC-3

PDZ-domain containing 1 PDZK1 5-CAGCCAGTTTGAAALTGTTACC-3’ Function unknown
5-CTATGTCCTTGATGATITGACCTT-3/

Progesterone receptor PaR 5 -GAGCATTGAACCAGATGTGA-3' Nuclear receptor
5 -GTTTCGAAAACCTGGCAATGA-3

Retinoblastoma binding protein 8 RbBP8 5-GGAACAGCAGAAAGTCCTTCA-3 Binds to tumor suppressor Rb
5-CAGTTACTGCACAGCGATCA-3

Selenium binding protein 1 SELENEP1 5-CAGTATTGCCAGGTCATCCA-3’ Binds to selenium
5-CCCACGTCCACCACATAGA-3

Tumor protein D52-like 1 TPD52L1 5-CAGACTACCACTGCCTACAA-Y Function unknown

5-GGCGAATGGAGTAACTCATG-3

498

Table 3. Classification of representative estrogen-regulated genes?

Classification

Up-regulated

Down-regulated

Growth-related genes

[GFBP-4
Cyclin A
CDCE homologue

IGFBP-5
Quiescin Q6

Cancer-related genes

Trefoil factor 1

MYC promaoter binding 1

RbBPB
TPD5211
Transcription-related genes  PgR Estrogen receptor o
NRIP1
HDACE?
Early growth response 3
Enzyme Cathepsin D Enoclase 3
Asparagine synthetase Isacitrate dehydrogenase 2
Glycyl-tRNA synthase Fucosyltransferase 8
Others PDZK1 SELENBP1
KIAA1051 Catenin 82
Stanniocalcin 2 Cadherin 8

1} Representative ERGs that showed reproducible induction with customized microarrays
are shown. Bold indicates the genes examined in the real-time RT-PCR study. For abbrevia-

tions, see Table 2.

2) Recently shown to be tubulin deacetylase.
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(weak), 2 (moderate), or 3 (strong), in a representative field,
unlike the method adopted for HDACS.

Statistical analysis, Cluster analyses for real-time PCR data
were mean-centered complete linkage clustering performed
with the CLUSTER program and visualized with TREE-
VIEW.'® Kaplan-Meier analyses, log-rank tests, and univariate
and multivariate analyses using the Cox proportional hazards
model were performed with StatView software (SAS Institute,
Cary, NC).

Rasults

Cluster analysis of ERG expression levels and patient groups in ER-
positive breast cancer patients. To determine if the ER-positive
breast cancer patients could be subgrouped clearly by ERG ex-
pression patterns, we examined the expression levels of 11
ERGs selected from those ERGs identified in the previous mi-
croarray study® in 14 ER-positive breast cancer tissues. The
choice of ERGs can be arbitrary in this step, and we chose
those that we thought might be important for breast cancer
physiology (Table 3), considering the potential connection to
molecular studies. The 11 selected genes were cathepsin D, his-
tone deacetylase 6 (HIDACG), insulin-like growth factor binding
protein 4 (IGFBP-4), insulin-like growth factor binding protein
5 (IGFBP-5), KIAA1051, nuclear receptor interacting protein 1
(NRIP1), PDZ-domain containing 1 (PDZK1), progesterone re-
ceptor {(PgR), retinoblastoma binding protein 8 (RbBP8), sele-
nium binding protein 1 (SELENBP1), and tumor protein D52-
like 1 (TPD32L.1). The expression levels of ERGs were exam-
ined with real-time RT-PCR, and the results were analyzed by
means of cluster analysis by mean centering, complete linkage
clustering. The outcomes of cluster analysis were visualized
with the TREEVIEW program as shown in Fig. 1. This hierar-
chical clustering produced two distinct groups in ER-positive
patients, i.e., in the left cluster, HDAC6 and IGFBP-4 were ex-
pressed more and IGFBP-5 and RbBPS less than in the patients
of the right cluster. This finding suggested the presence of two
populations in terms of estrogen signaling, although both are
regarded as simply ER-positive tumors in current clinical prac-
tice.

Since we expected that the response to endocrine manipula-
tion might be different between these two groups, we examined
a larger clinical sample for which prognostic data were avail-
able.

IHC analyses of two representative ERGs: HDACE and [GFBP-4,
Next, we analyzed the expression levels of HDAC6 and 1G-
FBP-4 with THC, which we thought, based on current knowl-
edge, may have important implications for the estrogen
signaling pathway, and examined their relationship with the
prognosis.

HDACS staining was observed in normal and malignant
mammary epithelial cells. The staining was generally strong in
the cytoplasm of cancer cells, and in the nuclei of normal mam-
mary epithelial cells (Fig. 2A). The staining was very weak, if
detectable, in fibroblasts and was not observed in lymphocytes
or vascular endothelial cells. The THC score of 62 cancer tis-
sues ranged from 1.0 to 3.0 (median 1.67). To examine the ef-
fect of the expression level of HDACS on disease-free survival,
we assessed survival curves using the Kaplan-Meier method,
and identified a score of 2.2 as a clinically meaningful cut-off
point for defining HDACS positivity (data not shown). Accord-
ing to the criteria, 26% of cases (16 patients) were considered
as positive and 74% (46 patients} negative. There was no sig-
nificant correlation with other clinicopathological factors (data
not shown). Representative staining of IGFBP-4 is shown in
Fig. 2B. IGFBP-4 staining was observed in almost all cell types
including normal and malignant mammary epithelial cells, in-
filtrating cells, and vascular endothelial cells. The nucleus was
the predominant locus of staining in normal mammary epithe-
lial cells, while cytoplasm tended to stain equatly or more than
the nucleus in cancer cells. Cytoplasmic and nuclear staining
intensities were evaluated separately because the staining was
detected in both cytoplasm and nucleus and the staining intensi-
ties were not parallel. The IHC scores for the nuclei were 0 for
249 (15 patients), I for 47% (29 patients), 2 for 24% (15 pa-
tients), and 3 for 5% (3 patients). The THC scores for the cyto-
plasm were 1 for 65% (40 patients), 2 for 32% (20 patients),
and 3 for 3% (2 patients). We examined the disease-free sur-
vival curves using the Kaplan-Meier method and identified a
nuclear score between 0 and 1 as a clinically meaningful cut-off
point (data not shown). Seventy-six percent (47 patients) were
nuclear-IGFBP-4-positive and 24% (15 patients) were negative.
There was no correlation with other clinicopathological factors
(data not shown). Cytoplasiic staining did not have a signifi-
cant impact on the disease-free survival rate (data not shown).

Impact of ERG expression levels on prognosis. As described
above, survival analyses with the expression levels of ERGs
were performed on 62 patients. The disease-free survival rates

Fig. 1. Cluster analyses of the expression levels of
ERGs. The expression levels of 11 ERGs were mea-
sured in 14 ER-positive breast cancer tissues and an-
alyzed by means of cluster analysis. Numbers in the
horizontal axis indicate patient numbers. On the
vertical axis are ERG names. Abbreviaticns are the
same as those in Table 1.
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Fig. 2. Representative immunohistochemical stainings of HDACE and
IGFBP-4 in human breast cancer tissues. A, Staining with anti-HDACE
antibody (H-300, Santa Cruz), Staining was observed in normal and ma-
lignant mammary epithelial cells. The staining was generally strong in
the cytoplasm of cancer cells, and in the nuclei of normal mammary ep-
ithelial cells. This case was scored 2.9, B, Staining with anti-IGFBP-4 an-
tibody (C-20, Santa Cruz) showed that IGFBP-4 protein exists in both
the nucleus and the cytaplasm of cancer cells. IGFBP-4 staining was ob-
served in almost all cell types including normal and malignant mam-
mary epithelial cells, infiltrating cells, and vascular endothelial cells.
The nudleus was the predominant locus of staining in normal mam-
mary epithelial cells, while cytoplasm tended to stain equally or more
than the nucleus in cancer cells. Cytoplasmic and nuclear staining in-
tensities were evaluated separately because the staining was detected
in both cytoplasm and nucleus and the staining intensities were not
paralle} (the scores were 2 in the nucleus and 2 in the ¢ytoplasm in this
case), Bar: 10 um.

for HDAC6-negative cases were significantly better than for
the positive cases (Kaplan-Meier analysis P=0.05, Fig. 34), al-
though multivariate analysis (Cox proportional hazard model)
showed it was not a significant prognostic factor in this study
group. Positive nuclear staining for IGFBP-4 showed a trend
for poor disease-free survival (Fig. 3B, not significant). Other
factors including age, menopausal state, tumor diameter, stage,
histology, and chemotherapy were not significant factors for
disease-free survival rate. Similar trends were also seen for
overall survival rates (not significant).

Finally, we tried to see if the combined assessment of the ex-
pression levels of HDAC6 and IGFBP-4 was useful to predict
the prognosis.

The poor prognosis patient group was more accurately identi-

500
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Fig. 3. Kaplan-Meier analyses of disease-free survival {DFS) and ERG
expression status. A, DFS and HDACS status, B, DFS and nuclear IGFBP-
4 status, C, DFS and combination of two ERGs, HDACE and IGFEP-4
(HDACS and IGFBP-4 double-positive cases versus others). D, DFS and
combination of three ERGs, HDACS, IGFBP-4, and PgR (HDAC6-positive,
IGFBP-4-positive, and PgR-poor cases versus others). The patient sub-
group unresponsive to adjuvant endocrine therapy was more accu-
rately identified as the number of ERGs was increased. P: log-rank test.

fied when the expression levels of HDAC6 and nuclear IGFBP-
4 were assessed in combination, as indicated by the lower P
value in Kaplan-Meier analysis (Fig. 3C, P=0.03). The disease-
free survival rates at 5 years were 62.5% for HDACG6-positive
cases and 78.7% for nuclear IGFBP-4-positive cases, and the
rate was 58.3% when the expression levels of the two ERGs
were assessed in combination. The patient group with a favor-
able prognosis was also identified. The 11 cases negative for
both HDACG6 and nuclear IGFBP-4 showed 100% disease-free
survival at 5 years. Thus, the combined assessment of the ERG
expression levels improved the prognostic accuracy.
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Discussion

This study showed that a newly identified ERG, HDACS, could
serve as a prognositic factor and that an appropriate combina-
tion of ERGs led to improved accuracy over one ERG alone in
the detection of the poor-prognosis patient group.

The real-time RT-PCR study was intended to test the possi-
bility of clear subgrouping of ER-positive patients. As a result,
ER-positive patients were clearly classified into two groups
based on the expression patterns of eleven ERGs. These 11
ERGs did not show the same expression patterns. This fact sug-
gested that the mode of expressional regulation is not the same
for all the ERGs. More comprehensive molecular and clinical
studies may unravel the mechanisms involved, and our custom-
ized microarray for analyzing ERGs could be a useful tool.®

Next, we performed IHC analyses of selected ERGs to ob-
serve the expression patterns of ERGs, and found that the com-
bination of HDAC6 and nuclear IGFBP-4 staining could be
prognostic. The result obtained here shows the impact of these
factors on the prognosis of ER-positive breast cancer patients
who did not have sufficient endocrine treatment as adjuvant
therapy. The current guideline on adjuvant endocrine therapy
recommends administration of 20 mg/day of tamoxifen for 5
years (36 g in total) for postmencpausal women. However, the
dosage was 13.5 g or 18 g in most patients enrolled for this
study. Some younger patients were treated with tamoxifen ev-
ery day for 2 years, but this should also be considered insuffi-
cient because surgical or medical ovariectomy is now
recommended for premencpausal patients with node-positive
disease, i.e., the intensity of endocrine therapy was insufficient
in all the patients in the light of current knowledge.

HDACS6 expression has been reported in several tissues in-
cluding the testis, liver, and brain'-*? and we found that it was
also expressed in benign and malignant breast epithelinm. Our
data suggested that patients with HDACSH-positive tumors
showed a poor prognosis. When HDAC6 was compared to PgR
as a clinical marker, PgR was positive in 60-70% of the ER-
positive patients, whereas roughly 70% of patients were
HDAC6-negative in this study. Additionally, HDAC6 expres-
sion correlated with poor prognosis, while PgR expression is
correlated with favorable prognosis. Although the reason for
this phenomenon is unknown, it suggests that genes down-
stream of estrogen signaling pathway may not be regulated uni-
formly. Recently Hubbert et al. have reported that HDACS is a
tubulin deacetylase that is targeted by taxanes, potent antican-
cer agents used for the treatment of breast cancer.'” ER status
has been reported not to be predictive for taxane therapy.'®
However, combination therapy of taxanes and endocrine agents
may be an interesting approach for ER-positive patients with
high HDACG6 expression, because taxanes counteract HDAC6
function.”® Nuclear IGFBP-4 staining can also be a prognostic
factor. A relationship between the IGFBP-4 level in culture me-
dia and tamoxifen resistance has already been reporied,!™ but
no report was found concerning IGFBP-4 in the nucleus and the
effect of tamoxifen. Tt is well known that the IGFBP-4 expres-
sion is induced by estrogen, and these facts may suggest the
possibility that IGFBP-4 plays a role in nuclel to stimulate
growth of ER-positive breast cancer cells. Although IGFBP-4
has not been reported to function in the nucleus, IGFBP-2, IG-
FBP-3, and IGFBP-5 are localized at the nucleus and interact
with retinoid X receptor o,'® four and a half LIM protein 2,17

. Baum M. A vision for the future? Br J Cancer 2001; 85 (Suppl 2): 15-8.

. Early Breast Cancer Tralists' Collaborative Group. Tamoxifen for early
breast cancer: an overview of the randomized trials, Lancer 1998; 351:
1451-67.

3. Ciocca DR, Elledge R. Molecular markers for predicting response 10 tamox-

ifen in breast cancer patients. Endocrine 2000; 13: 1-H).
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etc. Further research on the molecular function of IGFBP-4 in
the nucleus may elucidate the link between its molecular func-
tion and ER.

Moreover, a combined assessment of ERGs identified a poor-
prognosis patient group more accurately than a single ERG. As
already mentioned, finding subgroups among ER-positive pa-
tients can have a significant implication in the choice of ther-
apy. Recently, many studies have tried to classify breast cancer
patients according to gene expression patterns'®~2* or to predict
ER status from gene expression patterns.**>» However, no
stratification of ER-positive patients has been reported with im-
plications for prognosis. Our study made good use of microar-
ray analyses that provided and characterized a large body of
ERGs and real-time RT-PCR experiments that were capable of
measuring the expression levels. This combinatorial study de-
sign revealed a more comprehensive picture of estrogen signal-
ing status in cancer tissues than could be obtained with
conventional studies on one ERG. Previous reports usually
identified one ERG such as PgR, pS2, cathepsin D, etc. as an
indicator for the signaling intensity of estrogen. However, many
signaling pathways are active in cancer tissues, forming a com-
plex signaling network. A gene generally has more than one re-
sponse element or regulatory sequence in its promoter, and it is
most unlikely for a gene to be regulated solely by estrogen.
Now, with the development of new methodologies, combined
assessment of many factors is already a practical approach and
can be better than vsing a single indicator gene to evaluate a
signaling pathway. Actually, many researchers are trying to in-
troduce microarray analysis into clinical use. We are also devel-
oping a customized microarray technigue focused on the
estrogen signaling pathway for clinical use.”? Despite much ef-
fort, microarray analysis is not immediately applicable to clini-
cal use because it is still expensive and RNA preparation for
microarray analysis as routine clinical work is only possible in
a limited number of institutions. Our results suggest that com-
bined assessment of ERG expression levels by THC showed a
performance that may be comparable to that of microarray anal-
ysis.

The most interesting problem to be coped with next is the
difference in the effect of endocrine agents between the patient
groups detected in this study. Other future tasks include confir-
mation of the observations in a larger patient group, increasing
the sophistication of the THC evaluation method by analysis of
interobserver differences and other methods, and an explanation
of the observations by in vitro studies.

To summarize, combined assessment of the expression levels
of ERGs selected through microarray analyses and real-time
PCR studies identified distinct prognostic subgroups among
ER-positive breast cancer patients.
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Abstract

Background Recent evidence increasingly indicates that oxidative stress
may play an important role in the pathogenesis of diabetic vascular
complications. Mitochondria has received much attention as an important
organ in the generation of oxidative stress. However, the importance of
oxidative stress among diabetic patients without vascular complications
is unclear.

Methods We compared oxidative stress produced from mitochondria of
the mononuclear cells in peripheral blood obtained from 26 diabetic
subjects without clinical vascular complications and 52 healthy age-matched
subjects using a flow cytometer. Oxidative stress from the mononuclear
cells was evaluated by measuring fluorescence of oxidized production from
dihydrorhodamine-123, which is a pro-fluorescent compound that selectively
accumulates in the mitochondria of living cells. Stimulation of the cells was
carried out with phorbol 12-myristate 13-acetate {PMA), a protein kinase C
{PKC) activator. We then calculated the relative fluorescence variation (RFV)
that indicated an increasing rate of oxidative stress levels by stimulation
with PMA against the levels obtained at baseline. Additionally, we measured
the urinary stress markers, 8-hydroxydeoxyguanosine (80HdG) and 8-epi-
prostaglandin F2e (isoprostane).

Results Compared to healthy subjects, diabetic subjects did not exhibit
significantly elevated oxidative stress levels at baseline, but did have
significantly elevated basal urinary 8OHAG, urinary isoprostane and oxidative
stress levels after PMA stimulation as well as RFV.

Conclusions Among diabetic subjects without clinical vascular complica-
tions, there was a possibility that mitochondrial oxidative stress balance
between generation and scavenging against the additive PXC stimulation was
thought to have already been lost. Copyright © 2004 John Wiley & Sons, Ltd.

Keywords oxidative stress; mitochondria; type 2 diabetes mellitus; flow cyto-
metry

Introduction

The relationship between oxidative stress and many diseases has recently
received considerable attention. Under a chronic hyperglycemic state, tricar-
boxylic acid cycle activation in the mitochondria is thought to accelerate
the production of reactive oxygen species (ROS), leading to oxidative
siress in various organs and cells. For example, it was demonstrated
that impaired glycemic control led to increased lysophosphatidylcholine
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content [1], which might contribute to atherogenesis
[2] and reflect oxidative modification of lipoprotein [1].
Increased oxidative stress is also thought to relate to
the injury of various organs, with evidence increasingly
indicating that oxidative stress may play an important
role in diabetes vascular complications [3]. However, the
importance of oxidative stress among diabetic patients
without vascular complications is unclear.

In investigating the role of oxidative stress in diabetes,
mitochondria are important organelles. A type of diabetes
associated with a mutation of mitochondrial DNA has
been identified [4]. Mitochondria, which provide energy
for adenosine triphosphate through oxidative phospho-
rylation by the electron transport chain, are also the
principal source of ROS resulting from imperfect electron
transport. Therefore, many extensive in vitro investiga-
tions have been carried out about the relationship between
oxidative stress and diabetes, However, few clinical indi-
cators exist, because of the difficulty of assessing oxidative
stress levels from mitochondria.

Mononuclear cells such as lymphocytes and monocytes
are principally inflammatory cells. Once activated, they
produce ROS and play an impertant role not only in the
immune response but also in the first stages of atheroscle-
rotic development [5,6]. An increase in oxidative stress
is thought to promote atherogenesis [7], and diabetes
mellitus is considered to be one of the major risk factors
for myocardial infarction [8]. Accordingly, the possibility
exists that a functional disorder of the mononuclear cells
might affect the production of the cells’ oxidative stress
because of a hyperglycemic state due to diabetes.

Therefore, we obtained living mononuclear cells from
both healthy subjects and diabetic subjects without
clinical vascular complications and stained them with
dihydrorhodamine-123 (DHR-123), which selectively
accumulates in the mitochondria [9]. We subsequently
measured the mitochondrial oxidative stress levels of
the cells directly before and after addition of phorbol
12-myristate 13-acetate (PMA), which is a protein
kinase C (PKC) activator that generates oxidative stress,
Comparing these data from the healthy and diabetic
subjects, we evaluated the mitochondrial oxidative stress
levels of mononuclear cells in diabetes before the
development of clinical vascular complications. We also
investigated the relationship between these levels and
both urinary 8-hydroxydeoxyguanosine (80HdG) [10]
and 8-epi-prostaglandin F2« (isoprostane) [11], which
are thought to be putative biomarkers of total systemic
oxidative stress in vivo.

Materials And Methods

The study group consisted of 52 age-matched apparently
healthy volunteers (25 men and 27 women) and 26
subjects with type 2 diabetes (16 men and 10 women,
mean duration of diabetes: 8.5 3 0.5 years), who had con-
sulted an cutpatient clinic of diabetes and been diagnosed
free from diabetic microangiopathy. All subjects were

Copyright © 2004 John Wiley & Sons, Ltd.
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nonsmokers, free from pain or inflammatory diseases,
known myocardial infarction, stroke or arteriosclerosis
obliterans, and were aged between 45 and 80 (mean:
62.2 4 1.0) years. Diabetic subjects and healthy volun-
teers were treated if they had dyslipidemia (8 and 4
subjects, respectively) or hypertension (11 and 9 subjects,
respectively). Eight diabetic subjects were treated by diet
and exercise for glycemic control, and 18 subjects by
oral hypoglycemic agents. A definition of diabetes was
based on the 1998 World Health Organization (WHO)
criteria [12]. All diabetic patients were consulted and
were classified for diabetic retinopathy by trained oph-
thalmologists. Nephropathy was defined as the presence
of microalbuminuria or proteinuria, and neuropathy was
diagnosed if subjective symptoms or a decline in tendon
reflexes was present. All subjects provided blood and spot
urine samples after an overnight fast for biochemical,
hematoclogical parameters and mononuclear cell isola-
tion. We used an automated enzymatic procedure to
determine serum triglycerides, total cholesterol, HDL-
cholestercl and LDL-cholesterol level. The concentration
of blood ghicose was determined with the hexokinase-
glucose-6-phosphate dehydrogenase method. HbA,. was
measured using ion-exchange high-performance liquid
chromatography. Blood pressure (mmig) was measured
by a standard mercury sphygmomanometer with the sub-
jects in the sitting position; standing height (cm) and
body weight (kg) were also measured. All subjects were
informed about the objectives and methods of this study
and written informed consent was cbtained from them.
Mononuclear cell isolation was carried out by hep-
arinized blood samples using Cappel lymphocyte sep-
aration medium (ICN Biomedicals, Costa Mesa, CA),
according to the method previously described [13]. Oxida-
tive stress was analyzed using DHR-123 (Molecular Probe,
Eugene, OR) by the previously deseribed procedure [14].
In brief, DHR-123 that accumulates in the mitochondria
is a nonfluorescent compound, but when converted to
rhodamine-123 by the action of oxidative stress in the
mitochondria, it becomes highly fluorescent. This enabled
us to directly monitor the mitochondrial oxidative stress
levels. The cells were washed twice, counted and resus-
pended to 1 x 10° cells/mL in RPMI 1640 with 1% bovine
serum. They were divided into three tubes. One was
expressed for the control without the fluorescent com-
pound (Contreol: C), one was for baseline mitochondrial
oxidative stress levels with DHR-123 (1 pM) (Basal: B),
and the last was for stimulated mitochondrial oxidative
stress levels with both DHR-123 (1 ulM) and PMA (50 nM)
(Sigma-Aldrich, St. Louis, MO) (PMA-stimulated: §). The
fluorescent levels of tube B were considered to be a reflec-
tion of baseline mitochondrial oxidative stress because
rhodarnine-123 became fluorescent from mitochondrial
oxidative stress that already existed at ordinary status
without PKC activation. The fluorescent levels of tube S
were assumed to be a reflection of the stimulared status
of mitochondrial oxidative stress due to respiratory burst
with PKC activation. The cells in the three tubes were
incubated at 37°C for 90 min, They were then washed

Diabetes Metab Res Rev 2004; 20: 399-404.
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once rapidly and resuspended in 400 pl of RPMI 1640 with
19 bovine serurn and stored on ice until flow cytometry
was carried out.

Flow cytometry was performed on a FACScan (Bec-
ton Dickinson, Mountain View, CA) and analyzed at a
level of 10000 events for each test. The oxidative stress
levels of mononuclear cells were measured using a flu-
orescence histogram through gated flow cytometry of
viable cells. The degree of fluorescence was expressed
by the mean fluorescence intensity (MFI) calculated for
each tube by CELL Quest ver.3.2.1. The relative fluo-
rescence variation (RFV), which is the rate of increase
between oxidative stress levels before PMA stimulation,
that is, MFI(B)~MFI{C), and after PMA stimulation, that
is, MFI(5)-MFI{C), was calculated with minor modifi-
cations according to the previously described procedure
[15]. Ultimately, it was calculated by the following for-
mula: [(MFI{S)-MFI(C})~ (MFI{B)-MFI{C))/ (MFI(B)-
MFI(C))], namely, (MFI(S)~-MEFI(B)/MFI(B}~MFI(C)).
We also measured both urinary 80HdG and isoprostane,
which could be used to estimate the sum of systemic oxida-
tive stress levels without invasive examinations. Urinary
80HdG was measured by ELISA kit (NOF Corporation,
Tokyo, Japan), as described previcusly [11,16]. Urinary
isoprostane was measured by EIA kit (Oxford Biomedi-
cal Research, Inc., Oxford, MI} [17]. These results were
expressed as the ratios to the urinary creatinine meastred
in the same urine samples.

Results were indicated as mean =+ SE. The degree
of obesity was expressed by the body mass index
{(BMD (kg/mz), calculated as body weight divided by
the square of height. Parametric comparisons between
heaithy and diabetic subjects were performed by analysis
of covariance (ANCOVA) with sex as a covariate. In this
analysis, because triglycerides, BMI, urinary 80hdG and
isoprostane did not show normal distributions, these
data were analyzed after logarithmic transformation,
Also, regression analyses were performed by two sets
to investigate associations between RFV, as a dependent
variable, and each factor, as an independent variable; the
first set, adjusted for age and sex (1 = men, 0 = women),
and the second set, adjusted for age, sex and diabetes (1 =
diabetes, 0 = not diabetes). For all data analysis, SAS
package version 8.2 (SAS Institute, Cary, NC) was used.

Results

Clinical characteristics of the study subjects are shown in
Table 1. Compared to healthy subjects, diabetic subjects
had higher systolic blood pressure, although the difference
was not significant (P = 0,083). BMI, total cholesterol,
HDL-cholesterol and LDL-cholesterol, which were thought
to be indicators for the risk of cardiovascular disease,
were not significantly different between the two groups.
However, diabetic subjects had significantly higher fasting
glucose and HbAj. levels (P < 0.0001). Thus, these
results indicated that the clinical characteristics of these

Copyright € 2004 John Wiley & Sons, Lid.
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Table 1. Clinical characteristics of the study subjects adjusted for
sex

Healthy subjects  Diabetics P
Numbers of subjects 2527 i6/10
{men/women}
Age (years) 62.4+1.2 62.14+1.7 0.907
Body mass index (kg/m?) 24.0x04 24.9+086 0.213
Systolic blood pressure 129%£2 135£3 0.083
(mmHg)
Diastolic blood pressure 78 +1 82+£2 0.161
{mmHg)
Total cholesterol (mmolA} 5.28+0.10 5.09+0.14 0275
Triglycerides {mmol/) 1.50 % 0.16 1.96£0.23 0.176
HDL-cholesterol {mmol/l) 1.43 +0.05 1.48+007 0475
LDE-cholesterol (mmol/) 3.09+0.09 2.85+£0.13 0.140
HbAy (%) 5.2+0.1 71+£01 <0.0001
Fasting glucose {mmol) 55403 95405 <0.0001

Data are expressed as means = SE.

groups did not differ significantly, except in the case of
glucose metabolism.

Each degree of oxidative stress level by calculation of
this fluorescence and the data of urinary oxidative stress
markers are shown in Table 2. The baseline oxidative
stress levels without PMA were higher among diabetic
subjects than healthy subjects, but not significantly
(£ =0.549). On the other hand, diabetic subjects had
significantly higher oxidative stress levels stimulated by
PMA and RFV (P < 0.0001 for each). Urinary 80HdG and
isoprostane were also significantly higher among diabetic
subjects (P = 0.019, P = 0.009 respectively).

Next, regression analyses were performed to determine
the relationships between RFV and each parameter
{Table 3). In the first set, adjusted for age and sex,
RFV was significantly associated with urinary 80HdG
and isoprostane (P = 0.039, P = 0.017 respectively). In
the second set, adjusted for age, sex and diabetes, it
was not statistically significant, but had a suggestive
association with urinary 80HAG and isoprostane (P =
0.081, P == 0.091 respectively).

Discussion

In this study, mitochondrial oxidative stress levels of
mononuclear cells from peripheral blood were not

Table 2. Comparisons of basal and PMA-stimulated oxidation
levels or the urinary oxidation markers between healthy subjects
and diabetic subjects adjusted for sex

Healthy subjects Diabetics P

Control {C) (MFI) 87+08 10.6+1.1 0.152
Basal (B} (MFL) 2814 £ 18.8 301.1+26.8 0.549
PMA-stimulated {5) (MFI)  437.44-92.4 1218.0+131.7 <0.0001
RFV 0.70£0.42 402£0.60 <0.000
Urinary 80HdG 8805 11.1+£038 0.019
(ng/mg . creatinine)

Urinary isoprostane 0.32+0.13 0.87+0.18  0.009

{ng/g - creatinine)

Data are expressed as means = SE. PMA, phorbol 12-myristate 13-acetate;
MFI, mean fluorescence intensity; RFV, the relative fluorescence variation.
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Table 3. Regression analyses between RFV and each parameter

Adjusted for Adjusted for age,

age and sex sex and diabetes

f P 8 F
Body mass index (kg/m?)  —0.015  0.914 —0.09  0.432
SBP (mmHg} -0.020 0473 -0.037 0.344
DBP {mmHg) -0.036 0337 -0.047 0.163
Total cholesterol 0.422  0.450 0.735 0141
(mmolfL)
Triglycerides (mmal/L) ¢.154  0.651 =005 0,735
HDL-cholesterel {mmaol/l) 1.362 0.220 1.001 0.314
LDL-cholesterol [mmol/L) -0.005 0,993 0.427 0.427
Urinary BOHdG 0.202 0.039 0,152 0.081
{ng/mg - creatinine)
Urinary isoprostane 0.092  0.017 0.062 0.091

{ng/g - creatinine)

RFY, the relative fluorescence variation,

significantly higher at baseline, but when stimulated by
PKC, oxidative stress levels were significantly higher in
diabetic subjects without clinical vascular complications
than in healthy subjects. Additionally, it was suggested
that whole oxidative stress levels tended to increase
in diabetic subjects, because urinary 80HdG and iso-
prostane levels were significantly higher, and oxidative
stress generaticn was increased and/or the scavenging
mechanisms against oxidative stress under PKC stimula-
tion were diminished in diabetic subjects even before the
development of clinical vascular complications.

We should consider that these results have two
possible explanations. The first possibility is that
diabetes might induce oxidative stress. The second
is that, conversely, oxidative stress might induce
diabetes. Concerning the first possibility, some activation
pathways of oxidative stress in diabetes are theorized:
hyperactivity of polyol pathway [18]; increased formation
of advanced glycation end products [19] and glucose-
induced activation of PKC [20]. PKC is a phospholipid-
dependent serine/threonine protein kinase, activated
by diacylglycerol that is mainly derived from the de
novo pathway from the glycolytic intermediates [21,22].
Thus, a hyperglycemic state stimulates ROS production
through PKC activation [20]. In addition, it was reported
recently that PKC was activated by hyperglycemia-
induced oxidative phosphorylation in cultured bovine
aortic endothelial cells [23]). However, even in diabetic
patients, we did not detect a significant increase in
mitochendrial oxidative stress levels at baseline that was
supposed to be generated by PKC activation, but we
detected an increase in the level upon stimulation by
the additive PKC activator (Table 2). Accordingly, it was
suggested that PKC was not always activated in diabetic
subjects without clinical vascular complications, and that
the generation mechanisms of the mitochondrial oxidative
stress were accelerated and/or scavenging mechanisms
against it were decreased under PKC activation compared
to healthy subjects. Actually, a hyperglycemic state is
reported to impair radical scavenging activity [24].

Copyright @ 2004 John Wiley & Sons, itd.
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We cannot deny the second possibility that oxidative
stress itself is refated to the development and progression
of diabetes; that is, some individuals might be susceptible
to the development and progression of diabetes as a
result of impairment of sufficient oxidative stress level
control, when PKC was activated in various degrees by
their own genetic makeup or environmental factors. As
a result, diabetic subjects might be at high oxidative
stress levels, The possibility exists that oxidative stress of
mononuclear cells circulating throughout the body might
injure pancreatic 8 cells, leading to impaired glucose
metabolism. In addition, increased oxidative stress could
precede the development of endothelial dysfunction
and insulin resistance [25]. The imbalance between
the generation and scavenging mechanisms of oxidative
stress might be associated with the pathophysiology
of diabetes. Overproduction of the mitochondrial ROS
might induce cell injury, hypothetically leading to a
weak but chronic inflammatory state, which is presently
believed to relate to the development of diabetes. For
example, lysophosphatidylcholine, known to be a major
phospholipid compartment of oxidized LDL, was thought
to contribute to acute and chronic inflammation [2],
and high levels of C-reactive protein, a marker of
inflammation, were reported to be one of the risk factors
for development of diabetes [26,27]. Thus, there is a
possibility that both oxidative stress and its resultant
chronic inflammation might be involved in some of the
mechanisms of diabetes development.

Because we found in this study that mitochondrial
oxidative stress was related to diabetes, a sensitive marker
that is suitable for monitoring oxidative stress i{s antici-
pated. In general, diabetic patients have high oxidative
stress levels for various reasons, for instance, because of
obesity [28], NADPH oxidase activation in monocyte [29]
and so forth. Urinary 80HAG [10] and isoprostane [11]
are noteworthy markers; they were significantly higher
among diabetic subjects than healthy subjects in this study
(Table 2). However, they are thought to be a reflection
of the sum of systemic oxidative stress levels rather than
a reflection of the metabolites of oxidative stress from
a specific organ, To the contrary, RFV was thought to
be a marker reflecting the mitochondrial oxidative stress
levels more directly. In our study, although it had a signif-
icant relationship to both urinary 80OHAG and isoprostane
adjusted for age and sex, these relationships disappeared
after adjustment for age, sex and diabetes {Table 3). Thus,
it was suggested that mitochondrial oxidative stress, as
well as each urinary oxidative stress marker, might be
strongly affected by glucose metabolism.

This study has some limitations. First, it remains a possi-
bility that type 2 diabetes subjects might be inadvertently
included in healthy subjects even when they undergo the
75- g oral glucose tolerance test. However, diabetes in this
study was diagnosed according to WHO criteria [12], and
all healthy subjects were confirmed to have a fasting glu-
cose level less than 7.0 mmol/L and, in addition, an HbAj.
level less than 6.5%. Second, the results of this study
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might be modified by the diabetes medication. For exam-
ple, one patient was treated for diabetes by pioglitazone,
one of the thiazolidine derivatives, and six patients were
treated for hypertension by angiotensin II receptor block-
ers. These drugs have reported to reduce ROS generation
[30-32]. However, the results of our data such as RFV
and urinary markers did not differ significantly according
to either these drugs or the oral hypoglycemic agents
{data not shown), but the problem remains whether the
improvement of glycemic control improves the balance of
mitochondrial oxidative stress. Third, DHR-123 used to
measure oxidative stress is accumulated in mitochondria
according to the Nernst equation, due to their high mem-
brane potential [9]. Consequently, the possibility remains
that the changes in the mitochondrial membrane poten-
tial, not the changes in the mitochondrial oxidative stress
level, might alter the uptake of this dye and hence alter the
fluorescence measured and the degree of oxidative stress
inferred. We must consider that, at least in part, changes
in mitochondrial membrane potential could account for
the differences in the fluorescence observed following
PMA stiraulation,

In summary, the mitochondrial oxidative stress levels
of mononuclear cells from peripheral blood at baseline
among diabetic subjects without clinical vascular compli-
cations were not statistically higher than those among
healthy subjects, but were significantly higher under PMA
stimulation. This result indicated an imbalance of gen-
eration and elimination of mitochondrial oxidative stress
among diabetic subjects before the development of clinical
vascular complications.
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Expression Characteristics and Stimulatory Functions of CD43
in Human CD4" Memory T Cells: Analysis Using a
Monoclonal Antibody to CD43 That Has a Novel Lineage
Specificity’

Seishi Kyoizumi,>* Takaaki Ohara,” Yoichiro Kusunoki,* Tomonori Hayashi,*
Kazuaki Koyama,* and Naohiro Tsuyama®

We have used HSCA-2, an mAb that recognizes a sialic acid-dependent epitope on the low molecular mass (~115-kDa) glycoform
of CD43 that is expressed in resting T and NK cells, to examine the expression characteristics and stimulatory functions of C43
in human CD4" memory T cells. Having previously reported that the memory cells that respond to recall Ags in a
CD4*CD45RO™ T cell population almost all belong to a subset whose surface CD43 expression levels are elevated, we now find
that exposing these same memory T cells to HSCA-2 mAb markedly increases their proliferative responsiveness to recall Ags. We
think it unlikely that this increase in responsiveness is a result of CD43-mediated monocyte activation, especially given that the
HSCA-2 mAb differs from all previously used CD43 mAbs in having no obvious binding specificity for monocyte CD43. Predict-
ably, treatment with HSCA-2 mAb did not lead to significant recall responses in CD4*CD45RO™ T cells, whose CD43 expression
levels were similar to or lower than those of naive cells. Other experiments indicated that the HSCA-2 mAb was capable of
enhancing the proliferative responsiveness of CD4* memory T cells that had been exposed to polyclonal stimulation by monocyte-
bound CD3 mAb and could also act in synergy with CD28 mAb to enhance the responsiveness of CD4™ T cells to CD3 stimulation.
Taken together, these findings suggest that the CD43 molecules expressed on CD4* memory T cells may be capable of enhancing
the costimulatory signaling and hence providing accessory functions to TCR-mediated activation processes. The Journal of

Immunology, 2004, 172: 7246-7253.

D43 (leukosialin) is a highly glycosylated transmem-

brane protein that is expressed in all hemopoietic cells

except resting mature B cells and erythrocytes (1, 2). All
CD43 molecules possess extracellular domains that consist of mul-
tiple O-linked carbohydrate chains (3) and show considerable m.w.
heterogeneity due to differential glycosylation (4). Even within T
cell populations there are at least two glycoforms of CD43 that are
recognized by different mAbs. The lighter of these glycoforms has
a molecular mass of 95-115 kDa, whereas that of that heavier one
is between 130 and 1335 kD (5, 6). Interestingly, the heavier gly-
coform contains core 2 O-glycans, appears to be up-regulated dur-
ing T cell activation (5, 7), and can be used to distinguish between
memory and effector CD8™ T cells in mice (8, 9. It is not yet clear
exactly what CD43 does in T cells, however, especially in view of
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the continued existence of a number of unresolved controversies
about its roles in such key processes as cell adhesion, cell death,
and costimulation in TCR signaling (10).

It has, for instance, been claimed that CD43 molecules may
have antiadhesive as well as proadhesive functions in T cell traf-
ficking (9, 11-14). It has also been claimed that up-regulation of
CD43 expression can have a negative effect on activation-induced
cell death of T cells {15), and that Ab-mediated cross-linking of
CD43 induces apoptosis of Jurkat T cells (16). CD43 also appears
to play a role in T cell activation, but precisely what role remains
unclear. There are, for example, Ab cross-linking experiments in-
volving CD43 that suggest that it may have a costimulatory role in
vitro (17) and act in association with the phosphorylation of signal-
transducing molecules in T cell activation (18—20); other experi-
ments using CD43-deficient mice suggest, on the contrary, that
CD43 has either a negative regulatory role as a steric barrier (21)
or possibly even no significant role at all (22} in T cell activation.
There are several recent reports suggesting that molecular com-
plexes between CD43 and cytoskeletal adaptor proteins are prob-
ably excluded from the immunoclogical synapse in T cell activation
in vitro (23-25) and in vivo (26). Some of these reports include
suggestions that this relocalization of CD43 is necessary for acti-
vation-induced cytokine production (23, 27), although there is at
least one recent study that comes o precisely the opposite conclu-
sion (28). The functional significance of redistribution of CD43 in
T cell activation is therefore very unclear. Nevertheless, given that
CD43 expression levels appear to be considerably elevated in
memory T cell populations in humans (29-31) and mice (15), it
seems reasonable to assume that CD43 has an important part t0
play in one or more aspects of the memory T cell responses.
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We have recently described how HSCA-2, a novel CD43 mAb,
can be used for the classification of human CD4+CD45RO™ mem-
ory T cells into three subsets on the basis of differences in their
CD43 expression (31). In this classification, cells of the first of the
three subsets (the M1 subset) express elevated levels of CD43,
whereas cells of the M2 subset express CD43 levels similar to
those of naive cells, and cells of the M3 subset express reduced
CD43 levels. We also found that the M1 subset contains the high-
est proportion of recall Ag-reactive precursors and secretes sub-
stantially more IFN-vy and IL-4. The majority of effector memory
T cells (CCR77) (32) are assumed to belong to this subset (31).
However, as ~70% of the cells in the M1 subser express CCR7,
the subset may also contain central memory T cells. The M2 subset
cells are less mature memory celis that retain longer telomeres than
do cells of the M1 and M3 subsets, and their memory functionality
(including recall Ag reactivity) appears to be marginal (31). The
M3 subset consists of cells that are anergic to TCR-mediated stim-
uli and prone to apoptosis (31). As the level of CD43 expression
is correlated with recall Ag reactivity, it is possible that CD43
molecules will prove to have some accessory role in the activation
of human CD4™ memory T cells.

In this paper we describe immunological properties and expres-
sion characteristics of the CD43 molecules that are recognized by
HSCA-2 mAb, We go on to examine the functional properties of
these molecules in the proliferative responses of CD4* memory T
cells. The results described in this report demonstrate that the
HSCA-2 mAb specifically recognizes a nevraminidase-sensitive
epitope of a low molecular mass glycoform (115 kDa) of CD43
that is predominantly expressed in lymphoid populations. It is also
suggested that the CD43 glycoform recognized by HSCA-2 mAbs
could play an accessory part in the recall Ag-specific responses of
mature CD4™ memory T cells (i.e., M1 subset cells). HSCA-2
mAb has therefore proven to be a useful molecular probe for both
the classification and the functional analysis of human CD4%
memory T cells. The implications of our work for the involvement
of CD43-mediated stimulatory signaling in the activation of CD4™
T cells are discussed.

Materials and Methods
Production of HSCA-2 mAb

The HSCA-2 hybridoma is a product of the fusion of NS1 mouse myeloma
cells with splenocytes from BALB/c inice immunized by injection of hu-
man KG-1 cells (31). Imsnunization, fusion, selection, and cloning proto-
cols were essentially as described previousty (33). Hybridoma supernatants
were initially screened for reactivity with KG-1 cells by indirect immuno-
fluorescence. Fhe HSCA-2 hybridoma was selected for further study be-
canse of its unique specificity of reactivity with PBMC and cord bicod
CD34% stem cells. Isotype characlerization showed that the HSCA-2 mAb
was of the IgG1 subclass. Ascites Huid was obtained from SCID mice
injected with the HSCA-2 hybridoma. After purification from ascites fluid
by DES52 ion exchange chromatography, HSCA-2 mAb was fabeled with
FITC (Sigma-Aldrich, St. Louis, MO) for flow cytomesry. Fab of HSCA-2
mAb were prepared by digestion with papain (34). This mAb was filed for
participation in the Eighth Iniernational Workshop and Conference on Ha-
man Leukocyte Differentiation Ags (to be heid in Adelaide, Australia).

Other mAbs

Unconjugated CD28 mAb (clone CD28.2) {35), used for T cell culture, was
purchased from Coulter-Emmunotech (Marseilles, France). Unconjugated
and FITC-conjugated CB43 mAbs, DFT-1 (1), L10 (36), and 1G10 (37).
were obtained from Coulter-Immunotech, Cattag Laboratories (Burlin-
game, CA}), and BD PharMinger (San Diego, CA), respectively. PE-la-
beled C4, CD8, CD14, CD19, and CD56 mAbs and PerCP-labeled CD4
and CD8 mAbs were purchased from BD Biosciences (San Jose, CA).
PE-labeled CD45R0O mAb was obtained from Caltag Laboratories.
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Transfection of CD43 cDNA

Total RNA of KG-1 cells was isolated with TREzol reagent (Invitrogen,
Carlsbad, CA). First-strand ¢cDNA primed with oligo(dT),, was syathe-
sized using SuperScript I reverse transcriptase {Invitrogen). CD43 cDNA
was PCR-amplified with the primers 5'-ctcttgetectgeetgttige-3” and 3'-cat-
ggigstggatecctgiaa-3' using Advantage cDNA polymerase mix (Clontech
Laboratories, Palo Alto, CA) and cloned into pCR2.1 TA cloning vector
(Invitrogen). The sequence-verified clone was recloned into the EcoR1 site
of pIRESneo (Clontech Laboratories) and designated pIRESneo hCD43.
Subsequently. 30 pg of pIRESneo hCD43 or pIRESneo (negative control}
was electroporated into 2 X 10° HeLa cells in 200 pl of PBS by
GenePuiser (Bio-Rad, Hercules, CA) at 0.7 kV and 25 pF. Cells were
treated with I mg/mi G418 for 2 wk. Drug-resistant colonies were selecied
and expanded to confirm CD43 expression by flow cytometry. Hela
transfectant cells expressing high levels of CD43 were isolated by a cell
sorter for additional experiments.

Cell preparations and flow cytometry

For direct immunofiuorescence of cultured celi lines, 2 % 10° CD43- or
mock-transfected Hela and KG-1 cells were stained with 1 g of FITC-
labeled HSCA-2, DFT-1, and MOPC21 mAbs for 45 min on ice, For the
analyses of CD43 giycoepitopes, 2 % 10° KG-1 cells were treated with
neuraminidase (0.1 U/ml in PBS) for 30 min at 37°C. For competitive
inthibition, KG-I cells were pretreated with various amounts of H3CA-2 or
DFT-1 mAbs {12.5-200 pg/ml) for 1 h on ice and then stained with FITC-
labeled HSCA-2 and DFT-1 mAbs for 45 min. FACScan (BD Biosciences)
was used for flow cytometric analyses.

For flow cytometry of human blood cells, PBMCs from healthy adult
volunteers (12 = 6} and cord bicod mononuclear cells (7 = 3) were isolated
by density centrifugation in Ficoll-Hypaque {density, 1.077 g/ml; ICN Bio-
medical, Aurora, OH). Granulocytes were isolated by double-layered den-
sity ceatrifugation in Ficoll-Hypaque (deasity, 1.077 and 1.119 g/ml; Wako
Pure Chemical, Osaka, Japan) according to the manufacturer’s instructions.
For isolation of monocytes, CD14 cells were purified from PBMCs by
positive enrichment using autoMACS (Miltenyi Biotec, Bergish Gladbach,
Germany) according to the manufacturer’s instructions. Enriched mono-
cytes also were used for immunoprecipitation and proliferation assay, as
deseribed below.

For single-color analysis of purified monocytes and granulocytes, cells
were stained with FITC-labeled CD43 mAbs and analyzed by flow cytom-
etry with a gate in a region for monocytes or granulocyte fractions on the
forward and side light scatter profiles. For two-color analysis of lympho-
cytes, PBMCs were stained with PE-labeled CD4, CDS§, CD19, and CD356
in combination with FITC-labeled CDD43 mAbs. Cord blood mononuclear
cells were stained with FITC-labeled CD43 and PE-labeled CDB34 mAbs.
For triple-color anatysis, PBMCs were stained with FITC-labeled CD43,
PE-conjugated CD45R0, and PerCP-labeled CD4 mAbs. CD4™ lympho-
cytes were gated on forward/side scatter and PerCP fiuorescence. The pro-
portions of CD4™ CD45R0O™ cells (RO~ subset) and CD4* CD45RO™
cells expressing high (M1 subset), intermediate (M2), and low (M3) levels
of CD43 were measured by flow cytometry with FACScan (see Fig. 4).

For preparation of activated CD4™ T cells, MACS-purified CD4* T
cells were stimulated with immobilized anti-CD3 maAb (OKT-3) in the
presence of IL-2 (10 ng/mi) for 4 days in RPMI 1640 supplemented with
10% FCS. Immobilized CD3 mAb was prepared by binding OKT3 mAb
(10 pg/ml in sodium bicarbonate buffer, pH 9.6} in 24-well plates at room
temperature for 2 k, then washing the plates with RPMI 1640 supplemented
with 109 FCS.

For isolation of the four CD4™ T cell subsets, M1, M2, M3, and
CD45RO ™, CD4™ cells were purified by negative enrichment using MACS
as described previously (31). MACS-purified CD4™ T cells were stained
with FITC-labeled HSCA-2 and PE-labeled CD45RO mAbs. After incu-
batior with propidium iodine at 10 pg/ml for 15 min to gate out dead cells,
CD4* T cells in the four subsets were sorted by a single laser cell sorter
(FACStar; BD Biosciences). During cell sorting, stained and sorted cell
suspensions were maintained at 4°C by a cooling circulation system.

Cell proliferation assay

For proliferative response to recall Ags, PBMCs (5 X 10* ceils/well) in
96-weklt, flat-bottom plastic plates were stimulated with tuberculosis puri-
fied protein derivative (PPD; Connaught Laboratories, Ontario, Canada)
or tetanus toxoid (FT; Calbiochem, La Jolla, CA) at 5 pg/ml. For total and
subset CD4 T cells, T cells (5 X 10* cells/well) were stimulated with

* Abbreviations used in this paper: PPD, purified protein derivative: TT, tetanus
toxoid.
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